
Measuring Coverage in  
Maternal, Newborn, and  
Child Health

Produced with support from the Child Health Epidemiology 
Reference Group (CHERG). Financial support for CHERG is 
provided by The Bill & Melinda Gates Foundation through  
their grant to the US Fund for UNICEF.

COLLECTIONS 
M E D I C I N E
www.ploscollections.org/measuringcoverageinmnch 

covers.indd   1 4/18/13   10:14 AM



About this Collection 
 
Measuring Coverage in Maternal, Newborn and Child Health, a PLOS Medicine Collection, 
presents innovative assessments of the validity of measuring population coverage for 
interventions in this field. Coverage indicators are widely used to assess whether interventions 
are reaching women and children in low and middle income countries, particularly through 
population-based household surveys. This collection of original research articles and reviews 
shows that while some indicators can be measured accurately, others may not provide valid 
results and therefore need further investigation and development. 
 
The collection explores issues around measurement using household surveys, assessment of 
health inequalities, consideration of survey error, and the generation of indicators for global 
monitoring, and presents recommendations for transforming the findings of these and 
previous studies into better measurement, reporting and interpretation of coverage estimates.  
 
Original research includes evaluating prevention of mother-to-child transmission of HIV in four 
African countries with estimates of community coverage for this indicator, and establishing 
whether mothers and caregivers can accurately recall diagnosis and treatment of childhood 
pneumonia in Pakistan and Bangladesh, and of malaria in Zambia. Other research looks at 
interventions delivered in pregnancy and around delivery in Africa, Latin America and China, 
including recall of emergency caesarean section, an important metric in maternity care. 
Review articles summarise the challenges of measuring coverage for a wide variety of 
indicators with validity and reliability, including those relating to immediate newborn care, 
childhood vaccinations, severity and treatment of diarrhea and community case management. 
 
This collection was produced with support from the Child Health Epidemiology Reference 
Group (CHERG). Financial support for CHERG is provided by The Bill & Melinda Gates 
Foundation through their grant to the US Fund for UNICEF. The Collection Editor is Dr. Lucy 
Chappell. The PLOS Medicine Editors have sole editorial responsibility for the content of this 
Collection. 
 
http://www.ploscollections.org/measuringcoverageinmnch 
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Measuring Coverage in MNCH: New Findings, New
Strategies, and Recommendations for Action
Jennifer Bryce1*, Fred Arnold2, Ann Blanc3, Attila Hancioglu4, Holly Newby4, Jennifer Requejo1,

Tessa Wardlaw4, the CHERG Working Group on Improving Coverage Measurement"

1 Institute for International Programs, Department of International Health, The Johns Hopkins University, Baltimore, Maryland, United States of America, 2 MEASURE DHS,

ICF International, Calverton, Maryland, United States of America, 3 Population Council, New York, New York, United States of America, 4 Statistics and Monitoring Section,

Division of Policy and Strategy, United Nations Children’s Fund, New York, New York, United States of America

Abstract: Considerable progress has been made in
reducing maternal, newborn, and child mortality world-
wide, but many more deaths could be prevented if
effective interventions were available to all who could
benefit from them. Timely, high-quality measurements of
intervention coverage—the proportion of a population in
need of a health intervention that actually receives it—are
essential to support sound decisions about progress and
investments in women’s and children’s health. The PLOS
Medicine ‘‘Measuring Coverage in MNCH’’ Collection of
research studies and reviews presents systematic assess-
ments of the validity of health intervention coverage
measurement based on household surveys, the primary
method for estimating population-level intervention
coverage in low- and middle-income countries. In this
overview of the Collection, we discuss how and why some
of the indicators now being used to track intervention
coverage may not provide fully reliable coverage mea-
surements, and how a better understanding of the
systematic and random error inherent in these coverage
indicators can help in their interpretation and use. We
draw together strategies proposed across the Collection
for improving coverage measurement, and recommend
continued support for high-quality household surveys at
national and sub-national levels, supplemented by
surveys with lighter tools that can be implemented every
1–2 years and by complementary health-facility-based
assessments of service quality. Finally, we stress the
importance of learning more about coverage measure-
ment to strengthen the foundation for assessing and
improving the progress of maternal, newborn, and child
health programs.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

Despite dramatic declines in child mortality over the past

decade, in 2011 there were about 7 million deaths among children

less than five years of age [1]. Moreover, declines have been slower

for newborn [1] and maternal deaths [2]. Effective interventions

are available to prevent most of these deaths [3], but are not

reaching all those who need them. Global monitoring of the

proportion of women and children in need of these interventions

who actually receive them (referred to here as ‘‘intervention

coverage’’) shows both progress and missed opportunities to save

lives [4]. Gaps in coverage are concentrated in poor countries, and

within countries among the most vulnerable—the poorest and the

least educated [5].

Monitoring of coverage levels for maternal, newborn, and child

health (MNCH) interventions is central to assessing progress toward

national and international health goals. Coverage data are also needed

at national and sub-national levels to identify underserved populations

and to monitor the effectiveness of strategies to reach them. The UN

Secretary-General’s global strategy, Every Woman, Every Child, calls for

the scale-up of high-impact interventions, with oversight by an

independent Expert Review Group. The independent Expert Review

Group’s 2012 report found that only 11 of the 75 countries that

together account for over 95% of deaths among women and children

had recent data on all eight coverage indicators recommended for

global monitoring [6]. This finding reflects experience gained in

tracking progress toward the Millennium Development Goals [7], and

points to the challenges that must be overcome to improve the use of

information for action. Examples of these challenges include obtaining

adequate sample sizes for disaggregated analysis and reporting—and

here new work on small area estimation techniques holds promise—

and the need for temporally specific and recent measurements (i.e.,

data available within 12 months of collection).

Most data on intervention coverage in low- and middle-income

countries are generated through the United States Agency for
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International Development-supported Demographic and Health

Surveys (DHS) program [8], the United Nations Children’s Fund-

supported Multiple Indicator Cluster Surveys (MICS) program

[9], and other national surveys modeled on these standards. DHS

and MICS surveys send well-trained fieldworkers to interview

preselected sample households (a probability sample in which each

household has a known, non-zero chance of selection). Fieldwor-

kers then conduct interviews with mothers and other caregivers

about their health needs and interventions received as a basis for

estimating coverage at the population level [10]. Household

surveys—especially DHS and MICS surveys, which have refined

their methods through more than 500 nationally representative

surveys over more than two decades—are the primary tools

available at present to track population-based trends in MNCH

intervention coverage [11]. In most low- and middle-income

countries, reports produced by routine health information systems

include individuals in contact with the health system but miss those

who are not and are often incomplete, late, or inaccurate. These

reports do not, therefore, currently produce data adequate to

support programmatic decisions, with occasional exceptions (e.g.,

in some countries with high vaccination coverage) [12]. Moreover,

household surveys, unlike health information system reports,

permit the analysis of coverage by equity variables such as gender,

wealth, geography, and ethnicity.

Few studies have assessed the validity of coverage indicators for

MNCH interventions measured through household surveys, or

explored ways to improve their measurement. The aim of the

PLOS Medicine ‘‘Measuring Coverage in MNCH’’ Collection is to

bring together cutting-edge scientific work in this area. The

Collection includes the results of a three-year program of research

and reviews carried out by a diverse group of experts working

under the auspices of the Child Health Epidemiology Reference

Group (CHERG) [13], as well as work supported by other groups.

The CHERG work on improving coverage measurement began

in 2009, guided by a Core Group that includes the technical

directors of DHS and MICS and others with expertise in

measurement issues (the named authors of this paper). We defined

the scope of work (Box 1) and assessed the evidence base on the

validity of coverage indicators for each proven intervention along

the continuum of care for MNCH tracked by the Countdown to

2015 for Maternal, Newborn and Child Survival [14]. We

established collaborative relationships with groups addressing

measurement issues for particular indicators. For indicators with

specific definitional or measurement issues that could be readily

improved, we addressed them directly with the DHS and MICS

leadership, and in most cases were able to resolve the problem. We

prioritized indicators for which we were unable to find evidence

that validity had been assessed, and commissioned research studies

to assess the validity of these indicators and to identify ways to

improve their measurement. Papers on methodological issues (e.g.,

uncertainty and interpretation [15] and equity [16]) were also

commissioned.

We adopted the definition of coverage presented above (‘‘the

proportion of women and children in need of interventions who

actually receive them’’) in preference to measures of ‘‘effective

coverage’’ that include estimates of intervention effectiveness,

access, utilization, and service quality [17,18]. Composite ‘‘effec-

tive coverage’’ metrics can have limited usefulness in national or

global monitoring because they usually require a great deal of data

that are rarely available in low-income countries and because they

sometimes rely on modeling that produces ‘‘black box’’ statistics

that must be unpacked to guide program decisions. Indeed,

perhaps for these reasons, composite ‘‘effective coverage’’ metrics

have generally not been adopted for use in monitoring progress

toward global goals, including the Millennium Development

Goals.

The Core Group oversaw the commissioned research studies,

conceived of the Collection as a means of disseminating the

findings, and invited groups working in related areas to contribute.

Authors of the papers (the CHERG Working Group on Improving

Coverage Measurement) met in Baltimore in June 2012 to review

draft manuscripts and to ensure that the Collection addressed key

themes and was internally consistent. Each manuscript was

reviewed by at least two members of the Working Group and

the Technical Deputy Director of DHS (Fred Arnold) prior to

submission for publication. The full Collection is available at

http://www.ploscollections.org/measuringcoverageinmnch.

The Collection presents new evidence drawn from research

studies and reviews of existing literature. In this overview we

synthesize the findings of the Collection papers under three broad

topics: (1) validity of coverage estimates based on respondents’

reports, (2) potential strategies for improving coverage measure-

ment through household surveys, and (3) crosscutting methodo-

logical issues in coverage measurement. We close with a set of

action recommendations directed to those who conduct, support,

or use household survey results on measurement of coverage for

MNCH interventions.

The Validity of Coverage Estimates Based on
Respondents’ Reports

At the core of the Collection is a set of research studies that

assesses the validity of respondents’ reports on interventions that

they and the children under their care have received. The basic

design of these studies was to first establish an accurate record of

the need for interventions (e.g., standard or emergency obstetric

services, treatment for pneumonia or malaria), and then to either

conduct direct observations in health facilities or obtain high-

quality health records (the ‘‘reference standard’’) to determine

which interventions were provided to address this need. The next

step involved visiting each woman in her community to administer

survey questions using time intervals and question sequences

similar to those in the DHS and MICS household surveys. These

data were then used to estimate the sensitivity, specificity, and

accuracy of the mothers’ individual reports, and to determine

whether indicator values would be overestimated or underesti-

mated when measured in a household survey (the true/actual

positives ratio or its mathematical equivalent) [19]. This design

may produce results that are positively biased for interventions

Box 1. Scope of the Collection

The PLOS Medicine ‘‘Measuring Coverage in MNCH’’
Collection includes reviews, six research papers, and
an overview of the measurement of population coverage
for interventions of proven benefit to women’s and
children’s health. It focuses on the following:

N Coverage measurement for interventions of proven
efficacy that are feasible for implementation at scale in
low- and middle-income countries to reduce maternal,
newborn, and under-five mortality

N Global consensus coverage indicators as defined in the
Countdown to 2015 for Maternal, Newborn and Child
Survival

N Indicators that are or could be measured through
population-based household surveys, with a specific
focus on the core DHS and MICS surveys
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that can be offered either at home or at a health facility because

the samples are drawn from health service settings. However, even

studies based on determinations of need conducted in purposively

selected teaching hospitals offer important evidence about the

research question on mothers’ recall of health-related events.

We conducted studies of this type for emergency cesarean

sections in Ghana and the Dominican Republic [20], a broad

range of interventions delivered around the time of birth (the

peripartum period) in Mozambique [21], diagnosis and antibiotic

treatment of childhood pneumonia in Pakistan and Bangladesh

[22], diagnosis and treatment of malaria in Zambia [23], and

selected services across the MNCH continuum of care in a rural

population in China [24]. Table 1 presents findings on sensitivity,

specificity, and accuracy for a subset of the indicators assessed in

the research studies, focusing on global consensus coverage

indicators currently in use and indicators closely related to these

accepted coverage indicators. These results are not strictly

comparable across studies owing to differences in what is being

measured, how it is being measured, and in what context. We

believe for the same reason that applying standard cutoff values for

acceptable levels of accuracy is not appropriate in this situation.

True/actual positives ratios or their mathematical equivalents are

presented in the individual papers [20,21,23,24].

The studies show that the sensitivity and specificity of coverage

indicators are highly variable across interventions, with some

suggestion of more accurate reporting for events related to care-

seeking behaviors (e.g., place of delivery) or invasive interventions

(e.g., finger/heel stick or cesarean section performed). Women

reported less accurately about interventions that occurred

immediately after childbirth, such as whether the newborn was

dried [21], or for interventions requiring recognition of a complex

disease syndrome such as pneumonia [22]. Also noteworthy are

large differences in the sensitivity and specificity of individual

indicators within and across countries, such as urban–rural

differences in Bangladesh [22], and in the sensitivity of several

indicators in different settings [20,22]. The findings of the studies

must be generalized with caution, however, because the sensitivity

and specificity of the indicators may vary by characteristics of the

host and the pathogen, the broader epidemiological setting (e.g.,

low levels of falciparum malaria in Bangladesh and Pakistan), and

cultural and educational differences in interpreting and responding

to survey questions.

Another set of challenges is more structural, and relates to the

difficulty of measuring coverage using respondents’ reports for

interventions that address relatively rare events. Even if mothers

can report accurately, obtaining adequate denominators to

support coverage measurement for low prevalence events requires

very large samples—as does the determination of reasonably

precise disaggregated estimates—and, for some indicators, re-

quires attention to be paid to seasonality issues [25].

The research paper on using community surveys to estimate

HIV survival [26] uses a different design, but makes an important

contribution to the Collection as a whole. The authors demon-

strate that in four African countries (Cameroon, Côte D’Ivoire,

South Africa, and Zambia), health-facility-based estimates of

coverage for regimens to prevent mother-to-child HIV transmis-

sion consistently tend to overestimate true population coverage

measured in the community. The authors also show that the

health-facility-based estimates do not correlate well with infant

HIV-free survival. These results serve as a wake-up call to those

advocating for coverage measurement based solely on routine

health-facility-based information systems.

Based on the research findings in this Collection, we can make

concrete recommendations about which indicators perform well in

household surveys, about which perform poorly and may produce

spurious results, and about whether there are new indicators that

are good candidates for inclusion in future surveys. Indicators that

performed well in this set of validation studies include place of

delivery (hospital, health center, home), placing the newborn skin-

to-skin against the mother’s chest, emergency cesarean section,

and treatment of childhood malaria with artemisinin-based

combination therapies. Coverage indicators for antibiotic treat-

ment of childhood pneumonia showed poor results [22,25],

consistent with previous research indicating that lists of illness signs

are poor predictors of actual disease [27–31]. For malaria,

presumptive treatment of fever with antimalarials is no longer

recommended; malaria treatment should be given only to children

with a malaria diagnosis confirmed by microscopy or rapid

diagnostic test, where possible. Ideally the global indicator for

malaria treatment would reflect this policy and be limited to

children with laboratory-confirmed disease, but the relatively poor

accuracy of correct recall of a malaria diagnosis [23] currently

precludes this change.

These research results are buttressed and extended by the

findings from the Collection reviews of previous research on the

accuracy of respondents’ reports of services received. Many factors

can affect the reliability of a verbal history of service provision,

including the information received or understood at the time the

intervention was delivered, interviewer behaviors, the recall

period, the characteristics and salience of the intervention itself,

and the length of the questionnaire and resulting interview fatigue

[32–35]. Previous studies have shown, for example, that women

have difficulty reporting on interventions provided during labor

and in the first hours after birth, especially in surveys asking about

these events up to two years after they occur [36]. Similarly,

although an early household survey in Mozambique found that

mothers’ reports of symptoms of dehydration in the last 24 hours

among children with diarrhea corresponded reasonably well with

the diagnosis of dehydration by trained interviewers, the

Collection review on intervention coverage for diarrhea identifies

challenges in the measurement of diarrhea treatment coverage

that arise from difficulties in standardizing definitions of diarrhea

severity and a lack of clarity about the types and quantities of fluids

required to treat diarrhea [37].

Potential Strategies for Improving Coverage
Measurement through Household Surveys

The papers in this Collection propose many ways in which

household surveys might be improved to produce more valid

estimates of intervention coverage. We review them briefly here

and direct readers to the full papers for further explanation.

Use Aides Mémoires to Improve Accurate Reporting
Hazir and colleagues in Pakistan and Bangladesh used

expanded lists of clinical signs of pneumonia and video clips of

children with specific clinical presentations in caregiver interviews

to increase the accuracy of the denominator for the indicator on

antibiotic treatment of pneumonia, and showed mothers a

selection of locally available antibiotics to increase the accuracy

of the numerator [22]. Their results were mixed. The video

showed much higher sensitivity in Pakistan (where it was

developed) than in Bangladesh (62% versus 28%), whereas the

use of visual prompts for antibiotic treatment, a common practice

in DHS and MICS surveys, was associated with increased

accuracy of reports of treatment regimens in both settings.

Implementation of this strategy may be challenging, however, in

settings with an active private sector and many potential
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Table 1. Selected Collection research findings on respondents’ reports of intervention coverage.

Category Intervention (Selected) Collection Research Paper Selected Findings

Total Study Samplea

(Reference Standard) Reference
Sensitivity
(CI)

Specificity
(CI)

Accuracy/AUC
(CI)

Antenatal care First antenatal care visit
,12 weeks of gestational
age

914 women aged 18–49 in
China with at least one live
birth in the preceding five
years (home-based booklets
and electronic service
records)

Guo, et al. [24] 90% (86–94) 22% (19–26) 56% (54–59)

At least four antenatal care
visits for last pregnancy

Same as previous 98% (96–99) 25% (19–32) 62% (58–65)

Interventions
delivered
around the
time of birth

Woman delivered in a
hospital (versus a health
center)

304 women in Mozambique
who gave birth 8–10 months
previously in government
facility (direct observation
by trained clinician)

Stanton, et al.
[21]

81% (75–87) 94% (90–98) 88% (84–91)

Newborn placed
skin-to-skin on
mother’s chest

Same as previous 60% (52–69) 69% (62–76) 65% (59–70)

Newborn immediately
dried

Same as previous 77% (72–82) 31% (12–50) 54% (45–63)

Mothers’ recall of
emergency cesarean
sectiona

659 women in Ghana
delivered in a hospital via
cesarean section (facility-
based data supplemented
by information requested
from the medical staff)

Tunçalp, et al.
[20]

79% (73–83) 82% (78–85) 80% (77–83)

1,531 women in the
Dominican Republic
delivered in a hospital
via cesarean section
(facility-based data
supplemented by
information requested
from the medical
staff)

50% (47–53) 80% (77–83) 65% (62–67)

Any cesarean section 914 women aged 18–49 in
China with at least one live
birth in the preceding five
years (home-based booklets
and electronic service
records)

Guo, et al. [24] 96% (93–99) 83% (80–86) 90% (88–92)

Vaccination Diphtheria-tetanus-
pertussis vaccine

914 women aged 18–49 in
China with at least one live
birth in the preceding 5 years
(home-based booklets and
electronic service record)

Guo, et al. [24] 89% (86–92) 70% (61–78) 80% (75–84)

Measles vaccine Same as previous 95% (92–98) 44% (38–49) 69% (66–72)

Treatment of
childhood
illness

Correct treatment of
pneumonia (using DHS
algorithms on symptoms
of acute respiratory
infection and detailed
enquiry)

672 caregivers of children
0–59 months diagnosed
pneumonia or ‘‘no pneumonia’’
in the out-patient department
of an urban hospital in
Islamabad, Pakistan (direct
observation)

Eisele, et al.
[22]

67% (62–72) 69% (64–74) 0.66 (0.62–0.69)

700 caregivers of children
0–59 months diagnosed
pneumonia or ‘‘no pneumonia’’
in the out-patient department
of an urban hospital in Dhaka,
Bangladesh (direct observation)

24% (19–30) 82% (77–87) 0.53(0.49–0.57)

478 caregivers of children
0–59 months diagnosed
pneumonia or ‘‘no
pneumonia’’ in rural
Mirzapur, Bangladesh
(direct observation)

72% (65–78) 55% (47–62) 0.63 (0.59–0.68)
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alternative sources of medicine. Small-scale trials of similar

techniques may yield important findings about how recall

accuracy can be improved for interventions that address a broader

range of conditions.

Refine the Survey Questionnaire and/or Procedures
The papers in this Collection suggest that attention should be

refocused away from indicators that are not producing valid

measurements to those that do, even if these alternative indicators

do not provide a full answer to the question about whether a

specific intervention was received. For example, indicators related

to whether care was sought for a child with signs of pneumonia—

although not yet validated—offer promise as measures of access to

correct pneumonia treatment and could be coupled with

assessments of correct management collected in health service

sites [25]. Another way forward might be to assess care seeking for

children with signs of any illness, avoiding the pitfall of

constructing differential diagnoses based on respondent reports.

Alternative question formulations also hold promise for improved

maternal reporting on interventions received around the time of

birth [20,21]. Moreover, previous research on cognitive aspects of

recalling health-related events in developed country settings (e.g.,

[38]) may hold additional untapped potential for improving

MNCH coverage measurement in low- and middle-income

countries.

In their papers, the Collection authors make numerous other

suggestions for changes in the core DHS/MICS questionnaires

and/or procedures. Some are relatively easy to implement and

have already been adopted based on preliminary findings. For

example, core questionnaires for DHS and MICS surveys now

include response options for questions about where a child was

taken for care that include the workers responsible for providing

community case management [39]. Other suggestions are more

ambitious, such as adding questions on the severity of diarrhea

[37] or adding HIV testing of mothers and infants in more surveys

[26].

Several of the Collection studies report new findings that

compare the accuracy of mothers’ reports of intervention receipt

for different recall periods. Understanding the effect of the recall

period on the accuracy of reports is important because where

longer recall periods do not jeopardize accuracy by introducing

bias they can yield an increased sample size for the measurement

of specific indicators without increasing the number of households

surveyed. Hazir et al. found no differences in the accuracy of

mothers’ reports related to childhood pneumonia at two and four

weeks [22], which suggests that in future surveys more children

with signs of pneumonia can be included in the estimation of

indicators for care seeking, if not treatment. Eisele et al. found no

drop-off in the accuracy of recalling malaria diagnosis and

treatment interventions two weeks versus one week after the clinic

visit [23]. These results warrant confirmation, as earlier work has

suggested that reporting accuracy decreases with longer recall

periods for duration of breastfeeding [40,41], signs of respiratory

illness in children [27,42], and a broader range of health

symptoms [43].

Link Household Surveys to Other Sources of Information
about Service Provision

Our understanding of services received by mothers and

children can be improved by linking information on the sources

of care obtained through household surveys to facility assessments

of the extent and quality of the interventions delivered. In this

way, for example, coverage estimates for peripartum interven-

tions that women who report delivering in a health facility are

unable to recall could be linked to temporally specific information

about the standard practices and quality of care at that facility.

This approach was used in an evaluation in Bangladesh that

linked detailed information on care seeking for childhood illness

obtained from mothers during a household survey with observa-

tion-based assessments of the quality of child health care offered

by those providers [44]. Similarly, vaccination records held at

health facilities can be sought when a home-based record is not

available [32]. The malaria research community is also consid-

ering the use of a set of indicators that measure aspects of

treatment-seeking practices, diagnosis, and treatment from a

combination of sources including household and health facility

surveys, rather than the single indicator of receipt of artemisinin

combination therapy among children with fever [45]; results

presented in this Collection provide further justification for that

decision [23]. Tools for assessing service provision [46] and

quality of care [47–49] exist for most MNCH interventions; the

methodological challenge is to link them to household surveys in

ways that produce valid population-based coverage estimates at

reasonable cost.

Table 1. Cont.

Category Intervention (Selected) Collection Research Paper Selected Findings

Total Study Samplea

(Reference Standard) Reference
Sensitivity
(CI)

Specificity
(CI)

Accuracy/AUC
(CI)

Child with fever 601 caregivers at least 18
years old of children under
five years old presenting for
treatment for fever in five
health centers in the previous
two weeks, Zambia (recording
by trained clinician)

Eisele, et al.
[23]

96% (87–100) 100% (—) 96% (87–100)

Finger/heel stick performed Same as previous 63% (18–100) 90% (86–94) 72% (41–100)

Malaria diagnosis made Same as previous 77% (55–99) 76% (48–100) 76% (55–98)

Artemisinin combination
therapy given

Same as previous 81% (51–100) 92% (80–100) 85% (73–98)

aThis is the total number of completed interviews with respondents; sample sizes for specific indicators may be smaller and readers are referred to the original article.
AUC, area under the receiver operating characteristic curve; CI, confidence interval.
doi:10.1371/journal.pmed.1001423.t001
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Incorporate Information Technology
As digital technology becomes more widespread, the potential

for quick and accurate electronic recording and transmission of

intervention data will improve rapidly. Digital registries offer

opportunities to improve monitoring of target populations and of

interventions, such that accurate denominators and numerators

will become increasingly feasible to obtain via routine adminis-

trative data in low- and middle-income countries. Advances in the

use of electronic and telecommunications processes in health (e-

health) and the use of mobile devices to collect health information

in surveys and patient care (m-health) also have important

implications for coverage measurement and monitoring. Finally,

technology can improve data quality in household surveys and is

increasingly being used in real-time measurement of child health

program indicators (e.g., [50]). However, further research and

evaluation is needed, with strong coordination, to develop and roll

out the effective use of digital records and to avoid a proliferation

of different, often incompatible, e-health projects.

Increase the Salience of Intervention Delivery
Health personnel may also be able to contribute to improved

coverage measurement. Health workers should explain to mothers

the importance of keeping the home-based child health or

vaccination record carefully and bringing it to every health facility

visit. Reinforcement of the importance of home-based records

should increase their availability during household surveys.

Careful explanations by service providers about the interventions

being delivered, and why, are also likely to increase recall.

Explanations need not be limited to the patient contact during

which the service is provided. For example, telling a pregnant

woman during an antenatal care visit that she should receive an

injection immediately following birth may increase her recall of

the event. In addition, the salience of intervention delivery may be

increased by having an outreach or community health worker

wear a highly visible, unique article of clothing (e.g., community

health workers providing case management to sick children in

Bangladesh carried a bright pink bag to help mothers differentiate

them from other types of community workers). Advance planning

and creativity on the part of program personnel can yield benefits

for coverage monitoring.

Use Measures That Do Not Rely on Respondents’ Reports
A final strategy for improving coverage measurement is to find

ways to replace mothers’ recall with more objective measures. The

use of home-based records of services received offers an attractive

alternative to mothers’ recall, if the records contain complete and

accurate information. However, the review of experience with

home-based vaccination records conducted as part of this

Collection highlights multiple potential sources of error, including

incomplete, inaccurate, or outdated records, as well as errors in

transcription [32]. A review of DHS and MICS surveys since 2000

found that home-based vaccination records were available for less

than 70% of children in 21 of the 33 least developed countries

[51]. The report from China in this Collection, which used a

combination of home-based records and an electronic system as

the reference standard, had high proportions of missing data for all

the coverage indicators assessed [24].

It may also be possible to expand the use of examinations and

biological testing to assess coverage for certain indicators and to

generate evidence that an intervention has actually been received.

Although experience to date has largely been limited to testing for

the presence of infection during a household interview (e.g., rapid

diagnostic tests for anemia and malaria and testing of mothers and

infants for HIV antibodies), work has begun on methods to

determine whether specific medicines have been received, and

there is growing interest and experience in using medically trained

teams to conduct household surveys that include physical

examinations and the collection of biological specimens [52].

Measurement of tetanus and measles antibodies in serum or oral

fluid to determine receipt of diphtheria-tetanus-pertussis and

measles vaccines is also feasible, although each currently has

caveats [32]. The potential of such measures and their practicality

and cost should be explored.

Crosscutting Methodological Issues in Coverage
Measurement

Three methodological themes appear consistently throughout

the Collection papers. First, household surveys based on proba-

bility sampling, and conducted with careful attention to quality in

sampling, interviewer training, fieldwork, data management and

cleaning, and analysis are the bedrock of coverage monitoring at

the population level. Although there may be cheaper alternatives

to conducting high-quality, nationally representative surveys to

ascertain intervention coverage, the use of these alternatives

should be treated with caution unless the same rigor is used in

them for sampling and quality control as in the larger surveys

[15,32]. Facility-based assessments are not based on probability

samples of the population, will often overestimate population

coverage [26], and cannot replace household surveys for the

measurement of intervention coverage as defined here.

Second, no matter how carefully intervention coverage is

measured through household surveys, sampling and non-sampling

error is always present and must be accounted for when

interpreting results for decision-making and program evaluation

purposes [15]. To ensure that sampling error is considered, we

recommend that all surveys publish appropriately calculated

confidence intervals for key coverage indicators, as is already

done in DHS and MICS reports, and refer to them consistently

when presenting and interpreting the results. Countries imple-

menting nonstandard surveys should ensure that they measure

global coverage indicators comparable to those produced by DHS

and MICS, and reports should describe the sampling design in

Box 2. What Needs to Be Done to Improve
MNCH Coverage Measurement?

N Efforts to conduct high-quality household surveys at
national and sub-national levels must be sustained to
provide essential information on coverage trends and
inequities, even as routine health information systems
improve.

N These large surveys need to be supplemented with
lighter tools that can be implemented every 1–2 years to
produce high-quality estimates of MNCH intervention
coverage.

N Further investment is needed in complementary assess-
ments of service quality in health service settings,
including the delivery of specific interventions during
service contacts; these assessments should be synchro-
nized in time and linked geographically to population-
based household surveys that measure coverage for the
same interventions.

N Efforts to learn more about coverage measurement
using innovative designs to assess validity must be
recognized and supported.
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sufficient detail to allow determination of whether a true

probability sample was drawn and whether the survey design

was appropriately accounted for in the calculation of the standard

errors. To account for non-sampling error such as information and

selection bias, survey reports should also include a limitations

section that explicitly lists probable sources of non-sampling error,

and authors should speculate about the direction and magnitude

of error where possible.

Third, disaggregated reporting makes data on intervention

coverage more useful to policy and program decision makers.

Disaggregation of national coverage estimates by wealth, geo-

graphic region, and other relevant stratifiers helps identify groups

that are not being reached. A paper in this Collection provides

basic guidance on the measurement and interpretation of

inequalities in health coverage data from household surveys

[16]. As targets are set for universal health coverage, governments

and their partners must actively seek out and demand data that

help them develop effective, local delivery strategies to reach those

who are currently not receiving services, and must seek ways to

generate community demand for essential MNCH services.

Action Recommendations

We hope this Collection will serve as a vehicle for advancing the

field of intervention coverage measurement in maternal and child

health by providing a strong justification for increased attention to

the quality and precision of coverage estimates. One aim of this

Collection is to inform those who use coverage indicators at global

and national levels, so that they can make sound choices about the

selection of indicators and can interpret the results intelligently by

recognizing their uncertainty bounds [15,53]. A second aim is to

highlight actions needed by care providers and researchers in the

MNCH community to improve coverage measurement and the

use of coverage results (Box 2).

High-quality household survey programs will continue to be the

primary source of data on MNCH intervention coverage for the

foreseeable future, even as routine health information systems

improve. These surveys are needed to validate and calibrate data

produced from other sources, to investigate variations in coverage

in specific subgroups, and to assess equity by gender or income.

Careful thought needs to be given to how we can ensure household

surveys continue to produce the best and most relevant

information that is needed by public health decision makers.

The survey protocols must be continuously adapted to capture

new interventions and delivery strategies for which coverage is not

currently measured and to incorporate new evidence about

coverage measurement, such as that presented in this Collection.

Supplemental survey tools that are tailored to the need for more

frequent measurement of MNCH intervention coverage may be

required as country and global interest in accountability grows.

These supplemental survey tools might focus on what surveys do

well—the assessment of coverage for interventions that are clearly

defined and highly salient (the numerator) and needed by all

members of a specific population subgroup (the denominator)—

and leave more challenging measurements for the full and more

complex surveys every 3–5 years.

Methodological work is also needed to link survey data on

sources of health care to rigorous, comparable assessments of the

extent and quality of interventions being delivered in those

settings. As routine health information systems improve, especially

in middle-income countries, there may be opportunities to

calibrate them with data collected from representative samples

of the population to increase their usefulness in coverage

measurement.

Perhaps the most important message of this Collection is that much

remains to be learned about how best to measure MNCH intervention

coverage through household surveys. The questions are clear and can

be answered through well-designed studies building on and extending

the work started here. Options for improving existing metrics need to

be systematically evaluated, including alternative question formula-

tions, strategies to aid recall, and use of biomarkers and technologies.

New indicators and modules, including those for neonatal interventions

[34] and postnatal visits [35], need to be validated, as do indicators for

additional intervention areas such as young child feeding that are not

addressed in this Collection. Existing findings need to be confirmed

among more representative populations in additional countries.

Demographic surveillance sites might be engaged to conduct further

tests, recognizing that they are not always representative of larger

populations and may not currently be able to link household survey

data with those generated through facility assessments. This learning

agenda must be implemented urgently as a foundation for producing

better evidence for stronger programs and improved accountability.
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Key Points

N Regular, high-quality measurement of the proportion of
women, newborns, and children in need of life-saving
interventions who actually receive them (‘‘intervention
coverage’’) is essential to support sound decisions at
local, national, and global levels.

N Standardized household surveys based on probability
sampling are the cornerstone of coverage monitoring
and provide a wealth of important background infor-
mation to support interpretation and equity analyses.

N Some of the indicators now being used to track
intervention coverage may not provide fully accurate
or reliable results for a variety of reasons, among them
limitations of respondent recall and of using symptoms
as a basis for defining specific diseases.

N A better understanding of the systematic and random
error inherent in these coverage indicators—and ap-
proaches to mitigate that error—can help in indicator
interpretation and use.

N Measurement of intervention coverage can be improved
through focused operational research on household
survey techniques, supplemented by more frequent
assessments using less sophisticated or routine methods,
and extended through links to assessments of service
quality.
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20. Tunçalp Ö, Stanton C, Castro A, Adanu RK, Heymann M, et al. (2013)
Measuring coverage in MNCH: Validating women’s self-report of emergency

cesarean sections in Ghana and the Dominican Republic. PLoS ONE 8: e60761.
doi:10.1371/journal.pone.0060761

21. Stanton CK, Rawlins B, Drake M, Anjos M, Cantor D, et al. (2013) Measuring

coverage in MNCH: Testing the validity of women’s self-report of key maternal

and newborn health Interventions during the peripartum period in Mozam-
bique. PLoS ONE 8: e60694. doi:10.1371/journal.pone.0060694

22. Hazir T, Bequem K, el Arifeen S, Khan AM, Huque MH, et al. (2013)

Measuring coverage in MNCH: A prospective validation study in Pakistan and
Bangladesh on measuring correct treatment of childhood pneumonia. PLoS

Med 10: e1001422. doi:10.1371/journal.pmed.1001422

23. Eisele T, Silumbe K, Yukich J, Hamainza B, Keating J, et al. (2013) Measuring
coverage in MNCH: Accuracy of measuring diagnosis and treatment of

childhood malaria from household surveys in Zambia. PLoS Med 10: e1001417.

doi:10.1371/journal.pmed.1001417

24. Guo Y, Liu L, Li M, Yang L, Ju L, et al. (2013) Measuring coverage in MNCH:
A validation study linking population survey derived coverage to maternal,

newborn, and child health care records in rural China. PLoS ONE 8: e60762.

doi:10.1371/journal.pone.0060762
25. Campbell H, el Arifeen S, Hazir H, O’Kelly J, Bryce J, et al. (2013) Measuring

coverage in MNCH: Challenges in monitoring the proportion of young children

with pneumonia who receive antibiotic treatment. PLoS Med 10: e1001421.
doi:10.1371/journal.pmed.10014

26. Stringer J, Stinson K, Tih PM, Giganti M, Ekouevi D, et al. (2013) Measuring

coverage in MNCH: Population HIV-free survival among children under two
years of age in four African countries. PLoS Med 10: e1001424. doi:10.1371/

journal.pmed.1001424

27. Campbell H, Byass P, Greenwood BM (1990) Acute lower respiratory infections
in Gambian children: maternal perception of illness. Ann Trop Paediatr 10: 45–

51.

28. Mull DS, Mull JD, Kundi MZ, Anjum M (1994) Mothers’ perceptions of severe
pneumonia in their own children: a controlled study in Pakistan. Soc Sci Med

38: 973–987.

29. Harrison LH, Moursi S, Guinena AH, Gadomski AM, el-Ansary KS, et al.

(1995) Maternal reporting of acute respiratory infection in Egypt. Int J Epidemiol
24: 1058–1063.

30. Lanata CF, Quintanilla N, Verastegui HA (1994) Validity of a respiratory

questionnaire to identify pneumonia in children in Lima, Peru. Int J Epidemiol
23: 827–834.

31. Muhe L (1996) Mothers’ perceptions of signs and symptoms of acute respiratory

infections in their children and their assessment of severity in an urban
community of Ethiopia. Ann Trop Paediatr 16: 129–135.

32. Cutts FT, Izurieta H, Rhoda DA (2013) Measuring coverage in MNCH: Design,

implementation, and interpretation challenges associated with tracking vacci-
nation coverage using household surveys. PLoS Med 10: e1001404.

doi:10.1371/journal.pmed.1001404

33. Gareaballah ET, Loevinsohn BP (1989) The accuracy of mother’s reports about

their children’s vaccination status. Bull World Health Organ 67: 669.
34. Langsten R, Hill K (1998) The accuracy of mothers’ reports of child vaccination:

evidence from rural Egypt. Soc Sci Med 46: 1205–1212.

35. Valadez JJ, Weld LH (1992) Maternal recall error of child vaccination status in a

developing nation. Am J Public Health 82: 120–122.
36. Moran A, Kerber K, Sitrin D, Guenther T, Morrissey CS, et al. (2013)

Measuring coverage in MNCH: Indicators for global tracking of newborn care.

PLoS Med 10: e1001415. doi:10.1371/journal.pmed.1001415

37. Fischer Walker CL, Fontaine O, Black RE (2013) Measuring coverage in
MNCH: Current indicators for measuring coverage of diarrhea treatment

interventions and opportunities for improvement. PLoS Med 10: e1001385.
doi:10.1371/journal.pmed.1001385

38. Warnecke RB, Sudman S, Johnson TP, O’Rourke D, Davis AM, et al. (1997)

Cognitive aspects of recalling and reporting health-related events: Papanicolaou
smears, clinical breast examinations, and mammograms. Am J Epidemiol 146:

982–992.

39. Hazel E, Requejo J, David J, Bryce J (2013) Measuring coverage in MNCH:

Evaluation of community-based treatment of childhood illnesses through
household surveys. PLoS Med 10: e1001384. doi:10.1371/jour-

nal.pmed.1001384

40. Bland RM, Rollins NC, Solarsh G, Van den Broeck J, Coovadia HM, et al.
(2003) Maternal recall of exclusive breast feeding duration. Arch Dis Child 88:

778–783.

41. Li R, Scanlon KS, Serdula MK (2005) The validity and reliability of maternal
recall of breastfeeding practice. Nutr Rev 63: 103–110.

42. Feikin DR, Audi A, Olack B, Bigogo GM, Polyak C, et al. (2010) Evaluation of

the optimal recall period for disease symptoms in home-based morbidity
surveillance in rural and urban Kenya. Int J Epidemiol 39: 450–458.

43. Schmier JK, Halpern MT (2004) Patient recall and recall bias of health state and

health status. Expert Rev Pharmacoecon Outcomes Res 4: 159–163.

44. Arifeen SE, Hoque DME, Akter T, Rahman M, Hoque ME, et al. (2009) Effect
of the Integrated Management of Childhood Illness strategy on childhood

mortality and nutrition in a rural area in Bangladesh: a cluster randomised trial.

Lancet 374: 393–403.

45. Roll Back Malaria (2012) Monitoring and Evaluation Reference Group.
Available: http://www.rollbackmalaria.org/mechanisms/merg.html. Accessed

3 November 2012.

46. MEASURE DHS (2012) SPA overview. Available: http://www.measuredhs.
com/What-We-Do/Survey-Types/SPA.cfm. Accessed 27 October 2012.

47. Gilroy KE, Callaghan-Koru JA, Cardemil CV, Nsona H, Amouzou A, et al.

(2012) Quality of sick child care delivered by Health Surveillance Assistants in
Malawi. Health Policy Plan. E-pub ahead of print. doi:10.1093/heapol/czs095

48. World Health Organization (2003) Health facility survey: tool to evaluate the

quality of care delivered to sick children attending outpatients facilities. Geneva:
Department of Child and Adolescent Health and Development, World Health

Organization. Available: http://whqlibdoc.who.int/publications/2003/

9241545860.pdf. Accessed 11 March 2013.

PLOS Medicine | www.plosmedicine.org 8 May 2013 | Volume 10 | Issue 5 | e1001423

21

8



49. Maternal and Child Health Integrated Program (2013) Maternal and newborn

quality of care surveys. Available: http://www.mchip.net/QoCsurveys. Ac-
cessed 11 March 2013.

50. Rajatonirina S, Heraud JM, Randrianasolo L, Orelle A, Razanajatovo NH, et

al. (2012) Short message service sentinel surveillance of influenza-like illness in
Madagascar, 2008–2012. Bull World Health Organ 90: 385–389.

51. Brown DW (2012) Child immunization cards: essential yet underutilized in
national immunization programmes. Open Vaccine J 5: 1–7.

52. World Health Organization (2012) SAGE: WHO study on global ageing and

adult health. Available: http://www.who.int/healthinfo/systems/sage/en/

index2.html. Accessed 20 October 2012.

53. Requejo JH, Newby H, Bryce J (2013) Measuring coverage in MCNH:

Challenges and opportunities in the selection of coverage indicators for global

monitoring. PLoS Med 10: e1001416. doi:10.1371/journal.pmed.1001416

PLOS Medicine | www.plosmedicine.org 9 May 2013 | Volume 10 | Issue 5 | e10014239



Measuring Coverage in MNCH: Population HIV-Free
Survival among Children under Two Years of Age in Four
African Countries
Jeffrey S. A. Stringer1,2*, Kathryn Stinson3, Pius M. Tih4, Mark J. Giganti1, Didier K. Ekouevi5,6,

Tracy L. Creek7, Thomas K. Welty4, Benjamin H. Chi1,2, Catherine M. Wilfert8, Nathan Shaffer9,

Elizabeth M. Stringer1,2, Francois Dabis5,6, David Coetzee3

1 Centre for Infectious Disease Research in Zambia, Lusaka, Zambia, 2 Department of Obstetrics and Gynecology, University of North Carolina School of Medicine, Chapel

Hill, North Carolina, United States of America, 3 Centre for Infectious Disease Epidemiology and Research, School of Public Health and Family Medicine, University of Cape

Town, Cape Town, South Africa, 4 Cameroon Baptist Health Convention Health Board, Bamenda, Cameroon, 5 Programme PAC-CI, Abidjan, Côte D’Ivoire, France,
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Abstract

Background: Population-based evaluations of programs for prevention of mother-to-child HIV transmission (PMTCT) are
scarce. We measured PMTCT service coverage, regimen use, and HIV-free survival among children #24 mo of age in
Cameroon, Côte D’Ivoire, South Africa, and Zambia.

Methods and Findings: We randomly sampled households in 26 communities and offered participation if a child had been
born to a woman living there during the prior 24 mo. We tested consenting mothers with rapid HIV antibody tests and
tested the children of seropositive mothers with HIV DNA PCR or rapid antibody tests. Our primary outcome was 24-mo HIV-
free survival, estimated with survival analysis. In an individual-level analysis, we evaluated the effectiveness of various
PMTCT regimens. In a community-level analysis, we evaluated the relationship between HIV-free survival and community
PMTCT coverage (the proportion of HIV-exposed infants in each community that received any PMTCT intervention during
gestation or breastfeeding). We also compared our community coverage results to those of a contemporaneous study
conducted in the facilities serving each sampled community. Of 7,985 surveyed children under 2 y of age, 1,014 (12.7%)
were HIV-exposed. Of these, 110 (10.9%) were HIV-infected, 851 (83.9%) were HIV-uninfected, and 53 (5.2%) were dead. HIV-
free survival at 24 mo of age among all HIV-exposed children was 79.7% (95% CI: 76.4, 82.6) overall, with the following
country-level estimates: Cameroon (72.6%; 95% CI: 62.3, 80.5), South Africa (77.7%; 95% CI: 72.5, 82.1), Zambia (83.1%; 95%
CI: 78.4, 86.8), and Côte D’Ivoire (84.4%; 95% CI: 70.0, 92.2). In adjusted analyses, the risk of death or HIV infection was non-
significantly lower in children whose mothers received a more complex regimen of either two or three antiretroviral drugs
compared to those receiving no prophylaxis (adjusted hazard ratio: 0.60; 95% CI: 0.34, 1.06). Risk of death was not different
for children whose mothers received a more complex regimen compared to those given single-dose nevirapine (adjusted
hazard ratio: 0.88; 95% CI: 0.45, 1.72). Community PMTCT coverage was highest in Cameroon, where 75 of 114 HIV-exposed
infants met criteria for coverage (66%; 95% CI: 56, 74), followed by Zambia (219 of 444, 49%; 95% CI: 45, 54), then South
Africa (152 of 365, 42%; 95% CI: 37, 47), and then Côte D’Ivoire (3 of 53, 5.7%; 95% CI: 1.2, 16). In a cluster-level analysis,
community PMTCT coverage was highly correlated with facility PMTCT coverage (Pearson’s r = 0.85), and moderately
correlated with 24-mo HIV-free survival (Pearson’s r = 0.29). In 14 of 16 instances where both the facility and community
samples were large enough for comparison, the facility-based coverage measure exceeded that observed in the community.

Conclusions: HIV-free survival can be estimated with community surveys and should be incorporated into ongoing country
monitoring. Facility-based coverage measures correlate with those derived from community sampling, but may overestimate
population coverage. The more complex regimens recommended by the World Health Organization seem to have
measurable public health benefit at the population level, but power was limited and additional field validation is needed.
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Introduction

While transmission of HIV from mother to infant has been

virtually eliminated in high-income countries, substantial chal-

lenges remain in low- and middle-income settings, where almost

1,000 children are thought to acquire HIV each day [1–3]. The

efficacy of antiretroviral (ARV) regimens during pregnancy and

postpartum to prevent mother-to-child transmission is well

established, and prevention of mother-to-child transmission

(PMTCT) programs have been implemented in most countries

in Africa [4,5]. However, objective measures of program

effectiveness and public health impact are largely absent from

the refereed literature [6,7]. Despite calls for the virtual

elimination of pediatric HIV, global coverage of PMTCT services

remains far below what will be required to meet such an aggressive

goal [8]. Current ARV guidelines for resource-limited settings

recommend earlier and more effective regimens at higher CD4+
T-lymphocyte thresholds in pregnancy, as well as postpartum

treatment or prophylaxis to the mother or child to prevent

transmission through breastfeeding. More recently, the initiation

of lifelong highly active antiretroviral therapy (HAART) has been

proposed for all pregnant, HIV-infected women [9–11].

The performance of national PMTCT programs is commonly

assessed by aggregating routinely collected service coverage

indicators, which are often incomplete and inaccurate, and

typically lack the site-level nuance needed to drive meaningful

quality improvement efforts [12–14]. Recent service-based eval-

uations have used umbilical cord blood surveillance [15,16] and

infant PCR testing at immunization clinics [17,18] to improve

data quality, but since these methods are facility-based they may

not represent the entire community [6].

Methods

The PMTCT Effectiveness in Africa: Research and Linkages to

Care Study (PEARL Study) was a multi-country evaluation of the

effectiveness of PMTCT services at the community and facility

level. The study’s methodology and facility-based components

have been reported elsewhere [6,15,19–21]. The community

survey component of the study was conducted in 26 communities

in Cameroon, Côte D’Ivoire, South Africa, and Zambia between

April 2007 and May 2009.

Household Selection
Each country employed a two-stage sampling technique. The

first stage involved random selection of facilities providing

PMTCT services and has been described in detail elsewhere

[15]. Once the health facilities were selected in the first stage of

sampling, the catchment area of each facility was defined. In all

countries, this was done at the local level by reviewing available

district data and consulting with local staff. In South Africa and

Zambia, we used publically available satellite images (http://www.

google.com/earth); in Cameroon and Côte D’Ivoire, we relied

upon local maps. Once the catchment boundaries were defined,

we subdivided each evaluation area by overlaying a grid of 1 km

by 1 km squares. We then estimated the approximate number of

households in each square. If the number of households exceeded

50, the square was further subdivided into four smaller squares. All

squares of at least five households were then ranked in random

order using a ‘‘rank probability proportional to size’’ technique

and were then visited in sequence, with all households in each

successive grid approached until at least 250 households had been

surveyed. In cases where no one was home to participate in the

interview, we made two additional attempts to return, after which

we counted the household as unavailable.

Each country team employed different ways to educate the

communities prior to the surveys, but in each case we met with

local community leaders to introduce the survey. Drama

performances at public markets and targeted radio announcement

were also used. Households were eligible to participate if a child

was born in the home during the 24 mo prior to the study visit

(whether the mother or infant was currently alive or dead). If the

child’s mother was not available for interview, we made up to two

additional attempts to find her. Failing that, or in the case of a

deceased mother, a caregiver was interviewed.

Study Questionnaire
The survey instrument was adapted from the Zambia Demo-

graphic and Health Surveys (DHS) [22] and comprised three

parts. Team members used an eligibility form to enumerate all

living and deceased household members, their sex, and their age.

If there was a child born in the household within the 2 y prior to

the survey, the household was deemed eligible for participation in

the study and informed consent was obtained. The primary survey

respondent was the mother of the eligible child. If the mother was

not available, the child’s primary caregiver was asked to

participate. The maternal questionnaire focused on household

characteristics; demographic information; HIV knowledge, atti-

tudes, and perceptions; and previous obstetrical history. The infant

module covered specific information about the index pregnancy,

including access to and utilization of PMTCT, delivery and

postnatal care, and infant feeding. Teams of at least two members,

including at least one registered nurse, were trained to administer

the survey in local languages at each site.

Specimen Collection and Testing
In all countries we tested all participating HIV-exposed infants

under 24 mo of age for HIV infection. Our procedures for

household testing and results disclosure varied by country. In

Cameroon, mothers and children over 1 y of age were antibody

tested in the household, where pre- and post-test counseling was

performed, and results were provided during the visit. Infant dried

blood spots for HIV PCR testing were not collected from children

whose mothers were seronegative or from those whose mothers

were seropositive, but who were over 12 mo of age, no longer

breastfeeding, and themselves HIV antibody negative. In the other

countries, specimens were obtained from all consenting mothers

and children, with HIV testing performed off-site. In Zambia, we

provided a card with a linked identification number that allowed

participants to access their results (and/or those of their child) at

the local health facility. In South Africa and Côte D’Ivoire, test

results were not provided to participants. This was a requirement
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of local ethics review boards, since we were unable to do

confirmatory testing in the home. Women were encouraged to

access routine counseling and testing services if they so desired,

and the study team provided information about where free services

could be accessed. In Zambia, we also offered infant hemoglobin

testing with referral for children found to be anemic.

All countries used the Determine HIV-1 rapid antibody test

(Abbott Laboratories) for initial testing. Confirmatory tests differed

by country. We tested infant dried blood spots for HIV DNA PCR

using Roche Amplicor version 1.5 with manual extraction.

Informed Consent and Ethical Approvals
In each country setting, informed consent was obtained prior to

administering the questionnaire and blood draws. The informed

consent information was customized to suit the procedure and

research ethics requirements in the respective countries. In cases of

participant illiteracy, a non-biased literate witness joined the

informed consent procedure to ensure that objective information

was given about the study and that the patient understood. Ethical

approval was obtained from the institutional review boards at the

University of Alabama at Birmingham (Birmingham, Alabama,

US) and the US Centers for Disease Control and Prevention

(Atlanta, Georgia, US), as well as the local research ethics review

bodies in each of the participating countries.

Analysis
Our primary outcome was HIV-free survival among HIV-

exposed children. Our sample size was chosen to deliver a half-

confidence interval of 5% around the primary outcome in each

country; we assumed a binomial distribution. The actual number

of houses approached per community also took into account

country-specific estimates of maternal HIV seroprevalence and

baseline child survival. Statistical analyses were performed using

SAS statistical software version 9.1.4 (SAS Institute) and R

software version 2.4.1 (http://www.r-project.org). Background

characteristics were described using medians and interquartile

ranges (IQRs) for continuous variables and percentages for

categorical variables. Children were stratified according to their

HIV-exposure status, HIV-status, and mortality. The present

analysis is limited to those children who were known to be exposed

to HIV, either through the detection of HIV antibodies in the

infant him- or herself, or through a positive maternal HIV

diagnosis. HIV-exposed children who were alive and tested HIV

negative by DNA PCR were right-censored at the time of testing

in time-to-event analyses. HIV-infected children were left-

censored at the time of testing, because transmission was known

to have occurred prior to the test date. Twenty-four-month HIV-

free survival was estimated using a Weibull regression model and a

parametric accelerated failure time model with corresponding

95% confidence intervals. Hazard ratios (HRs) for various

covariates of interest were fitted in multivariate Weibull regression

models and were restricted to children with responses for each of

the covariates of interest. Children born in a particular community

or a particular country may be similar to each other. We

accounted for this potential correlation by including a separate

fixed effect variable for both community and country in our

multivariable model. In cases where one mother contributed more

than one child to the analysis (e.g., twin gestation or short birth

interval), we accounted for this correlation by including a

‘‘mother’’ variable as a random effect. To understand the potential

for variable co-linearity, we calculated the variance inflation

factors of all variables included in the multivariate model. The

variance inflation factor for each variable was less than 1.5, which

indicates variable multi-co-linearity is not an issue in our model.

The effect of infant feeding on HIV-free survival was limited to

those children who were at least 6 mo of age.

In a planned secondary analysis, we compared coverage of

PMTCT services at the facility level (‘‘facility PMTCT coverage’’)

to coverage of PMTCT services at the community level

(‘‘community PMTCT coverage’’). We also compared facility

PMTCT coverage to HIV-free survival among HIV-exposed

infants. Facility PMTCT coverage was ascertained through an

anonymous cord blood surveillance exercise that has been

described elsewhere [15]. In the present report, we compare this

facility-based coverage measure to the results of our community

surveys. Community PMTCT coverage is defined as the

proportion of children in our survey born to HIV-positive mothers

in whom any ARV drug is reported to have been used during

pregnancy. We weighted our estimates according to the number of

HIV-exposed infants in a given service cluster and restricted the

analysis to clusters with at least 15 exposed infants.

Results

The household survey was conducted in six areas in Cameroon,

six in Côte D’Ivoire, six in South Africa, and eight in Zambia.

Collectively, these areas represent the entire catchment population

of the 43 facilities included in the sampling scheme [15]. Of 28,942

households visited between 16 May 2008 and 20 May 2009, 9,348

(32%) were eligible (Figure 1). In total, 10,236 children had been

born to 9,606 mothers in the previous 2 y. Some children could

not be analyzed: 1,465 (14%) mothers or caregivers refused to

participate in the survey, while 588 (6%) agreed to be interviewed

but refused to provide specimens. In addition, we lost or could not

analyze 198 specimens (2%).

Of 7,985 surveyed and analyzable children under 2 y of age,

1,014 (12.7%) were HIV-exposed. Of these, 110 (10.9%) were

HIV-infected, 851 (83.9%) were HIV-uninfected, and 53 (5.2%)

were dead (Figure 1). Overall response rates—defined as complete

child data available—varied by country, with South Africa having

the lowest (64%), followed by Côte D’Ivoire (73%), Zambia (88%),

and Cameroon (90%).

Participant Characteristics
Household characteristics are shown in Table 1. The proportion

of households reporting access to a flush toilet or pit latrine ranged

from 41% in Côte D’Ivoire to 98% in Cameroon. More than 60%

of all households in each of the four countries had finished floors

(e.g., cement, tile, or wood). Access to electricity was highest in

South Africa and Côte D’Ivoire (95%), and lower in Cameroon

(66%) and Zambia (33%). South Africa had the highest proportion

of households with a refrigerator (75%) and television (81%). The

proportion of homes with mobile phones ranged from 55% in

Zambia to 87% in South Africa.

The median age of women participating in the survey was 25 y

(IQR: 21–30) and the median parity was 2 (IQR: 1–3). With the

exception of South African mothers (43%), the majority of women

were married or cohabiting. Employment was highest in

Cameroon (67%) and lowest in South Africa (20%). In South

Africa 83% of mothers had completed at least secondary level

school, but only 13% had done so in Cameroon (Table 2).

Reported utilization of antenatal and delivery services was high

across all countries (Table 3). More than 90% of women had

attended at least one antenatal visit during their pregnancy with

the index child, and the proportion reporting a facility delivery

ranged from 87% in Côte D’Ivoire to 96% in Cameroon. The

median gestational age at which women initiated antenatal care

was 4 mo (IQR: 3–6) in Côte D’Ivoire and South Africa and 5 mo
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(IQR: 4–6) in Cameroon and Zambia. The proportion of

respondents who reported having undergone HIV testing during

the index pregnancy was high for Zambia (91%), Cameroon

(93%), and South Africa (94%), but much lower in Côte D’Ivoire

(39%). Among women who reported having been tested for HIV

during the index pregnancy, the rates of self-reported HIV-

positivity were significantly lower than the actual HIV seroprev-

alence of mothers from blood collected at the time of the survey

(Côte D’Ivoire [0.3% versus 3.9%; p,0.01], Cameroon [4.9%

versus 7.4%; p,0.01], South Africa [9.1% versus 19.8%; p,0.01],

and Zambia [12.6% versus 23.6%; p,0.01]).

The median birth weight of the index pregnancy was similar

across countries (total cohort median 3,100 g; IQR: 2,800–3,500).

Measles vaccination coverage by 10 mo of age ranged between

61% (Côte D’Ivoire) and 90% (Cameroon). In Côte D’Ivoire,

Cameroon, and Zambia, more than 75% of children more than

6 mo of age were reported to have been exclusively breastfed for

6 mo, while in South Africa, only 40% of children were reported

to have been exclusively breastfed, and mixed feeding was

common (47%). The proportion of HIV-exposed infants in each

country who received no PMTCT prophylaxis at all varied from

48% in Cameroon to 61% in South Africa. The highest

proportion of infants whose mothers received HAART during

pregnancy was found in Côte D’Ivoire (46%), followed by 14% in

Zambia, 9% in South Africa, and 4% in Cameroon (Table 2).

HIV-Free Survival
HIV-free survival at 24 mo of age among HIV-exposed

children was 79.7% (95% CI: 76.4, 82.6). These rates differed

by country, but not significantly so: Cameroon (72.6%; 95% CI:

Figure 1. Description of the cohort of children born in the previous 2 y (n = 10,236) from all eligible households (n = 9,348) visited
from May 2008 to May 2009.
doi:10.1371/journal.pmed.1001424.g001
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62.3, 80.5), South Africa (77.7%; 95% CI: 72.5, 82.1), Zambia

(83.1%; 95% CI: 78.4, 86.8), and Côte D’Ivoire (84.4%; 95% CI:

70.0, 92.2) (Figure 2A). HIV-free survival was highest in children

born to mothers who received dual ARV prophylaxis or HAART

(88.5%; 95% CI: 82.4, 92.6), followed by children whose mothers

received single-dose nevirapine (NVP) (82.2%; 95% CI: 73.7,

88.2), followed by children who received no PMTCT intervention

(78.3%; 95% CI: 73.9, 82.0), although these results did not differ

significantly (Figure 2B). In adjusted analyses, risk of death or HIV

infection among children receiving a more complex regimen of

either dual ARV prophylaxis or HAART was lower (adjusted HR:

0.60; 95% CI: 0.34, 1.06; p = 0.067), compared to those receiving

no prophylaxis, but not significantly so. In a pairwise comparison

of children receiving a more complex regimen of either dual ARV

prophylaxis or HAART versus those receiving only single-dose

NVP prophylaxis, we did not observe additional benefit (adjusted

HR: 0.88; 95% CI: 0.45, 1.44), but power to detect a difference

was limited. No other parameters studied were associated with

improved HIV-free survival (Table 4).

PMTCT Intervention Coverage
Of 976 HIV-exposed infants in the study for whom complete

laboratory and survey data are available, 449 reportedly received at

least some ARV drug prophylaxis during pregnancy or the

postnatal period. This represents an unadjusted community

PMTCT coverage of 46% (95% CI: 43, 49). Community PMTCT

coverage differed significantly by country. It was highest in

Cameroon, where 75 of 114 HIV-exposed infants met criteria for

coverage (66%; 95% CI: 56, 74), followed by Zambia (219 of 444,

49%; 95% CI: 45, 54), then South Africa (152 of 365, 42%; 95% CI:

37, 47), and then Côte D’Ivoire (3 of 53, 5.7%; 95% CI: 1.2, 16).

In a cluster-level analysis limited to the 16 facility–community

pairs that had at least 15 HIV-exposed infants, we found

community PMTCT coverage to be highly correlated with

facility PMTCT coverage [15] (Pearson’s correlation coefficient

r = 0.85). In every instance except for two, the facility-based

coverage measure exceeded that observed in the community

(Table 5; Figure 3A). While community PMTCT coverage was

moderately correlated with HIV-free survival (r = 0.29;

Figure 3B), we did not observe an association between facility

PMTCT coverage and community HIV-free survival (r = 0.02;

Figure 3C).

Discussion

The PEARL Study community survey sampled representative

households in four African countries to estimate 24-mo HIV-free

survival among HIV-exposed children. Despite high reported HIV

testing rates and utilization of delivery services, overall community

PMTCT coverage was low, with less than half of HIV-exposed

infants having received any ARV prophylaxis during gestation or

the postnatal period. We think there is an important lesson to be

learned in comparing the previously reported facility-based

coverage estimates [15] to the community-based estimates

Table 1. Characteristics of households surveyed with a child under 2 y of age in the PEARL Study.

Characteristic Côte D’Ivoire Cameroon Zambia South Africa Total

N Value N Value N Value N Value N Value

Participation in survey 1,682 1,579 (93.9%) 2,425 2,403 (99.1%) 2,302 2,089 (90.7%) 2,939 1,924 (65.5%) 9,348 7,995 (85.6%)

Water supply to household 1,561 2,385 2,083 1,915 7,944

Piped water into house 409 (26.2%) 97 (4.1%) 305 (14.6%) 762 (39.8%) 1,573 (19.8%)

Piped water outside but available within plot 749 (48.0%) 302 (12.7%) 279 (13.4%) 937 (48.9%) 2,267 (28.5%)

Public tap 130 (8.3%) 1,472 (61.7%) 488 (23.4%) 177 (9.2%) 2,267 (28.5%)

Other 273 (17.5%) 514 (21.6%) 1,011 (48.5%) 39 (2.0%) 1,837 (23.1%)

Toilet facilities in household 1,556 2,394 2,086 1,921 7,957

Flush toilet or pit latrine 637 (40.9%) 2,352 (98.2%) 1,844 (88.4%) 1,577 (82.1%) 6,410 (80.6%)

No facility 919 (59.1%) 42 (1.8%) 242 (11.6%) 344 (17.9%) 1,547 (19.4%)

Does your household have electricity? 1,566 2,400 2,086 1,924 7,976

Yes 1,491 (95.2%) 1,597 (66.5%) 685 (32.8%) 1,826 (94.9%) 5,599 (70.2%)

No 75 (4.8%) 803 (33.5%) 1,401 (67.2%) 98 (5.1%) 2,377 (29.8%)

Does your household have a refrigerator? 1,563 2,398 2,085 1,923 7,969

Yes 303 (19.4%) 296 (12.3%) 458 (22.0%) 1,444 (75.1%) 2,501 (31.4%)

No 1,260 (80.6%) 2,102 (87.7%) 1,627 (78.0%) 479 (24.9%) 5,468 (68.6%)

Main material of floor 1,557 2,351 2,055 1,917 7,880

Finished floor (cement/tiles/wood planks) 1,375 (88.3%) 1,593 (67.8%) 1,257 (61.2%) 1,675 (87.4%) 5,900 (74.9%)

Natural floor (earth/mud/dung/sand) 182 (11.7%) 758 (32.2%) 798 (38.8%) 242 (12.6%) 1,980 (25.1%)

Does your household have a television? 1,564 2,396 2,059 1,914 7,933

Yes 1,188 (76.0%) 1,243 (51.9%) 797 (38.7%) 1,558 (81.4%) 4,786 (60.3%)

No 376 (24.0%) 1,153 (48.1%) 1,262 (61.3%) 356 (18.6%) 3,147 (39.7%)

Does your household have a cell phone? 1,563 2,393 2,075 1,912 7,943

Yes 1,205 (77.1%) 1,583 (66.2%) 1,139 (54.9%) 1,664 (87.0%) 5,591 (70.4%)

No 358 (22.9%) 810 (33.8%) 936 (45.1%) 248 (13.0%) 2,352 (29.6%)

doi:10.1371/journal.pmed.1001424.t001
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reported here. While the estimates correlate highly (r = 0.85), we found

the facility-based coverage estimate to be higher than the community-

based coverage estimate in every facility–community pair except for

two (Figure 3A). This suggests to us that the facility population can be

thought of as a subset of the community, and a coverage estimate

derived from it will be valid only in settings where most patients come

to the facility for services. There are mother–infant pairs in the

community who are simply not sampled by a facility-based estimate,

and, not surprisingly, the PMTCT coverage rates among these

women were generally lower. This finding is consistent with the

observed associations between the two PMTCT coverage estimates

and HIV-free survival (Figure 3B and 3C). While there is a moderate

association between community PMTCT coverage and HIV-free

survival, the association weakens considerably when the coverage

estimate is derived from the facility population only.

The risk of death was lower among children using a potent

ARV regime for PMTCT, but due to limited power, the

association was not significant. An effect of drug potency is

suggested by a dose response in the adjusted analysis and in

Figure 2B. While this phenomenon has been known for some time

in the controlled environment of clinical trials, its demonstration at

the population level provides support for World Health Organi-

zation recommendations to implement more complex PMTCT

ARV regimens on a wide scale.

In aggregate, we think our findings suggest a critical role for

both facility- and community-based monitoring of PMTCT

programs. The facility-based estimates—particularly those capable

of recreating the PMTCT ‘‘cascade’’ [15,17]—can provide

important, practical information about how to best improve

service delivery at the site level. Facility-based estimates are also

easier to obtain, and are thus suited for more routine performance

monitoring. Since some patients do not interact with the

healthcare system at the level of the facility, however, periodic

evaluation of community PMTCT coverage must also be

considered. This aspect of monitoring is most useful when

utilization of facility-based services is low, but is also subject to

bias if sampling is not random. In our study, for instance, we used

random sampling, but excluded those sites and communities

known not to have any PMTCT services at all. Thus, both our

facility and community samples are optimistic representations.

We observed an overall rate of HIV-free survival that was

higher than anticipated by our original modeling [6]. This could

Table 2. Characteristics of mothers surveyed with a child under 2 y of age in the PEARL Study.

Characteristic Côte D’Ivoire Cameroon Zambia South Africa Total

N Value N Value N Value N Value N Value

Participation in survey 1,869 1,751 (93.7%) 2,451 2,423 (98.9%) 2,347 2,116 (90.2%) 2,939 2,029 (69.0%) 9,606 8,319 (86.6%)

Caregiver interviewed instead of mother 1,731 2 (0.1%) 2,412 25 (1.0%) 2,110 18 (0.9%) 2,013 121 (6.0%) 8,266 166 (2.0%)

Age at time of survey (median [IQR]) 1,730 26 (21, 30) 2,404 25 (22, 30) 2,112 25 (21, 31) 2,026 25 (21, 32) 8,272 25 (21, 30)

12–19 y 227 (13.1%) 276 (11.5%) 285 (13.5%) 312 (15.4%) 1,100 (13.3%)

20–29 y 995 (57.5%) 1,487 (61.9%) 1,211 (57.4%) 1,074 (53.0%) 4,767 (57.6%)

30+ y 508 (29.4%) 639 (26.6%) 615 (29.1%) 640 (31.6%) 2,402 (29.0%)

Parity (median [IQR]) 1,558 2 (1, 3) 2,394 2 (1, 3) 2,084 2 (1, 4) 1,918 2 (1, 3) 7,954 2 (1, 3)

1 638 (40.9%) 812 (33.9%) 681 (32.7%) 861 (44.9%) 2,992 (37.6%)

2 500 (32.1%) 575 (24.0%) 461 (22.1%) 534 (27.8%) 2,070 (26.0%)

3+ 420 (27.0%) 1,007 (42.1%) 942 (45.2%) 523 (27.3%) 2,892 (36.4%)

Marital status 1,726 2,414 2,103 2,019 8,262

Married/cohabitating 1,513 (87.7%) 1,878 (77.8%) 1,655 (78.7%) 870 (43.1%) 5,916 (71.6%)

Other 213 (12.3%) 536 (22.2%) 448 (21.3%) 1,149 (56.9%) 2,346 (28.4%)

Education 1,723 2,401 2,100 2,019 8,243

Secondary or higher 221 (12.8%) 980 (40.8%) 872 (41.5%) 1,682 (83.3%) 3,755 (45.6%)

No schooling or primary 1,502 (87.2%) 1,421 (59.2%) 1,228 (58.5%) 337 (16.7%) 4,488 (54.4%)

Mother currently employed 1,562 2,393 2,071 1,921 7,947

Yes 640 (41.0%) 1,600 (66.9%) 1,136 (54.9%) 372 (19.4%) 3,748 (47.2%)

No 922 (59.0%) 793 (33.1%) 935 (45.1%) 1,549 (80.6%) 4,199 (52.8%)

Maternal HIV status (lab data) 1,325 2,247 1,968 1,917 7,457

Positive 52 (3.9%) 167 (7.4%) 464 (23.6%) 379 (19.8%) 1,062 (14.2%)

Negative 1,265 (95.5%) 2,076 (92.4%) 1,499 (76.2%) 1,515 (79.0%) 6,355 (85.2%)

Mother dead 8 (0.6%) 4 (0.2%) 5 (0.3%) 23 (1.2%) 40 (0.5%)

PMTCT regimen 48 160 450 363 1,021

None 25 (52.1%) 77 (48.1%) 240 (53.3%) 222 (61.2%) 564 (55.2%)

NVP only 1 (2.1%) 37 (23.1%) 48 (10.7%) 62 (17.1%) 148 (14.5%)

NVP+zidovudine 0 (0.0%) 40 (25.0%) 98 (21.8%) 46 (12.7%) 184 (18.0%)

HAART 22 (45.8%) 6 (3.8%) 64 (14.2%) 33 (9.1%) 125 (12.2%)

Data are number (percent) unless otherwise indicated.
doi:10.1371/journal.pmed.1001424.t002
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be explained by at least three sources of bias. First, all infant deaths

in the communities may not have been identified in the survey.

While every attempt was made to ensure complete ascertainment,

including use of census enumerators from the local community

and study instruments that queried child deaths in multiple ways,

we cannot be certain that all deaths were captured. Second,

because we chose to sample only those communities that had at

least some access to PMTCT services, the included clusters may

have not been representative of the population as a whole. Since

better-resourced facilities will be the first to implement PMTCT

services, our sampled patients may have had access to better

services than others in their respective countries. This suspicion is

supported by the finding that over 85% of respondents reported

having delivered at a facility, which is higher than we expected

from national figures [23–26] but which is perhaps explained by

our selection of households based on their proximity to particular

health facilities. A third potential bias of our study lies in its

imperfect participant response rates. Although a response rate of

78% is typical for a community-based survey, households where

occupants were not found or refused to participate may have been

systematically different from those that were included. If a

household with a death under 24 mo of age was more likely to

refuse entry to study staff, this could have resulted in overestima-

tion of HIV-free survival, especially if that refusal was more likely

among households affected by HIV.

The questionnaire instruments and sampling methodology for

this study drew heavily on the widely used DHS surveys [22]. The

successful conduct of the PEARL Study, and others of similar

design [27], demonstrates that with relatively minor modification,

the DHS surveys could serve as a platform for widespread

estimation of PMTCT program effectiveness. The most critical

modification would require testing mothers for HIV antibodies (to

ascertain infant HIV exposure) and, for those who are seropositive,

testing their infants for infection. Some countries already perform

HIV testing as part of their DHS surveys, but others do not, and

this modification would have to be planned and resources for its

implementation identified.

Figure 2. HIV-free survival by country and by PMTCT regimen in the PEARL Study. (A) HIV-free survival by country among exposes
children; (B) HIV-free survival by PMTCT regimen among exposed children. AZT, zidovudine.
doi:10.1371/journal.pmed.1001424.g002

Table 4. Adjusted hazard of HIV infection or death among HIV-
exposed children under 2 y of age in the PEARL Study (n = 893).

Category Characteristic
Adjusted HR
(95%CI)

Household Toilet facilities in household

Flush toilet or pit latrine 1.0

No facility 1.3 (0.8, 2.1)

Main material of floor

Finished floor (cement/tiles/wood planks) 1.0

Natural floor (earth/mud/dung/sand) 0.9 (0.5, 1.5)

Does your household have a cell phone?

Yes 1.0

No 1.2 (0.8, 1.8)

Mother Age at time of survey (years) 0.98 (0.94, 1.03)

School level

No schooling or primary 1.4 (0.9, 2.2)

Secondary or higher 1.0

Infant PMTCT prophylactic regimen

Zidovudine+NVP or HAART 0.60 (0.34, 1.06)

NVP onlya 0.68 (0.39, 1.19)

None 1.0

Child feeding method during first 6 mo
of life (restricted to children older than
6 mo; n = 570)

Exclusive breastfeeding 1.0

Mixed 0.51 (0.19, 1.36)

Formula 0.42 (0.12, 1.44)

Adjusted analyses were restricted to children with responses for each of the
covariates of interest; all models adjust for country effects.
aPairwise comparison of NVP only versus zidovudine+NVP or HAART adjusted
HR: 0.88 (95% CI: 0.45, 1.72).
doi:10.1371/journal.pmed.1001424.t004
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Monitoring PMTCT programs remains a formidable challenge.

Given the continually increasing emphasis on program scale-up,

the unprecedented donor investment in affected countries, and the

recent call by the World Health Organization and others for the

virtual elimination of HIV in children by 2015, it is imperative that

the international research and policy communities agree upon

standard methodologies to measure the effectiveness of programs

over time. Population-based evaluations of PMTCT effectiveness

placed within periodic national health surveys could represent an

important program monitoring resource.
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Editors’ Summary

Background. For a pregnant woman who is HIV-positive,
the discrepancy across the world in outlook for mother and
child is stark. Mother-to-child transmission of HIV during
pregnancy is now less than 1% in many high-income
settings, but occurs much more often in low-income
countries. Three interventions have a major impact on
transmission of HIV to the baby: antiretroviral drugs, mode of
delivery, and type of infant feeding. The latter two are
complex, as the interventions commonly used in high-
income countries (cesarean section if the maternal viral load
is high; exclusive formula feeding) have their own risks in
low-income settings. Minimizing the risks of transmitting HIV
through effective drug regimes therefore becomes particu-
larly important. Monitoring progress on reducing the
incidence of mother-to-child HIV transmission is essential,
but not always easy to achieve.

Why Was This Study Done? A research group led by
Stringer and colleagues recently reported a study from four
countries in Africa: Cameroon, Côte D’Ivoire, South Africa,
and Zambia. The study showed that even in the health
facility setting (e.g., hospitals and clinics), only half of infants
whose mothers were HIV-positive received the minimum
recommended drug treatment (one dose of nevirapine
during labor) to prevent HIV transmission. Across the
population of these countries, it is possible that fewer
receive antiretroviral drugs, as the study did not include
women who did not access health facilities. Therefore, the
next stage of the study by this research group, reported
here, involved going into the communities around these
health facilities to find out how many infants under two
years old had been exposed to HIV, whether they had
received drugs to prevent transmission, and what proportion
were alive and not infected with HIV at two years old.

What Did the Researchers Do and Find? The researchers
tested all consenting women who had delivered a baby in the
last two years in the surrounding communities. If the mother
was found to be HIV-positive, then the infant was also tested
for HIV. The researchers then calculated how many of the
infants would be alive at two years and free of HIV infection.
Most mothers (78%) agreed to testing for themselves and
their infants. There were 7,985 children under two years of
age in this study, of whom 13% had been born to an HIV-
positive mother. Less than half (46%) of the HIV-positive

mothers had received any drugs to prevent HIV transmission.
Of the children with HIV-positive mothers, 11% were HIV-
infected, 84% were not infected with HIV, and 5% had died.
Overall, the researchers estimated that around 80% of these
children would be alive at two years without HIV infection.
This proportion differed non-significantly between the four
countries (ranging from 73% to 84%). The researchers found
higher rates of infant survival than they had expected and
knew that they might have missed some infant deaths (e.g.,
if households with infant deaths were less likely to take part
in the study).
The researchers found that their estimates of the proportion
of HIV-positive mothers who received drugs to prevent
transmission were fairly similar between their previous study,
looking at health facilities, and this study of the surrounding
communities. However, in 14 out of 16 comparisons, the
estimate from the community was lower than that from the
facility.

What Do These Findings Mean? This study shows that it
would be possible to estimate how many infants are
surviving free of HIV infection using a study based in the
community, and that these estimates may be more accurate
than those for studies based in health facilities. There are still
a large proportion of HIV-positive mothers who are not
receiving drugs to prevent transmission to the baby. The
authors suggest that using two or three drugs to prevent HIV
may help to reduce transmission.
There are already community surveys conducted in many
low-income countries, but they have not included routine
infant testing for HIV. It is now essential that organizations
providing drugs, money, and infrastructure in this field
consider more accurate means of monitoring incidence of
HIV transmission from mother to infant, particularly at the
community level.

Additional Information Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001424.

N The World Health Organization has more information on
mother-to-child transmission of HIV

N The United Nations Children’s Fund has more information
on the status of national PMTCT responses in the most
affected countries
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Abstract

Background: As low-income countries strive to meet targets for Millennium Development Goals 4 and 5, there is growing
need to track coverage and quality of high-impact peripartum interventions. At present, nationally representative
household surveys conducted in low-income settings primarily measure contact with the health system, shedding little light
on content or quality of care. The objective of this study is to validate the ability of women in Mozambique to report on
facility-based care they and their newborns received during labor and one hour postpartum.

Methods and Findings: The study involved household interviews with women in Mozambique whose births were observed
eight to ten months previously as part of a survey of the quality of maternal and newborn care at government health
facilities. Of 487 women whose births were observed and who agreed to a follow-up interview, 304 were interviewed
(62.4%). The validity of 34 indicators was tested using two measures: area under receiver operator characteristic curve (AUC)
and inflation factor (IF); 27 indicators had sufficient numbers for robust analysis, of which four met acceptability criteria for
both (AUC .0.6 and 0.75,IF,1.25). Two of these indicators are considered high demand and are recommended for
incorporation into international survey programs: presence of a support person during labor/delivery and placement of the
newborn skin to skin against the mother. Nine indicators met acceptability criteria for one of the validity measures. All 13
indicators are recommended for use in in-depth maternal/newborn health surveys.

Conclusions: Women are able to report on some aspects of peripartum care. Larger studies may be able to validate some
indicators that this study could not assess due to the sample size. Future qualitative research may assist in improving
question formulation for some indicators. Studies of similar design in other low-income settings are needed to confirm
these results.
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Introduction

As low-income countries strive to meet their targets for

Millennium Development Goals 4 and 5, there is an urgent need

to increase use and quality of maternal, newborn, and child health

(MNCH) care services. To better monitor global trends, there is a

strong demand to improve MNCH coverage indicators, spurred

mainly by efforts in response to the Commission on Information

and Accountability for Women’s and Children’s Health [1] and

the Countdown to 2015 initiative [2]. Such indicators are also

critical at the national level to provide actionable information

regarding the adequacy of the content and quality of MNCH care

to achieve desired health outcomes.

Presently, nationally representative household surveys conduct-

ed in low-income settings, such as the Demographic and Health

Surveys (DHS) and the Multiple Indicator Cluster Surveys (MICS)

track few indicators that measure care during the intrapartum and

immediate postpartum periods. Typically, these are limited to:

location of birth, qualification of birth attendant, and cesarean

PLOS ONE | www.plosone.org 1 May 2013 | Volume 8 | Issue 5 | e6069421



section. The first two quantify contact with the health system, but

provide no information on content of care. The validity of even

these commonly reported survey indicators has not been assessed.

However, national and international monitoring relies heavily on

DHS and MICS survey data due to the inadequate state of routine

health information system data in many low-income countries

resulting from incomplete and irregular reporting, errors in

manual calculation, incomplete or irregular data transmission

from lower to higher levels of the health system, and compilation

of subsets of indicators at irregular intervals by multiple divisions

within the ministries of health.

A review of published literature from the past 30 years yielded

multiple studies validating women’s report of MNCH-related

outcomes and health care in high-resource settings [3–20] but few

from low-resource settings [21–26]. All studies used clinical

records as the reference standard. The six studies from low-

resource countries [21–26] all validated women’s self-reports of

obstetric complications comparing follow-up interviews with

women who delivered in hospitals against clinical records. In the

PLOS Medicine ‘‘Measuring Coverage in MNCH’’ Collection, of

which this paper is a part, two other articles address indicators for

care in the peripartum period [27,28].

The objective of this study was to assess the validity of women’s

self-reports of selected health facility–based, peripartum MNCH

interventions in Mozambique in two complementary ways: (1) via

calculation of sensitivity and specificity, and area under receiver

operator characteristic curve (AUC); and (2) estimation of the

inflation factor (IF), which is the ratio of the prevalence of these

interventions that would be obtained from a population-based

survey, given the sensitivity and specificity from this study, and the

indicator’s true prevalence.

Mozambique was chosen for this study because it is a priority

country for the Countdown to 2015 initiative and is typical of the

other 74 countries which represent 95% of maternal and child

deaths globally. Mozambique is similar particularly to other sub-

Saharan African countries: maternal mortality ratio is high (500

maternal deaths per 100,000 live births) [29], the institutional

birth rate is 54% [29], there are few births in private or non-

governmental facilities, approximately 85% of women of repro-

ductive age have achieved at most primary school education, and

just over one third (38%) of its population resides in an urban area

[30].

Methods

Ethical Review
This study was approved by the Mozambique National

Bioethics Committee and the Institutional Review Board of the

Johns Hopkins Bloomberg School of Public Health.

Study Design
The study involved face-to-face interviews with women in

Mozambique whose births were observed and documented as part

of a government health facility survey of the Quality of MNCH

Care (referred to subsequently as Quality of Care study) which was

conducted from September to November 2011; results are

available elsewhere [31]. Eight to ten months later, study

participants were interviewed in their homes regarding the care

they received during labor, delivery, and up to approximately one

hour following birth. Data from the follow-up interviews were

compared against data from the observations, which served as the

reference standard. Because this validation study focused on

facility-based care, the sample consisted of women who delivered

in a health facility.

Indicators included in this study were selected based on three

criteria: (1) evidence-based interventions during the peripartum

period identified in the WHO Integrated Management of

Pregnancy and Childbirth (IMPAC) manuals [32,33]; (2) impor-

tant elements of the Mozambique humanization of birth program;

and (3) events considered feasible for a woman to report on (e.g.,

inquiries or physical interventions by birth attendants versus the

conduct of laboratory tests). Where questions of interest already

exist in the DHS and/or MICS surveys, we tested the same or

similar formulations of the questions.

The list of indicators selected for validity testing is presented in

Table 1. Given constraints on the length of large-scale survey

questionnaires, this list differentiates between high-demand

indicators that are potential candidates for inclusion into the

DHS/MICS questionnaires and indicators appropriate for more

in-depth surveys of maternal and newborn health. The table also

identifies indicators as beneficial or harmful. To note, some

indicators are neither. These indicators represent two types of

practice: (1) interventions that would require subjective informa-

tion as to whether the intervention was medically indicated; for

example, augmentation of labor or cesarean section; such

judgments were beyond the scope of this study; and (2) indicators

that are by their nature neither harmful or beneficial, such as

choosing to deliver at a hospital versus a health center.

High-demand, evidence-based intervention indicators that were

identified as potential candidates for inclusion in MICS/DHS

surveys include some based on one question: HIV status checked,

blood pressure measurement, urine testing (interventions per-

formed during initial assessment of a woman in labor), presence of

support person during labor or delivery, together with indicators

related to newborn thermal care and active management of the

third stage of labor. Three composite indicators (based on two or

more questions, as defined in Table 1) were identified: thermal

care for the newborn defined in two ways: and active management

of the third stage of labor. In one of the papers in this Collection,

Moran et al. also place importance on two of the indicators above,

endorsing the use of an indicator on immediate drying of the

newborn and recommending testing the skin to skin indicator [28].

Sample Size
Mozambique has a total of 650 public maternity units. In the

Quality of Care observational Study [31], 46 government health

facilities (20 hospitals and 26 health centers) with an average of at

least three births per day were selected randomly from a group of

122 government health facilities included in a national initiative to

improve the quality of maternity care. This larger group of health

facilities is responsible for 50%–60% of institutional births

nationally. At the time of the observations, government-sponsored

training programs targeting evidence-based interventions during

the peripartum period were underway in 19 of the 46 hospitals

sampled. A total of 525 births were observed, including women

whose births resulted in a stillbirth or early neonatal death, and

some cases of women who eventually delivered via cesarean.

There were no refusals in the Quality of Care Study [31].

For the validation study, the anticipated prevalence of study

indicators ranged from 20% to 80%, given that some reflect

preventive interventions and should be nearly universal, whereas

others represent harmful practices and should rarely, if ever, be

performed. Assumptions required for sample size calculation

included: 50% prevalence for all indicators, 60% sensitivity (with

precision at67.0%), 70% specificity (or 30% [1 2 specificity] with

precision at66.4%), and joint 90% confidence intervals [34] of

53%–67% for sensitivity and 23.6%–36.4% for (1 2 specificity).

Variation across facilities in the prevalence of indicators potentially

Validating Health Indicators in Mozambique
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Table 1. List of 34 indicators for which validation was attempted in this study.

Question
Already Exists
in DHS/MICS
Surveys

High-Demand
Indicators Potentially
Suggested for Use in
DHS/MICS-Type
Surveys

Indicator of
Beneficial or
Harmful Care Indicator

Initial Assessment of a Woman in Labor

Yes Beneficial Percent of women asked about their HIV status

Beneficial AMONG WOMEN WITH UNKNOWN HIV STATUS: Percent of women offered HIV test

Yes Beneficial Percent of women who had their blood pressure taken

Yes Beneficial Percent of women who were asked for a urine sample upon arrival at the health facility

Intra-partum Care

Beneficial Percent of women who were encouraged to have a companion present during labor/delivery

Yes Beneficial Percent of women who had a companion present during labor or delivery

Beneficial Percent of women who were encouraged to ambulate or move around during labor

Beneficial Percent of women who were draped for privacy during labor

Harmful Percent of women who were slapped, physically mistreated

Harmful Percent of women who were shouted at or otherwise verbally mistreated

Neither Percent of women who had their labor augmented with injection

Neither Percent of births with cephalic presentation

Neither Percent of women who had more than one health care provider assisting during birth

Yes Neither Percent of women who delivered in a hospital (versus a health center)

Yes Neither Percent of women who delivered by cesarean section

Neither Percent of women with an instrumental birth (forceps, vacuum extraction)

Neither Percent of women who delivered on their backs (lithotomy position)

Neither Percent of women who received an episiotomy

Immediate Postpartum/Postnatal Care

Yes Beneficial Element of postpartum hemorrhage prevention: Percent of women who received a uterotonic
within 3 (a few) minutes after birth of the baby

Yes Beneficial Element of postpartum hemorrhage prevention: Percent of women who received controlled cord
traction

Yes Beneficial Element of postpartum hemorrhage prevention: Percent of women who received fundal massage
after delivery of the placenta

Yes Beneficial Composite indicator of active management of the third stage of labor: Percent of women who
received uterotonic within a few minutes after birth of baby, controlled cord traction, AND
fundal massage after delivery of placenta

Harmful Percent of women who received fundal pressure before birth of baby

Harmful Percent of women for whom the birth attendant manually explored uterus after birth of baby

Yes Beneficial Element of thermal care for the newborn: Percent of newbornsa who were immediately dried

Yes Beneficial Element of thermal care for the newborn: Percent of newbornsa placed skin to skin against the
mother’s chest

Yes Beneficial Element of thermal care for the newborn: AMONG NEWBORNS PLACED SKIN TO SKIN: Percent of
newbornsa placed skin to skin on mother and covered with a cloth

Yes Beneficial Element of thermal care for the newborn: AMONG NEWBORNS NOT PLACED SKIN TO SKIN:
Percent of newbornsa wrapped in a towel/cloth

Yes Beneficial Composite indicator 1 of thermal care for the newborn: AMONG NEWBORNS NOT PLACED SKIN
TO SKIN: Percent of newbornsa immediately dried with a towel and wrapped with a cloth

Yes Beneficial Composite indicator 2 of thermal care for the newborn: Percent of newbornsa immediately dried
with a towel, placed skin to skin on mother and covered with a cloth

Yes Beneficial Percent of newbornsa for whom breastfeeding was initiated within one hour of birth

Harmful Percent of newbornsa held upside down

Harmful Percent of newbornsa slapped

Harmful Percent of newbornsa bathed within one hour (i.e., bathing not delayed)

aAny indicator referring to newborns or stillbirths refers to the second twin in cases of multiple birth.
doi:10.1371/journal.pone.0060694.t001
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influenced by in-service training programs was accounted for by

basing sample size on 50% prevalence. Based on these assump-

tions, a sample of 400 follow-up interviews was required, increased

to 480 to allow for 20% loss to follow-up and refusals.

Data Collection
In the health facilities selected for the Quality of Care Study

[31], all deliveries were observed between 7am and 11pm over two

to three days (depending on the volume of births in the facility),

with the following caveats: a single observer could not observe

more than two deliveries simultaneously, and women admitted

into the emergency ward or taken immediately for cesarean

section were not observed. Births were observed by nurses trained

to observe maternity care using a standard validated checklist.

Following birth and before hospital discharge, study participants

who granted permission to be interviewed at home several months

later were asked for their address and phone number and detailed

landmarks to assist the interviewer in locating the household.

All women who provided a phone number were called during

the interim to remind them of the upcoming interview. Twelve

interviewers were recruited, 11 of whom had previously served as

interviewers for the 2011 Mozambique DHS survey. They did not

have a medical background and were not the observers in the

Quality of Care Study [31]. Interviewer training included review

of biological and health care-related events during the peripartum

period. Interviewers attempted to relocate study participants at

home. Interviews were conducted in Portuguese, and data were

entered directly into Android platform tablet computers running

Mobile Data Studio data entry software, with data entry validation

checks. Figures S1 and S2 provide the wording in Portuguese and

English, respectively, of the each question supporting each

indicator. Supervisors reviewed data for consistency and com-

pleteness before transmitting it electronically to a central web

server connected to a Structured Query Language server database.

The database was monitored on an ongoing basis. Data were

exported to Stata Version 11 for analysis.

Analysis
Two-by-two tables were constructed. If any cell had fewer than

five cases, the analysis was not performed. Sensitivity and

specificity were estimated for each indicator for which there was

adequate information, with uncertainty represented by 95%

confidence intervals assuming a binomial distribution. AUC

quantifies the performance of a diagnostic test (in this case, a

woman’s response to a survey question compared against the

health facility–based reference standard). The Receiver Operating

Characteristic Curve is produced when the sensitivity of a test is

plotted against 1 2 specificity of the test. The area under the curve

can then be estimated. The most common usage of this statistic is

to estimate AUC for multiple cut-off points resulting from a single

diagnostic test or to compare results from different diagnostic tests.

An AUC of 1.0 represents a perfect diagnostic test, whereas an

AUC of 0.50 represents a random guess. For the purposes of this

study, AUC was estimated based on dichotomous variables and is

used as a means of comparing overall validity across multiple

indicators [35]. These traditional measures are used to assess

validity at the individual level.

The prevalence of an indicator that would be obtained from a

population-based survey, given the sensitivity and specificity of

that indicator resulting from this study, was estimated using the

equation below from Vecchio [36].

Pr~P| SEzSP�1ð Þz 1�SPð Þ

In this equation, Pr is the estimate of survey-based prevalence, P

is the hypothetical ‘‘true’’ prevalence in the population, SE is

sensitivity, and SP is specificity. Results regarding estimated

population-based prevalence rates for selected indicators are

expressed in this paper as the inflation factor, that is, as an over-

or under-estimation factor relative to the true rate. Several other

papers in this supplement have utilized the ratio of Test to Actual

Positives (TAP ratio) [37], which is the mathematical equivalent of

estimated prevalence as calculated by Vecchio and the IF. The IF

is the ratio of the estimated survey-based prevalence to the true

population prevalence, as measured in the Quality of Care Study

[31]. The IF is used to represent population-based validity.

For those indicators for which the analysis could be conducted,

we defined acceptability criteria for validation as an AUC.0.60 or

an IF between 0.75 and 1.25. There is no consensus on acceptable

levels of any of the validation measures used in this study. The cut-

offs for AUC and IF are subjective and were selected prior to data

collection following discussion among the investigators taking into

account the complexity of the questions, the lengthy recall period,

and the fact that women were answering questions about events

during labor or the immediate postpartum period. Due to intense

constraints to lengthening the DHS or MICS questionnaires, our

acceptability criteria for new indicators warranting incorporation

into international survey programs are stricter and include only

those identified as ‘‘high demand’’ in Table 1 and those which

meet both acceptability criteria. Thus, indicators recommended for

the DHS and MICS surveys are those that showed accurate

reporting at both the individual and population levels.

Results

Of the 525 women observed in the Quality of Care Study [31],

92.3% consented to a follow-up interview (Figure 1). Interviewers

were able to locate the households of 64.7% of women who

provided consent, and among those, succeeded in interviewing

96.5%. Thus, loss to follow-up was substantially higher than

assumed (37.6% versus 20%), and the final sample of 304

interviewed women fell short of the target sample of 400 women.

Of note, 0.8% of the sample of women (n = 4) died in the interim

between birth and the follow-up interview and 1.4% refused the

interview.

Table 2 presents the distribution of background characteristics

for respondents to the follow-up study, participants in the Quality

of Care Study [31], and a nationally representative sample of

respondents of the 2008 MICS survey who delivered in a health

facility. All provinces in Mozambique are represented in the

Quality of Care [31] and follow-up studies. However, in the

follow-up study, Maputo City and Manica are over-represented

and Inhambane is under-represented relative to nationally

representative data. Women in the follow-up study were somewhat

more educated, urban, and younger than MICS survey respon-

dents.

Tables 3 and 4 present validation results, the estimated survey-

based prevalence of indicators, and the inflation factor for

indicators with cell sizes sufficient for analysis. Table 3 includes

recommended indicators based on one or both of our acceptability

criteria. Table 4 includes indicators that cannot be recommended

based these same criteria. In Tables 3 and 4 the estimated

prevalence of indicators was based on their ‘‘true’’ prevalence as
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measured in the entire sample of Quality of Care Study

observations (i.e., not just those that were matched with follow-

up interviews) and the sensitivity and specificity resulting from this

study. ‘‘Don’t know’’ responses constituted a small percentage of

responses in the Quality of Care and follow-up Study and were

treated as ‘‘No. ’’ Most indicators were based on a single question,

but some were composite indicators based on a combination of

responses to two or more questions. Although 525 women

consented to observation in the Quality of Care Study [31],

differing numbers of women were observed during the different

stages of the peripartum period, shown in the varying Ns for the

true prevalence from the Quality of Care Study [31] and for AUC,

which was based on cases of women observed during that

indicator-specific period matched to their follow-up responses. In

total, 27 of 34 indicators had sufficient numbers in all cells of the

262 table for the validation exercise. Table 5 includes indicators

which could not be assessed due to small cell sizes.

Six indicators had AUC results of 0.60 or greater (Table 3). The

most accurately reported responses were to the question on

whether the woman delivered in a hospital versus a health center

(0.88, 95% CI: 0.84–0.91); her labor was augmented (0.72, 95%

CI: 0.51–0.93); fundal pressure was applied before birth of baby

(0.67, 95% CI: 0.55–0.78); the newborn was placed skin to skin

against the mother (0.65, 95% CI: 0.59–0.70); the woman was

encouraged to have a companion during labor or birth (0.62, 95%

CI: 0.55–0.69); and the woman had a support person present

during labor or delivery (0.61, 95% CI: 0.55–0.66).

The other criterion of acceptable validity was an inflation factor

between 0.75 and 1.25. Eleven indicators met this criterion. These

were: the woman was encouraged to have a companion during

labor/delivery (1.00); newborn was placed skin to skin against the

mother (1.02); blood pressure was taken during initial assessment

(0.98); the baby was cephalic presentation at birth (0.98); the

woman delivered on her back (0.95); the woman had a support

person present during labor or delivery (0.93); the newborn was

immediately dried and wrapped in a towel (0.92); the woman was

encouraged to ambulate or move around during labor (0.89); the

woman delivered in a hospital versus health center (0.86); the

newborn was immediately dried after birth (0.85); and the woman

had fundal massage following delivery of the placenta (0.79).

Four indicators met the criteria for quality reporting based on

both AUC and the IF. These were: the newborn was placed skin to

skin against the mother, the woman identified her place of birth as

a hospital versus a health center, the woman was encouraged to

have a companion during labor or birth, and a support person was

present during labor or birth.

Of the high-demand, evidence-based indicators tested, blood

pressure measurement and two individual components of thermal

care (baby was immediately dried and baby was placed skin to skin

against the mother) met the criterion for inflation factor.

Two of the three indicators with an inflation factor of .6.0 had

a true prevalence of 3% or less (labor augmentation, baby held

upside down, fundal pressure applied before birth of baby). Such

poor reporting is not surprising for low-prevalence indicators for

which even small deviations from 100% in specificity can lead to

extreme over-estimation in a survey. Indicators in Table 5 which

could not be assessed due to cell size include: women was asked for

a urine sample upon arrival at the health facility, cesarean section,

instrumental birth, episiotomy, women physically mistreated,

women verbally mistreated, and newborn slapped.

Discussion

This study was able to test the validity of 27 key MNCH

coverage indicators. We could not identify another published

validation study of mothers’ self-report of facility-based interven-

tions delivered around the time of birth that compared women’s

reports against direct observation of the birth. Given the poor

quality of clinical records in low-income settings, use of direct

observation of care as the reference standard is a major strength of

this study. Additional strengths include: the validity and reliability

of clinical observers’ observations were confirmed during training,

observers were assigned to facilities other than their own places of

work, and the home-based follow-up study closely mimicked the

conditions of data collection in the DHS and MICS surveys.

Although the eight- to 10-month recall period for the follow-up

study is shorter than that for the DHS (up to five years) and MICS

Figure 1. Response rates.
doi:10.1371/journal.pone.0060694.g001
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Table 2. Background characteristics: Percent distribution of respondents in the follow-up study; Women whose deliveries were
observed in the Quality of Care Study [31]; and Women who delivered in a health facility in the 2008 MICS (a nationally
representative sample of women of reproductive age).

Socio-Demographic Characteristics Follow-Up Survey (N = 304)
Mozambique Quality of Care
Study (N = 525)

MICS 2008 (N = 3,011 Live
Births in Two Years Preceding
Survey)

Age

13–19 17.8 26.1 (15–19) 17.6

20–24 33.9 29.9 29.3

25–29 22.4 21.0 23.0

30–34 15.1 14.1 16.3

35–39 8.6 7.0 10.5

40–44 2.0 0.8 2.5

45–49 0.3 0.0 0.8

Don’t know/ missing 0.0 1.1 0.0

Level of Education

None 12.8 Not available 23.8

Primary 55.6 Not available 62.2

Secondary or higher 31.6 Not available 13.4

Don’t know/ missing 0.0 Not available 0.7

Marital Status

Married/ Cohabitating 80.9 Not available Not available

Single 12.5 Not available Not available

Divorced/ Separated 6.6 Not available Not available

Area of Residence

Urban 54.0 55.0 a 39.9

Rural 43.1 44.0 a 60.1

Missing 3.0 1.0 a 0.0

Region/Province

North Region

Niassa 9.9 8.4 7.9

Cabo Delgado 6.3 3.8 7.9

Nampula 15.5 14.1 18.3

Central Region 12.0

Zambezia 14.1 15.6 8.7

Tete 9.2 13.9 4.9

Manica 9.2 11.8 13.6

Sofala 8.9 8.8

South Region

Inhambane 2.0 2.1 6.4

Gaza 5.9 6.7 7.4

Maputo Province 4.6 4.8 6.9

Maputo City 12.2 10.1 5.9

Missing 0.3 0.0 0.0

Obstetric History

Gravidity

1 20.1 24.8 Not available

2–4 49.3 54.1 Not available

5+ 30.5 21.1 Not available

aBased on 487 women observed in the Quality of Care Study [31] who gave consent to the follow-up interview.
doi:10.1371/journal.pone.0060694.t002
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(up to two years) surveys, it represents a lengthy recall period not

far from the average recall period of a MICS survey and is an

improvement over validation studies interviewing women at

facility discharge. Furthermore, lengthening the follow-up period

would undoubtedly result in greater loss to follow up.

With some caveats, study data are representative of the

population of women seeking facility-based care at birth in

Mozambique. In the Quality of Care Study [31] all provinces in

Mozambique were represented, though the sample somewhat

over-represented urban and larger facilities. The response rate of

the current study was 63% (lower than the 72% response rate of

one published validation study using a lengthy recall period [27]),

contributing to wider than anticipated confidence intervals for

sensitivity and specificity of the indicators. Respondents to the

follow-up study were somewhat more highly educated, younger,

and more likely to be urban as compared to nationally

representative MICS data. Some of this difference is likely due

to the lower than expected response rate (as rural women, women

without cell phone access and lower-educated women may be

more mobile and difficult to locate). Thus, these results may

overstate women’s ability to self-report peripartum care if

education is positively related to the accuracy of reporting, which

was not explored in this paper. Among health facilities with

surgical capacity, the sample of births observed missed women

directly admitted through the emergency ward and prevented

validation of delivery by cesarean section. It is unknown whether

the observer’s presence influenced women’s ability to report on the

care they received. Finally, our acceptability criterion of 0.60 for

AUC may be considered low, and therefore a study limitation.

However, given that so few key survey-based variables relied upon

for international and national monitoring have been validated to

date and that all of the variables assessed here occurred while

women were in labor or shortly thereafter, these authors judged a

minimum AUC of 0.60 to be acceptable.

Results from this study vary in comparison with other studies. In

a study by Liu et al. in China [29], two indicators similar to those

measured in this study included: blood pressure check and

providing an HIV test. However, in the Liu study, questioning

was about antenatal, not intrapartum, care. Liu et al. found higher

sensitivity and lower specificity than the current study for both

indicators. The differences may be explained by the fact that the

prevalence for each of these screening tests was much higher in the

Chinese study, possibly leading women to assume that they had

always been performed, or that events during antenatal care were

easier to be aware of and to recall than events when in labor.

Pacque et al. [38], whose study included home births, measured

two indicators of immediate newborn care that are similar to

indicators in the current study: ‘‘percent of mothers who

breastfeed their infant within one hour of birth’’ and ‘‘percent of

mothers whose newborn was immediately warmed (dried) and

wrapped after birth.’’ The sensitivity and specificity of the first

indicator was relatively similar to results of the current study—

0.88 compared with 0.82 for sensitivity in the current study with

very low specificity in both studies. For the second indicator,

Pacque et al. found lower sensitivity (0.64 versus 0.81) and higher

specificity (0.52 versus 0.14) than the current study. It is unclear

why the specificity in the current study is so low. The formulation

of the question relating to ‘‘newborn immediately dried’’ in the

two studies was slightly different.

Yoder et al. [39], who conducted a qualitative investigation of

newborn and postnatal care among mothers in Malawi and

Bangladesh detected problems with their understanding of (1)

terminology related to newborn thermal care, (2) questions about

the timing of events following birth, and (3) questions related to

postnatal care health checks. The first two issues may have affected

our study results as well as those of Pacque.

One of the indicators of greatest interest tested in this study was

‘‘woman received an injection within the first few minutes after

birth,’’ (i.e., received a prophylactic uterotonic against postpartum

hemorrhage). Data on this important indicator are sparse and,

disappointingly, this indicator cannot be recommended based on

our results. It should be noted, however, that this and several other

questions in the follow-up study were long, complex, and referred

to specific time periods (e.g., before and after delivery of the baby;

after delivery of the baby and before delivery of the placenta), all

elements of questionnaire design best avoided. Qualitative

research may assist in improving the formulation for these

questions. We also hypothesize that educating women about key

preventive interventions that they should expect to receive at birth

may improve reporting by raising awareness of these interventions.

Recommendations
We recommend that validation studies rely on two methods to

assess the validity of selected indicators: sensitivity, specificity, and

AUC, and the inflation factor or its mathematical equivalent. Two

methods were selected because they are complementary and

neither is sufficient alone if the goal is coverage monitoring via

population-based surveys. Although high sensitivity and specificity

are preferred for all indicators, knowing the estimated survey-

based prevalence is also helpful, particularly for indicators of very

low prevalence which are likely to be over-estimated without near-

Table 5. Summary of validation results: Indicators that could not be assessed due to small cell size*.

Variable N from Quality of Care Study

True Prevalence (%) among
Those Observed in Quality of
Care Study

Woman asked for urine sample upon arrival at the health facility 525 1.6

Woman delivered by cesarean section 525 2.9

Woman with an instrumental birth (forceps, vacuum extraction) 525 2.9

Woman received an episiotomy 507 3.0

Woman slapped, physically mistreated 378 1.0

Woman shouted at or otherwise verbally mistreated 525 1.1

Newborn slapped 525 0.2

Sensitivity and specificity were not analyzed in cases where the n of any cell was ,5.
doi:10.1371/journal.pone.0060694.t005
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perfect specificity. Likewise, in some cases, low sensitivity and

specificity cancel out at the population level and may generate

acceptable estimates for coverage monitoring purposes, even if not

accurate for analysis at the individual level. An example from this

study includes the indicator for newborns dried and wrapped in a

towel (among those not placed skin-to-skin against the mother’s

chest), with sensitivity at 0.59, specificity at 0.43, and an inflation

factor of 0.92.

We recommend that the 13 indicators which met acceptability

criteria should be included in more detailed studies of maternal

and newborn care, while noting that researchers should be

cautious about measurement of low-prevalence indicators. For

example, the prevalence of labor augmentation was only 2.4% in

the Quality of Care Study [31]. Although its inflation factor was

large, it scored well by the AUC criterion. It is important to

monitor this intervention as it is frequently misused in other

contexts, particularly in South Asia [40]. In such areas where labor

augmentation is more prevalent, this indicator may be more

accurately estimated in surveys. Among the high-demand,

evidence-based indicators assessed, presence of a support person

during labor/delivery and placement of the newborn skin to skin

against the mother met both acceptability criteria and are

therefore recommended for international survey programs.

The results of this study suggest that there are some aspects of

peripartum care that women can report with adequate accuracy.

Although Mozambique was selected as representative of high

maternal and newborn mortality settings, additional studies with a

modified design in other low-income settings are needed to

confirm these results. Suggested modifications include: planning

for a higher loss to follow up rate (e.g. at least 35%); where

possible, improving question formulation for complex questions

that relate to very specific time periods; and considering a design

in which face-to-face interviews could be divided into two or three

arms, with interviews at hospital discharge, at the woman’s house

after a lengthy interval and at the woman’s house at the mid-point

between interviews in the first and second arms of the study.

Experience from this study suggests that a follow-up period of

greater than approximately 12 months may not be feasible, given

the effects of an extended period on the loss to follow-up rate. Cell

phone penetration and population mobility will ultimately

determine what is possible within a given context.

Such a design would allow one to determine if inaccuracy in

reporting is due to recall or to the fact that women were never

aware that certain procedures were performed. The three-arm

design would also allow one to determine whether recall worsens

over time. Depending on the results of such studies, data quality

on peripartum care may be improved by restricting such detailed

survey questions to births in the last two years.

Supporting Information
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(DOCX)
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Abstract

Background: Cesarean section is the only surgery for which we have nearly global population-based data. However, few
surveys provide additional data related to cesarean sections. Given weaknesses in many health information systems, health
planners in developing countries will likely rely on nationally representative surveys for the foreseeable future. The objective
is to validate self-reported data on the emergency status of cesarean sections among women delivering in teaching
hospitals in the capitals of two contrasting countries: Accra, Ghana and Santo Domingo, Dominican Republic (DR).

Methods and Findings: This study compares hospital-based data, considered the reference standard, against women’s self-
report for two definitions of emergency cesarean section based on the timing of the decision to operate and the timing of
the cesarean section relative to onset of labor. Hospital data were abstracted from individual medical records, and hospital
discharge interviews were conducted with women who had undergone cesarean section in two hospitals. The study
assessed sensitivity, specificity, and positive predictive value of responses to questions regarding emergency versus non-
emergency cesarean section and estimated the percent of emergency cesarean sections that would be obtained from a
survey, given the observed prevalence, sensitivity, and specificity from this study. Hospital data were matched with exit
interviews for 659 women delivered via cesarean section for Ghana and 1,531 for the Dominican Republic. In Ghana and the
Dominican Republic, sensitivity and specificity for emergency cesarean section defined by decision time were 79% and 82%,
and 50% and 80%, respectively. The validity of emergency cesarean defined by operation time showed less favorable results
than decision time in Ghana and slightly more favorable results in the Dominican Republic.

Conclusions: Questions used in this study to identify emergency cesarean section are promising but insufficient to promote
for inclusion in international survey questionnaires. Additional studies which confirm the accuracy of key facility-based
indicators in advance of data collection and which use a longer recall period are warranted.
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Introduction

Cesarean section rates are rising in many low- and middle-

income countries. For the first time, the World Health Organi-

zation’s (WHO) World Health Statistics 2012 reports a global

cesarean section rate (16%) that exceeds the frequently used upper

recommended limit of 15% [1,2]. Even in a low-income country

like Bangladesh, recent data show the cesarean section rate

increased from 3% to 12% between 2001 and 2010 [3]. Some

middle-income Latin American and Asian countries report rates

between 30% and 46%, and the cesarean section rate for upper-

middle-income countries has surpassed that of high-income

countries (31% and 28% respectively) [2]. Extreme socio-

economic disparities in access to cesarean section exist within

low-income countries as well. Women in the wealthiest households

often have rates above 20%, whereas among the poorest

households in many countries, cesarean section rates are less than

one percent [4].
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High and rising national rates indicate cause for concern, but

provide no information on why or how these rates are changing or

whether the increase is associated with any health gains. Likewise,

very low rates, as seen in much of sub-Saharan Africa, provide no

assurance that cesarean sections are serving women in greatest need.

Currently, cesarean section is the only surgery for which we

have nearly global population-based data [2,5], as a result of the

Demographic and Health Surveys (DHS) and UNICEF’s Multiple

Indicator Cluster Surveys (MICS). However, few surveys in low-

income countries have incorporated questions that go beyond

mode of delivery [6].

Although large-scale surveys provide the majority of global data

on cesarean section, the question on cesarean section has not been

validated. One study assessing the reliability of self-reported

cesarean section rates in the DHS in six low-income countries

showed that self-reported cesarean section rates were consistently

higher than hospital-based cesarean section data applied to

population-based births. However, in three quarters of the 31

sub-national observations assessed, hospital-based rates fell within

95% confidence intervals of the survey-based estimates. The

differences between the two were often less than one percentage

point [7]. It is not surprising that reliability of self-reported

cesarean section is high since women are unlikely to forget or

fabricate having undergone cesarean section.

In response to the need for more in-depth information related to

cesarean section, the Maternal Health Task Force and the Child

Health Epidemiology Reference Group at Johns Hopkins Univer-

sity sponsored a meeting in February 2010 in Baltimore, Maryland

for maternal health researchers and program managers to propose

an expanded list of indicators related to cesarean section [8]. Their

top recommendation and the impetus for this study was the need to

validate an indicator of emergency cesarean section which could be

obtained from surveys of women of reproductive age.

Numerous definitions of emergency cesarean section exist, each

of which identify a somewhat different group of women. A Medline

search on emergency cesarean section from 1982 through 2007 by

Schauberger and Chauhan [9] reported 28 studies which used at

least 12 definitions based on varying criteria including: decision for

cesarean section was made in labor, not scheduled, severe

maternal/fetal complications (complications were specified in some

but not all studies), immediate threat to mother/fetal life, timeliness

from decision to incision or delivery, and various combinations of

the above-mentioned criteria. In eight studies, no definition was

provided. In a recent systematic review of cesarean section

classification systems, Torloni and colleagues [10] identified nine

classification systems (four based on indications and five based on

various definitions of ‘‘urgency’’) that do not always use the term

‘‘emergency’’ but are similar in concept; for example: absolute

maternal indication, obligatory, extreme emergency, and crash. In

almost half of these studies, the classification system was designed for

use in high-income countries with sophisticated record keeping.

This study, part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection, has three objectives. The first is to validate

self-reported data on emergency cesarean section among a sample

of women who delivered by cesarean section. Two definitions of

emergency cesarean section are tested. Cesarean section by decision

time refers to a cesarean section for which the decision to perform

the operation is made after the onset of labor. Cesarean section by

operation time refers to a cesarean section performed after the onset

of labor. Both indicators are dichotomous. We test two definitions

because (1) in low-income settings, emergency cesarean section

based on decision time may more accurately reflect the chronology

of events than operation time given inadequate staffing and

resources which often lead to delayed care; and (2) the timing of

the operation relative to labor may be easier for women to report.

To increase generalizability, large hospitals in two contrasting

countries were selected for this study: Ghana and the Dominican

Republic.

The second objective of the study is to estimate the percentage

of emergency cesarean sections that would be obtained from a

population-based survey, given the assessment of sensitivity and

specificity from this study. The third objective is to identify

characteristics of women who accurately report the status of their

delivery by cesarean section.

Contrasting Countries: Ghana Versus the Dominican
Republic

In Ghana, maternal mortality is high at 378 per 100,000 births

in 2007 [11]. Skilled attendance at birth in Ghana has increased

over the past 20 years from 41% to 60% [12], most of which has

occurred since 2003 when the Ghana Health Service began fee

exemption for delivery services [13]. According to the Ghana

DHS survey, the cesarean section rate increased from 4.5% to

6.4% between 1990 and 2005, with greater than 10-fold

differentials in the rate by wealth quintile. As of 2005, the cesarean

section rate for 40% of the population was under the WHO

recommended minimum of 5%, and under 1% for the poorest

quintile [12]. In contrast, the Dominican Republic is a country with

nearly universal coverage of antenatal care and institutional delivery

(.95%) [14], high maternal mortality compared to countries of

similar income (179 per 100,000 live births between 2004 and 2008)

[8], and rapidly increasing cesarean section rates. Between 1990

and 2006, the cesarean section rate in the Dominican Republic

doubled from 22% to 44% [12].

Methods

The study was conducted in two hospitals. Korle-Bu Hospital is

one of the largest teaching hospitals in Ghana, situated in the

capital, Accra. It is a tertiary referral center with 10,000 annual

deliveries and a cesarean section rate of 30%. In the Dominican

Republic, the study was conducted at the Maternity Hospital

Nuestra Señora de la Altagracia, the national referral maternity

hospital and a teaching hospital, in the capital, Santo Domingo. It

is a tertiary level hospital with approximately 18,000 deliveries

annually and a cesarean section rate of 33% [15]. Both of the

facilities used partographs as routine practice during labor and

delivery, although their use might not be consistent at times.

For the first objective, sensitivity, specificity, and positive

predictive value of indicators related to caesarean section were

calculated from women’s responses to questions in the exit interview

compared against hospital-based data (considered the reference

standard). Area under the receiver operating characteristic curve

(AUC) was estimated for each variable to compare overall validity

for each indicator. Thus, research assistants undertook two data

collection activities: (1) they abstracted data from the surgical and

delivery room registers, individual case notes, and, occasionally,

inquiries to the physician; and (2) they conducted face-to-face

interviews just prior to hospital discharge of all women who had

undergone cesarean section in each hospital. In Ghana, interviews

were conducted in Twi and English. In the Dominican Republic,

interviews were conducted in Spanish and Haitian Creole.

All women undergoing cesarean section were eligible for the

study. Written informed consent was obtained upon admission to

the hospital. Data were collected in Accra from June to August

2011, and from August to November 2011 in Santo Domingo.

The following descriptive information was also collected: charac-

teristics of the woman and the provider/patient communication

Validating Self-Report of Emergency C-Sections

PLOS ONE | www.plosone.org 2 May 2013 | Volume 8 | Issue 5 | e6076133



she experienced during her hospital stay (from the exit interview),

and hospital characteristics such as the patient/provider ratio,

volume of births, and deliveries by cesarean section (from hospital

administrative data). The formulation of the questions assessed in

this study is summarized in Box 1 (with Spanish version in Text

S1), along with the two definitions of emergency cesarean section.

The method used for the second objective replicates methods

used by Ronsmans and colleagues when assessing obstetric

complications in Indonesia [16]. Using the equation below from

Vecchio [17], sensitivity and specificity estimates from the

validation study were used to calculate the prevalence of

emergency cesarean section and other indicators of interest that

would be obtained from a population-based survey, using the

following equation:

Pr~P| SEzSP{1ð Þz 1{SPð Þ,

Box 1. Questions Used in the Exit Interview

GENERAL BACKGROUND QUESTIONS:

N Previous to this pregnancy, have you ever had a cesarean
section?

# If YES, previous to this pregnancy, how many cesarean
deliveries have you had?

N Other than that, have you ever had any surgery/operation
in your pelvic area?

# If YES, what was the surgery/operation?

CURRENT DELIVERY:

N Were you planning to deliver at Korle-Bu Teaching
Hospital/Maternidad Altagracia?

# If NO, where were you planning on delivering?

N Were you transferred from another facility?

# IF YES, from where?

# What was the reason for your transfer?

N What kind of delivery have you had here at Korle-Bu/
Maternidad Altagracia?

N What was the reason for your operation during your
delivery? Choose the reason that best applies to your
situation (includes a write-in option for other reasons)

N When was the decision made for you to have a cesarean/
operation?

N Whose idea was it for you to have a cesarean/operation?
Please select the choice that best describes whose idea it
was (includes a write-in option for other).

N Why did you request the cesarean?

N Who told you that you were having an operation/
2cesarean section?

N Did you go into labor by yourself/spontaneously?

N Did a health care provider give you a medication or drip to
START your labor?

N Did you get a cesarean section BEFORE your labor pains
began?

N How many weeks were you when you delivered?

N Was the baby born early? Was the baby born on time (at
term)?

EMERGENCY CESAREAN SECTION QUESTIONS
Decision Time:

N When was the decision made for you to have a cesarean/
operation?

# During antenatal clinic visits

# Before the labor pains began

# After labor pains began

# Don’t know

Operation Time:

N Did you go into labor by yourself/spontaneously?

# Yes

# No

# Don’t Know

N Did a health care provider give you a medication or drip to
START your labor?

# Yes

# No

# Don’t Know

N Did you get a cesarean section BEFORE your labor pains
began?

# Yes

# No

# Don’t Know

EMERGENCY CESAREAN SECTION DEFINITIONS

N Emergency Cesarean Section defined by Decision Time:

# When was the decision made for you to have a
cesarean?

Answer: After labor pains began

N Emergency Cesarean Section defined by Operation Time:

# Did you go into labor by yourself/spontaneously?

Answer: Yes

# Did a health care provider give you a medication or drip
to START your labor?

Answer: Yes/No (depending on the answer to the first
question)

# Did you get a cesarean section BEFORE your labor pains
began?

Answer: No

Validating Self-Report of Emergency C-Sections

PLOS ONE | www.plosone.org 3 May 2013 | Volume 8 | Issue 5 | e6076134



where Pr is the estimate of survey-based prevalence, P is the

hypothetical ‘‘true’’ prevalence in the population, SE is sensitivity,

and SP is specificity. Results regarding the estimated population-

based emergency cesarean section rate were expressed as an

inflation factor (IF), that is, as an over- or under-estimation factor

relative to the ‘‘true’’ rate. This equation is the mathematical

equivalent of the ratio of Test to Actual Positives (TAP ratio) [18],

which has been utilized in a number of papers in this Collection.

Of note, two assumptions underlie this calculation:

1. Self-report of cesarean section is valid. Thus, the sample is

restricted to women who had undergone cesarean. This sample

is appropriate for a validation study of emergency cesarean

section because in a survey questionnaire, only women who

had delivered by cesarean would be asked questions regarding

the characteristics of the procedure.

2. Results from interviews at hospital discharge are generalizable

to survey-based responses about events up to three years prior

to the survey; that is, we assume that poor recall of an event as

major as pelvic surgery is low.

Unadjusted logistic regression was used to assess the third objective,

with accurate self-report of emergency cesarean section as the dependent

variable and women’s characteristics as the independent variables.

Sample size for the study was calculated before the data

collection and was based on an assumption of 80% sensitivity, a

Type 1 error at 5% for a two-tailed test, 65% precision and the

true proportion of cesarean sections that are emergency cesarean

sections at 30% in Ghana and 5% in Dominican Republic. Based

on these assumptions, the target sample size was 450 women who

had been delivered by cesarean section in the Ghanaian site and

1,460 in the Dominican Republic.

Ethical approval for the study in Ghana was provided by the

Institutional Review Board of Korle-Bu Teaching Hospital,

University of Ghana Medical School, College of Health Sciences,

Accra, Ghana. The Harvard School of Public Health and the

National Council of Bioethics of the Dominican Republic

approved the study in the Dominican Republic.

Results

Study Population
In Ghana, 740 women were delivered by cesarean section

during the study period, of which 89% (659 women) were

interviewed prior to hospital discharge (Figure 1). Of 81 exit

interviews that were missed, 64 were women who left the hospital

before the interview, 15 did not speak English or Twi, one left the

facility before her discharge, and one refused participation. The

median number of days between the operation and the interview

was 3 days (interquartile range [IQR] 2–3). In the Dominican

Republic, 2,949 women were delivered by cesarean section during

the study, of which 52% (1531 women) were interviewed before

hospital discharge and included in the analysis. Twelve women

refused participation, 92 women interviewed in Haitian Creole

were excluded, and the rest (1,314 women) left the hospital before

they could be interviewed. Factors that limited the Dominican

Republic team’s ability to invite the women to participate in the

study included the lack of availability of medical files for review,

the movement of patients within the hospital, and the early

discharge practices of the hospital. The median number of days

between the operation and the interview was one day (IQR 1–2).

Characteristics of the Women in Ghana and the
Dominican Republic

Table 1 presents the characteristics of the two study populations

(as reported in exit interviews), which differ substantially. In

Ghana as compared to the Dominican Republic, mean age and

parity were higher and education was lower. The population in

Ghana was more rural than in the Dominican Republic, as

expected, and the distribution by religion varied. Proportions of

women with previous cesarean sections were similar across the two

populations (35% in Ghana and 38% in the Dominican Republic).

Given the large difference in cesarean section rates in the two

countries, a lower previous cesarean section rate in Ghana might

have been expected. The rate of other pelvic surgery was low in

both samples (4.7% in Ghana and 2.7% in the Dominican

Republic).

The data on delivery plan and referral status best illustrate the

difference in case mix between the two hospitals. In the

Dominican Republic, nearly four fifths of women planned on

delivering at Altagracia Hospital and one quarter of women report

being referred to this hospital. In contrast, in Ghana 42% of

women planned on delivering at Korle Bu Hospital and over three

quarters of women were referred and transferred. Although both

hospitals are large urban teaching hospitals, Korle Bu appears to

be used more frequently as a referral hospital than Altagracia,

suggesting that complicated deliveries likely represent a higher

percentage of deliveries in Korle Bu than in Altagracia. This may

partially explain the similar rates of previous cesarean sections in

the two hospitals.

In both populations, 100% of women reported having

undergone a cesarean section. In Ghana, 57% of women reported

that the decision for delivery via cesarean was made before the

onset of labor (nearly half of which during antenatal care visits);

42% reported that the decision was made after the onset of labor.

Figure 1. Flowchart of participation in Ghana and the Dominican Republic.
doi:10.1371/journal.pone.0060761.g001

Validating Self-Report of Emergency C-Sections

PLOS ONE | www.plosone.org 4 May 2013 | Volume 8 | Issue 5 | e6076135



Table 1. Background characteristics of the study population based on women’s exit interviews.

Sociodemographic Characteristics Ghana (N = 659) Dominican Republic (N = 1,531) p-Valuea

Age, years 0.0001

15–19 16 (2.4) 416 (27.2)

20–24 89 (13.5) 501 (32.7)

25–29 176 (26.7) 332 (21.7)

30–34 219 (33.2) 188 (12.3)

35–39 127 (19.3) 76 (4.9)

40–49 32 (4.9) 18 (1.2)

Education 0.0001

None 48 (7.3) 26 (1.7)

Primary 87 (13.2) 402 (26.3)

Secondary 433 (65.7) 861 (56.2)

Tertiary 91 (13.8) 242 (15.8)

Religion 0.0001

Christian 566 (85.9) 1,065 (69.6)

Muslim 92 (13.9) 0 (0.0)

Other 1 (0.2) 22 (1.4)

No religion 0 (0.0) 444 (29.0)

Marital Status 0.692

Married/cohabitation 556 (84.4) 1,290 (84.3)

Single 100 (15.1) 229 (15.0)

Divorced/separated 3 (0.5) 12 (0.7)

Residence 0.0001

Urban 520 (78.9) 1,396 (91.2)

Rural 136 (20.6) 131 (8.6)

Don’t know 3 (0.5) 4 (0.2)

Obstetric history

Number of pregnancies, mean (SD) 2.81 (1.59) 3.01 (1.83) 0.0158

Number of previous deliveries, mean (SD) 2.34 (1.39) 2.12 (1.32) 0.0003

Previous cesarean section 0.167

No 426 (64.6) 942 (61.5)

Yes 233 (35.4) 589 (38.5)

Previous pelvic surgery (other than cesarean section) 0.021

No 628 (95.3) 1,490 (97.3)

Yes 31 (4.7) 41 (2.7)

Current pregnancy

Gestational age at delivery (weeks) 0.001

,35 21 (3.2) 141 (9.2)

35–37 52 (7.9) 262 (17.1)

38–40 130 (19.7) 797 (52.1)

41–43 38 (5.8) 229 (14.9)

Don’t know 418 (63.4) 102 (6.7)

Gestational age in terms 0.001

Preterm 180 (27.3) 263 (17.2)

Term 318 (48.2) 1,230 (80.3)

Post-term 125 (19.1) 13 (0.9)

Don’t know 36 (5.4) 25 (1.6)

Multiple pregnancy 0.24

Single 623 (94.5) 1,465 (95.7)

Multiple 36 (5.5) 66 (4.3)
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In the Dominican Republic, women reported that the decision for

a cesarean section was made before the onset of labor in 60% of

cases, of which more than four fifths were made during antenatal

care visits; in 39% of the cases, the decision was made after the

onset of labor.

According to women’s report, the onset of labor also varied

across the two populations. Among women in Ghana, half of

women had a spontaneous onset of labor, 5.3% of women had

their labor induced, and 42% of women underwent cesarean

section before the onset of labor. In the Dominican Republic, two-

thirds of women had a spontaneous onset of labor, there were

almost no inductions (0.3%), and 23% underwent cesarean section

prior to the onset of labor.

The majority of the women in both of the study populations

reported that the decision to perform a cesarean section was made

by a doctor and that the doctor informed them about this decision.

Validation of Cesarean Section Indicators
Table 2 presents the prevalence, sensitivity, specificity, positive

predictive value, and AUC and IF for emergency cesarean defined

by decision time and by operation time relative to the onset of

labor. It should be noted that information on these indicators was

mainly collected from the patient files in both of our study settings,

represented as a percentage within the study population. For ten

cases in Ghana (1.5%) and 36 cases in the Dominican Republic

(2.3%), this was supplemented by information requested from the

medical staff.

In Ghana, emergency cesarean section defined by decision time

shows sensitivity and specificity of approximately 80% (79% and

82%, respectively) and an IF of 1.06. Emergency cesarean section

defined by decision time in the Dominican Republic had similar

specificity (80%), yet lower sensitivity (50%), leading to an IF

suggesting almost 40% underestimation in a population-based

survey (0.61). Given the higher prevalence of this indicator in

Table 1. Cont.

Sociodemographic Characteristics Ghana (N = 659) Dominican Republic (N = 1,531) p-Valuea

Delivery plan 0.001

Home 14 (2.1) 0 (0.0)

Study hospital 280 (42.5) 1,201 (78.5)

Other facility 365 (55.4) 330 (21.5)

Referral status 0.001

No 151 (22.9) 1,139 (74.4)

Yes 508 (77.1) 392 (25.6)

Cesarean-section indicators

Reporting of cesarean section n/a

No 0 (0) 0 (0)

Yes 659 (100) 1,531 (100)

Reporting of time of cesarean section decision 0.001

During antenatal visits 208 (31.6) 751 (49.1)

Before labor 169 (25.6) 165 (10.8)

After onset of labor 276 (41.9) 597 (38.9)

Don’t know 6 (0.9) 18 (1.2)

Reporting of time of cesarean section 0.001

Spontaneous labor 328 (49.8) 1,047 (68.4)

Induced labor 35 (5.3) 5 (0.33)

Cesarean section before labor 278 (42.2) 359 (23.4)

Don’t know 18 (2.7) 120 (7.8)

Communication

Cesarean section decision maker 0.001

The doctor 591 (89.7) 1,510 (98.6)

The woman 35 (5.3) 10 (0.6)

Other 6 (0.9) 0 (0)

Don’t know 27 (4.1) 11 (0.7)

Cesarean section information 0.001

Doctor 571 (86.6) 1,393 (96.8)

Nurse/midwife 46 (7.0) 10 (0.7)

No one 38 (5.8) 33 (2.3)

Other 4 (0.6) 3 (0.2)

aPearson’s Chi-square tests and/or Yates correction for continuity (when necessary) are used for bivariate and categorical variables. T-tests are used for continuous
variables.
doi:10.1371/journal.pone.0060761.t001
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Dominican Republic, positive predictive value was higher in

Dominican Republic than in Ghana (82% versus 74%).

Emergency cesarean section by operation time had sensitivity of

84%, specificity of 68%, and IF of 1.18 in Ghana; in the DR,

sensitivity was 83%, specificity 53% and the IF was 1.07. Positive

predictive value varied between 72% and 79% for both of the

settings, slightly higher in the Dominican Republic. For explor-

atory purposes, the definition of operation time was refined by

using the responses to two additional survey questions, which first

specified that the woman did experience labor. Thus, women with

emergency cesarean section were defined as: (1) those who

reported a spontaneous onset of labor and that their cesarean

section did not occur before the onset of labor, and (2) those who

reported that their labor did not begin spontaneously, that the

health care provider gave them some medication to start labor, and

that their cesarean section did not occur before the onset of labor. In

both countries, results for this more refined definition show slight

improvements to validity, and small but opposing changes to the IF.

In Ghana, the IF improved from 1.18 to 1.15 and, in the Dominican

Republic, the IF increased from 1.07 to 1.11. The validity of the

individual question on labor induction showed very low sensitivity

and high specificity in both countries. Sensitivity of reporting on

spontaneous onset of labor was 84% and 89% in Ghana and the

Dominican Republic, respectively. Specificity was 70% in Ghana

and 51% in the Dominican Republic.

Overall validity assessed by AUC estimates show that in Ghana

the indicator on emergency cesarean section by decision time had

the highest validity (0.80), followed by emergency cesarean section

by the operation time (0.79). The indicators tested in the Dominican

Republic had moderate validity, ranging between 0.65 and 0.70,

with the exception of induction of labor, which was very low (0.50).

Exploring Accurate Reporting of Emergency Cesarean
Section Status

Unadjusted odds ratios (ORs) showing the association between

accurate reporting of emergency cesarean and women’s age,

education, and gravidity are presented in Table 3. In Ghana,

women who were referred were half as likely to report accurately

on the emergency status of their cesarean section (defined by

decision time) as compared to non-referrals (OR: 0.49, 95% CI

0.29–0.83, p = 0.009). Although there was a positive trend between

emergency cesarean section (defined by decision time) and age and

education, neither association was statistically significant. None of

the associations with emergency cesarean section defined by

operation time were statistically significant. In contrast, in the

Dominican Republic there was a negative and statistically

significant relationship between accurate reporting of emergency

cesarean section defined by decision time and gravidity and age

and between emergency cesarean section defined by operation

time and age.

Discussion

Given the demand for more in-depth information on cesarean

section, this study validated women’s self-report of emergency

cesarean section using two definitions in two countries. Diverse

populations were sought to increase generalizability and to identify

survey questions, which could be recommended for use in surveys

in large-scale survey programs. Although both of the study sites

were referral facilities in capital cities, Ghana represents settings

similar to others in much of sub-Saharan Africa and elsewhere

with low skilled attendance at birth, very low population-based

cesarean section rates, and high maternal mortality. In contrast,

the Dominican Republic is a country with nearly universal skilled

attendance at birth, and therefore high population and facility-

based cesarean section rates, yet one of the highest maternal

mortality ratios in Latin America.

Results from this study support the premise that self-reporting

on cesarean section is valid. Although 100% of women reported

that they had undergone a cesarean section, and self-report on

previous cesarean section showed excellent results in both

populations, validation for both of these questions would require

that the question also be asked of women delivering vaginally.

Nonetheless, these results, coupled with the high sensitivity and

specificity for cesarean section indicator observed in the study

from China in this Collection [19], increase our confidence in the

widely available survey data on self-reported cesarean section.

Results from Ghana for validity and the IF for emergency

cesarean section defined by decision time are promising. The poor

sensitivity results for this indicator in the Dominican Republic

compelled us to consider explanations with our local collaborators.

On further exploration, it was discovered that this discrepancy was

probably due to poor documentation of decisions during antenatal

care and the practice in the delivery ward of not checking the

antenatal clinical history even though most of the women who

delivered at the facility also attended the antenatal clinic there.

This suggests that it is likely that women’s reports are more

accurate than medical records for this specific question. Validity of

responses for emergency cesarean section defined by operation

time in Ghana was less favorable than by decision time. In the

Dominican Republic, the IF for the definition based on operation

time was better than that for decision time, though with a

specificity of less than 60%. The three-question approach did not

improve results in either country; therefore our results do not

justify the more demanding data requirements for the three-

question definition relative to the one question approach. The

validation results for the individual question on induced labor, of

interest to maternal health planners independent of their role in

identifying emergency cesarean section, cannot be recommended

based on these results. However, it could possibly be improved via

experimentation with different formulations of the questions.

It is important to note that the IF in our analyses was used as a

measure of indicator quality and not as an adjustment factor for

population-based survey results. Furthermore, there were no

strong or consistent associations between women’s characteristics

and accurate reporting on emergency cesarean section that could

be used to adjust survey-based results.

The study has a number of limitations. First, the quality of the

validation reference standard was not consistently high due to

different registry systems at the hospitals, as can be observed in the

Dominican Republic results. Second, this validation study does not

fully replicate the conditions in the DHS and MICS surveys, because

our recall period was a few days, compared to up to five years in

some surveys. However, given that emergency cesarean section is a

surgical intervention, we hypothesize that women are likely to

remember the event and crucial circumstances surrounding it [20].

Third, even though we conducted the study in two contrasting

countries, both study hospitals were tertiary care facilities in urban

areas serving populations with greater access to care than in rural

areas. Also, it should be noted that among the women who had

cesarean sections in the Dominican Republic study, only 52% were

included in the final analysis due to women who left the hospital

before they could be interviewed. Given that the median duration of

hospital stay across the entire Dominican Republic sample was one

day, it is unlikely that this loss to follow-up biased the sample toward

women with less complicated pregnancies.

Population-based cesarean section rates are essential but

insufficient information for health care planners, particularly in

Validating Self-Report of Emergency C-Sections
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countries without adequate routine health information systems to

provide in-depth health facility-based cesarean-related data. The

inadequacy of the cesarean section rate alone (without the

proportion of emergency operations) is particularly acute in

countries where the rate falls between 5% and 10%. In these

settings, as the cesarean section rate increases, the poorest women

may still not have access to life-saving delivery by cesarean section.

However, the emergency cesarean section trends should be

interpreted cautiously in settings such as Brazil, where cesarean

sections are almost universal among certain sub-populations. [21]

Although low-income countries should strive to establish robust

routine health information systems which permit national-level

monitoring, given current challenges, health care planners will

need to rely on national surveys for the foreseeable future. Given

our reliance on survey-based indicators, the most important aspect

of data quality will vary by the purpose and use of the indicator.

Although highly valid data are preferred for all purposes, highly

sensitive and specific data are required for individual level

analyses, whereas an IF near equality is sufficient for monitoring

trends.

Table 3. Unadjusted odds of accurately reporting emergency cesarean section using two definitions in the Ghana and Dominican
Republic samples.

Decision Time for Cesarean Section
Operation Time for Cesarean Section
(Single Question)

Odds Ratio
95% Confidence
Interval p-Value.|z| Odds Ratio

95% Confidence
Interval p-Value.|z|

Ghana (N = 659)

Age

#24 1.00 1.00

25–34 1.29 0.77–2.16 0.33 0.85 0.51–1.43 0.55

$35 1.81 0.97–3.39 0.06 1.01 0.56–1.83 0.97

Education

None 1.00 1.00

Primary 1.69 0.73–3.91 0.22 1.00 0.43–2.31 0.98

Secondary 1.65 0.88–3.09 0.12 0.94 0.49–1.83 0.87

University 2.14 0.95–4.83 0.07 0.92 0.42–2.02 0.84

Gravidity

1st 1.00 1.00

2nd 1.01 0.63–1.64 0.96 1.02 0.65–1.60 0.93

3rd 1.11 0.64–1.95 0.71 0.82 0.49–1.36 0.44

4th 1.12 0.48–2.95 0.69 1.71 0.67–4.34 0.26

Referral

No 1.00 1.00

Yes 0.49 0.29–0.83 0.01 1.39 0.92–2.10 0.115

Dominican Republic (N = 1,531)

Age

#24 1.00 1.00

25–34 0.77 0.62–0.96 0.02 0.75 0.58–0.95 0.019

$35 0.65 0.43–1.00 0.05 0.61 0.39–0.96 0.034

Education

None 1.00 1.00

Primary 1.03 0.45–2.35 0.95 0.64 0.23–1.76 0.38

Secondary 1.36 0.60–3.07 0.46 0.79 0.29–2.14 0.64

University 1.78 0.76–4.15 0.18 0.71 0.25–1.98 0.51

Gravidity

1st 1.00 1.00

2nd 0.42 0.32–0.55 0.00 0.90 0.66–1.22 0.49

3rd 0.40 0.31–0.53 0.00 0.78 0.58–1.03 0.08

4th 0.34 0.24–0.51 0.00 0.70 0.46–1.06 0.09

Referral

No 1.00 1.00

Yes 0.91 0.72–1.15 0.41 0.94 0.73–1.23 0.67

doi:10.1371/journal.pone.0060761.t003
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The results presented here are promising but insufficient to

promote inclusion of the questions supporting the two definitions

of emergency cesarean section into international survey program

questionnaires. Further research on this indicator is warranted.

Such studies should (1) confirm the accuracy of facility-based data

on time of decision to operate in advance of data collection, (2)

extend the recall period to be comparable to that of population-

based surveys, and (3) based on results from the Mozambique

validation study in this collection [22], allow for 50% loss to

follow-up in sample size estimation to account for the extended

recall period. Furthermore, qualitative research could lead to

refined formulation of certain questions such as induction of labor,

and potentially improve the validity of these additional indicators.
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Abstract

Background: Accurate data on coverage of key maternal, newborn, and child health (MNCH) interventions are crucial for
monitoring progress toward the Millennium Development Goals 4 and 5. Coverage estimates are primarily obtained from
routine population surveys through self-reporting, the validity of which is not well understood. We aimed to examine the
validity of the coverage of selected MNCH interventions in Gongcheng County, China.

Method and Findings: We conducted a validation study by comparing women’s self-reported coverage of MNCH
interventions relating to antenatal and postnatal care, mode of delivery, and child vaccinations in a community survey with
their paper- and electronic-based health care records, treating the health care records as the reference standard. Of 936
women recruited, 914 (97.6%) completed the survey. Results show that self-reported coverage of these interventions had
moderate to high sensitivity (0.57 [95% confidence interval (CI): 0.50–0.63] to 0.99 [95% CI: 0.98–1.00]) and low to high
specificity (0 to 0.83 [95% CI: 0.80–0.86]). Despite varying overall validity, with the area under the receiver operating
characteristic curve (AUC) ranging between 0.49 [95% CI: 0.39–0.57] and 0.90 [95% CI: 0.88–0.92], bias in the coverage
estimates at the population level was small to moderate, with the test to actual positive (TAP) ratio ranging between 0.8 and
1.5 for 24 of the 28 indicators examined. Our ability to accurately estimate validity was affected by several caveats
associated with the reference standard. Caution should be exercised when generalizing the results to other settings.

Conclusions: The overall validity of self-reported coverage was moderate across selected MNCH indicators. However, at the
population level, self-reported coverage appears to have small to moderate degree of bias. Accuracy of the coverage was
particularly high for indicators with high recorded coverage or low recorded coverage but high specificity. The study
provides insights into the accuracy of self-reports based on a population survey in low- and middle-income countries.
Similar studies applying an improved reference standard are warranted in the future.
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Introduction

Accurate data on coverage of key maternal, newborn, and child

health (MNCH) interventions are crucial for monitoring progress

toward the Millennium Development Goals 4 and 5 and ending

preventable child deaths in a generation [1,2]. Recognizing its

significance, the Child Health Epidemiology Reference Group

(CHERG) for WHO and UNICEF has made it a priority to

improve coverage measurement for proven MNCH interventions.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ collection organized by CHERG for this purpose.

Coverage estimates are generally obtained from routine popula-

tion-based household surveys, such as the Demographic and

Health Surveys (DHS) and the Multiple Indicator Cluster Surveys
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(MICS), primarily through self-reporting [3]. However, little is

known about the validity of self-reported coverage derived from

these population-based surveys.

Previous validation studies comparing health care records with

respondents’ self-reports were mostly conducted in facility-based

settings in high-income countries and found varying and often

moderate validity across MNCH indicators studied. For example,

an Australian study comparing medical records with women’s

reports of delivery interventions found that women’s self-reports

and medical records were both subject to errors [4]. In another

recent population-based survey conducted in the UK, self-

reported delivery mode was found to be highly reliable [5]. Two

studies done in American hospitals showed generally unsatisfac-

tory validity of self-reported medical interventions in the

pregnancy, delivery, and postnatal periods [6,7], while one study

among mothers of children with cancer in Canada and the US

reported moderate to high validity for similar indicators [8].

According to one other US study, parents’ reports of children’s

immunizations were of unsatisfactory validity, mainly due to poor

initial encoding of the events [9].

Results from high-income countries may have limited general-

izability when applied to the low- and middle-income countries

(LMICs) due to different levels of coverage, intensities of service

provision counseling, and degrees of recall bias that may be

associated with the education level of respondents [10,11].

However, similar studies are sparse in the LMIC setting; most of

them have focused on obstetrical complications rather than

routine interventions [12–14]. To our knowledge, the current

study and other validation studies in this collection are the only

ones that aim to evaluate the accuracy of coverage of MNCH

interventions in LMICs [15–18].

Most of the validation studies reviewed are facility-based, and

therefore subject to selection biases, because the study sample is

often not representative of the general population. The fact that

such a facility-based study design is widely adopted is perhaps

because validation studies based on population surveys are more

methodologically challenging. This is particularly true in LMICs,

because health-care recordkeeping systems are rarely complete or

of adequate quality to be used as the reference standard. In this

study, we sought to examine the validity of self-reported coverage

of selected MNCH interventions in a relatively less developed

rural area in China, a setting selected to increase the extent to

which the study results would be generalizable to other LMICs. In

addition, we attempted to minimize selection bias associated with

facility-based validation studies by collecting the study sample

through a population-based survey.

Methods

Study Site
We conducted the validation study in Gongcheng County,

which is located in Guangxi Province in southwestern China. The

county contains nine townships and 125 villages [19], with a total

population of 285,058 based on a 2010 census, of which 59% were

of Yao and 39% were of Han ethnicity [20]. Among the

population aged 15 and above, 1.2% were illiterate. The majority

of the population were fruit farmers and engage in citrus and

persimmon production. In 2006, the county GDP per capita was

reported to be around $1,500 [19].

In 2006–2010, the under-five mortality rate in Gongcheng

County decreased from 15.2 to 8.1 per 1,000 live births, and the

infant mortality rate declined from 13.4 to 6.8 per 1,000 live births

[21]. During the same period, the maternal mortality ratio was on

average 31.8 per 100,000 live births [21]. Most MNCH services

are provided in county- and township-level hospitals and village

clinics [22]. Coverage of antenatal care and institutional delivery is

close to universal in the past five years [21]. Information on

MNCH services is routinely recorded by service providers in a

number of booklets, including, for example, the antenatal care

booklet, the maternal and child health booklet, the child care

booklet, and the vaccination booklet. The antenatal and child care

booklets have been in use since 2003. These booklets are usually

kept by women. In January 2007, an electronic MNCH

information system was launched as part of the Guangxi Province

MNCH information system. The system digitized key information

collected from the booklets.

Data Collection
Women aged 18 to 49 years who lived in Gongcheng County

during the fieldwork and had delivered at least one live birth in the

county in the five years preceding the survey (i.e., between 01

November 2006 and 01 November 2011) were eligible to

participate in the study. Participants were selected via multi-stage

stratified sampling with a target of interviewing mothers of 1,000

live births. The target sample size was determined based on the

following consideration. The study was originally designed to also

evaluate whether the validity of women’s self-reports was worse

based on a five-year compared to a two-year recall period. The

study sample size needed to be sufficient to distinguish ten

percentage point differences in validity (e.g., sensitivity) when

comparing the two recall periods. Ten percent is considered to be

programmatically important. Since no prior information was

available on the sensitivity of the measurement of any indicators

studied, 50% sensitive was assumed for the five-year recall period

to yield the most conservative sample size. Based on a 10%

difference, 60% sensitivity was assumed for the two-year recall.

Assuming constant fertility, the number of live births born in the

past two years is two-fifths of those born in the past five years. To

ensure that the sample size was conservative, continuation

correction was applied to improve the approximation of binomial

distribution to the normal distribution [23]. With a significance

level of 0.05 and 80% of power, sample size calculation for two-

sample comparison of proportions using Stata 10 produced a total

sample size of 714 live births in the past five years and 286 live

births in the past two years [24]. We assumed that coverage of

20% of the study sample cannot be validated due to the lack of the

reference standard. Taking into account a 10% non-response rate,

a total of 992 or approximately 1,000 live births were needed.

Information on 900 live births was anticipated to be actually

collected.

Study women were selected via a multi-stage stratified sampling

design. In the first stage, the nine townships were divided into

three strata based on the population size as a proxy of the level of

economic development, and one township was selected in each

stratum. In the second stage, villages were divided into four groups

according to their geographic location (east, west, north, and

south), and one village was sampled from each geographic group.

In the third stage, participants were recruited for interview by the

village doctors based on availability by going through the

vaccination roster, which is considered to have enlisted all children

under five years of age in the villages. Recruitment stopped once

the desired sample size in each township was reached. During the

recruitment process, women were also asked to bring their MNCH

booklets to the community interview for abstraction.

The study period overlapped with the persimmon harvesting

season, which made it difficult to recruit participants based on our

original plan. However, the fieldwork happened to fall on child

immunization days in two of the three sampled townships, during
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which young children were brought to the township hospitals for

immunization and well-baby checkup. A fraction of the study

sample was recruited on the immunization days at the end. As a

result, children younger than two years were over-represented in

the study sample.

Community-based face-to-face interviews were conducted in

village centers with reasonable privacy after obtaining written

informed consent. The survey instrument was adapted from the

DHS and MICS questionnaires to suit the local context [25]. It

was used to solicit information on coverage of selected MNCH

interventions, including those routinely collected in the DHS or

MICS or of local relevance. Some additional modifications were

made in the wording of a number of questions, including those on

child vaccination, in an effort to reduce the length of the

questionnaire. The exact wording of the questions used in the

survey in comparison with those used in the DHS and MICS

questionnaires is provided in Table S1. The questionnaires were

designed in English, translated into Chinese, and verified through

back-translation. One questionnaire was administered to each

eligible woman to collect information on household characteristics

and her socio-demographic background. A second questionnaire

was administered for each eligible live birth to collect information

on services received during the antenatal, delivery, newborn,

postnatal, and child care periods.

We abstracted relevant records from available booklets after

completion of the interview using a structured template. We also

extracted relevant records from the electronic system for all

women residing in Gongcheng who delivered locally between the

initiation of the electronic system (01 January 2007) and 01

October 2011. Because study women may not have all booklets

available for abstraction, the electronic system was not in

operation for the first few months of the study reference period,

and a small set of indicators were only available in the booklets, we

combined records from booklet abstraction and the electronic

systems. The study reference standard was created by giving

preference to the electronic system and is referred to as

Gongcheng MNCH Information System (GMNCHIS). Only

indicators for which information was available from GMNCHIS

were included in the validation. A complete list of validated

indicators can be found in Table S1.

Data Analyses
We cleaned and matched data collected through the community

survey and those abstracted from the GMNCHIS. A number of

databases were exported from the electronic system, including

pregnant women’s general information, early antenatal care, other

antenatal care, high-risk pregnancy, antenatal screening tests,

delivery, postnatal, and child care databases. When processing the

exported data, record of results of a test or examination was

treated as the evidence of the receipt of the test or examination,

and the lack of such a record was treated as evidence of not

receiving the service. Records in different databases were matched

using the maternal and child health identification unique for each

pregnancy. Record of receipt of a service in any of the databases

was considered evidence of the receipt of the service.

To identify potentially duplicated records for the same

pregnancy in the electronic system, we first identified records for

the same woman, defined as records with either the same national

identification or the same name and village, and less than four

years of differences in reported age. We then identified the records

for the same pregnancy, defined as records of the same woman

who had first antenatal visits fewer than 30 days apart, or last

menstrual periods fewer than 30 days apart, or delivery records

fewer than 150 days apart so that a pregnancy loss before another

pregnancy was not identified as the same pregnancy. Lastly, we

collapsed all the duplicated records for the same pregnancy. A

total of 15,189 unique women with 16,049 unique pregnancies for

the whole county were identified in the electronic system.

To match women’s recall in the community-based survey with

those collected through the GMNCHIS, we first matched survey

data with those exported from the electronic system using the

following combinations of information: (1) maternal and child

health identification and women’s names, or (2) first 14 digits of

the national identification which includes an area code, date of

birth, women’s names, and children’s date of birth, or (3) women’s

names, village names, and children’s date of birth. Then we used

data abstracted from the booklets as the reference standard for

those women and indicators which were not matched using data

exported from the electronic system. Our unit of analysis was live

birth.

We grouped the results into four categories for presentation,

including antenatal care, delivery care, postnatal care, and child

vaccination services. Antenatal care includes routine antenatal

care, blood screening for sexually transmitted diseases, and blood

screening for congenital abnormalities. During the routine

antenatal care, the first ultrasound scan was done on the first

antenatal visit, usually around 10–14 weeks. It provided informa-

tion on gestational age and examined fetal conditions, including

measuring nuchal translucency to screen for Down’s syndrome.

Normally, a few antenatal tests are done during each antenatal

visit, including weight/height/blood pressure measurements, urine

test, and fetal heart monitoring. For these repeated tests, we only

measured whether they were received at least one time. Pregnant

women are screened for thalassemia by a combination of mean

cell volume count, erythrocyte osmotic fragility test, and hemo-

globin electrophoresis [26,27].

We calculated sensitivity and specificity of the self-reported

coverage. We graphed the overall validity in a receiver operating

characteristic (ROC) plot with true positive rate, or sensitivity,

plotted against false positive rate, or one minus specificity. We also

quantified the overall validity by the area under the ROC curve

(AUC) [28]. The uncertainty associated with validity, as repre-

sented by the 95% confidence interval (CI), was estimated

assuming a binomial distribution.

Population-level accuracy of the coverage estimates was also

examined, which is measured by the test to actual positive (TAP)

ratio or the reported over-recorded coverage [29]. It can be

demonstrated mathematically that the TAP ratio is determined by

the validity of self-reported coverage in combination with the

actual (or recorded) coverage [29]. If the recorded coverage is

high, the TAP ratio approximately equals sensitivity and is

independent of specificity [29]. A combination of low recorded

coverage and low to moderate specificity results in a high TAP

ratio [29,30]. We also investigated and discussed the complex

mathematical relationship observed between the TAP ratio,

validity, and recorded coverage.

For the purpose of describing the study results, we categorized

coverage, sensitivity, and specificity as low, moderate, and high,

applying two cut-off points at 0.33 and 0.66. We also considered

the overall validity high if the AUC was at or above 0.67 and

moderate and low otherwise. We qualitatively defined the

population-level bias based on the TAP ratio as small (0.8,TAP

ratio,1.2), moderate (0.5,TAP ratio,1.5), and large (TAP

ratio,0.5 or TAP ratio.1.5). We also conducted two sensitivity

analyses to treat information solely abstracted from the booklets as

the reference standard and to limit the study sample to women

who gave birth in the past two years.

Linking Coverage to Health Care Records in China
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Ethical Review
The study protocol was approved by the Institutional Review

Boards of the Johns Hopkins Bloomberg School of Public Health

and Peking University.

Results

Characteristics of the Study Sample
Nine hundred and thirty-six women were recruited between 10

and 22 November 2011. Among them, 914 agreed to participate

in the survey and delivered 994 eligible live births. Interviews on

961 eligible live births were completed, among whom mothers of

431, 115, 343, and 793 live births brought the antenatal, maternal

and child health, child care, and vaccination booklets to the

community survey, respectively. Seven hundred and twelve live

births were matched using electronic information. Another 196

live births were matched using information from at least one

booklet, yielding a total of 908 matched live births. The remaining

53 live births did not have any matched indicators and could not

be validated.

The socio-demographic characteristics of the surveyed live

births by matching status are presented in Table 1. Overall,

mothers of almost 60% live births were aged between 25 and 34

years, and of more than half had secondary or higher education.

Similar to Gongcheng’s general population, mothers of 59% of live

births were of Yao ethnicity. The majority (84%) of the live births

sampled was the only one born in the past five years and 42% were

under one year old. More than half of the live births lived in

households with an annual income per capita ranging between

1,000 and 5,000 Yuan, or 158 and 791 dollars.

Mother’s age, education, and household annual income per

capita were not significantly different between the matched and

unmatched live births. However, the matched live births were

more likely to have been born to mothers of Yao ethnicity, to be

the only live birth in the last five years, and to be younger than 24

months.

Validity of the MNCH Indicators
Reported coverage derived from the community survey,

recorded coverage derived from the GMNCHIS and TAP ratio

are reported in Table 2. Sensitivity, specificity, AUC, and their

corresponding 95% CI are presented in Table 3. The reported

coverage of the routine antenatal care indicators was high (.81%).

Their recorded coverage was also high, with the exception of the

first antenatal visit before 12 weeks of gestational age. Self-

reported coverage of routine antenatal interventions had sensitivity

close to 0.90 and specificity below 0.25. Recorded coverage of the

antenatal HIV and hepatitis B antibody (HBsAb) tests was similar,

although their reported coverage differed greatly. Self-reported

coverage of the HIV test had moderate sensitivity (0.59 [95% CI:

0.54–0.65]) and specificity (0.53 [95% CI: 0.46–0.60]), whereas

that of the HBsAb test had high sensitivity (0.89 [95% CI: 0.86–

0.92]) and low specificity (0.18 [95% CI: 0.13–0.22]). Among the

screening tests for Down’s syndrome, neural tube defects, and

thalassemia, despite similar levels of reported coverage of 54%–

68%, the recorded coverage varied, ranging between 18% and

52%. Self-reported coverage of each of these screening tests had

sensitivities of 0.75–0.87 and specificities of 0.46–0.52.

Coverage of cesarean section was reported to be 36%,

compared to the recorded 24%. It had high sensitivity (0.96

[95% CI: 0.93–0.99]) and specificity (0.83 [95% CI: 0.80–0.86]).

Among the postnatal care indicators, coverage of occurrence of at

least one postnatal visit was reported to be higher than the

recorded value, with a moderate sensitivity (0.57 [95% CI: 0.50–

0.63]) and a high specificity (0.72 [95% CI: 0.68–0.76]). The rest

of the postnatal indicators had high reported and recorded

coverage, with moderate to high sensitivity (0.66–0.93) and low to

moderate specificity (0.21–0.35). Reported and recorded coverage

of vaccination was consistently high, with the exception of measles

vaccine. Self-reported coverage of vaccination also had high

sensitivity (.0.86) and a wide range of specificity (0.02–0.70).

The AUC estimates reported in Table 3 and the ROC plot

shown in Figure 1 demonstrate the overall validity of self-reported

coverage by indicator. Self-reported coverage of cesarean section

had the highest overall validity when compared to the reference

standard, with the AUC being 0.90 [95% CI: 0.88–0.92].

Diphtheria-pertussis-tetanus (DPT) vaccine ranked the second,

with the AUC being 0.80 [95% CI: 0.75–0.84]. Self-reported

coverage of thalassemia screening and measles vaccine also had

high overall validity (AUC.0.69). The remaining indicators had

either moderate or low overall validity, with the AUC of a number

of them not significantly different from 0.5, indicating validity

equivalent to a random guess.

Despite varying overall validity, the TAP ratios ranged between

0.8 and 1.5 for self-reported coverage of 24 of the 28 indicators

examined, suggesting mostly small to moderate degree of bias at

the population level (Figure 2). However, it was particularly large

for four indicators, including measles vaccine (TAP ratio = 2.0),

first antenatal visit before 12 weeks of gestational age (TAP

ratio = 2.7), screening for neural tube defect (TAP ratio = 2.7), and

screening for Down’s syndrome (TAP ratio = 3.2). Both sensitivity

analyses for using the booklets as the reference standard and

limiting the sample to women who gave birth in the last two years

gave quantitatively similar results (not shown).

Discussion

To our knowledge, this is the first study to validate self-reported

coverage of a range of MNCH indicators by systematically

comparing women’s self-reports solicited from a population-based

survey of MNCH care records in a LMIC. We found that across

the indicators examined, self-reported coverage had moderate to

high sensitivity and low to moderate specificity. The overall

validity is high for the self-reported coverage of a few indicators

including cesarean section, diphtheria-pertussis-tetanus vaccine,

measles vaccine and screening for thalassemia, yet moderate to

low for the remaining indicators. The finding of moderate levels of

overall validity is not unexpected, as similar results have been

reported in previous studies in high-income countries [6,9].

The variation in validity across indicators seems to suggest that

the more distinctive the experiences women had while receiving

certain interventions, the better was the validity of the self-

reported coverage. The positive association between event

distinctiveness and recall accuracy is supported by the psychology

literature [31]. The variation could also be the result of the social

desirability bias associated with self-reports. That is, when women

perceived that it was socially desirable to receive a certain service,

they were more likely to report receipt of the service regardless of

whether they had actually received it or not. An example

illustrating the potential social desirability bias can be drawn from

the coverage and validity of the HIV and HBsAb tests. The two

tests had similar levels of recorded coverage, yet widely different

levels of reported coverage. We hypothesize that women may be

less willing to report receipt of an HIV test than an HBsAb test, as

the former is less socially desirable.

Despite varying validity, self-reported coverage of the majority

of the examined indicators had only a small to moderate degree of

population-level bias. At least two reasons can perhaps explain
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this. The first reason is based on the mathematical relationship

between bias, validity, and the recorded coverage. It can be

demonstrated that when recorded coverage is high, the TAP ratio

approximately equals sensitivity and is independent of specificity

[29]. Because a large proportion of the indicators had high

recorded coverage and high sensitivity, their TAP ratio did not

deviate greatly from 1. Of note, although high coverage may have

limited our power to accurately estimate specificity, the accuracy

of coverage is not much affected, as specificity is almost irrelevant

to population-level bias when coverage is high.

The second reason is better recall and recognition of certain

interventions due to better community knowledge associated with

high coverage. We observed that the higher the recorded coverage

is, the higher the sensitivity is, and the correlation is marginally

significant (p = 0.06). This should not be the case under normal

circumstances, as sensitivity and specificity are in theory intrinsic

to the estimation of self-reported coverage, and are usually

independent of the actual coverage [32]. As a result, high coverage

is also likely associated with high sensitivity.

On the other hand, the self-reported coverage of a few

indicators had large bias, including screening for Down’s

Table 1. Socio-demographic characteristics of surveyed live births by matching status.

Category Total Matched Unmatched p-Valuea

No. % No. % No. %

Mother’s age, years 0.164

24 and below 162 16.9% 159 17.5% 3 5.7%

25–29 317 33.1% 299 33.0% 18 34.0%

30–34 251 26.2% 232 25.6% 19 35.8%

35–39 161 16.8% 151 16.7% 10 18.9%

40 and above 68 7.1% 65 7.2% 3 5.7%

Totalb 959 100.0% 906 100.0% 53 100.0%

Mother’s education 0.139

Primary 336 35.0% 311 34.3% 25 47.2%

Secondary 510 53.1% 486 53.5% 24 45.3%

Tertiary 115 12.0% 111 12.2% 4 7.5%

Total 961 100.0% 908 100.0% 53 100.0%

Mother’s ethnic group 0.045

Yao 569 59.2% 546 60.1% 23 43.4%

Han 340 35.4% 313 34.5% 27 50.9%

Other 52 5.4% 49 5.4% 3 5.7%

Total 961 100.0% 908 100.0% 53 100.0%

Number of births in the last 5 years ,0.001

1 806 84.2% 780 86.3% 26 49.1%

2 147 15.4% 120 13.3% 27 50.9%

3 4 0.4% 4 0.4% 0 0.0%

Totalb 957 100.0% 904 100.0% 53 100.0%

Children’s age, months ,0.001

Below 12 404 42.0% 401 44.2% 3 5.7%

12–23 192 20.0% 188 20.7% 4 7.5%

24–35 138 14.4% 128 14.1% 10 18.9%

36–47 112 11.7% 105 11.6% 7 13.2%

48–59 115 12.0% 86 9.5% 29 54.7%

Total 961 100.0% 908 100.0% 53 100.0%

Annual household income per capita, Yuan 0.373

Below 1,000 104 14.4% 99 14.6% 5 10.6%

1,000–1,999 157 21.7% 143 21.1% 14 29.8%

2,000–4,999 253 34.9% 235 34.7% 18 38.3%

5,000–9,999 141 19.5% 136 20.1% 5 10.6%

10,000 and above 69 9.5% 64 9.5% 5 10.6%

Totalb 724 100.0% 677 100.0% 47 100.0%

aBased on the Chi-square test comparing matched and unmatched samples.
bLive births born to mothers who answered ‘‘don’t know’’ to or refused to answer the corresponding questions are not presented.
doi:10.1371/journal.pone.0060762.t001
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syndrome and neural tube defects, first antenatal visit before 12

weeks of gestational age, and measles vaccine. This is likely due to

a similar mathematical relationship–a combination of low

recorded coverage and low to moderate specificity results in a

high TAP ratio [29,30]. In fact, for the current recorded coverage

and sensitivity of screening for Down’s syndrome, for example,

specificity needs to be as high as 0.96, compared to the current

0.46, to yield a TAP ratio of 1 [29]. For a combination of low

prevalence and low specificity, coverage derived from self-reports

in population-based surveys always overestimates the actual

coverage. The degree of overestimation increases with the

decrease of the actual coverage and specificity.

In summary, despite moderate and varying validity, the

population-level bias in coverage estimates was mostly small to

moderate in this study, particularly for indicators with high

recorded coverage or low recorded coverage but high specificity.

Of note, although the bias may not be large at the population

level, the degree of misclassification at the individual level could

still be large due to unsatisfactory validity of some indicators.

Our study is subject to a number of limitations. First, our

reference standard has some caveats. The fact that the self-

reported coverage of a number of indicators had low or lower than

expected specificity, including that of cesarean section which

would normally have closer to 100% specificity, suggests that the

Table 2. Coverage of selected MNCH indicators.

Indicators Number of Observations Coverage

Missinga Indeter-minateb Validated GMNCHIS
Community
Survey TAP Ratio

Routine antenatal care

First antenatal care ,12 weeks of gestational age 194 86 675 0.31 0.81 2.66

At least four antenatal visits 176 246 539 0.70 0.91 1.30

Weight measurement 165 14 782 1.00 0.98 0.98

Height measurement 182 10 769 0.96 0.89 0.92

Blood pressure measurement 165 6 790 0.99 0.98 0.99

Hemoglobin test 132 53 776 0.85 0.92 1.09

Urine test 166 8 787 0.93 0.99 1.06

Fetal heart rate monitoring 175 6 780 0.99 0.99 1.00

Ultrasound exam 189 4 768 0.86 0.99 1.15

Screening for STD

HIV test 256 152 553 0.60 0.54 0.91

HBsAb test 175 86 700 0.59 0.86 1.46

Screening for congenital abnormalities

Down’s syndrome screening 244 206 511 0.18 0.59 3.21

Neural tube defect screening 200 228 533 0.20 0.54 2.73

Thalassemia screening 769 41 151 0.52 0.68 1.32

Delivery care

Cesarean section 184 0 777 0.24 0.36 1.47

Postnatal care

At least 1 postnatal visit 231 3 727 0.29 0.37 1.25

Blood pressure 810 3 148 0.83 0.87 1.05

Temperature 854 3 104 0.78 0.87 1.11

Breast exam 810 2 149 0.83 0.66 0.80

Uterus exam 810 5 146 0.83 0.77 0.93

Lochia exam 810 2 149 0.83 0.77 0.93

Perineum exam 811 3 147 0.84 0.81 0.97

Family planning advice 821 1 139 0.68 0.75 1.11

Child vaccination

BCG vaccine 240 151 570 0.91 0.94 1.04

Polio vaccine 258 14 689 1.00 0.86 0.86

HBV vaccine 256 31 674 0.92 0.98 1.07

DPT vaccine 230 273 458 0.75 0.74 0.99

Measles vaccine 253 206 502 0.35 0.70 2.00

aMissing indicates live births who were not matched.
bIndeterminate indicates live births whose mothers answered ‘‘Don’t know’’ or refused to give an answer to the corresponding survey questions.
BCG, Bacillus Calmette-Guérin; DPT, diphtheria-pertussis-tetanus; HBV, hepatitis B virus.
doi:10.1371/journal.pone.0060762.t002
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Figure 1. ROC plot of validated indicators. The red line indicates the diagonal.
doi:10.1371/journal.pone.0060762.g001

Figure 2. TAP ratio by specificity of self-reported coverage of selected MNCH indicators. The size of the circle represents the recorded
coverage in the GMNCHIS.
doi:10.1371/journal.pone.0060762.g002
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quality of the GMNCHIS is perhaps not optimal. For a distinctive

event like cesarean section, self-reporting might even be more

reliable. MNCH services received outside the study county may

not be recorded in the GMNCHIS, although one had to deliver in

Gongcheng to be included in the study. Anecdotal evidence also

suggests that the completeness of the electronic system has

improved over time since its initiation in 2007. This was further

supported by the finding that live births were significantly less

likely to be matched using the electronic system in 2007–2009

compared to more recent years (p,0.001). However, our

sensitivity analysis shows that the validity is the same between

women who gave birth in the past five years and those in the past

two years. This suggests that although the completeness may be

lower in 2007–2009, among women recorded in the electronic

system, the validity of their self-reports in the past five years is

similar to that in the past two years. If however, self-reports of

women that were not captured by the electronic system in its early

stage had very different validity from those captured later, the

limited completeness may introduce bias to our findings, although

the direction is difficult to determine.

Second, our study sample may not necessarily be representative

of the whole county. The study participants were drawn from

village vaccination rosters, which may have missed children born

outside of the national family planning policy. However, this bias is

likely to be small as Gongcheng is a minority-concentrated area

and such women could usually have up to two children. In

addition, within the primary sampling units, study participants

were recruited based on availability by going through the

Table 3. Validity of selected MNCH indicators.

Indicators Sensitivity Specificity AUC

Est. 95% CI Est. 95% CI Est. 95% CI

Routine antenatal care

First antenatal visit ,12 weeks of gestational age 0.90 (0.86, 0.94) 0.22 (0.19, 0.26) 0.56 (0.54, 0.59)

At least 4 antenatal visits 0.98 (0.96, 0.99) 0.25 (0.19, 0.32) 0.62 (0.58, 0.65)

Weight measurement 0.98 (0.97, 0.99) 0.00 (0.00, 0.00) 0.49 –

Height measurement 0.89 (0.87, 0.91) 0.23 (0.08, 0.37) 0.56 (0.48, 0.63)

Blood pressure measurement 0.98 (0.97, 0.99) 0.00 (0.00, 0.00) 0.49 (0.49, 0.50)

Hemoglobin test 0.93 (0.91, 0.95) 0.14 (0.08, 0.21) 0.54 (0.50, 0.57)

Urine test 0.99 (0.98, 1.00) 0.02 (0.00, 0.05) 0.50 (0.48, 0.52)

Fetal heart rate monitoring 0.99 (0.98, 1.00) 0.10 (0.00, 0.29) 0.54 (0.45, 0.64)

Ultrasound exam 0.99 (0.98, 1.00) 0.01 (0.00, 0.03) 0.50 (0.49, 0.51)

Screening for STD

HIV test 0.59 (0.54, 0.65) 0.53 (0.46, 0.60) 0.54 (0.51, 0.56)

HBsAb test 0.89 (0.86, 0.92) 0.18 (0.13, 0.22) 0.56 (0.52, 0.60)

Screening for congenital abnormalities

Down’s syndrome screening 0.81 (0.73, 0.88) 0.46 (0.41, 0.5.0) 0.63 (0.59, 0.68)

Neural tube defect screening 0.75 (0.67, 0.84) 0.51 (0.46, 0.56) 0.63 (0.58, 0.68)

Thalassemia screening 0.87 (0.80, 0.95) 0.52 (0.41, 0.64) 0.70 (0.63, 0.76)

Delivery care

Cesarean section 0.96 (0.93, 0.99) 0.83 (0.80, 0.86) 0.90 (0.88, 0.92)

Postnatal care

At least one postnatal visit 0.57 (0.50, 0.63) 0.72 (0.68, 0.76) 0.64 (0.60, 0.68)

Blood pressure 0.90 (0.85, 0.95) 0.28 (0.10, 0.46) 0.59 (0.50, 0.68)

Temperature 0.93 (0.87, 0.98) 0.35 (0.15, 0.54) 0.64 (0.53, 0.74)

Breast exam 0.66 (0.57, 0.74) 0.35 (0.16, 0.53) 0.50 (0.40, 0.60)

Uterus exam 0.76 (0.68, 0.84) 0.20 (0.04, 0.36) 0.48 (0.39, 0.57)

Lochia exam 0.78 (0.71, 0.85) 0.28 (0.10, 0.46) 0.53 (0.43, 0.63)

Perineum exam 0.81 (0.74, 0.88) 0.21 (0.05, 0.37) 0.51 (0.42, 0.60)

Family planning advice 0.78 (0.69, 0.86) 0.31 (0.18, 0.45) 0.54 (0.46, 0.62)

Child vaccination

BCG vaccine 0.96 (0.94, 0.97) 0.24 (0.13, 0.35) 0.60 (0.54, 0.66)

Polio vaccine 0.86 (0.84, 0.89) – – – –

HBV vaccine 0.98 (0.97, 0.99) 0.02 (0.00, 0.05) 0.50 (0.48, 0.52)

DPT vaccine 0.89 (0.86, 0.92) 0.70 (0.61, 0.78) 0.80 (0.75, 0.84)

Measles vaccine 0.95 (0.92, 0.98) 0.44 (0.38, 0.49) 0.69 (0.66, 0.72)

BCG, Bacillus Calmette-Guérin; DPT, diphtheria-pertussis-tetanus; HBV, hepatitis B virus.
doi:10.1371/journal.pone.0060762.t003
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vaccination rosters until the desired sample size was reached. This

process may not be completely random, which could introduce

selection bias, although we do not have reason to believe that the

bias is systematic. The fact that our matched and unmatched study

sample differed in mothers’ ethnicity, number of live births in the

past five years, and children’s age may also introduce bias if these

characteristics are associated with recall accuracy. However, the

lack of representativeness does not affect the validation results, but

may limit the study generalizability.

Third, there are other factors that may limit our generalizabil-

ity. The study was conducted in a setting where coverage of

selected MNCH indicators was in general higher than that in

countries where DHS and MICS surveys are normally conducted.

In addition, we conducted this study in an area that is relatively

more developed than those where most DHS and MICS surveys

are usually conducted. If socio-economic development factors,

such as education, are associated with validity as found previously

[10,11], the study results could not be directly applied to other

settings with different development levels. Despite these limita-

tions, our study results could be subject to fewer selection biases

and be more generalizable than other facility-based studies in this

Collection, although they would have a higher-quality reference

standard based on direct observation [15–18].

Factors associated with the design and implementation of the

survey may also affect the external validity of the study. We

interviewed women in a central location in the community rather

than in their households, which may affect validity of certain

indicators. However, we speculate that this influence is likely to be

small for the indicators studied, most of which are not sensitive at

all in this context. Validity or reliability of questions included in

the survey instruments could also affect the study’s internal and

external validity. For instance, we failed to include the age limit of

the measles vaccine in the questionnaire, which is 8 months or

older in China [33]. As a result, the coverage of measles vaccine

had high false positive rate and large bias. It is illustrated by the

fact that children older than 8 months only constituted 60% of the

matched live births, whereas the measles vaccine coverage rate

was reported to be 70%, which is unlikely to be true.

In conclusion, more population-based validation studies are

warranted with an improved reference standard and survey

instruments. Future research should further examine the general-

izability of observed validity to other LMIC settings. Nevertheless,

the current study contributes to our understanding of validity of

self-reported coverage of a range of MNCH interventions. It

provides insights into the population-level accuracy of self-report

based on a population survey in the LMICs.
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Abstract: Neonatal mortality accounts for 43% of under-
five mortality. Consequently, improving newborn survival
is a global priority. However, although there is increasing
consensus on the packages and specific interventions that
need to be scaled up to reduce neonatal mortality, there
is a lack of clarity on the indicators needed to measure
progress. In 2008, in an effort to improve newborn
survival, the Newborn Indicators Technical Working Group
(TWG) was convened by the Saving Newborn Lives
program at Save the Children to provide a forum to
develop the indicators and standard measurement tools
that are needed to measure coverage of key newborn
interventions. The TWG, which included evaluation and
measurement experts, researchers, individuals from Unit-
ed Nations agencies and non-governmental organiza-
tions, and donors, prioritized improved consistency of
measurement of postnatal care for women and newborns
and of immediate care behaviors and practices for
newborns. In addition, the TWG promoted increased data
availability through inclusion of additional questions in
nationally representative surveys, such as the United
States Agency for International Development–supported
Demographic and Health Surveys and the United Nations
Children’s Fund–supported Multiple Indicator Cluster
Surveys. Several studies have been undertaken that have
informed revisions of indicators and survey tools, and
global postnatal care coverage indicators have been
finalized. Consensus has been achieved on three addi-
tional indicators for care of the newborn after birth
(drying, delayed bathing, and cutting the cord with a
clean instrument), and on testing two further indicators
(immediate skin-to-skin care and applications to the
umbilical cord). Finally, important measurement gaps
have been identified regarding coverage data for
evidence-based interventions, such as Kangaroo Mother
Care and care seeking for newborn infection.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

Neonatal mortality accounts for 43% of under-five mortality [1]

and is becoming a political priority at both global and country

levels [2,3]. Ministries of Health, partners, and donors are

increasingly focused on implementing packages and specific

interventions aimed at improving newborn health and survival

[4]. To assess changes and improvements, accurate and accessible

data on coverage of evidence-based interventions are essential.

However, few of the highest impact interventions for newborn care

are systematically measured [4].

Given the relatively recent focus on scale-up of newborn care,

and the fact that many of the interventions are linked to packages

of care for women or children, there has been limited agreement

on indicators to monitor and evaluate newborn care. To address

this gap, Save the Children’s Saving Newborn Lives program

convened the interagency Newborn Indicators Technical Working

Group (TWG) in 2008 focused on improving the capture and

measurement of newborn care. This group of about 20 individuals

includes people from United Nations agencies, nongovernmental

organizations and national institutes of health, researchers and

academics, evaluation and measurement experts, donors, and

other stakeholders. The group aims to reach consensus on key

indicators, including definitions and standard measurement tools.

It also promotes inclusion of agreed-upon indicators in nationally

representative household surveys such as the United Nations

Children’s Fund–supported Multiple Indicator Cluster Surveys

(MICS) and the United States Agency for International Develop-

ment–supported Demographic and Health Surveys (DHS) [5]. In

addition, the TWG disseminates standard indicators and tools for

inclusion in specialized data collection efforts at subnational levels.

The main TWG group meets twice per year, with subgroups

working on particular areas meeting more frequently.

The objective of this article, which is part of the PLOS Medicine

‘‘Measuring Coverage in MNCH’’ Collection, is to describe the

process of developing and achieving consensus on indicators to
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monitor and evaluate coverage of evidence-based interventions for

newborns. The TWG’s initial focus was on three areas of

measurement: postnatal care, immediate care behaviors and

practices for newborns, and health facility assessments. We will

focus on achievements in the first two areas, provide recommen-

dations for indicators and tools, and identify areas for future

research efforts.

Measurement of Coverage of Postnatal Care

Around three-quarters of neonatal and maternal deaths occur in

the first week of life, with up to half in the first 24 hours [6].

Postnatal care to provide counseling and to identify and treat

complications after birth for both the mother and her baby was

identified by the World Health Organization (WHO) as a

critical care package at an expert review meeting in 1997 and

has been included in its guidelines for pregnancy, childbirth,

postnatal, and newborn care since 2003 [7]. Research has

demonstrated that a postnatal care home visit from a trained

provider within two days of delivery can result in 30% to 60%

reduction in neonatal mortality [8–10]. The evidence is less

clear for maternal outcomes, mostly due to challenges with

measuring maternal mortality. Nevertheless, the 2003 WHO

guidelines integrate care for the woman and for her baby from

shortly after childbirth until six weeks after birth, as such care is

often provided at the same time by the same provider. In 2007,

postnatal care was redefined as being for both woman and

newborn in the context of the continuum of care [11]. Further,

the Countdown to 2015: Maternal, Newborn and Child

Survival initiative defines postnatal care as integrated care for

women and their newborns [12,13].

Given the importance of the postnatal period and the clear

evidence of the effectiveness of early postnatal care for newborns,

an indicator that measures a contact with a health worker to

provide counseling and to assess health within the first two days

after birth is critical for global monitoring. Countdown to 2015,

which was established in 2005, includes early postnatal care for

women and newborns in its initial list of priority indicators [13].

More recently the Commission on Information and Accountability

for Women’s and Children’s Health prioritized early postnatal

care as one of seven selected coverage indicators to measure

progress for maternal, newborn, and child health [14]. Although

there is consensus on the importance of care provided during this

time period, there are many challenges associated with measuring

coverage in large-scale household surveys (Table 1). Each of these

challenges was discussed during TWG meetings, research and

secondary analyses were conducted, and consensus on an indicator

for postnatal care within two days of birth regardless of delivery

location was achieved (Table 2). Following TWG deliberations,

this indicator has been tested by MICS, and data collection has

been harmonized across DHS and MICS surveys [15].

Measurement Challenges and Recommendations
Similar to other long-standing, global indicators such as

antenatal care and skilled attendant at delivery that focus on

contact with the health system, the measurement focus for

postnatal care is a contact with a health care provider. This

contact provides the platform for delivering lifesaving interven-

tions, but measurement of contact does not provide any indication

about the content or quality of care. Measurement of the first

postnatal care contact provides a complementary indicator to

antenatal and delivery care, and extends the ability to monitor

contacts across the continuum of care from pregnancy through

childbirth and the postnatal period [16].

Postnatal care includes a specific contact for both the woman

and her newborn. It is distinct from intrapartum care, which is

provided by the delivery attendant to the woman and her child

around the time of birth. Postnatal care focuses on prevention of

complications through counseling on important health messages,

assessment of the woman and newborn, and referral for

complications, if identified. Although a postnatal contact should

contain elements of care for both women and newborns, this does

not always happen in programs. As a result, for the time being it is

necessary to measure postnatal care for the woman and newborn

separately to ensure that an inclusive contact has taken place [16].

DHS surveys collect data on postnatal care for women who gave

birth either at home or in a health facility, but, historically, most

surveys have collected postnatal care data for newborns only for

those born at home. This distinction is based on the untested

assumption that women who give birth in facilities will have

difficulty knowing whether their newborn received postnatal care.

Based on recent qualitative work in Bangladesh and Malawi [17]

and in Ghana (Hill et al., unpublished report, 2010, Institute for

Child Health, University of London), in which women with facility

deliveries were able to answer questions about postnatal care

contact for their newborns (Box 1), the standard indicator has now

been modified to include all births regardless of place of delivery

(Tables 1 and 2). The reference period has also been revised to

include births occurring within two years preceding the survey (as

opposed to five years), which is long enough to provide enough

cases for analysis, but not so long that it may hamper recall. To

date, 25 countries have collected data on postnatal care coverage

for women, and four have collected data on postnatal care

coverage for newborns using this definition [13].

All health care providers are included in the current definition of

the global postnatal care indicator (including traditional birth

attendants and community health workers), regardless of the skill

level of the provider. This differs from the current global standards

for at least one antenatal care visit and skilled attendance at delivery,

which are based on contact with a skilled provider. Although

information on where postnatal care took place (e.g., at home or at a

health facility) is of programmatic interest, it is not reported on

separately in the global indicator. Postnatal care can be effectively

provided by a variety of health workers, ranging from community

health workers to skilled providers, and may differ for the woman

and newborn, as well as the place of care [10]. The global indicator

therefore includes postnatal care for mother and newborn by any

provider, but standard tables in both DHS and MICS reports

disaggregate coverage by type of provider and place of birth.

Another critical challenge facing the measurement of postnatal

care contact is the element of timing. The postnatal period refers

to the first 42 days following delivery for both the woman and the

newborn. Recent WHO and UNICEF guidelines recommend a

postnatal care visit for mother and newborn on day 1, day 3, and

day 7 after birth, with continuing contacts throughout the first six

weeks of life [10]. Evidence from Bangladesh has demonstrated

that a postnatal visit to the newborn in the first 48 hours can

significantly reduce mortality, whereas first postnatal contacts after

that time were not associated with reduced mortality [8]. Postnatal

care within two days of delivery aligns well with measurement in

household surveys, given that there is potential misclassification in

recall on the day of delivery and the day after delivery.

The global postnatal care indicators recommended by the

TWG are useful for standard measurement across large-scale

household surveys to monitor progress toward achieving coverage

along the continuum of care. The global indicators alone,

however, are not sufficient for programmatic needs. Programs

that focus on improving maternal and newborn survival and
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health should include additional questions on other key elements

of postnatal care in the surveys used to monitor progress, including

timing of each postnatal care contact, location and provider of

postnatal care, and, ideally, content of care. The TWG has agreed

on five signal functions to assess the content of postnatal care for

the newborn. These functions are part of the recommended

postnatal care package and are considered feasible for reporting by

women in surveys based on qualitative work in Ghana (Box 1) and

on analysis of Saving Newborn Lives household surveys (Box 2).

The signal functions are (1) checking the newborn’s umbilical

cord, (2) assessing the newborn’s temperature, (3) observing/

counseling on breastfeeding, (4) counseling on newborn danger

signs, and (5) weighing the baby, if appropriate for a given country.

The TWG suggests including these signal functions in an optional

module in nationally representative surveys, and in smaller

subnational surveys where there is interest in exploring these

areas, although consideration must be given to the length of

questionnaires as well as data quality. Finally, there have also been

preliminary discussions with the TWG and external experts on

signal functions for postnatal care for the woman, but more

discussion is needed with the wider community.

Remaining Research Gaps
The first important area where additional research is needed is

the timing of postnatal care. The end of the postnatal period is

relatively well defined, although there is global discussion about

extension of the postnatal period for the woman beyond the

currently accepted 42 days after delivery. However, there is much

less consensus around when the intrapartum period ends and the

postnatal period begins. For example, maternal health experts

Table 1. Postnatal care indicator: measurement issues and advances.

Topic Issue(s) What Has Been Accomplished What Needs to Be Done

Recall and
validity

N Uncertainty about mother’s
knowledge about what happened
to baby after birth, especially for
facility births
N Lack of recall of past births up
to five years prior to survey
N Potential misunderstanding of
survey questions on postnatal
care

N Formative research indicates that women have a good
idea what happens to their baby regardless of where they
deliver
N DHS and MICS questionnaires revised to include postnatal
care for all newborns, regardless of place of birth
N Formative research indicates that women have difficulty
understanding the term ‘‘postnatal care’’
N DHS and MICS questionnaires revised to include an
introductory statement for postnatal care questions
N Standard tables in DHS and MICS updated to include
postnatal care coverage for newborns

N Review data from new DHS and MICS
questionnaires and revise tools as needed

Timing N Lack of criteria to distinguish
between intrapartum and postnatal
care, e.g., should all contacts from
birth count, or is postnatal care
valid only if it takes place after
the intrapartum period
N Potential overestimation of
true postnatal contacts

N Detailed postnatal care module developed and tested for
MICS
N Distinct measurement of the first pre-discharge and first
post-discharge contact in MICS

N WHO recommendation to define postnatal
contact (e.g., a cutoff of one hour after birth)
N Formative research to differentiate
intrapartum and postnatal care
N Implementation research on facility pre-
discharge checklist, etc.

Number of
visits

N Only the first postnatal contact
captured in DHS and MICS surveys,
and may be an intrapartum contact
but no further question asked
N Lack of ability to capture
pre-discharge postnatal care more
accurately
N Lack of data on home or clinic
postnatal contacts after facility
births

N Detailed postnatal care module developed and tested for
MICS
N Distinct measurement of the first pre-discharge and first
post-discharge contact in MICS
N No information captured on subsequent postnatal
contacts

N Capture additional visits in optional module
or specialized surveys

Content N Data not currently collected
in national surveys

N Formative research indicates women could recall
specific actions for newborns during postnatal care
(such as use of equipment, undressing baby, giving advice)
N Consensus on five measureable signal functions
for postnatal care for newborns

N Work with maternal health community on
signal functions for postnatal care for women
N WHO meeting to define postnatal care
interventions for women and newborns
N Test household survey module for content
of postnatal care for newborns and women

doi:10.1371/journal.pmed.1001415.t001

Table 2. Global indicators for postnatal care coverage, 2010.

Category Indicator Numerator Denominator

Postnatal care
for women

Percent of women who received postnatal
care within two days after last delivery

Number of women who received postnatal
care within two days after last delivery

Number of women with a live
birth in the last two years

Postnatal care for
newborns

Percent of newborns who received
postnatal care within two days after delivery

Number of newborns who received
postnatal care within two days after delivery

Number of women with a live
birth in the last two years

doi:10.1371/journal.pmed.1001415.t002
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typically define the intrapartum period as ending after the delivery

of the placenta, whereas newborn health experts typically set one

hour after birth as the end of this period. As there are few

countries with postnatal care coverage data for newborns among

all births, to get an idea of how much reported postnatal care

might actually be intrapartum care, we used recent DHS data

from 35 countries to assess postnatal care coverage for women

[18]. Our analysis indicates that 35% of postnatal care contacts

occur within six hours of birth (Figure 1). Thus, many of these

contacts, though important, could be part of routine intrapartum

care and not what most programs would consider distinct

postnatal care contacts.

WHO conducted a meeting in September 2012 to review

postnatal care guidelines, including recommendations for timing of

discharge after facility delivery, the number and timing of

postnatal care contacts, and the content of those contacts. Part

of the discussion was focused on defining the ‘‘postnatal period’’

and differentiating postnatal care from intrapartum care for both

women and newborns (results are forthcoming), which may assist

in resolving some of the measurement challenges referred to

above. However, it is important to consider that even if consensus

on a particular cutoff were reached, it would be difficult to

operationalize this definition in large-scale household surveys.

First, women’s recall of a contact occurring before, at, or after

four, five, or six hours after birth may not be reliable, especially

two years after the birth. Second, standard data collection

currently includes only the first postnatal care contact, so if

Box 1. Qualitative Research Studies to Assess
Postnatal Care and Immediate Care Behaviors
and Practices for Newborns

The TWG supported two qualitative studies to assess
postnatal care and immediate care behaviors and practices
for newborns—one in rural Ghana in 2010 (Hill et al.,
unpublished report, 2010, Institute for Child Health,
University of London) and one in Bangladesh and Malawi
in 2009 [17]. Both studies used birth narratives to describe
the birth process and immediate newborn care. The
narrative approach is used to understand what is salient
by probing specific areas, an approach that is more
appropriate for low-income developing country settings
than cognitive testing. In Ghana, the narratives were
supplemented with focus groups to assess the terminol-
ogy used to describe postnatal care and interviews with
health workers. In Bangladesh and Malawi, the narratives
were followed by a structured questionnaire on specific
care behaviors and practices, including the timing of
events. Women with a birth within the past year were
interviewed in both studies, stratified by place of birth and
time since delivery.
In Ghana (40 birth narratives, four focus groups, ten health
worker interviews)

N Questions on postnatal care were not easily understood
by women.

N Few women gave spontaneous answers about the
postnatal care that they or their newborn had received.

N Probing phrases about specific activities that could take
place during postnatal care were essential.

N Questions had to be carefully phrased to allow for local
terminologies and perceptions.

N Mothers were most likely to report an observed specific
action during postnatal care such as the use of
equipment or undressing the baby.

N Being tired or sick after delivery, time since delivery,
number of visits, outcome of the visits, and where the
newborn was cared for after facility-based birth influ-
enced recall of postnatal care.

In Bangladesh and Malawi (84 and 80 narratives/question-
naires, respectively)

N The narratives indicated that women can recall the main
birth events (their labor pains, the delivery of the
placenta, cord care, and newborn care) regardless of
place of delivery.

N There was limited difference in recall between home and
facility births.

N The majority of women gave nonnumeric answers to
questions about timing of events.

N When asked how long after delivery their checkup
occurred, answers ranged from minutes to days.

N Many women did not understand what was meant by a
postnatal care contact defined as a ‘‘health checkup,’’ or
‘‘a check on your health’’ after the baby was born unless
study teams defined the term. In Malawi, interviewers
provided examples of postnatal care content; in
Bangladesh, interviewers described what was meant by
health in general.

Box 2. Survey Questions on Newborn Care
Practices: Summary Results and
Recommendations

Save the Children’s Saving Newborn Lives program
conducted household surveys in five countries in Asia,
Africa, and Latin America, maintaining standardized mea-
surement of key indicators (drying, delayed bathing, and
cutting the cord with a clean instrument) across countries as
much as possible. Multiple questions were often used to
measure the same indicator, which provided the opportu-
nity to test different question formulations. In each country,
cross-sectional household surveys with pre/post design
using community cluster sampling were conducted among
women with a live birth in the 12 months prior to the survey
(nine months for Bangladesh). Countries surveyed included
Malawi (2011, n = 900), Bangladesh (2010, n = 794), Nepal
(2011, n = 630), Viet Nam (2011, n = 1,050), and Indonesia
(2011, n = 400). Target sample sizes were calculated based
on expected changes in key indicators, ranging from around
600 women in Nepal to 900 women in Malawi.

N For drying and delayed bathing there were low rates of
‘‘don’t know’’ or missing data responses (,10%).

N For cord care, there were differences between women
with home and with facility births.

N For home births, women were more able to report the
type of instrument used to cut the cord, compared with
facility births.

N Rates of ‘‘don’t know’’ and missing data among women
with facility births were around 30% in Malawi,
compared with less than 5% among women with home
births.

Based on these findings, the TWG recommends the
questions shown in Figure 3 for use in household surveys.
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additional contacts take place, women do not have the opportunity

to report them in the survey, which may result in an underesti-

mation of the overall coverage.

Another important research gap concerns the providers of

postnatal care. Currently, as discussed earlier, the global indicator

for postnatal care includes all health care providers regardless of

Figure 1. Proportion of women who received postnatal care within two days of delivery by time of first visit, DHS survey data
2005–2011 [18].
doi:10.1371/journal.pmed.1001415.g001

Figure 2. Proportion of home births for which women and babies received postnatal care within two days of delivery, DHS survey
data 2005–2011 [18].
doi:10.1371/journal.pmed.1001415.g002
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their skill level. More research is needed to determine whether

traditional birth attendants should be removed from the indicator

definition since they are rarely trained in postnatal care programs.

Although it can be difficult to identify skilled health personnel

reliably, other indicators such as antenatal care and skilled birth

attendance also rely on this identification [16].

Another issue for future consideration is the feasibility of

combining the measurement of postnatal care contacts for women

and newborns. Ideally, these contacts should take place at the

same time and include elements for both the woman and her

newborn. However, based on our analysis of DHS data from 33

countries between 2006 and 2011 [18], there is great variability in

terms of postnatal care coverage for women and newborns

(Figure 2). In Bangladesh and Zambia, postnatal care coverage for

home births is similar for women and their newborns (14% for

both women and newborns in Bangladesh; 10% for women and

8% for newborns in Zambia). However, in Ghana, 40% of women

who gave birth at home reported receiving postnatal care for

themselves, but only 16% reported that their newborns received

care. Similarly, in Cambodia, 43% of women who gave birth at

home reported receiving postnatal care for themselves, but only

17% reported postnatal care for their newborns. This discrepancy,

which may be due to measurement error, to misunderstanding the

questions, or to actual differences in coverage, requires further

exploration, especially as more comparable data (for all births

regardless of place of delivery) become available in the next several

years.

Measurement of Coverage of Immediate Care
Behaviors and Practices for Newborns

The second area of measurement that the TWG specifically

concentrated on during its deliberations is care of the newborn

immediately after birth, which includes a number of functions.

Three of these functions can be provided at both community and

facility levels: (1) thermal care (drying, skin-to-skin care, and

delayed bathing), (2) hygienic and clean skin and cord care (clean

cord cutting and dry cord care; hand washing prior to delivery),

and (3) breastfeeding (immediate initiation; not discarding

colostrum; no foods other than breast milk) [19]. If practised

routinely, these practices and care behaviors could reduce

newborn deaths by up to 30% [19]. It is therefore vital to

measure their coverage in valid and comparable ways across

countries. Unfortunately, with the exception of breastfeeding,

national surveys do not routinely include information on these

care behaviors. Moreover, although some South Asian countries

(e.g., Nepal, Bangladesh, and India) have incorporated some of

these indicators into their DHS surveys, the questions and

response categories vary and are not comparable across countries.

For example, in India, women are asked using a prompted

question if the baby was immediately wiped dry and then

wrapped, while in Nepal, women are asked separate questions

about how long after birth the baby was dried and then how long

after birth the baby was wrapped. The TWG has not addressed

indicators for immediate behaviors and practices relevant to the

mother and her care, and would encourage other groups to

address this important issue.

Similar to measurement concerns around postnatal care

contacts, there are methodological issues with the measurement

of immediate care behaviors and practices for newborns that relate

to the recall and timing of specific actions. To tackle these

methodological issues, the TWG developed a list of recommended

indicators, including drying/wrapping the baby, delayed bathing,

and cord care. Qualitative work to assess these indicators and

address measurement issues was conducted in Bangladesh and

Malawi (Box 1), and different questions were tested within surveys

undertaken by Save the Children in 2010 and 2011.

Table 3. Recommended indicators for care behaviors and practices for newborns.

Program Element Indicator Numerator Denominator Comments
Recommended
Question(s)

Recommended

Thermal care:
drying

Percent of newborns
dried after birth

Number of newborns
dried after birth

Number of live last births
in the X years prior to the
survey

All births; timing
assessment optional

Was (NAME) dried (wiped)
after delivery?

Thermal care:
delayed bath

Percent of newborns
with first bath delayed at
least six hours after birth

Number of newborns
with first bath delayed at
least six hours after birth

Number of live last births
in the X years prior to the
survey

All births; different
timing categories can
be calculated

How long after delivery was
(NAME) bathed for the first
time?

Cord care: clean
cord cutting

Percent of newborns
with cord cut with
clean instrument

Number of newborns
with cord cut using
new blade or boiled
instrument

Number of live last
births (at home) in the
X years prior to the survey

Home births only;
questions on use of
clean delivery kits
can be included

What was used to cut the
cord? Was the instrument
used to cut the cord boiled
prior to use?

Additional testing needed

Thermal care:
skin-to-skin

Percent of newborns
placed on the mother’s
bare chest after delivery

Number of newborns
placed on the mother’s
bare chest after delivery

Number of live last births
in the X years prior to the
survey

All births; timing
assessment optional

After the birth, was (NAME)
put directly on the bare skin
of your chest? (Show
mother example of skin-to-
skin position)

Cord care: applications
to the umbilical cord

Percent of newborns
with nothing (harmful)
applied to cord

Number of newborns
with nothing (harmful)
applied to cord

Number of live last births
in the X years prior to the
survey

All births; ‘‘harmful’’
to be defined locally

Was anything applied to the
cord after the cord was cut
and tied, until the cord fell
off? (If ‘‘yes’’) What was
applied to the cord?

Surveys will vary in period of recall. Typically, DHS surveys use a recall period of five years, while MICS surveys use a two-year period. Interviewer records all substances
put on the cord from cutting until it falls off. Harmful substances are determined locally and split out during analysis.
doi:10.1371/journal.pmed.1001415.t003
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Measurement Challenges and Recommendations
The qualitative research (Box 1) indicates that women can recall

the event sequence for delivery and immediate care practices for

newborns, that there is no difference in recall between women

with facility-based births and home births, and that the timing of

the birth relative to the survey has no effect on recall. Although

women did have difficulty recalling the exact timing of events as

measured in hours and minutes, women with facility births could

estimate the amount of time elapsed between delivery and

immediate newborn care. This finding is replicated in other

studies [20,21]. We recommend, therefore, that questions about

care behaviors and practices for newborns should be asked for all

live births, but that questions on timing should be simplified by

limiting response categories to hours after birth (as opposed to

minutes).

Importantly, there was overlap between the measurement of

coverage based on the indicators of drying and of wrapping the

baby. Based on Save the Children survey data (Box 2), more than

90% of babies who were dried were also wrapped. Thus, it is not

necessary to include indicators for both of these actions (data not

shown). Survey data were also examined to assess rates of ‘‘don’t

know’’ and missing responses. Questions around delayed bathing,

immediate drying, and cutting the cord for home births had low

levels of ‘‘don’t know’’ and missing responses (,10%) (Box 2).

Women were less able to report on cord cutting for facility births,

with ‘‘don’t know’’ responses at higher levels. Based on these

findings, we recommend three indicators for inclusion in

household surveys: (1) percent of newborns dried after birth, (2)

percent of newborns with bath delayed at least six hours after

birth, and (3) percent of newborns with cord cut with clean

instrument (for home births only) (Table 3; Figure 3). These

indicators can be collected via specialized surveys, and the TWG is

working with DHS and MICS on an optional newborn module.

This module could also include questions on postnatal care

beyond the first contact, as well as the content of postnatal care. As

more data become available, these indicators may need additional

revisions.

Remaining Research Gaps
Skin-to-skin care is an important intervention to maintain

thermal regulation and encourage breastfeeding and bonding, but

more work is needed to assess the validity of this indicator in terms

of women’s comprehension of survey questions concerning the

intervention, as well as recall. This indicator has been recently

tested in a validation study in Mozambique that is described

elsewhere in this Collection [22] and is being investigated in

Figure 3. Standard questionnaire for measuring coverage of immediate newborn care.
doi:10.1371/journal.pmed.1001415.g003
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several Saving Newborn Lives surveys. Saving Newborn Lives has

also assessed a variety of indicators to look at applications to the

umbilical cord after birth. The current WHO recommendation is

dry cord care except in settings where the risk of bacterial infection

is high [23]. However, recent evidence has demonstrated

significant reductions in mortality (up to 23%) among babies

who have 4% chlorhexidine applied to the cord after birth [24–

26]. Once a global recommendation is finalized, this indicator will

require further testing.

The Way Forward for Newborn Care Indicators

Over the past several years, consistency in the measurement of

newborn care interventions has improved. National data on first

postnatal care contact for all newborns regardless of place of

delivery are now available in four countries, and more should be

forthcoming through new surveys. Development of a supplemental

module is underway for national surveys to measure immediate

care behaviors and practices for newborns and to provide more

detailed information on postnatal care content and quality, and for

visits beyond the first contact. The TWG provides a valuable

forum for discussion around critical indicators using data,

experience, and expert opinions.

In the future, the TWG will investigate the measurement of

other evidence-based interventions that address the three main

killers of newborns—complications of preterm birth, infection,

and intrapartum-related deaths due to asphyxia—for which we

lack coverage data. For example, facility-based Kangaroo Mother

Care (care for preterm or low birth weight infants in which the

baby is carried, usually by the mother, with skin-to-skin contact,

and in which breastfeeding support is provided) can prevent up to

half of neonatal deaths in stable newborns weighing less than

2,000 g [27]. Coverage with this intervention is not currently

captured through nationally representative surveys or routine

information systems but should be measurable through maternal

recall. Indeed, a list of facility-based indicators to capture training

of providers and coverage of Kangaroo Mother Care has been

agreed upon [28], but these indicators need to be tested, refined,

and incorporated into national surveys or project-based surveys.

Over 700,000 newborns die of severe infection (mainly sepsis and

pneumonia) each year. DHS and MICS surveys capture care

seeking and treatment for fever and symptoms of acute

respiratory infection for all children under five years. However,

the available sample is often too small for disaggregation, and the

data are not specifically presented for newborns. In addition, the

symptoms assessed include only cough and difficulty breathing, so

newborns with additional danger signs that indicate possible

severe infection may be missed. Notably, as discussed elsewhere

in this Collection, the reliability of the household-survey-based

indicator that measures the proportion of children treated for

pneumonia is questionable [29], which raises concerns about

measuring management of other newborn problems through

household surveys. Thus, innovative methodologies to comple-

ment survey research need to be developed and reviewed to

improve coverage for interventions designed to manage severe

infection. It is also essential that additional care provided to

preterm babies and resuscitation of asphyxiated babies is tracked.

The validity of asking questions about resuscitation in household

surveys needs to be assessed. Facility-level data on this

intervention from programs such as Helping Babies Breathe

should be available soon [30].

Other indicators for maternal and newborn care require

additional evaluation and development, especially for quality of

care. As the percentage of facility births increases, it will become

more and more critical to assess effectiveness and efficiency.

Twelve million more women gave birth with a skilled attendant in

2010 compared to 2000; in South Asia, 49% of births are now

assisted by skilled personnel, compared to just 30% a decade ago

[4]. In this context, understanding what happens before women

leave the health facility after giving birth and then at home in the

postnatal period is crucial. The MICS4 module addresses these

different areas of care, and different methodological approaches

should be considered and differences validated [15,16].

The TWG also advocates for improving vital registration

(official registration of all births and deaths in a population), which

can be linked to facility care at birth and to postnatal care [31].

Measurement of stillbirths, especially intrapartum stillbirths, and

of preterm birth and low birth weight should be closely linked to

improved measurement of neonatal deaths and to tracking

pregnancy outcomes more comprehensively [32]. Notably, the

recently published Global Burden of Disease Study 2010 did not

count stillbirths, an omission that makes comprehensive tracking

of global pregnancy outcomes more difficult [33]. In the future,

the TWG plans to improve existing methods to capture

stillbirths, by comparing data from pregnancy history modules

with that from demographic surveillance sites, and by

investigating the validity of shorter pregnancy history modules.

The TWG will also work with partners to explore innovative

methods to register births, such as using mobile phone

technology. Finally, although to date the TWG has focused

on measurement of newborn care and coverage through large-

scale, nationally representative household surveys, in the

future, it will focus more on routine data collection systems,

such as health management information systems, to improve

the quality of data and its use for decision-making.

Conclusions

The world’s estimated 287,000 maternal deaths, 3 million newborn

deaths and 2.6 million third trimester stillbirths each year represent a

huge burden that affects both families and communities. Recent

increases in global attention and resource allocation for postnatal

Key Points

N Neonatal mortality accounts for 43% of under-five
mortality; countries are increasingly implementing pro-
grams to improve newborn survival, but there is a dearth
of data to monitor and evaluate newborn care programs.

N The interagency Newborn Indicators Technical Working
Group (TWG) convened by Save the Children’s Saving
Newborn Lives program has prioritized clarity and
consistency of postnatal care metrics within two days
of delivery for all births.

N Indicators and survey questions to measure care
behaviors and practices in the immediate newborn
period have been agreed upon, pertaining to drying of
the newborn, delayed bathing, and cutting the cord with
a clean instrument

N Two additional indicators related to skin-to-skin care and
applications to the umbilical cord are recommended for
future testing.

N In the future, the TWG will address metrics for other
evidence-based interventions such as Kangaroo Mother
Care and care seeking for newborn sepsis, and will work
to strengthen national health information systems,
including vital registration.
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maternal and newborn care require concomitant increases in the

availability of programmatic indicators and data to track change over

time [34]. Progress has been made over the last five years in

measurement of coverage for postnatal care and for immediate care

behaviors and practices for newborns, and the TWG has provided a

forum for standardizing indicators and developing common tools.

However, considerable work is still needed to develop and use metrics

to track progress toward improving newborn survival and care.
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Abstract

Background: Antibiotic treatment for pneumonia as measured by Demographic and Health Surveys (DHS) and Multiple
Indicator Cluster Surveys (MICS) is a key indicator for tracking progress in achieving Millennium Development Goal 4.
Concerns about the validity of this indicator led us to perform an evaluation in urban and rural settings in Pakistan and
Bangladesh.

Methods and Findings: Caregivers of 950 children under 5 y with pneumonia and 980 with ‘‘no pneumonia’’ were
identified in urban and rural settings and allocated for DHS/MICS questions 2 or 4 wk later. Study physicians assigned a
diagnosis of pneumonia as reference standard; the predictive ability of DHS/MICS questions and additional measurement
tools to identify pneumonia versus non-pneumonia cases was evaluated. Results at both sites showed suboptimal
discriminative power, with no difference between 2- or 4-wk recall. Individual patterns of sensitivity and specificity varied
substantially across study sites (sensitivity 66.9% and 45.5%, and specificity 68.8% and 69.5%, for DHS in Pakistan and
Bangladesh, respectively). Prescribed antibiotics for pneumonia were correctly recalled by about two-thirds of caregivers
using DHS questions, increasing to 72% and 82% in Pakistan and Bangladesh, respectively, using a drug chart and detailed
enquiry.

Conclusions: Monitoring antibiotic treatment of pneumonia is essential for national and global programs. Current (DHS/
MICS questions) and proposed new (video and pneumonia score) methods of identifying pneumonia based on maternal
recall discriminate poorly between pneumonia and children with cough. Furthermore, these methods have a low yield to
identify children who have true pneumonia. Reported antibiotic treatment rates among these children are therefore not a
valid proxy indicator of pneumonia treatment rates. These results have important implications for program monitoring and
suggest that data in its current format from DHS/MICS surveys should not be used for the purpose of monitoring antibiotic
treatment rates in children with pneumonia at the present time.
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Introduction

Globally, of the estimated 6.9 million annual deaths in children

younger than 5 y, 1.2 million (18%) die from pneumonia [1].

Prompt treatment with appropriate antibiotics in children with

pneumonia is an effective intervention for reducing mortality

[2,3]. The proportion of children with pneumonia in a population

who receive antibiotic treatment (antibiotic treatment rate) is a key

indicator for tracking progress in achieving Millennium Develop-

ment Goal 4 targets [4]. The validity of this indicator depends on

both the correct identification of pneumonia and the use of an

antibiotic to treat the condition. Current measures of antibiotic use

in pneumonia rely on household-based surveys such as the

Demographic and Health Surveys (DHS) and the Multiple

Indicator Cluster Surveys (MICS). It is, therefore, crucial that

the DHS and MICS measures are reliable and accurate.

Pneumonia indicators in current surveys are based on interviews

with mothers (DHS) or primary caregivers (MICS) using

structured questions on cough and short, rapid breathing or

difficulty in breathing in the previous 2 wk and whether these were

chest-related. The intent is to identify the best possible proxy for

pneumonia in order to assess treatment coverage based on

mother/caregiver recall. Although the DHS survey labels this

condition as ‘‘symptoms of acute respiratory infection,’’ the MICS

survey uses the term ‘‘suspected pneumonia.’’ Irrespective of the

terminology used, for program purposes these cases are classified

as pneumonia. Therefore, the accuracy and reliability of these

questions and the algorithm as a valid proxy of pneumonia in

children has been questioned [5,6], and there is a need to assess

the validity of this approach.

Our primary study objective was to assess the validity of the

caregiver’s responses to the standard DHS/MICS questions about

whether the child had pneumonia in the recent past, and if so, how

it was treated. The reference standard was physician-diagnosed

pneumonia (as per World Health Organization [WHO] defini-

tions) [7]. A further objective was to determine if these measures

can be improved by adding additional questions to the DHS/

MICS surveys or using alternative measurement tools. We also

aimed to assess if there was any difference in a caregiver’s recall at

2 wk (recall period in current DHS/MICS surveys) and 4 wk.

Methods

Ethics Statement
Ethical approval was obtained from the Hospital Ethics

Committee (Pakistan Institute of Medical Sciences), the Ethical

Review Committee of the International Centre for Diarrhoeal

Disease Research, Bangladesh, and the WHO Ethics Review

Committee.

We employed a two-stage written consent procedure: caregivers

were informed about the study and permission was obtained first

at the time of diagnosis and enrollment, and then again at the start

of the follow-up home interviews.

Setting
DHS and MICS surveys are conducted very widely throughout

low- and middle-income countries and in very diverse settings,

which range from rural settings served by community services to

urban and peri-urban settings, where the first level health services

are provided by local hospital outpatient departments. We thus

conducted the study in three diverse urban and rural settings.

The study was conducted in two countries: Pakistan and

Bangladesh. In Pakistan, study participants were recruited in an

urban setting, from the outpatient department of Children’s

Hospital, Pakistan Institute of Medical Sciences, Islamabad,

Pakistan. In Bangladesh, the participants were recruited from

both urban (Dhaka Shishu Hospital, a tertiary pediatric hospital)

and rural (community-based recruitment in four unions [Mirza-

pur, Gorai, Bhatgram, and Jamurki] of Mirzapur, 63 km north of

Dhaka) settings. The latter setting involved initial identification of

pneumonia and ‘‘no pneumonia’’ cases during weekly home visits

by Village Health Workers, later reassessed by study physicians

according to WHO guidelines and enrolled.

Study Design
The study identified and recruited two groups of children with

acute respiratory infections: those who were confirmed to have

pneumonia and those who did not have pneumonia. Two to four

weeks after recruitment caregivers were surveyed to assess the

accuracy of their recall of the diagnosis and treatment given. This

enabled an assessment to be made of the degree to which DHS

and MICS measures of antibiotic treatment in those with reported

symptoms of pneumonia were valid measures of the antibiotic

treatment of true pneumonia in a study population.

The study had two phases. Phase 1 involved recruiting large

numbers of children with symptoms of acute respiratory infection

and having trained study physicians establish whether pneumonia

(the reference standard for the test) was present or absent. We

purposefully selected hospital outpatient departments as two of the

three study sites to increase the probability that we would find

sufficient numbers of children presenting with symptoms of acute

respiratory infection, and to allow careful training and monitoring

of the study physicians to ensure that the reference standard was

robust. At the third, rural site in Bangladesh, patients were also

identified in the community. Phase 2 involved having trained field

workers interview the caregiver of each child in their home using

DHS and MICS algorithms and alternative tools, either 2 or 4 wk

after their recruitment.

Participants and Selection Criteria
The study participants were children 0–59 mo with physician-

diagnosed clinical pneumonia or ‘‘no pneumonia’’ and their

caregivers. A single WHO technical expert (S. A. Q.) oversaw staff

training and study monitoring to ensure comparability of case

definitions across sites.

Enrollment and Follow-Up
Enrollment procedure. In the two urban settings (Islama-

bad and Dhaka) all children aged 0 to 5 y who were assessed and

managed by hospital outpatient department physicians were

referred to study physicians, who then screened, reassessed, and

diagnosed the children using WHO acute respiratory infection

guidelines and determined their eligibility for inclusion in the

study. Children were enrolled in one of two groups: those with

pneumonia and those with ‘‘no pneumonia’’ [7]. Treatment

provided by outpatient department physicians was recorded.

Children with the following conditions were excluded: recurrent

wheezing (airway disorder/asthma), severe pneumonia requiring

hospitalization (since DHS and MICS surveys typically gather

data on very few of these cases due to their very low period

prevalence in community surveys and since hospitalization, being

Pakistan/Bangladesh-DHS/MICS Pneumonia Validation
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a dramatic event, could induce recall bias), symptoms of chronic

cough of more than 4 wk duration, history of pneumonia within

past 10 d, history of congenital heart disease, and nonresident of

study catchment area. Children with ‘‘cough or cold/no pneu-

monia’’ were frequency matched to pneumonia cases so that in

any one week the age (and sex, in the case of the Bangladesh sites)

distribution of cases of pneumonia and ‘‘cough or cold’’ was

similar.

For each pneumonia case enrolled, a corresponding age-

matched (and sex-matched, in case of Bangladesh sites) ‘‘no

pneumonia’’ case was selected using a computer-generated

randomization list. Details of the recruitment procedures for each

site are given in Box 2.

In the rural setting (Mirzapur), the Village Health Workers

identified all children with pneumonia or ‘‘no pneumonia’’

through their weekly household visits and informed the study

physicians by mobile phone. The study physicians visited at home

all children with ‘‘possible pneumonia’’ and a sample of children

with ‘‘no pneumonia’’ who lived nearest to the case of ‘‘possible

pneumonia.’’ They reassessed using Integrated Management of

Childhood Illness guidelines, and screened and enrolled eligible

children.

DHS and MICS questionnaires and alternative

measurement tools. DHS and MICS surveys both have an

algorithm of questions about the presence or absence of specific

signs and symptoms of suspected pneumonia (denoted as

‘‘symptoms of acute respiratory infection’’ in the DHS survey

and ‘‘suspected pneumonia’’ in the MICS questionnaire; copies of

questionnaires are given in Texts S1, S2, S3). Additional study

tools were developed by ARI Research Cell, Children’s Hospital,

Pakistan Institute of Medical Sciences, Islamabad, and field tested

in both Pakistan and Bangladesh. These tools included a

pneumonia score questionnaire, which consisted of questions on

20 commonly reported signs and symptoms of pneumonia (Box 3),

and a video depicting children in three scenarios: with signs and

symptoms of pneumonia, with severe pneumonia, and with cough

and cold but without pneumonia. The video had nine different

clips of no pneumonia, pneumonia (fast breathing), and severe

pneumonia (lower chest indrawing), one set for each of three age

groups, i.e., up to 2 mo, 2–11 mo, and 12–59 mo. Country-

specific drug charts (flip chart and computer-based) were

developed showing medicines (especially antibiotics) commonly

used in pneumonia and other febrile illnesses in children 0–59 mo

old. All questionnaires, including standard DHS and MICS

questionnaires, were translated into local languages (Urdu and

Bangla—see Texts S1, S2, S3 for copies of questionnaires).

Home follow-up. Using computer-generated randomization

lists, two-thirds of enrolled children were randomly allocated to

follow-up at 2 wk, and one-third to follow-up at 4 wk. The mothers/caretakers were (i) interviewed using DHS/MICS

questions on cough and chest-related short, rapid breathing and

difficult breathing, (ii) asked about specific signs of pneumonia

using a pneumonia score questionnaire, (iii) shown video clips to

find which clip best represented their child’s respiratory illness

episode, and (iv) shown a ‘‘computer-based drug chart’’ and ‘‘a

drug flip chart’’ to identify the drugs the child was treated with.

The order of administering the DHS and MICS questionnaires

was alternated with each child, so that each questionnaire was

administered first on 50% of occasions.

Data Management and Analysis
After double data entry and data cleaning, descriptive statistics

were used to assess the socio-demographic and clinical character-

istics of the study children. Sensitivity and specificity were

calculated to assess the discriminative power of each measurement

Box 1. Key DHS and MICS Acute Respiratory
Infection Questions Used for the Identification
of Children with a Caregiver Report of
Symptoms and Signs of Pneumonia

Q.535 (PDHS)/Q.B3 (BDHS)/Q.CA8 (MICS-P)/Q.C2 (MICS-B):
When (name) had an illness with a cough, did s/he breathe
faster than usual with short, rapid breaths or have difficulty
in breathing?
Q.536 (PDHS)/Q.B4 (BDHS)/Q.CA9 (MICS-P)/Q.C3 (MICS-B):
Was the fast or difficult breathing due to a problem in the
chest or to a blocked or runny nose?
BDHS, Bangladesh DHS; MICS-B, MICS Bangladesh; MICS-P,
MICS Pakistan; PDHS, Pakistan DHS.

Box 2. Details of the Matching Procedures at
the Study Sites

Pakistan For each pneumonia case enrolled a corre-
sponding age-matched ‘‘no pneumonia’’ case was ran-
domly selected. Randomization was done with a comput-
er-generated randomization list with blocks of four (each
having a randomly selected number). For every enrolled
pneumonia case, a ‘‘no pneumonia’’ case was picked as
per the sequence number of the corresponding block.
There were two separate randomization lists: one for
children 0–12 mo and one for those .12–59 mo (to match
for age). Time matching was also ensured, whereby in any
one week a similar number of age-matched ‘‘no pneumo-
nia’’ and pneumonia cases were enrolled.

Bangladesh The enrollment and randomization proce-
dure followed a hierarchical procedure where an attempt
was made to match each pneumonia case in a given week
one-on-one with a non-pneumonia case based on age, sex,
and study physician. The procedure for matching, in order
of preference, was as follows:

1. Matched on case’s sex and age (62 mo), and assessed by
the same study physician

2. Matched on case’s sex and age (62 mo), and assessed by
different study physician

3. Matched on case’s sex and same age category (#12 mo
or .12 mo), and assessed by the same study physician

4. If criteria 1–3 could not be met, we matched on case’s
sex and same age category under different study
physician

If more than one child with no pneumonia was found for a
case (pneumonia), we randomly selected only one control
using computer-generated random numbers. A child was
selected as a control only once. This procedure was
followed at the end of each week throughout the
enrollment period. An additional criterion was added after
2 mo of study enrollment to ensure adequate enrollment
of controls: if matched controls were not found from the
children with ‘‘no pneumonia’’ assessed in the same week
as the cases, controls were selected from children with ‘‘no
pneumonia’’ assessed in the week prior to or following the
week of the case. Eligible and consented pneumonia
patients were excluded from the study if no age- and sex-
matched ‘‘no pneumonia’’ patient could be found.
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tool (DHS, MICS, pneumonia score questionnaire, pneumonia

video) and for various combinations of tools.

For the pneumonia score, a composite score was developed by

adding one point for each symptom or sign present. Sensitivity and

specificity were calculated for each of the composite scores

(ranging from lowest to highest). The intent was to identify a cutoff

that can be used to reach a decision on the presence or absence of

pneumonia. SPSS 11.0 (SPSS Inc.) and STATA 10 (StataCorp)

were used in Pakistan and Bangladesh, respectively.

Sample Size Calculation
Based on baseline estimates of sensitivity of 60%–70% and

specificity of 70%–90% of mother/caregiver recall of symptoms of

acute respiratory infection or suspected pneumonia in predicting

true pneumonia, it was estimated that 300 children under 5 y with

physician-diagnosed pneumonia and 300 with ‘‘no pneumonia’’

should be enrolled at each site in order to estimate sensitivity and

specificity with a precision of 65%.

The study is reported in line with the STARD statement

(checklist in Text S4). The protocol is provided in Text S5.

Results

Enrollment and Follow-Up Status
At the Pakistan site, 752 children were enrolled in the study—

361 with pneumonia and 391 with ‘‘no pneumonia’’—between

October 2010 and February 2011 (Figure 1). Follow-up of 329

pneumonia and 343 ‘‘no pneumonia’’ cases was successfully

carried out; 456 at 2 wk and 216 at 4 wk.

In Bangladesh, between March and August 2011, 1,178

children—589 each in the pneumonia and ‘‘no pneumonia’’

groups—were enrolled, of which 700 were from Dhaka Shishu

Hospital (Figure 2) and 478 from rural Mirzapur (Figure 3). ‘‘No

pneumonia’’ cases were enrolled using recruitment procedures

similar to those used in Pakistan.

Baseline Characteristics of the Study Children
The socio-demographic characteristics and the clinical features

of the study children are presented in Table 1.

Box 3. Pneumonia Score Features

1. Cough

2. Fever

3. Chills/sweats

4. Restlessness

5. Irritability

6. Loss of appetite

7. Abnormally sleepy

8. Wheezing

9. Shortness of breath

10. Fast breathing

11. Flaring of nostrils

12. Refusal to drink

13. Lower chest indrawing

14. Chest pain

15. Difficulty in breathing

16. Vomiting

17. Grunting

18. Blue coloration of skin

19. Coughing up blood

20. Convulsions

Figure 1. Pakistan urban site—flowchart of selection of pneumonia and no-pneumonia cases.
doi:10.1371/journal.pmed.1001422.g001
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Figure 2. Bangladesh urban site—flowchart of selection of pneumonia and no-pneumonia cases in Dhaka Shishu Hospital,
Bangladesh.
doi:10.1371/journal.pmed.1001422.g002

Figure 3. Bangladesh rural site—flowchart of selection of pneumonia and no-pneumonia cases in the rural setting.
doi:10.1371/journal.pmed.1001422.g003
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Discriminative Power of Survey Tools
Sensitivity, specificity, and 95% CIs for the various instruments

that were studied are presented in Tables 2 and 3.

Data are given as percent (95% CI).

DHS/MICS questions. Results at both sites showed poor

discriminative power for DHS and MICS questions. Individual

patterns of sensitivity and specificity varied substantially by study

site and between urban and rural sites (Table 2). Results were

similar for DHS and MICS questions, although not identical,

because of some differences in questionnaire skip patterns. There

was no significant difference in the validity of DHS and MICS

questions at 2- versus 4-wk follow-up intervals (Table 2).

Pneumonia score. As expected, specificity increased and

sensitivity declined with increasing pneumonia score, i.e., the

number of positive symptoms from among the pneumonia score

questions. An area-under-the-curve analysis was performed for the

pneumonia score (see below) and is presented in Figure 4.

Thresholds could be chosen so that the performance was

comparable to DHS/MICS questions (e.g., .9 in Bangladesh)

or to selectively increase test specificity.

Video tool. In Pakistan (where the video was developed and

child images recorded), the video tool had a much higher

discriminative power than in Bangladesh. There was no significant

difference in recall with the video tool at 2 versus 4 wk in any of

the three sites (Table 2).

Recall of Antibiotic Use
In children with pneumonia, antibiotic treatment was recalled

correctly by 66.0% and 66.8% of caregivers using DHS or MICS

questions in Pakistan and Bangladesh, respectively, with no

significant difference between 2- and 4-wk recall. Correct recall

increased to 72.0% using a drug flip chart/photo album and to

71.3% using a computer-based drug chart in Pakistan, and to

78.8% and 81.2%, respectively, in Bangladesh.

Association of Caregiver’s Recall with Socio-Demographic
Characteristics

In both Bangladesh study sites, but not in Pakistan, test

specificities were higher for mothers who had higher levels of

education. At the Bangladesh rural site the test specificity was 59%

for mothers who had secondary or higher education, compared to

a specificity of 37% for mothers whose education level was below

primary. However, at the Bangladesh urban site these figures were

86% and 73%, respectively.

Discussion

Importance of Monitoring Antibiotic Treatment of
Pneumonia

Despite recent falls in pneumonia mortality over the past ten

years, it remains the largest single cause of death in children [8].

It is therefore essential that global and national programs track

the coverage of effective interventions against pneumonia if

Millennium Development Goal 4 is to be achieved. The

antibiotic treatment of pneumonia is highly effective and,

together with immunization, is one of the two main control

strategies [9]. DHS and MICS household surveys are the primary

tools used to measure intervention coverage in low- and middle-

income countries where health information systems are weak, and

are the primary source of information on common childhood

illnesses and treatment coverage. We report here on the first

study evaluating the validity of the estimates of pneumonia

treatment coverage produced by the DHS and MICS survey

instruments and discuss the implications of these findings for

program monitoring.

Validity of DHS/MICS Data for Estimation of Pneumonia
Prevalence

Community-based epidemiological studies have estimated

pneumonia incidence to be about 0.3 episodes per child per year

in children under 5 y in low- and middle-income countries, which

is some 12–18 times lower than the reported incidence of upper

respiratory infections in this age group [10]. This low prevalence

of pneumonia among all children with cough who are surveyed by

DHS and MICS requires that the survey instruments must have

very high specificity to identify pneumonia, otherwise the great

majority of cases identified in the survey will not represent true

cases of pneumonia (as reviewed by Campbell and colleagues in

this PLOS Medicine Collection [11]). An example of this effect can

be seen in a recent Pakistan DHS survey, which reported in 2006–

2007 that 2,508/8,367 (29.9%) children under 5 y had cough and

1,178/8,367 (14.1%) had symptoms consistent with pneumonia

[12]. This ratio of children with reported symptoms and signs of

‘‘cough and cold only’’ versus ‘‘suspected pneumonia’’ of 2:1 is in

marked contrast to that reported in community studies, where this

ratio is typically very much higher, as noted above [13].

DHS and MICS reports clearly caution that these data (denoted

as ‘‘suspected pneumonia’’ in MICS surveys) should not be used as

a proxy measure of the prevalence of pneumonia in the

community. However, many pneumonia control programs in the

developing world, faced with a lack of data on this important

parameter for planning purposes, use the information in this way.

The results of our study show that the specificity of these survey

tools is well below the very high levels required for this proxy to

give an accurate estimation of pneumonia prevalence, and

reinforce that these data should not be used for this purpose as

they will lead to large overestimations of pneumonia prevalence

[11].

Validity of DHS/MICS Data for Estimation of Proportion of
Children with Pneumonia Who Receive Antibiotic
Treatment

DHS and MICS surveys identify children whose caregivers

report that they had symptoms and signs consistent with

pneumonia, and then ask whether these children were treated

with an antibiotic. The validity of this proxy indicator of the

proportion of children with pneumonia who receive antibiotic

treatment is therefore entirely dependent on the validity of DHS/

MICS-reported symptoms and signs of pneumonia as a measure of

true pneumonia. For this to represent a valid denominator for this

important indicator, it is important that a high proportion of

children with ‘‘symptoms of acute respiratory infection’’ (DHS)/

‘‘suspected pneumonia’’ (MICS) actually have ‘‘true’’ pneumonia.

If this proportion is low, then results of monitoring antibiotic

coverage among these children will not only be inaccurate but also

misleading. The results of this study show that DHS and MICS

surveys at both sites have poor discriminative power for the

identification of episodes of pneumonia in young children.

Previous studies have shown that fever is a significant predictor

of pneumonia and that adding fever to WHO criteria increased

the specificity of pneumonia diagnosis [14,15]. Our findings

support this observation, as specificity increased when a question

on the presence of fever was included (Table 3). Since DHS/

MICS surveys currently collect information on the presence of

fever in the last 2 wk, these data could be readily incorporated into

the definition of ‘‘suspected pneumonia.’’ However, the addition of
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Table 1. Baseline characteristics of the study children.

Characteristic Pakistan (Urban) Bangladesh (Urban) Bangladesh (Rural)

Pneumonia
(n = 329)

No Pneumonia
(n = 343)

Pneumonia
(n = 350)

No Pneumonia
(n = 350)

Pneumonia
(n = 239)

No Pneumonia
(n = 239)

Age of child (months) (mean ± SD) 10.6610.1 12.9613.2 12.2612.0 12.8612.8 16.8612.6 18.9614.6

Age category of child (months)

0 to 2 27 (8.2) 34 (9.9) 84 (24.0) 88 (25.1) 1 (0.4) 10 (4.2)

2 to 11 208 (63.2) 210 (61.2) 116 (33.1) 118 (33.7) 84 (35.2) 83 (34.7)

12 to 59 94 (28.6) 99 (28.9) 150 (42.9) 144 (41.1) 154 (64.4) 146 (61.1)

Gender

Male 199 (60.5) 172 (50.1) 204 (58.4) 203 (58.1) 123 (51.5) 124 (51.9)

Female 130 (39.5) 171 (49.9) 146 (41.6) 147 (41.9) 116 (48.5) 115 (48.1)

Siblings

No siblings 73 (22.2) 83 (24.2) 182 (52.0) 166 (47.4) 96 (40.2) 115 (48.1)

One or more 256 (77.8) 260 (75.8) 168 (48.0) 184 (52.6) 143 (59.8) 124 (51.9)

Age category of mothers (years)

#30 266 (80.9) 266 (77.6) 322 (92.0) 314 (89.7) 206 (86.2) 219 (91.6)

.30 63 (19.1) 77 (22.4) 28 (8.0) 36 (10.3) 33 (13.8) 20 (8.4)

Mother’s education

Illiterate 88 (26.7) 55 (16.0) 81 (23.1) 64 (18.3) 32 (13.4) 26 (10.9)

Up to 10th grade 145 (44.1) 157 (45.8) 192 (54.8) 209 (59.7) 175 (73.2) 176 (73.8)

Above 10th grade 96 (29.2) 131 (38.2) 77 (22.0) 77 (22.0) 32 (13.4) 38 (15.9)

Father’s education

Illiterate 42 (12.8) 18 (5.2) 58 (16.6) 52 (15.7) 47 (19.7) 29 (12.1)

Up to 10th grade 148 (45.0) 158 (46.1) 179 (51.1) 153 (43.7) 141 (59.0) 139 (58.1)

Above 10th grade 139 (42.2) 167 (48.7) 113 (32.3) 142 (40.6) 51 (21.4) 71 (29.7)

Father’s occupation status

Employed 322 (97.9) 322 (93.9) 343 (98.0) 345 (98.6) 226 (94.6) 231 (96.7)

Unemployed 7 (2.1) 21 (6.1) 7 (2.0) 5 (1.4) 13 (5.4) 8 (3.3)

Symptoms

Cough and cold 327 (99.4) 343 (100.0) 342 (97.7) 343 (98.0) 228 (95.4) 237 (99.2)

Fever 296 (90.0) 192 (56.0) 153 (43.7) 100 (28.6) 77 (32.2) 42 (17.6)

Breathing problem 51 (15.5) 3 (0.9) 60 (17.1) 34 (9.7) 40 (16.7) 8 (3.4)

Feeding problem 16 (4.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Vomiting 10 (3.0) 2 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Gastrointestinal problem 5 (1.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Irritability 5 (1.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Others 2 (0.6) 0 (0.0) 11 (3.1) 21 (6.1) 12 (5.0) 5 (2.0)

Respiratory rate/minute (mean ± SD)

0–2 mo 70.5611.3 46.868.8 63.864.4 43.465.4 61a 46.369.5

2–11 mo 64.5610.1 37.266.0 55.165.1 37.965.9 54.765.5 37.067.2

12–59 mo 57.0610.3 31.264.2 47.466.7 30.665.0 46.866.3 30.764.7

Temperature (6C)

,37.5 236 (71.7) 309 (90.1) 216 (64.1) 293 (85.4) 201 (84.1) 228 (95.6)

$37.5 93 (28.3) 34 (9.9) 121 (35.9) 50 (14.6) 38 (15.9) 11 (4.4)

Findings on auscultation

No significant findings 120 (36.5) 334 (97.4) 194 (55.4) 320 (91.4) 190 (79.5) 233 (97.5)

Crepitations/wheeze 209 (63.5) 9 (2.6) 156 (44.5) 30 (8.5) 49 (20.5) 6 (2.5)

Data are given as number (percent) unless otherwise indicated.
aThere was only one child in the 0–2 age group at the Bangladesh rural site, hence a standard deviation value could not be calculated.
SD, standard deviation.
doi:10.1371/journal.pmed.1001422.t001
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questions on the presence of fever made only modest improve-

ments to the discriminative power. Thus, most children with

‘‘suspected pneumonia’’ (MICS) or ‘‘symptoms of acute respira-

tory infection’’ (DHS) who form the denominator for the

‘‘antibiotic treatment rate’’ do not truly have pneumonia. We

conclude, therefore, that the addition of questions on the presence

of these symptoms and signs would not make sufficiently large

improvements in instrument validity for these to be adopted at

present.

We found no significant difference in caregivers’ recall at 2 and

4 wk, which is contrary to the findings in some previous studies.

The recall sensitivity of caregivers’ reports dropped when the

interview took place after more than 2 wk in a respiratory

questionnaire validation study conducted in Peru [6]. Some

previous studies on maternal recall of breastfeeding duration

showed a drop in mothers’ recall accuracy with time [16,17]. A

more recent study conducted in Kenya also assessed the accuracy

of caregivers’ recall over time and found that it decreased when

Table 2. Discriminative power of DHS/MICS questions about suspected pneumonia and of video for identifying childhood
pneumonia (based on 2-wk and 4-wk recall).

Recall Period/Site Diagnostic Validity DHS Questions MICS Questions Video

2-wk recall period

Pakistan (urban) Sensitivity 64.7 (58.4–70.9) 63.8 (57.5–70.0) 59.8 (53.3–66.2)

Specificity 68.5 (62.5–74.4) 67.2 (61.1–73.2) 78.0 (72.6–83.3)

Bangladesh (urban) Sensitivity 24.6 (17.5–32.9) 25.4 (18.2–33.8) 26.9 (19.5–35.4)

Specificity 81.7 (73.6–88.1) 82.5 (74.5–88.8) 82.5 (74.5–88.8)

Bangladesh (rural) Sensitivity 71.1 (61.0–79.9) 70.1 (60.0–79.0) 26.8 (18.3–36.8)

Specificity 56.5 (45.3–67.2) 56.5 (45.3–67.2) 77.6 (67.3–86.0)

4-wk recall period

Pakistan (urban) Sensitivity 71.4 (62.7–80.0) 69.5 (60.6–78.3) 64.8 (55.6–73.9)

Specificity 69.4 (55.4–77.9) 67.6 (60.7–78.2) 74.8 (66.7–82.8)

Bangladesh (urban) Sensitivity 23.2 (15.8–32.1) 23.2 (15.8–32.1) 28.6 (20.4–37.9)

Specificity 82.7 (74.3–89.3) 83.6 (75.4–90.3) 80.9 (72.3–87.8)

Bangladesh (rural) Sensitivity 72.3 (62.5–80.7) 73.3 (63.5–81.6) 29.7 (21.0–39.6)

Specificity 53.2 (43.4–62.7) 53.2 (43.4–62.7) 83.8 (75.6–90.1)

Overall

Pakistan (urban) Sensitivity 66.9 (61.8–71.9) 65.7 (60.5–70.8) 61.4 (56.1–66.6)

Specificity 68.8 (63.8–73.7) 67.3 (62.3–72.2) 77.0 (72.5–81.4)

Bangladesh (urban) Sensitivity 24.0 (18.7–29.9) 24.4 (19.1–30.3) 27.7 (22.1–33.8)

Specificity 82.2 (76.6–86.9) 83.0 (77.6–87.7) 81.7 (76.1–86.5)

Bangladesh (rural) Sensitivity 71.7 (64.9–77.9) 71.7 (64.9–77.9) 28.3 (22.1–35.1)

Specificity 54.6 (47.3–61.7) 54.6 (47.3–61.7) 81.1 (74.9–86.3)

doi:10.1371/journal.pmed.1001422.t002

Table 3. Sensitivity and specificity of different tools (individually and in combination).

Tools Pakistan (Urban) Bangladesh (Urban) Bangladesh (Rural)

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Fevera 83.0 (72.9–87.3) 31.8 (25.1–34.8) 80.6 (75.0–85.4) 26.5 (20.9–32.7) 86.4 (80.8–90.8) 23.0 (17.3–29.5)

LCIa 42.6 (37.2–47.9) 89.2 (85.9–92.4) 22.7 (17.6–28.5) 83.0 (77.6–87.7) 41.4 (34.5–48.6) 72.4 (65.6–78.6)

Chest paina 46.5 (41.1–51.8) 77.8 (73.4–82.1) 0.4 (0.0–2.3) 97.0 (93.8–98.8) 3.0 (1.12–6.5) 97.4 (94.1–99.2)

DHS+fever 61.2 (56.1–66.6) 72.7 (68.2–77.6) 19.4 (14.6–25.0) 85.7 (80.4–89.9) 62.6 (55.5–69.4) 63.8 (56.6–70.5)

DHS+LCI 33.6 (28.6–38.8) 93.3 (90.6–95.9) 11.6 (7.8–16.3) 90.9 (86.4–94.3) 34.8 (28.2–41.9) 78.6 (72.2–84.1)

DHS+video 44.7 (39.3–50.0) 88.3 (84.9–91.7) 14.5 (10.3–19.5) 92.2 (87.9–95.3) 25.8 (19.8–85.2) 85.2 (79.4–89.9)

DHS+chest pain 39.5 (34.2–44.7) 86.6 (83.0–90.2) 0.4 (0.0–2.8) 99.6 (97.6–100.0) 3.0 (1.1–6.5) 98.5 (95.6–99.7)

DHS+fever+video 42.6 (36.8–48.3) 89.2 (85.9–92.4) 10.7 (7.1–15.3) 93.9 (90.0–96.6) 21.7 (16.2–28.1) 86.7 (81.2–91.1)

DHS+fever+LCI 24.9 (20.2–29.5) 95.6 (93.4–97.7) 9.1 (5.8–13.4) 93.5 (89.5–96.3) 30.8 (24.5–37.7) 84.7 (78.9–89.4)

Data are given as percent (95% CI). Results for both recall periods combined.
aThese variables from the pneumonia score were selected for this analysis because they had the strongest association with pneumonia in screening univariate analyses.
LCI, lower chest indrawing.
doi:10.1371/journal.pmed.1001422.t003
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the recall period was increased to 2 wk from 3–4 d [18]. In our

study, the lack of fall in performance with the longer recall period

suggests that DHS/MICS surveys may be able to adopt a longer

recall period for this question, thus increasing the period

prevalence of true pneumonia cases detected in the survey. This

possibility should be studied further, because since increasing the

recall period, and thus the true period prevalence, can be expected

to improve the validity of the indicator [11].

The sensitivities and specificities of the DHS/MICS survey

instruments varied substantially by study site and by urban and

rural setting (Table 2), reflecting different cultural factors, such as

caregiver education, and making comparisons across countries or

time periods difficult to interpret. These results have important

implications for monitoring programs because these instruments

are used to track progress over time (typically with serial surveys in

different populations within a country) and to identify countries

that have low intervention coverage in comparison to others.

These findings urge caution in using DHS/MICS data for these

purposes.

We show that the use of video material shows some potential to

complement current DHS/MICS surveys and result in increased

specificity for identification of episodes of pneumonia. However,

substantial improvements in test specificity were found only in

Pakistan, where the video was made, and were not found in

Bangladesh. This finding is not unexpected and may relate to the

fact that Pakistani children look somewhat different from

Bangladeshi children, which is likely to have influenced caregiver

responses. Moreover, we elected a priori to focus the video on

showing fast breathing and lower chest indrawing. Ethnographic

studies from this region have shown that mothers have varying

perceptions and concepts regarding childhood pneumonia, and

many caregivers do not associate fast breathing with pneumonia

[19–21]. The fixed sequence of clips might also have influenced

caregiver responses. The potential use of this video tool presents

practical and logistical challenges, not least of which is that each

individual country may be required to develop their own video.

The improved discriminative power with the use of the video in

Pakistan is promising, and we recommend that video presentation

be explored further in an attempt to further improve its

performance.

In children with pneumonia, antibiotic treatment was recalled

correctly by two-thirds of caregivers using DHS or MICS

questions in Pakistan and Bangladesh, with no significant

difference between 2- and 4-wk recall. Correct recall increased

with a drug flip chart/photo album or a computer-based drug

chart. Thus, the validity of the DHS and MICS questions in

correctly identifying antibiotic treatment for pneumonia improved

with specific and more structured questions about the medicines or

with the use of illustrations of common treatments. Although drug

charts performed better than DHS/MICS questions at all three

sites, using them in periodic household surveys may be challeng-

ing. There may be a very large number of available medicines in

any given area, and new medicine brands are introduced often, so

frequent revisions would be required.

Study Limitations
The findings of the survey may have been biased by some aspects

of the study design. DHS and MICS surveys are conducted in very

diverse urban and rural settings. We attempted to reflect this

through the urban and rural study sites selected for study. However,

it is possible that the rural site in Bangladesh is not typical because of

the ongoing research studies in that population. Furthermore, the

urban site in Bangladesh included patients from an expanded urban

and peri-urban catchment area, resulting in a relatively high rate of

loss to follow-up and delayed follow-up. Thus, our findings may not

be generalizable to some settings in low- and middle-income

countries. Further studies, in particular in settings with high

Plasmodium falciparum malaria transmission to explore the general-

izability and to check the consistency of these findings, are

recommended on this important issue. Nevertheless, the fact that

our main study conclusions were confirmed in all three study

settings suggests that the main findings may be widely relevant.

We selected study sites with investigators highly experienced in

similar studies and employed a single technical expert to conduct

the clinical training and oversee the monitoring of research staff in

Figure 4. Validity of composite pneumonia score.
doi:10.1371/journal.pmed.1001422.g004
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an attempt to reduce the potential for artifactual differences in

study implementation across sites. Nevertheless, some of the

differences shown between study sites may reflect some variation

in application of methods across sites.

Mothers who take their children to a secondary or tertiary care

center do not represent a random sample of all mothers who take

part in DHS and MICS surveys. This is likely to influence results.

We expect that these mothers will be more educated and show

better recognition of signs of pneumonia in their children. To the

extent that this is true, we may have overestimated the sensitivity

and specificity of DHS/MICS questions. Furthermore, it is also

likely that attendance at a hospital makes the episodes more

memorable (and thus subject to better recall by the caregiver) and

thus may once again lead to overestimation of specificity.

It is possible that the ‘‘case mix’’ in the hospital setting is

different from that found in community surveys. We attempted to

minimize this by excluding cases of severe pneumonia (rarely

found in community surveys due to very low 2-wk period

prevalence) and by adopting a matched group who had a

respiratory illness (cough and cold) rather than studying healthy

children. Nevertheless, this may have influenced our estimates of

sensitivity and specificity. Thus, study procedures may have

influenced caregiver recall. However, our main finding is that

specificity levels associated with DHS and MICS questions are

much too low to provide a robust basis for a pneumonia treatment

rate indicator. We believe that the biases noted above tend to lead

to an overestimation of specificity, and so we consider that our

main conclusions about poor discriminative ability should remain

valid. In addition, the level of specificity that we found is much

lower than would be required, suggesting moderate effects of bias.

Conclusions
Monitoring antibiotic treatment of pneumonia is essential for

national and global programs. Despite this, we believe this is the

first study to assess the validity of current surveys to measure this

program indicator. Given the very large investment of human and

financial resources in these surveys and their importance to child

health programs, it is remarkable that there has been so little

published data from research on this key issue. In the context of a

low true prevalence of pneumonia, the DHS/MICS questions to

define children with ‘‘suspected pneumonia’’ (MICS term) has a

low yield for pneumonia, and thus most of these children do not

have true pneumonia. This finding reinforces DHS and MICS

recommendations that these measures not be used as a proxy for

pneumonia prevalence, as using these measures will result in

substantial overestimates.

We found the discriminative power (in particular the specificity)

of a construct of caregiver-reported symptoms and signs of acute

respiratory infection to be low for true pneumonia, as measured by

DHS and MICS questionnaires; therefore, the use of such data

from these surveys can be misleading for measuring antibiotic

treatment rates. Using such data could lead to incorrect policy

decisions having programmatic implications. Although the alter-

native tools evaluated in this study did not perform markedly

better than DHS and MICS questions, we have presented some

options for improving their specificity. Furthermore, the sensitiv-

ities and specificities of DHS and MICS survey instruments varied

substantially by site, reflecting different cultural factors, such as

caregiver education, and making comparisons across countries or

time periods difficult to interpret. These results suggest that data

from these surveys should not be used for the purpose of

monitoring antibiotic treatment rates in children with pneumonia

at the present time.
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Editors’ Summary

Background. Pneumonia is a major cause of death in
children younger than five years across the globe, with
approximately 1.2 million children younger than five years
dying from pneumonia every year. Pneumonia can be
caused by bacteria, fungi, or viruses. It is possible to
effectively treat bacterial pneumonia with appropriate
antibiotics; however, only about 30% of children receive
the antibiotic treatment they need. The Millennium Devel-
opment Goals (MDGs) are eight international development
goals that were established in 2000. The fourth goal (MDG 4)
aims to reduce child mortality, specifically, to reduce the
under-five mortality rate by two-thirds, between 1990 and
2015. Given that approximately 18% of all deaths in children
under five are caused by pneumonia, providing universal
coverage with effective treatments for pneumonia is an
important part of MDG 4.
To ensure that MDG 4 targets are met, it is important to
measure progress in providing effective treatments. For
pneumonia, one of the key indicators for measuring progress
is the proportion of children with pneumonia in a population
who receive antibiotic treatment, also known as the
antibiotic treatment rate. The antibiotic treatment rate is
often measured using surveys, such as the Demographic and
Health Surveys (DHS) and Multiple Indicator Cluster Surveys
(MICS), which collect nationally representative data about
populations and health in developing countries.

Why Was This Study Done? Concerns have been raised
about whether information collected from DHS and MICS is
able to accurately identify cases of pneumonia. In a clinical
setting, pneumonia is typically diagnosed based on a
combination of physical symptoms, including coughing,
rapid breathing, or difficulty breathing, and a chest X-ray.
The surveys rely on information collected from interviews of
mothers and primary caregivers using structured questions
about whether the child has experienced physical symptoms
in the past two weeks and whether these were chest-related.
The DHS survey labels this condition as ‘‘symptoms of acute
respiratory infection,’’ while the MICS survey uses the term
‘‘suspected pneumonia.’’ Thus, these surveys provide a proxy
measure for pneumonia that is limited by the reliance on the
recall of symptoms by the mother or caregiver. Here the
researchers have evaluated the use of these surveys to
discriminate physician-diagnosed pneumonia and to provide
accurate recall of antibiotic treatment in urban and rural
settings in Pakistan and Bangladesh.

What Did the Researchers Do and Find? The researchers
identified caregivers of 950 children under five years with
pneumonia and 980 who had a cough or cold but did not
have pneumonia from urban and rural settings in Pakistan
and Bangladesh. Cases of pneumonia were identified based
on a physician diagnosis using World Health Organization
guidelines. They randomly assigned caregivers to be inter-
viewed using DHS and MICS questions with either a two- or
four-week recall period. They then assessed how well the

DHS and MICS questions were able to accurately diagnose
pneumonia and accurately recall antibiotic use. In addition,
they asked caregivers to complete a pneumonia score
questionnaire and showed them a video tool showing
children with and without pneumonia, as well as a
medication drug chart, to determine if these alternative
measures improved the accuracy of pneumonia diagnosis or
recall of antibiotic use. They found that both surveys, the
pneumonia score, and the video tool had poor ability to
discriminate between children with and without physician-
diagnosed pneumonia, and there were no differences
between using two- or four-week recall. The sensitivity
(proportion of pneumonia cases that were correctly identi-
fied) ranged from 23% to 72%, and the specificity (the
proportion of ‘‘no pneumonia’’ cases that were correctly
identified) ranged from 53% to 83%, depending on the
setting. They also observed that prescribed antibiotics for
pneumonia were correctly recalled by about two-thirds of
caregivers using DHS questions, and this increased to about
three-quarters of caregivers when using a drug chart and
detailed enquiry.

What Do These Findings Mean? The findings of this
study suggest that the current use of questions from DHS
and MICS based on mother or caregiver recall are not
sufficient for accurately identifying pneumonia and antibiotic
use in children. Because these surveys have poor ability to
identify children who have true pneumonia, reported
antibiotic treatment rates for children with pneumonia
based on data from these surveys may not be accurate,
and these surveys should not be used to monitor treatment
rates. These findings should be interpreted cautiously, given
the relatively high rate of loss to follow-up and delayed
follow-up in some of the children and because some of the
settings in this study may not be similar to other low-income
settings.

Additional Information. Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001422.

N More information is available on the United Nations goal to
reduce child mortality (MDG 4)

N The World Health Organization provides information on
pneumonia, its impact on children, and the global action
plan for prevention and control of pneumonia

N More information is available on Demographic and Health
Surveys and Multiple Indicator Cluster Surveys

N KidsHealth, a resource maintained by the Nemours
Foundation (a not-for-profit organization for children’s
health) provides information for parents on pneumonia (in
English and Spanish)

N MedlinePlus provides links to additional information on
pneumonia (in English and Spanish)
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Abstract

Background: To assess progress in the scale-up of rapid diagnostic tests and artemisinin-based combination therapies
(ACTs) across Africa, malaria control programs have increasingly relied on standardized national household surveys to
determine the proportion of children with a fever in the past 2 wk who received an effective antimalarial within 1–2 d of the
onset of fever. Here, the validity of caregiver recall for measuring the primary coverage indicators for malaria diagnosis and
treatment of children ,5 y old is assessed.

Methods and Findings: A cross-sectional study was conducted in five public clinics in Kaoma District, Western Provence,
Zambia, to estimate the sensitivity, specificity, and accuracy of caregivers’ recall of malaria testing, diagnosis, and treatment,
compared to a gold standard of direct observation at the health clinics. Compared to the gold standard of clinic
observation, for recall for children with fever in the past 2 wk, the sensitivity for recalling that a finger/heel stick was done
was 61.9%, with a specificity of 90.0%. The sensitivity and specificity of caregivers’ recalling a positive malaria test result
were 62.4% and 90.7%, respectively. The sensitivity and specificity of recalling that the child was given a malaria diagnosis,
irrespective of whether a laboratory test was actually done, were 76.8% and 75.9%, respectively. The sensitivity and
specificity for recalling that an ACT was given were 81.0% and 91.5%, respectively.

Conclusions: Based on these findings, results from household surveys should continue to be used for ascertaining the
coverage of children with a fever in the past 2 wk that received an ACT. However, as recall of a malaria diagnosis remains
suboptimal, its use in defining malaria treatment coverage is not recommended.
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Introduction

New rapid diagnostic tests (RDTs) and artemisinin-based

combination therapies (ACTs) are being scaled up across Africa

in the fight against malaria [1,2]. Nearly all endemic countries in

Africa have now adopted a policy requiring laboratory confirma-

tion of suspected malaria cases with either RDTs or microscopy

[3]. Once cases are confirmed, ACTs are the current first-line

drugs for treating uncomplicated Plasmodium falciparum malaria

infection. These policies are critical to ensure that malaria cases

are promptly and properly diagnosed and treated, especially as

malaria transmission falls because of increasingly high coverage of

effective vector control measures [4].

To assess progress in the scale-up of RDTs and ACTs across

Africa, malaria control programs have increasingly relied on

standardized national household surveys to assess the proportion

of children with a fever in the past 2 wk who received an affective

antimalarial within 1–2 d of the onset of fever [5]. This indicator

makes no distinction between treatment of a suspected malaria

case and one that was laboratory confirmed. Because of the

availability and scale-up of RDTs in many African countries,

caregivers and mothers are also now asked in national surveys if

the child received a heel or finger stick (for an assumed test of
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malaria) and if they sought treatment at a health facility [6].

However, caregivers are not typically asked if they recall the result

of any malaria diagnostic test given. Information on the test result

would be needed to construct a better indicator of the proportion

of children with a fever in the past 2 wk with a laboratory-

confirmed malaria diagnosis who received an effective and

appropriate antimalarial within 1–2 d of the onset of fever. This

indicator would capture current diagnosis and treatment policies

in most African countries better than the current standard.

Individuals’ recall of autobiographical events, including past

health events, is a complex process and can be biased by multiple

external and internal factors, including the frequency of the event,

time since the event, cues provided by interviewers or question-

naire design, and individuals’ emotional perception of related

events [7]. Survey questions to caregivers of children related to

fever in the past 2 wk, treatment-seeking behavior, and malaria

diagnosis and treatment are particularly subject to sources of error

and bias, which may result in biased coverage estimates for

diagnosis and treatment [8]. However, these indicators and their

means of measurement to our knowledge have yet to be validated

against a gold standard to assess the validity of caregivers’ recall.

The objective of this study was to assess the validity of the

primary coverage indicators for malaria diagnosis and treatment in

children ,5 y old, constructed from data collected during

household surveys. To accomplish this, a cross-sectional study

was conducted in five health clinics in Kaoma District, Western

Provence, Zambia, to estimate the sensitivity, specificity, and

accuracy of caregivers’ recall of malaria testing, diagnosis, and

antimalarial treatment compared to a gold standard of direct

observation at the health clinics. The relationship between the

accuracy of caregiver recall for malaria diagnosis and treatment

and socio-demographic characteristics were also assessed.

Methods

Ethics Statement
Ethical approval for this study was obtained from the

Institutional Review Boards of Tulane University, the University

of Zambia, and the Program for Appropriate Technology in

Health.

Study Site
The study was conducted in Kaoma District (population of

approximately 183,000), located in Western Province about

460 km west of the capital city of Lusaka (Figure 1). Kaoma is a

rural district, with an economy based primarily on commercial

and subsistence farming. Kaoma, covering 23,000 km2, has a

tropical climate, with seasonal rains lasting from November to

April and a corresponding peak in malaria transmission from April

to June.

This study took place in four rural public health facilities and

one urban public health facility; all were purposefully selected for

adequate patient flow of suspected malaria cases in children that

received clinical and laboratory diagnoses. The estimated com-

bined catchment area population of the five clinics was 42,100.

Malaria burden in the district fluctuates widely during the course

of the year with the transmission season. As a percentage of

outpatient attendance, malaria diagnoses can range from 2%

during the dry season to more than 60% during the transmission

season. Malaria test positivity rates among clinic attendees

similarly can fluctuate from less than 5% during the dry season

to as high as 60%–70% during the peak of the transmission season

in April–June. As per national policy in Zambia, artemether/

lumefantrine (ACT) was the first-line drug combination used in all

five clinics for treating uncomplicated malaria [3]. Although the

national policy in Zambia calls for 100% laboratory diagnosis of

suspected malaria cases, the clinic in Mulamba primarily relied on

clinical diagnosis (diagnosis based on symptoms) because of a

stock-out of RDTs throughout the study period; Mulamba does

not have microscopy. The remaining four clinics almost exclu-

sively used laboratory diagnosis with RDTs.

Study Design, Participants, and Data Collection
Procedures

A cross-sectional study design was used to assess the validity of

the primary coverage indicators for malaria diagnosis and

treatment from data collected using household surveys. Data

collection at the clinics and at home-based follow-ups occurred in

May–June 2012. All caregivers at least 18 y old of children ,5 y

old presenting for treatment for fever in the five health centers

during the study period were eligible for inclusion in this study.

Details of the clinic visit for the episode, including the child’s

age, presence of fever, diagnostic used (if any), test result, diagnoses

made, and treatment provided, were recorded in specially

designed clinic visit sheets. These forms were completed for each

child at the conclusion of the visit by the attending health

professional. While the health professionals received training in

completing the forms by the study team prior to the start of the

study, they were not informed explicitly that this study aimed to

assess caregiver recall of the diagnoses and treatments received at

the child’s visit. The clinic visit sheets captured all relevant

demographic, diagnosis, and treatment information that is

typically captured in the standard clinic logbook.

At the conclusion of the clinic visit, caregivers were asked if they

would like to participate in a malaria study in their community by

the attending health professional. If they agreed, a study

representative at the clinic obtained their contact information so

that a follow-up visit at their house could be scheduled. To

replicate national surveys that ask a series of questions to mothers

(Demographic and Health Surveys [DHS] and Malaria Indicator

Surveys [MIS]) and caregivers (Multiple Indicator Cluster Surveys

[MICS]) of children ,5 y old with a fever in the past 2 wk related

to malaria diagnosis and treatment, follow-up home visits were

scheduled 0–14 d following the clinic visit. Follow-up visit dates

were randomly assigned 0–14 d using a random number generator

at the time of participant recruitment, and a follow-up appoint-

ment time and date were arranged with the caregiver for the

follow-up interview. Clinic visit sheets were stapled to the contact

information sheet for each caregiver that agreed to a follow-up

interview.

Informed consent was obtained from all caregivers at the start of

the home-based follow-up interviews. For the majority of children,

caregivers were identified as the mother of the child identified at

the clinic visit, and as listed on the contact information sheet. If the

mother of the child who sought treatment at the clinic did not live

in the house, the caregiver of the child was identified and

interviewed. If the caregiver did not consent to be in the study at

the time of the interview, the contact sheet and clinic visit sheet

were destroyed and participation in the study was discontinued.

For consenting caregivers, a standardized questionnaire based on

the DHS survey [9] and MIS survey (and similar to the MICS

survey) was used to obtain information on whether the child had a

fever in the past 2 wk; whether treatment was sought, including

when and where; whether a diagnostic test was given, based on

recall of a finger or heel stick; and details of the treatment given.

Questions about recall of the results of a malaria test (if a finger/

heel stick was recalled) and about whether any malaria diagnosis

was made were added to the questionnaire. No props or cues were

Accuracy of Malaria Recall from Household Surveys
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used in asking caregivers about the diagnosis and treatment the

child may have received. Information on household assets, as well

as the caregiver’s sex, age, education level, and literacy, was also

obtained based on the questions used in the DHS and MIS

surveys. Data were entered into specially designed personal digital

assistants used for the Zambia national MIS survey.

Primary Outcome and Explanatory Variables
The primary outcomes were the sensitivity, specificity, and

accuracy of caregivers’ recall of the child having received a finger/

heel stick (for malaria laboratory diagnostic), result of the malaria

diagnostic test, diagnosis for the fever episode, and type of

treatment received. Recall of events related to the treatment of the

child’s fever was ascertained from the follow-up questionnaire. Data

recoded on the clinic visit sheet served as the gold standard against

which caregivers’ recall was assessed. Sensitivity represents the

percent of caregivers that correctly recalled the child’s receiving a

finger/heel stick, a test result, a malaria diagnosis, and a particular

antimalarial treatment, of those that actually received them based

on clinic observation. Specificity represents the percent of caregivers

that correctly recalled the child’s not receiving a finger/heel stick, a

test result, a malaria diagnosis, and a particular antimalarial

treatment, among those that truly did not receive them based on

clinic observation. Accuracy represents the percent of caregivers

whose recall of the diagnosis and treatment received for their child’s

fever episode agreed with the clinic observation.

Household socioeconomic status was derived from a principal

components analysis of household assets using previously estab-

Figure 1. Map of study clinics in Kaoma District, Western Provence, Zambia.
doi:10.1371/journal.pmed.1001417.g001
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lished methods, divided into wealth quintiles [10]. Caregiver

education was categorized as none, at least some primary, or

secondary or higher. Caregiver age was categorized as 18–24, 25–

34, 35–44, or 45 y or older. All caregiver demographic and social

data were obtained from the follow-up questionnaire. Days to

follow-up was the difference between the clinic attendance date

and the home follow-up interview date, disaggregated by 0–6 and

7–14 d.

Sample Size and Stratification
A total sample size of 600 caregivers of children presenting with

fever at the five study clinics was sought, stratified equally by those

with a laboratory-confirmed malaria diagnosis, those with a

laboratory-negative malaria diagnosis, and those without a

laboratory diagnosis. The sample size for estimating the sensitivity

and specificity of caregiver recall of diagnostic result, malaria

diagnosis, and antimalarial treatment was based on the probability

of committing a type 1 error of 5% (two-tailed test), a sensitivity of

70%–80%, a specificity of 80%–90%, a precision of 67.0%, and

an interview refusal rate of 10%, resulting in a sample size of 200

caregivers of children who tested positive for malaria and 200

caregivers of children who tested negative for malaria. Children

across the five study clinics presenting with fever were selected

accordingly, based on stratification by malaria diagnosis. To assess

the sensitivity and specificity of caregiver recall of whether the

child received a finger/heel stick for malaria diagnosis, an

additional 200 caregivers of children who did not receive a

finger/heel stick were selected, based on the same parameters

outlined above.

Statistical Analysis
For the primary outcomes related to measuring the coverage of

malaria diagnosis and treatment, SAS 9 was used to obtain

estimates of sensitivity, specificity, and accuracy, along with 95%

confidence intervals (CIs). Standard errors and accompanying

95% CIs for all descriptive point estimates and outcomes were

estimated with the Huber–White Sandwich estimator to account

for correlated data at the health facility level.

Differences in sensitivity, specificity, and accuracy of malaria

diagnosis and treatment between clinics, child characteristics, and

caregiver socio-demographic characteristics were tested using chi-

square (x2). Fisher’s exact test was used where any cell count was

below ten. Separate logistic regression models were used to assess

the association of child and caregiver characteristics with the

outcomes of sensitivity, specificity, and accuracy for malaria

diagnosis and treatment. As there was considerable heterogeneity

across the five clinics with respect to malaria diagnosis, logistic

regression models were constructed using both clinic as a random

effect and clinic as an independent cluster in generalized

estimating equation models. The models with clinic as a random

effect yielded more conservative estimates than the generalized

estimating equation models in all instances, and were thus chosen

to account for heterogeneity across the five health facilities. The

final models included child age in years, sex, days to follow-up,

caregiver’s age category, caregiver’s relationship with child

(mother or not), caregiver’s education, and household wealth

quintile, with clinic included as a random effect. Diagnostic test

(laboratory versus clinical) was included in models for the

outcomes of recall of a positive malaria diagnosis and whether

the child was given ACT.

Using the observed sensitivity and specificity in this study for

caregiver recall of finger/heel stick, positive diagnostic result,

positive malaria diagnosis (laboratory confirmed or clinical), and

ACT given, estimates for the coverage of these interventions that

one would expect from a household survey of caregivers’ recall

were modeled across true intervention coverages (observed at

clinic) ranging from 0% to 100% as follows: estimated coverage

from caregiver recall = (true coverage at clinic6sensitivity)+[(12

true coverage at clinic)6[12specificity)]. Thus, at zero interven-

tion coverage at a clinic (e.g., no finger/heel stick available/

offered), the estimated coverage from caregiver recall is equal to

the observed 1 – specificity, while at 100% coverage at the clinic,

the estimated coverage from caregiver recall is equal to the

observed sensitivity. Random sensitivity and specificity (i.e., 50%

each) would be expected to yield 50% intervention coverage from

caregiver recall, irrespective of the true coverage at a clinic.

Results

A total of 644 caregivers of children seeking treatment at the five

outpatient study clinics were asked to participate in the study. A

total of 601 caregivers agreed to be followed up, consented to take

part in the study at the time of the follow-up interview, and

completed the questionnaire, resulting in a nonresponse rate of

6.7%.

Nearly all (96.5%) of the 115 children diagnosed with malaria in

the Mulamba clinic received a diagnosis based on clinical

examination rather than on the results of a laboratory test

(Table 1). Nearly all (98.3%) of malaria diagnoses in children in

the other four study clinics were based on an RDT (one based on

microscopy). Among children ,5 y old seeking treatment across

the five study clinics, if they received a malaria diagnosis, it was

based on a laboratory test 67.4% of the time. Of children with a

malaria diagnosis, nearly all (97.7%) received an antimalarial, of

which 92.1% received the ACT Coartem.

The vast majority (93.3%) of caregivers interviewed at follow-up

were the mother of the child, with nearly all (95.7%) being the

same person who took the child to the clinic visit (Table 1). Nearly

all (95.3%) caregivers interviewed at their homes for the follow-up

visit were female, the majority were less than 34 y old, and most

had at least some primary school, with a third having attended

secondary school or higher (Table 1).

Differences in socio-demographic characteristics of children and

caregivers across the five clinics are shown in Table S1. Children

were similar across the five study clinics with respect to age and sex

(Table S1). Caregivers were similar across study clinics in age, but

varied slightly across clinics by sex, relationship to child,

education, and household wealth.

Nearly all (96.0%) of the 601 children included in the study

were reported to have had a fever in the past 2 wk by the caregiver

at the follow-up interview (Table 2). Based on clinic observation,

two-thirds (66.9%) of all children were given either an RDT or

microscopy (only one child received microscopy) to test for

malaria. Of those tested (n = 402), over half (58%) had a positive

test result. Of all children (n = 601), over half had a diagnosis of

malaria at the clinic visit, either laboratory confirmed or clinically

diagnosed.

During the home interviews, only two-thirds (67.6%) of

caregivers recalled that the child was taken to a health facility

for a fever in the past 2 wk (among those children with a fever in

the past 2 wk, n = 577; Table 2). This recall did not vary by

whether the caregiver was the mother of the child or someone else

in the household (x2 = 0.70, df = 1, p = 0.4033). However, the

caregiver was significantly more likely to have correctly recalled

that the child was taken for treatment for the fever if they were the

same person who took the child to the clinic (x2 = 5.0, df = 1,

p = 0.0279).

Accuracy of Malaria Recall from Household Surveys
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The sensitivity, specificity, and accuracy of recalling whether the

child received a finger/heel stick, a positive laboratory test result, a

positive malaria diagnosis, and treatment with an ACT varied

significantly across the five study clinics (Tables S2 and S3). While

no clear pattern emerged, caregivers of children seen at the

Mwanambuyu clinic had the most accurate recall of these events,

while caregivers from the Kahare, Luampa, and Mulamba clinics

had the least accurate recall of these events.

Of all children sampled, caregivers’ recall of their child

receiving a finger or heel stick was nearly identical to their recall

that the child was tested for malaria with a laboratory test (43.7%

and 43.3%, respectively; Table 2). Of children tested (n = 260),

90.0% of their caregivers reported that the results were shared

with them, with two-thirds (67.3%) reporting that the test was

positive. Among all children, over half the caregivers (53.4%)

recalled that a malaria diagnosis (laboratory confirmed or clinical)

was made, and over half (50.6%) reported that the child received

an ACT.

Of children with fever in the past 2 wk (n = 577), the sensitivity

for recalling that a finger/heel stick was done was 61.9% (95% CI

58.1%–67.7%), with a specificity of 90.0% (95% CI 85.7%–

94.2%); results of recalling whether a malaria laboratory test was

performed were nearly identical. Based on the random effects

logistic regression (Table S4), there was no association between

caregiver recall of a finger/heel stick and child and caregiver

characteristics.

Compared to the gold standard of clinic observation, for

children with fever in the past 2 wk who received a laboratory

diagnosis at the clinic, the sensitivity for recalling that it was

positive was 62.4% (95% CI 56.1%–68.7%), with a specificity of

90.7% (95% CI 86.3%–95.2%). Table S4 presents the random

effects logistic regression models assessing factors related to the

Table 1. Characteristics of the children, caregivers, and clinics included in the study, Western Province, Zambia, 2012.

Characteristic Number Point Estimate (Percent) 95% CI Sample Size

Child age in yearsa 601

0 145 24.1 20.8–27.4

1 168 28.0 17.9–38.0

2 121 20.1 17.4–22.8

3 94 15.6 11.6–19.6

4 73 12.1 6.5–17.8

Female childa 304 50.6 45.8–55.4 601

Age of caregiver in yearsa 601

18–24 247 41.1 31.6–50.6

25–34 241 40.1 34.6–45.6

35–44 97 16.1 13.0–19.3

45 or older 16 2.7 0.0–6.7

Female caregivera 573 95.3 89.2–100.0 601

Mother of child as caregivera 561 93.3 82.5–100.0 601

Caregiver interviewed same as who took child to clinic visita 575 95.7 88.9–100.0 601

Caregiver educationa 601

None 42 7.0 1.1–12.9

At least some primary 346 57.6 39.2–75.9

Secondary or higher 213 35.4 15.2–55.7

Mean number of days between clinic visit and survey
interviewa

5.2 2.8–7.5 601

Proportion of observations from each clinic 601

Kahare 114 19.0 15.8–22.1

Luampa 101 16.8 13.8–19.8

Mulamba 149 24.8 21.3–24.1

Mwanambuyu 125 20.8 17.5–24.1

Nkeyema 112 18.6 15.5–21.8

Proportion of malaria diagnoses that were laboratory
confirmed

Kahare 48 100 — 48

Luampa 42 97.7 93.0–100 43

Mulamba 4 3.5 0.1–6.9 115

Mwanambuyu 61 95.3 90.0–100 64

Nkeyema 83 100 — 83

aStandard errors estimated using the Huber–White Sandwich estimator to account for correlated data at the facility level.
doi:10.1371/journal.pmed.1001417.t001
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sensitivity, specificity, and accuracy of a caregivers’ recall. The

accuracy of recall of a positive test result was also significantly

higher in caregivers with secondary or higher education, as

compared to those with just primary education.

Among all children with a fever in the past 2 wk, the sensitivity

of recalling that the child was diagnosed with malaria, irrespective

of whether a laboratory test was actually done, was 76.8% (95%

CI 72.4%–81.3%), with a specificity of 75.9% (95% CI 70.4%–

81.4%). Based on logistic regression (Table S4), the sensitivity of

recalling that a malaria diagnosis was made was significantly better

when a laboratory diagnosis was used, as compared to clinical

diagnosis (adjusted odds ratio = 1.4, 95% CI 1.3–1.6).

Compared to clinic observation, among children with a fever in

the past 2 wk, the sensitivity and specificity for recalling that an

ACT was given were 81.0% (95% CI 76.8%–85.2%) and 91.5%

(95% CI 87.9%–95.1%), respectively, resulting in an accuracy of

85.3% (95% CI 82.4%–88.2%; Table 3). Recall that any

antimalarial was given was nearly identical. Logistic regression

showed that the accuracy of recalling that an ACT was given was

significantly better when the child received a laboratory diagnostic

test (adjusted odds ratio = 1.2, 95% CI 1.1–1.3), as compared to

clinical diagnosis (Table S4).

The modeled coverage of finger/heel stick ascertained from

caregiver recall at various coverage scenarios, based on the

sensitivity and specificity observed in this study, shows that at low

coverage levels, caregiver recall would tend to only slightly

overestimate the true coverage of finger/heel sticks at clinics

(Figure 2). However, where about 80% of children with a fever

actually receive a finger/heel stick at clinics, the low sensitivity of

caregiver recall of this happening would lead to a substantial

underestimation of the coverage of this indicator. Modeled

estimates of the recall of a positive malaria diagnosis based on

the accuracy of caregivers’ recall show this indicator to perform

poorly, with substantial overestimation when the true level of

malaria diagnosis in clinics is low, and substantial underestimation

when positive malaria diagnoses are common (i.e., above 50%).

The modeled estimates of the recall that a child with a fever

received an ACT based on the accuracy of caregivers’ recall

performed much better, with only a slight overestimation when

actual prescription of ACT is low (i.e., below 20%), while yielding

a slight underestimation when prescription of ACT is more

common.

Discussion

A cross-sectional study was conducted in five rural health clinics

in Kaoma District, Zambia, to estimate the sensitivity, specificity,

and accuracy of caregivers’ recall of malaria testing, malaria

diagnosis, and antimalarial treatment. Observation of malaria

diagnosis and treatment at the clinics served as the gold standard.

Overall, the sensitivity of caregiver recall that a malaria

diagnostic test was performed on a child reported to have had a

fever in the past 2 wk was poor in this setting, irrespective of

whether the questionnaire asked if a finger or heel stick was done

(62.9%) or whether a blood test for malaria was done (61.9%).

Estimates of specificity for these questions were higher, at 90.0%

and 89.4%, respectively. These results mean that about four out of

ten respondents do not recall that a malaria diagnostic test was

done when in fact the child received one, while relatively few (one

in ten) incorrectly recall that a diagnostic was done when in reality

one was not done. These results suggest that while there is

substantial recall error (i.e., forgetting a child received a test), there

is limited information bias related to stating a child received

something he or she did not really receive. These results further

Table 2. Characteristics of treatment recall by caregivers and observation at study clinics, Western Province, Zambia, 2012.

Characteristic Number
Point Estimate
(Percent) 95% CI

Sample
Size

Caregiver recall for household interview

Child with fever in past 2 wk 577 96.0 86.8–100.0 601

Child taken for treatment for fever, of those with fever in past 2 wk 390 67.6 33.8–100.0 577

Child received finger/heel stick 263 43.7 0.0–89.5 601

Child tested for malaria with RDT 259 43.1 0.0–89.0 601

Child tested for malaria with microscopya 1 0.2 0–0.6 601

Of those for whom caregiver recalled child being tested, caregiver had result shared with them 234 90.0 79.6–100.0 260

Of those for whom caregiver recalled child being tested, child with positive test 175 67.3 39.9–94.7 260

Child with malaria diagnosisb 321 53.4 40.3–66.5 601

Child given any antimalarial 328 54.6 19.6–89.5 601

Child given ACT 304 50.6 12.2–89.0 601

Observed at clinic

Child tested for malaria with RDT 401 66.7 12.2–100.0 601

Child tested for malaria with microscopya 1 0.2 0–0.6 601

Of tested, child with positive test 233 58.0 40.2–75.7 402

Child with malaria diagnosisb 353 58.7 37.0–80.4 601

Child given any antimalarial 381 63.4 43.2–83.6 601

Child given ACT 351 58.4 34.2–82.6 601

All standard errors estimated using the Huber–White Sandwich estimator to account for correlated data at the facility level.
aOnly one child tested with microscopy.
bIncludes laboratory-confirmed malaria and clinical diagnosis based on symptoms.
doi:10.1371/journal.pmed.1001417.t002
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suggest that the indicator used for measuring the coverage of

laboratory diagnosis of malaria among children with a fever in the

past 2 wk will yield substantial underestimates of RDT and

microscopy coverage, within similar settings. This finding is

consistent with the 2010 Zambia MIS, which showed a lower

estimate of children receiving a finger or heel stick than what

would be expected based on the programmatic data on the

availability and use of RDTs across public facilities in Zambia [6].

Of those children that actually received a laboratory diagnosis,

the sensitivity (62.4%) and specificity (90.7%) of recalling a positive

test result were very similar to those of recalling that the test was

done. This suggests that many caregivers fail to recall a positive

test result, while relatively few state the child had a positive test

result when they actually did not.

Among children with a fever in the past 2 wk, irrespective of

whether a laboratory or clinical diagnosis was used at the clinic,

there was relatively poor sensitivity (76.8%) and specificity (75.9%)

of caregiver recall that a positive malaria diagnosis was made. The

sensitivity and specificity of caregiver recall of a positive malaria

diagnosis were significantly lower in the Mulamba clinic, which

primarily based malaria diagnosis on clinical symptoms because of

a stock-out of RDTs. This coincides with the finding that a

laboratory diagnosis results in significantly better sensitivity

(86.6%) of caregiver recall of a positive malaria diagnosis, as

compared to a clinical diagnosis (57.0%). While the sensitivity of

caregiver recall of a malaria diagnosis may improve as RDTs are

scaled up across Africa and more children receive laboratory

diagnoses, these results clearly suggest that more can be done to

ensure physicians and nurses share the child’s diagnosis with the

caregiver at the visit.

Within this setting, the sensitivity (81.0%) and specificity

(91.5%) of caregiver recall that the child received an ACT was

reasonably high, resulting in an overall accuracy of 85.3%. These

results suggest that the indicator for measuring the coverage of

children with a fever in the past 2 wk who received an ACT may

yield reasonable estimates. However, this study included only

public clinics in Zambia where ACTs are supplied free of charge

and where a concerted effort has been made to limit the use of

monotherapies, such as sulfadoxine-pyrimethamine and chloro-

quine, for treating uncomplicated malaria in children [3,11]. The

estimates of sensitivity and specificity of ACT recall observed in

this setting may be considerably higher than in other settings

where ACTs are not free and where substantial use of antimalarial

monotherapies persists; use of antimalarial monotherapies may be

especially high in settings where a large share of children are taken

to private facilities [12].

The Mwanambuyu clinic had consistently higher accuracy of

recall of a finger/heel stick, a positive malaria test result, malaria

diagnosis, and whether the child received an ACT (Tables S2 and

S3). We surmise this was likely due to the population of the clinic

having a higher education level (Table S1).

The standard recall period for asking about details of treatment

of fevers in children in the DHS and MICS surveys is 2 wk. In this

study setting, there was no observed drop-off in the sensitivity,

specificity, and accuracy of caregiver recall of malaria diagnosis

and treatment at a clinic visit that occurred 0–6 d prior to the

survey interview compared to one that occurred 7–14 d prior.

This suggests that there would be no benefit of improving the

accuracy of caregiver recall by limiting survey questions to

children that had a fever within a shorter time frame than the

previous 2 wk.

The DHS survey asks details about a child’s fever episode from

the mother, while the MICS survey asks these details from the

mother, if available, or, if the mother has died or does not live at
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the house, from a caregiver who is present in the house [13]. It is

helpful that results from this study show little if any difference

between the accuracy of recall of malaria diagnosis and treatment

based on whether the caregiver is the mother or someone else in

the house that cares for the child. This reinforces the compara-

bility between the DHS and MICS surveys for measuring malaria

treatment coverage indicators.

Several similar studies published as companion papers in this

Collection measured the validity of indicators from household

coverage surveys in estimating the prevalence of health events

[14,15]. Coinciding with our results of poor recall of malaria

diagnosis, results from the study of childhood pneumonia

prevalence and antibiotic treatment prevalence generally showed

poor sensitivity and specificity for the classification of ‘‘true

pneumonia’’ as opposed to ‘‘suspected pneumonia’’ or ‘‘symptoms

of acute respiratory infection’’ and, subsequently, appropriate

antibiotic treatment [14] While there is some evidence that

caregiver recall of past health events may be highly sensitive and

specific in some instances, including mothers’ recall of child

vaccination status [16], several studies have shown recall of

previous health events to be quite poor and often biased. A study

of recall of essential drug treatment dosage and duration in rural

Burkina Faso showed that while approximately 70% of patients

interviewed after initial consultation could remember the dosage of

drugs, only 30% recalled the duration of appropriate treatment

[17]. While our study showed that caregivers recalled a child

receiving an ACT with relatively high sensitivity and specificity,

the results on other indicators, including whether or not the child

received a malaria diagnostic test and the results of the test, were

much less promising. This indicates that it will be difficult to

estimate accurately the proportion of children receiving appropri-

ate malaria treatment with household survey methods. Though

our study found high sensitivity and specificity of fever recall, this

may be due to interviewer bias or to participation in the study

positively influencing recall. Measures of fever, clinic attendance,

and antimalarial prescription recall conducted in Demographic

Surveillance System settings in western Kenya indicated that fever

recall over a 2-wk period underestimates the true prevalence

because of recall bias, and that the bias tends to increase when the

time from the symptom to the interview increases; such changes

were more pronounced among caregivers than among adult

patients [18]. That study also showed similar results for

documented clinic attendances, antimalarial prescriptions, and

antibiotic prescriptions. Furthermore, differences in questionnaire

Figure 2. Modeled diagnosis and treatment coverage based on sensitivity and specificity of caregiver recall across actual
intervention coverages in a given community. Proportions of patients actually experiencing each event at the study clinics are illustrated with
red arrows. The solid black line at a 45u angle represents 100% sensitivity and specificity. Estimates for the coverage of these interventions expected
from a household survey from caregiver recall with the sensitivity and specificity observed in this study (blue line) were modeled for true intervention
coverages (observed at clinic) ranging from 0% to 100% as follows: estimated coverage from caregiver recall = (true coverage at
clinic6sensitivity)+[(12true coverage at clinic)6[12specificity)].
doi:10.1371/journal.pmed.1001417.g002
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design may also influence the results for recall of past health

events; a study of antimalarial drug utilization recall conducted in

Mozambique indicated that recall of which antimalarial drug was

used to treat a past episode of malaria could be influenced by the

ordering of the drugs as read to the respondent [19].

Results from this study should be treated with caution for

several reasons. First, this study may have limited broad external

validity across Zambia and other African settings for several

reasons, and results may actually represent a best-case scenario

for the accuracy of caregiver recall of malaria diagnosis and

treatment events. This study was conducted among only five

public health clinics in a single rural district of Zambia selected

by convenience; they are not representative of all of Zambia.

Zambia has achieved substantial scale-up of malaria control

measures with considerable resources from the government and

international donors [20]. One hundred percent laboratory

confirmation of suspected malaria is encouraged under the

current national diagnosis and treatment policy, with substantial

resources allocated to scaling up use of RDTs since 2007 [3].

Compared to many other African settings, there may have been

fewer stock-outs of ACTs. Second, while details of the study aims

and objectives were not explicitly presented to the clinic staff, it is

possible their behaviors were influenced by a ‘‘malaria study’’

being conducted, which may have influenced caregiver recall.

Similarly, while caregivers recruited into the study were not

informed of the exact details of the study until the informed

consent was obtained at the start of the follow-up interview, it is

possible that by agreeing to a follow-up at their home for a

‘‘malaria study,’’ their recall of events at the clinic may have been

biased. Third, while the information in the clinic visit sheets was

entered by the attending health professionals themselves, we were

not able to validate this information against a secondary direct

observation. And last, props, such as the box that Coartem

(artemether/lumefantrine) most commonly comes in or com-

monly used RDT cassettes, were not used during the survey

interviews. It is possible the lack of such props, which are

commonly used in many national surveys, may have hindered the

accuracy of caregiver recall [7].

Conclusions and Recommendations
While specificity of caregiver recall was reasonable, compared

to a gold standard of direct observation at clinics, results from this

study show there to be relatively poor sensitivity of caregiver

recall of receiving a malaria diagnostic test and having the

diagnostic test result shared, for children with a fever in the past

2 wk. These results suggest that at the current low coverage levels

of malaria diagnosis across most African countries, estimates of

diagnostic coverage may be reasonable (with slight overestimation

due to less than perfect specificity), but as coverage in the

population increases, survey estimates will yield increasingly

larger underestimates of the true coverage because of the poor

sensitivity of caregiver recall. Using household surveys to measure

trends in the population coverage of laboratory diagnostics would

therefore mask the true program success where high coverage of

access to laboratory diagnoses is achieved. Recall of malaria

diagnosis for children with a fever, irrespective of whether a

laboratory diagnosis was made, had poor sensitivity and

specificity, rendering this a very poor indicator for program

managers to assess trends over time for this indicator. However,

the accuracy of caregiver recall that a child received an ACT was

relatively high in this setting, suggesting that the current indicator

for measuring the coverage of children with a fever in the past

2 wk who received an ACT may yield reasonable estimates in

similar settings, and may prove useful for measuring trends over

time.

Based on these findings, results from surveys should continue to

be used for ascertaining the coverage of children with a fever in the

past 2 wk that received an ACT. However, as recall of a malaria

diagnosis remains suboptimal, its use in defining malaria treatment

coverage is not recommended.

As laboratory diagnosis is scaled up, these results suggest recall

of any malaria diagnosis may improve; continued research to

assess changes in malaria diagnosis recall as RDTs are scaled up is

recommended. In the meantime, better communication between

health professionals and caregivers should be promoted through

additional training, with a focus on communicating diagnostics

used, the child’s diagnosis, and the treatment provided. For

tracking progress towards targets for prompt, effective treatment of

malaria, it is recommended that program managers and policy

makers use household survey data only for measuring coverage of

treatment seeking for fevers and access to antimalarial drugs. If

possible, these data should then be supplemented with data from

health system programs on the proportion of suspected malaria

cases that receive a laboratory malaria diagnostic test, and the

proportion of suspected and laboratory-confirmed malaria cases

that receive the appropriate antimalarial. Where possible, studies

consisting of exit interviews with caregivers following fever

consultations would also prove useful for estimating the proportion

of children receiving appropriate malaria diagnosis and treatment

at the health system level.
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Editors’ Summary

Background. The World Health Organization estimates that
there are over 200 million cases of malaria each year, with
nearly 1 million deaths. The majority of these deaths are
among children living in sub-Saharan Africa, and Plasmodium
falciparum is the parasite responsible. Malaria transmission
can be prevented by insect control measures, and current
treatment regimens use antimalarial drugs. Recently, the use
of highly effective artemisinin-based combination treat-
ments (ACTs) has significantly reduced the deaths and
disability caused by malaria. To avoid drug overuse and the
development of parasite resistance to ACTs, the World
Health Organization recommends that before treatment with
ACTs, a laboratory test to confirm malaria should be
performed. Rapid diagnostic tests (RDTs) allow health
workers to diagnose malaria in settings lacking laboratory
facilities, thus providing a method for improving malaria
diagnosis and reducing the overuse of ACTs.

Why Was This Study Done? The success of RDTs and
ACTs across Africa in combating malaria is measured by
standardized national household surveys. These surveys
assess the proportion of children with a fever in the past
two weeks who have received an antimalarial treatment
within 1–2 days of the onset of fever. The surveys do not
distinguish between treatment of a suspected malaria case
and one that was laboratory confirmed. Due to the
availability and scale-up of RDTs in many African countries,
caregivers and mothers are also now asked in national
surveys if the child was tested for malaria, but are not usually
asked for the result of any malaria diagnostic test given.
Knowing whether a child has been diagnosed with malaria is
necessary to construct a better indicator of what proportion
of children receive an effective and appropriate antimalarial
within the appropriate treatment time frame. This indicator is
important because it provides more insight into the current
diagnosis and treatment policies in most African countries.
Biased coverage estimates for diagnosis and treatment may
result from these types of surveys because survey questions
to caregivers of children concerning fever in the past two
weeks, treatment-seeking behavior, and malaria diagnosis
and treatment can be particularly subject to sources of error
and bias. Despite this possibility, these indicators and

surveys have not been checked against direct observation
of the children to assess the validity of caregivers’ recall and
household surveys to gauge appropriate treatment of
malaria in children.

What Did the Researchers Do and Find? In this study,
the authors investigated the validity of caregiver recall of
malaria diagnosis and treatment in children under five years
old. The authors did a cross-sectional study of five public
clinics in Kaoma District, Western Provence, Zambia, to
estimate the sensitivity, specificity, and accuracy of caregiv-
ers’ recall of malaria testing, malaria diagnosis, and antima-
larial treatment, and compared the surveys to direct
observation at the health clinics. The results from this study
demonstrate low sensitivity of caregiver recall of malaria
diagnostic use, test results, and malaria diagnosis among
children who had a fever in the past two weeks. However,
the accuracy of caregiver recall that a child received an ACT
was relatively high in this setting. This suggests that the
current indicator for measuring the coverage of children with
a fever in the past two weeks who received an ACT can be
applied in similar settings, and may be useful for estimating
infection and treatment over time.

What Do These Findings Mean? These findings suggest
that results from household surveys are accurate for
obtaining information about the coverage of children with
a fever in the past two weeks that receive an ACT. However,
as caregiver recall of a malaria diagnosis is not highly
sensitive, the authors suggest that malaria diagnosis from
caregiver recall in household surveys is not recommended
for defining malaria treatment coverage.

Additional Information. Please access these websites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1001417.

N More information about malaria is available from
MedlinePlus , the World Health Organization, and the US
Centers for Disease Control and Prevention

N The Roll Back Malaria Partnership brings numerous
organizations together to combat malaria around the globe
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Abstract: Pneumonia remains a major cause of child
death globally, and improving antibiotic treatment rates is
a key control strategy. Progress in improving the global
coverage of antibiotic treatment is monitored through
large household surveys such as the Demographic and
Health Surveys (DHS) and the Multiple Indicator Cluster
Surveys (MICS), which estimate antibiotic treatment rates
of pneumonia based on two-week recall of pneumonia by
caregivers. However, these survey tools identify children
with reported symptoms of pneumonia, and because the
prevalence of pneumonia over a two-week period in
community settings is low, the majority of these children
do not have true pneumonia and so do not provide an
accurate denominator of pneumonia cases for monitoring
antibiotic treatment rates. In this review, we show that the
performance of survey tools could be improved by
increasing the survey recall period or by improving either
overall discriminative power or specificity. However, even
at a test specificity of 95% (and a test sensitivity of 80%),
the proportion of children with reported symptoms of
pneumonia who truly have pneumonia is only 22% (the
positive predictive value of the survey tool). Thus,
although DHS and MICS survey data on rates of care
seeking for children with reported symptoms of pneu-
monia and other childhood illnesses remain valid and
important, DHS and MICS data are not able to give valid
estimates of antibiotic treatment rates in children with
pneumonia.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

Pneumonia has been the largest single cause of child death over

the 2000–2015 Millennium Development Goal period [1,2], and

despite large falls in global under-five mortality, pneumonia

remains the major single cause of child death in the post-neonatal

period [3]. Recent estimates suggest that pneumonia accounted for

about 0.32 million deaths in the first month of life and 1.1 million

post-neonatal child deaths in 2010—over 14% of all child deaths

under five years of age. These estimates, together with an analysis

of the rate of fall of cause-specific child mortality, suggest that

efforts to reduce child deaths from pneumonia will have to be

accelerated if the target of Millennium Development Goal 4—to

reduce child mortality by two-thirds between 1990 and 2015—is

to be met [3]. Moreover, pneumonia accounts for a substantial

percentage of all paediatric out-patient attendances, in-patient

admissions, and antibiotic prescriptions in health services in low-

and middle-income countries (bacterial pneumonia is the major

cause of severe episodes of pneumonia and death from pneumo-

nia) and so places a large burden on these health services and on

the families involved [4].

Several effective interventions are available to tackle the

challenge of childhood pneumonia, as recently summarised in a

series of review articles commissioned as part of the Global Action

Plan for the Prevention and Control of Pneumonia [4,5]. Key

amongst these interventions are immunisation and correct case

management of young children with pneumonia who present to

trained health workers. Both of these strategies have been shown

to be effective through controlled trials [6,7]. However, although

there are robust and accurate mechanisms to measure the

performance and progress of immunisation programmes, there

are no well-established monitoring methods for (community) case

management programmes.

The two major interventions that reduce mortality from

bacterial pneumonia are antibiotic treatment (for all cases) and
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oxygen therapy (in those children who have hypoxaemia). Thus,

programme monitoring of case management programmes at

(sub-) national, regional, and global levels requires the accurate

measurement of the percentage of children with pneumonia in a

defined population who receive antibiotic therapy.

Unfortunately, caregivers of sick children with pneumonia often

do not seek antibiotic treatment from trained health providers.

Findings from eight studies from seven low- and middle-income

countries that interviewed caregivers of young children with

pneumonia suggest that caregivers sought care from an appropri-

ate health provider who could give correct antibiotic treatment in

only about half of pneumonia episodes [8–15]. These findings

highlight the need for community-based rather than hospital-

based studies to measure antibiotic treatment rates in children with

pneumonia if a true population-based estimate is to be made

(rather than a biased estimate based on the unrepresentative

subgroup of children whose caregivers seek care). Furthermore,

the availability of first and second line antibiotics within first level

health facilities in low- and middle-income countries may be poor

and may vary markedly across institutions, again suggesting that a

population-based survey is required.

Programme monitoring therefore needs to identify a represen-

tative group of children who have recently had an episode of

pneumonia and then investigate what proportion of these children

received (correct) antibiotic treatment. In recent years, the

Demographic and Health Surveys (DHS) and the United Nations

Children’s Fund Multiple Indicator Cluster Surveys (MICS) have

undertaken these processes in low- and middle-income countries.

Specifically, these surveys ask caregivers to recall symptoms and

signs of pneumonia in their children, which provides the

denominator of pneumonia cases, and collect data from caregivers

on antibiotic treatments received, which allows the antibiotic

treatment rate to be estimated. In this review, which is part of the

PLOS Medicine ‘‘Measuring Coverage in MNCH’’ Collection, we

consider how our current understanding of the epidemiology of

childhood pneumonia can inform the design and interpretation of

surveys seeking to monitor antibiotic treatment rates.

Disease Prevalence and Survey Sample Size

It is reasonable to assume that the data used to monitor

antibiotic treatment rates will not be widely available from cohort

studies but will be measured in cross-sectional surveys. The power

of such surveys can be roughly estimated by assuming that there is

no seasonality of pneumonia incidence and that the duration of

pneumonia symptoms is one week on average. A cross-sectional

survey of 1,000 young children that enquires about symptoms of

pneumonia that were present in the past two weeks should identify

approximately 18 caregivers whose child truly had an episode of

pneumonia at some point within this recall period. This two-week

period prevalence is calculated from a summary estimate of

pneumonia incidence of 300 cases per 1,000 children per year in

low- and middle-income countries based on a systematic review of

population-based cohort studies using standard case definitions

that are consistent with the World Health Organization Integrated

Management of Childhood Illness case definition of pneumonia

[16]. This summary estimate equates to about six new episodes per

week per 1,000 children. Children with new episodes that arise

over a three-week period will have pneumonia symptoms falling

within the two-week period if the child is symptomatic for one

week.

Efforts can then be made to establish whether the children with

pneumonia received appropriate antibiotic treatment. To estimate

a treatment rate of 50% with a precision of 65% (95% confidence

interval of 45%–55%) would require 385 children with pneumonia

to be surveyed, and this in turn would require a survey sample size

of about 20,000 children. Thus, surveys of many thousand

caregivers of young children are required to generate a sufficiently

large denominator of ‘‘children with pneumonia’’ from which to

measure antibiotic treatment rate. The only such surveys that are

conducted widely in low- and middle-income countries at this scale

are the DHS and MICS surveys. Both types of survey collect

information on children with cough accompanied by rapid or

difficult breathing that is due to a problem in the chest. DHS refers

to these children as having ‘‘symptoms of acute respiratory

infection’’; MICS refers to them as ‘‘suspected’’ cases of

pneumonia. Neither of these survey programmes claims that

actual cases of pneumonia are measured through the questions

included in the surveys.

How Well Do Reported Symptoms and Signs of
Pneumonia Indicate the Presence of True
Pneumonia?

We have previously reported that in conditions of low disease

prevalence it is very challenging to obtain an accurate estimate of

the true number of episodes of a condition from a screening test—

in this case eliciting caregiver report of symptoms of pneumonia or

‘‘suspected pneumonia’’ based on clinical signs recognised by the

caregiver (as in DHS and MICS surveys) [17]. For simplicity,

throughout the rest of this paper, we will refer to these as cases of

‘‘suspected pneumonia’’.

Table 1 shows a schematic distribution of cases of ‘‘true

pneumonia’’ (true disease) according to caregiver report of

‘‘suspected pneumonia’’ (reported symptoms) and true disease

status. The sensitivity, specificity, positive and negative predictive

values of the survey (test characteristics), and disease prevalence

can all be calculated from the numbers of children in cells a–d of

this table (see Box 1). As we will now discuss, plausible values of

pneumonia prevalence and of sensitivity and specificity can be

inserted into these 262 tables, and the findings can be used to

better understand the output of DHS and MICS surveys.

Our first example (Table 2) considers a scenario where 1,000

caregivers are surveyed, the test sensitivity is 80%, and the test

specificity is 85%. This corresponds to roughly the level of

sensitivity that has been reported for a trained health worker

assessment of pneumonia at a health centre based on clinical signs

Table 1. Distribution of cases of ‘‘true pneumonia’’ (true
disease) according to caregiver report of ‘‘suspected
pneumonia’’ (reported symptoms) and true disease status.

Reported Symptoms True Disease

Present Absent Total

Present a b

Absent c d

Total

Cell a represents children with ‘‘true pneumonia’’ (true positives) whose
caregiver gave a report of ‘‘suspected pneumonia’’ (test positive). Cell b
represents children without pneumonia (true negatives) whose caregiver gave
a report of ‘‘suspected pneumonia’’ (test positive). Cell c represents children
with ‘‘true pneumonia’’ (true positives) whose caregiver did not give a report of
‘‘suspected pneumonia’’ (test negative). Cell d represents children without
pneumonia (true negatives) whose caregiver did not give a report of
‘‘suspected pneumonia’’ (test negative).
doi:10.1371/journal.pmed.1001421.t001
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but assumes a higher level of specificity than is usually achieved in

these circumstances. It is unlikely that the performance of

caregiver report of ‘‘suspected pneumonia’’ will reach these levels

of sensitivity and specificity, and this scenario is therefore likely to

give an over-optimistic picture of the ability of surveys based on

caregiver report to discriminate true pneumonia. Table 2 illus-

trates that in this scenario there would be 161 reports of

‘‘suspected pneumonia’’ and 18 cases of true pneumonia among

the children of the 1,000 caregivers surveyed—a ratio of reported

‘‘suspected pneumonia’’ to true pneumonia of 8.9:1 (161/18).

Thus, ‘‘suspected pneumonia’’ in this setting is a very inaccurate

measure of true pneumonia frequency. Furthermore, of the 161

cases of ‘‘suspected pneumonia’’ for which the caregiver would be

questioned about receipt of antibiotic treatment, only 14/161

(8.7%, the positive predictive value of the survey tool) would have

true pneumonia, making ‘‘suspected pneumonia’’ a very unreliable

denominator from which to calculate antibiotic treatment rate. If

all 14 children with true pneumonia correctly received antibiotic

treatment and all the cases without true pneumonia correctly did

not receive antibiotic treatment, then this would be recorded as an

antibiotic treatment rate of about 9%, and programme efforts to

substantially increase this rate would only serve to promote the

over-prescription of antibiotics.

It is possible that, due to a different ‘‘case mix’’ (a different

proportion of completely well children) at the household and at the

health centre level, the specificities of ‘‘suspected pneumonia’’ in

household surveys could be higher than those based on clinical

signs recorded by trained health workers at the health centre.

Thus, in Tables 3 and 4, we illustrate examples with higher test

specificities. As the test specificity rises to very high levels (95% and

99%, respectively), the ratio of reported ‘‘suspected pneumonia’’ to

true pneumonia falls to 3.5:1 (63/18) and 1.3:1 (24/18),

respectively—still overestimates of pneumonia prevalence but

much less inaccurate. In addition, as the specificity increases, the

proportion of ‘‘suspected pneumonia’’ that is true pneumonia (the

positive predictive value of the tool) rises to 22% (14/63) and 58%

(14/24), respectively. Thus, maximising test specificity has the

potential to make large improvements to the validity of the

denominator that is used to measure pneumonia treatment rates.

An increase in specificity from 80% to 99% increases the

proportion of ‘‘suspected pneumonia’’ that is truly pneumonia

(the positive predictive value) from less than 9% (Table 2) to

approximately 58% (Table 4).

By contrast, decreasing test sensitivity from 80% to 60% with a

fixed specificity of 95% has only a modest impact on the ratio of

reported ‘‘suspected pneumonia’’ to true pneumonia, which falls

only slightly from 3.5:1 (63/18) (Table 3) to 3.3:1 (60/18) (Table 5).

Moreover, the positive predictive value falls only slightly from 22%

(4/63) (Table 3) to 18% (11/60) (Table 5). Since increasing test

specificity is usually linked to falling test sensitivity, it is clear that

maximising test specificity should be prioritised in the test design.

We will briefly discuss how test specificity might be maximised at

the end of this review.

There are actually very few published reports of the sensitivity

and specificity of caregiver reports of symptoms and signs of

pneumonia for the discrimination of true pneumonia. However,

using the mean estimate of sensitivity (31%) and specificity (91%)

of caregiver report of fast or difficult breathing for prediction of

true pneumonia (diagnosed by a study physician) from two

community-based studies in Gambia [18] and Pakistan [19] would

yield 94 reported cases of ‘‘suspected pneumonia’’ among 1,000

children. This represents a ratio of ‘‘suspected pneumonia’’ to true

pneumonia of 5.2:1 (94/18) and a positive predictive value of only

6.4% (6/94). As discussed elsewhere in this Collection, studies

undertaken in Pakistan and Bangladesh provide additional data

from both hospital-based and community-based studies to further

assess the important issue of detection of true pneumonia [20].

Importantly, as noted earlier, the data on the sensitivity and

specificity of pneumonia reporting that is needed to determine the

prevalence of true pneumonia should ideally come from commu-

nity-based studies because hospital-based clinic studies may

overestimate sensitivity and underestimate specificity due to the

different case mix at the hospital level (pneumonia cases tend to be

more severe on average in hospitals than in the community, and

non-pneumonia cases tend to be less healthy and more likely to

have other causes of difficulty breathing). Moreover, because the

discriminative power of caregiver reports depends largely on

caregiver recognition of symptoms and signs of pneumonia, it is

also likely to be influenced greatly by contextual factors such as the

Box 1. Calculation of Test Characteristics

If we consider the caregiver report of reported symptoms
and signs of pneumonia (referred to below as ‘‘suspected
pneumonia’’) as defined by DHS and MICS survey
guidelines to be a test of true pneumonia status in the
child, then:

N The sensitivity of the caregiver report of ‘‘suspected
pneumonia’’ (test) is given by a/(a+c);

N The specificity of the caregiver report of ‘‘suspected
pneumonia’’ (test) is given by d/(b+d);

N The positive predictive value of the caregiver report of
‘‘suspected pneumonia’’ (test) is given a/(a+b);

N The negative predictive value of the caregiver report of
‘‘suspected pneumonia’’ (test) is given by d/(c+d); and

N The disease prevalence is given by (a+c)/(a+b+c+d).

Table 2. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 80% and specificity is
85%.

Reported Symptoms True Disease

Present Absent Total

Present 14 147 161

Absent 4 835 839

Total 18 982 1,000

doi:10.1371/journal.pmed.1001421.t002

Table 3. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 80% and specificity is
95%.

Reported Symptoms True Disease

Present Absent Total

Present 14 49 63

Absent 4 933 937

Total 18 982 1,000

doi:10.1371/journal.pmed.1001421.t003
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level of maternal education and prior exposure to relevant health

education messages. Thus, the interpretation of trends in antibiotic

treatment data over time will be complicated in settings where

there have been temporal trends in education levels or health

education interventions or where serial surveys have been

conducted in different populations.

Another Strategy for Improving the Positive
Predictive Value of Surveys

In addition to increasing test specificity, another strategy that

should improve the proportion of ‘‘suspected pneumonia’’ reports

that truly represent cases of pneumonia (positive predictive value)

is to increase the disease prevalence detected in DHS and MICS

surveys. This could be achieved by conducting surveys during the

peak pneumonia season. Alternatively, if the recall period were to

be increased from two weeks to four weeks (or eight weeks), then

30 (or 54) reports of pneumonia symptoms and signs would be

expected, rather than 18 reports. Tables 6 and 7 show that with

the same levels of sensitivity (80%) and specificity (95%) as in the

example in Table 3, these longer recall periods would yield 72 (or

90) reported cases of ‘‘suspected pneumonia’’ and 30 (or 54) cases

of true pneumonia among 1,000 children. Thus, the ratio of

‘‘suspected pneumonia’’ to true pneumonia would be about 3:1 (or

1.7:1) (compared to 3.5:1 in Table 3), and the proportion of

‘‘suspected pneumonia’’ that is true pneumonia would be 33% (or

48%) rather than 22% as in Table 3.

If we use the data from Gambia [18] and Pakistan [19] on test

specificity and sensitivity combined with longer recall periods, the

proportion of ‘‘suspected pneumonia that is true pneumonia

(positive predictive value) would rise from 6.4% to 9.8% (or

16.7%) based on four-week (or eight-week) recall, respectively.

Because these predictions are based on the assumption that test

performance would not change with the longer recall period, it will

be important to test this assumption (see [20]) before any such

increase in recall period is introduced into surveys.

A Combined Strategy to Improve the
Identification of True Pneumonia Episodes from
Maternal Report of ‘‘Suspected Pneumonia’’

Finally, we can consider the effect of combining an improved

test specificity and an increased recall period. Using the published

Gambia [18] and Pakistan [19] data, if study recall could be

increased from two to four or eight weeks and test specificity

increased from 91% to 97%, then the proportion of ‘‘suspected

pneumonia’’ that is true pneumonia (the positive predictive value)

would rise by almost an order of magnitude from 6.4% to 23.7%

or 56.9% for four- or eight-week recall, respectively. The field

studies in Pakistan and Bangladesh [20] provide further data from

which to estimate the improvements that could be expected from

attempts to improve survey instruments.

Are DHS and MICS Surveys Suitable Tools for
Monitoring Antibiotic Treatment of Childhood
Pneumonia?

A research priority setting exercise that involved a large number

of doctors from low- and middle-income countries recently listed

improving the community case management of pneumonia and

identifying barriers to and improving access to antibiotic treatment

as among the top research priorities likely to contribute to

achievement of Millennium Development Goal 4 [21]. The

identification of these research priorities reflects the need to reduce

childhood pneumonia if childhood mortality is going to be

reduced, and supports the self-evident need to develop a robust

Table 4. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 80% and specificity is
99%.

Reported Symptoms True Disease

Present Absent Total

Present 14 10 24

Absent 4 972 976

Total 18 982 1,000

doi:10.1371/journal.pmed.1001421.t004

Table 5. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 60% and specificity is
95%.

Reported Symptoms True Disease

Present Absent Total

Present 11 49 60

Absent 7 933 940

Total 18 982 1,000

doi:10.1371/journal.pmed.1001421.t005

Table 6. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 80% and specificity is
95% with a four-week recall period.

Reported Symptoms True Disease

Present Absent Total

Present 24 48 72

Absent 6 922 928

Total 30 970 1,000

doi:10.1371/journal.pmed.1001421.t006

Table 7. Distribution of cases of ‘‘true pneumonia’’ according
to caregiver report of ‘‘suspected pneumonia’’ (test) and true
disease status when test sensitivity is 80% and specificity is
95% with an eight-week recall period.

Reported Symptoms True Disease

Present Absent Total

Present 43 47 90

Absent 11 899 910

Total 54 946 1,000

doi:10.1371/journal.pmed.1001421.t007
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programme indicator—the antibiotic treatment rate—to monitor

local, national, and global progress in increasing the coverage of

this essential pneumonia intervention. Measurement of this

indicator has to be community-based (to capture the many

pneumonia cases that do not attend health services for treatment)

and large (to include enough pneumonia cases to give precise

estimates). DHS and MICS surveys are the only tools that fit these

requirements and that are conducted widely in developing

countries. It is therefore important to assess their suitability for

this purpose, since estimates of pneumonia prevalence and

antibiotic treatment coverage based on these surveys will be

influential in guiding national and international decisions about

programmes to control pneumonia deaths.

The Validity of DHS and MICS ‘‘Suspected Pneumonia’’
Survey Data for the Estimation of the Prevalence of True
Pneumonia

In circumstances of low pneumonia prevalence (such as found

with the two-week recall of pneumonia episodes included in

current surveys), even when the sensitivity and specificity of

‘‘suspected pneumonia’’ as a test for true pneumonia is very high

(.90%), the estimates of the number of pneumonia episodes based

on DHS and MICS survey data will be greatly inflated, and most

reported episodes will be false positives [17]. DHS and MICS

survey questions were not designed to estimate pneumonia

prevalence, and current DHS and MICS guidelines advise against

the use of data in this way. Our review reinforces these

recommendations.

The Validity of DHS and MICS ‘‘Suspected Pneumonia’’
Survey Data for the Estimation of the Antibiotic
Treatment Rate for Pneumonia

The findings we present in this review (Tables 1–7) have

important implications for the use of existing DHS and MICS

survey data in monitoring antibiotic treatment rates. The DHS/

MICS antibiotic treatment indicator for ‘‘suspected pneumonia’’ is

often used as a proxy indicator for a pneumonia treatment

indicator. For this indicator to give accurate information that is

useful for programme planning, we need to have a denominator as

close to true pneumonia as possible. A denominator of ‘‘suspected

pneumonia’’ in which most cases are not true pneumonia makes

interpretation of this indicator problematic, and action based on

adoption of this indicator alone could drive over-prescription of

antibiotics.

It is clear from the examples we work through in this review and

from underlying theory based on known epidemiology of

pneumonia [17] that the discriminative power of survey instru-

ments needs to be improved. This discriminative power is

constrained by the inherent limited ability of caregivers to

correctly recognise and report symptoms and signs of pneumonia.

Within this constraint, it is possible to increase test specificity (at

the expense of test sensitivity) by adding a few additional

symptoms or signs to survey questionnaires that show good

predictive power or by employing a ‘‘pneumonia score’’, as

reported elsewhere in this Collection [20]. In this latter approach,

a survey would include questions about a series of signs or

symptoms of pneumonia, and one mark would be awarded for

each sign or symptom that is reported. A threshold score level

defined by a favourable combination of sensitivity and specificity

levels could then be selected for use. However, it is possible that

the underlying discriminative power of this approach will remain

constrained since it relies on caregiver recognition. One way to

overcome this constraint and to improve overall discriminative

power might be to adopt a new approach for questioning

caregivers that relies on video recognition [20]. Such an approach

would operate via visual recognition memory rather than via

auditory recognition memory, which may promote better recog-

nition and recall [22]. This argument could also be applied to the

measurement of the antibiotic treatment rate indicator. Thus, ‘‘pill

boards’’ or digital formats could be shown to caregivers that

illustrate a range of local drugs, to promote correct recall of

antibiotic prescriptions.

It could be argued that although the interpretation of the

absolute value of the antibiotic treatment rate indicator is very

problematic, there may still be considerable utility in using its

relative value to track trends over time (and to compare across

countries) for programme planning purposes. However, these data

should be interpreted with caution, since contextual factors are

likely to influence results significantly, and these may vary by time

and place independent of trends in antibiotic treatment rates.

The Validity of DHS and MICS ‘‘Suspected Pneumonia’’
Survey Data for the Estimation of Appropriate Care
Seeking for Pneumonia

The care-seeking indicator for ‘‘suspected pneumonia’’ that is

found in DHS/MICS surveys remains valid. ‘‘Suspected pneu-

monia’’ based on simple signs that caretakers can understand and

that programmes can use is an appropriate denominator for this

indicator, as the aim is to encourage all these children to be

assessed by a health provider whether or not they actually have

pneumonia.

Future Research and Prospects

Given the importance of antibiotic treatment rates as a

programme indicator, there is an urgent need for more research

to measure the sensitivity and specificity of ‘‘suspected pneumo-

nia’’ as defined in DHS and MICS surveys for the identification of

true pneumonia episodes. The sensitivity and specificity of

‘‘suspected pneumonia’’ needs to be measured in a range of

Key Points

N Large household surveys are required to identify recent
cases of pneumonia as a denominator from which
antibiotic treatment rates for pneumonia can be
estimated.

N At the low levels of pneumonia prevalence found in
household surveys, most of the children identified with
‘‘suspected pneumonia’’ will not have true pneumonia,
even when survey tools with very high sensitivity and
specificity are used.

N This inflation of the denominator of the antibiotic
treatment rate will make the treatment rate appear
falsely low and could lead to incorrect programme
decision making.

N In theory, the performance of DHS/MICS survey tools can
be improved by increasing test specificity and/or by
increasing pneumonia period prevalence (by increasing
the recall period or by conducting the survey in the peak
pneumonia season), but this prediction needs testing.

N Alternate approaches to measuring the antibiotic
treatment rate should also be considered, including
those that make use of digital formats to facilitate
pneumonia recognition and recall of antibiotic treat-
ment by caregivers.
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settings and with questions based on a range of recall periods from

two weeks to several months, and must also be compared to the

performance of new approaches such as those described above.

Hazir et al. provide some first estimates of these parameters based

on two- and four-week recall and estimate the impact on test

performance of some new survey methods [20]. Consideration

should also be given to the feasibility of including in future surveys

some assessment of whether the prescribed antibiotic was actually

taken correctly by the child.

In addition to optimising existing means of determining

antibiotic treatment rates for pneumonia, recent developments in

eHealth and mHealth (health care supported by electronic

processes and communication and by mobile devices, respectively)

applications in low- and middle-income countries and their use,

for example, in surveillance of influenza episodes [23] may mean

that novel real-time measurement of child health programme

indicators will soon be feasible in some settings. Finally, in the

short term, digital illustrations of local treatments or of children

with signs of pneumonia that are recognised by local caregivers

should be technically feasible and could facilitate accurate data

capture, storage, and transmission for analysis [24], thereby

helping to improve the way we monitor antibiotic treatment

coverage among young children with pneumonia.
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Abstract: Vaccination coverage is an important public
health indicator that is measured using administrative
reports and/or surveys. The measurement of vaccination
coverage in low- and middle-income countries using
surveys is susceptible to numerous challenges. These
challenges include selection bias and information bias,
which cannot be solved by increasing the sample size,
and the precision of the coverage estimate, which is
determined by the survey sample size and sampling
method. Selection bias can result from an inaccurate
sampling frame or inappropriate field procedures and,
since populations likely to be missed in a vaccination
coverage survey are also likely to be missed by
vaccination teams, most often inflates coverage estimates.
Importantly, the large multi-purpose household surveys
that are often used to measure vaccination coverage have
invested substantial effort to reduce selection bias.
Information bias occurs when a child’s vaccination status
is misclassified due to mistakes on his or her vaccination
record, in data transcription, in the way survey questions
are presented, or in the guardian’s recall of vaccination for
children without a written record. There has been
substantial reliance on the guardian’s recall in recent
surveys, and, worryingly, information bias may become
more likely in the future as immunization schedules
become more complex and variable. Finally, some surveys
assess immunity directly using serological assays. Sero-
surveys are important for assessing public health risk, but
currently are unable to validate coverage estimates
directly. To improve vaccination coverage estimates based
on surveys, we recommend that recording tools and
practices should be improved and that surveys should
incorporate best practices for design, implementation,
and analysis.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

The percentage of a population that has been vaccinated—

vaccination coverage—is an imperfect but helpful measure of the

effectiveness of vaccination programs and of public health more

broadly [1]. Vaccination coverage is a tracer condition for results-

based financing [2], an indicator of eligibility for Millennium

Challenge Account assistance [3], and a criterion for support from

the GAVI Alliance for the introduction of new vaccines [4].

Making funding decisions contingent on coverage potentially

incentivizes inflation of coverage figures, and there is wide

recognition of the need to improve the data [5–8].

Ideally, vaccination coverage should be monitored continuously

using registries or administrative reports [9]. Electronic immuni-

zation registries aim to document all vaccinations of each

individual in each birth cohort [10,11]. Denominators may derive

from the same registry [11] or from a separate vital statistics

system. When well implemented, electronic immunization regis-

tries can provide data for coverage measurement and for program

management activities such as monitoring vaccine supply and

requisitions and sending vaccination reminders. However, chal-

lenges facing such registries include accounting for migration

within and between countries, ensuring complete birth registration

and vaccination reporting, avoiding record duplication [12], and

ensuring continuity after organizational changes [13]. Although

pilot studies of electronic registries are ongoing in low- and middle-

income countries including Albania, Guatemala, India, and Viet

Nam [14], these challenges currently limit their use. Therefore, in

most low- and middle-income countries, ‘‘administrative cover-

age’’ is calculated using aggregate reported data on the number of

doses of each vaccine administered to children in the target age

group in a given time period and target population estimates from

censuses [1]. Health workers at each health facility typically

compile data manually each month from clinic records such as
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immunization registers or tally sheets. At each vaccination visit,

the health worker records vaccinations on clinic records and on a

vaccination card, child health card, or other home-based record

(HBR) that the mother keeps. The HBR serves as an educational

tool for the mother and is also an important data source in

household surveys. In many countries, however, the quality of

primary recording of vaccinations, of transcription and compila-

tion of data, and of reporting is low, and numerators may be either

inflated (e.g., because doses outside the recommended age range

are included) or too low (e.g., if private practitioners do not report).

Moreover, denominators are often grossly inaccurate [5,7]. Hence,

wherever possible other data sources such as surveys are still

considered in the World Health Organization (WHO)–United

Nations Children’s Fund (UNICEF) estimates of national immu-

nization coverage [15].

Given current problems with coverage estimates based on

administrative reports in many countries, we believe that surveys

will continue to provide important information in the short-to-

medium term, at national and sub-national levels. It is therefore

critical that surveys are conducted rigorously. In this review, which

is part of the PLOS Medicine ‘‘Measuring Coverage in MNCH’’

Collection, we discuss the survey methods used to estimate

vaccination coverage in low- and middle-income countries,

highlight potential pitfalls, and propose strategies to improve

coverage measurement. Our review aims to inform public health

practitioners and the researchers who design and implement

surveys as well as Ministry of Health officials and donors who

interpret and use data from surveys.

Survey Methods Used to Measure Vaccination
Coverage

Four types of surveys are commonly employed to estimate

vaccination coverage (Table 1). The Demographic and Health

Surveys (DHS) [16] and Multiple Indicator Cluster Surveys

(MICS) [17] are probability sample surveys, in which each

household has a known and nonzero probability of being selected

in the sample. There have been about 10–15 DHS and 20 MICS

per year since 1995. These large, important, and generally well-

conducted household surveys, which are used to collect data about

many aspects of health, are described in detail in a companion

paper in this Collection [18].

The Expanded Programme on Immunization (EPI) cluster

survey was developed by the WHO and was described in 1982 as a

practical tool to quickly estimate coverage to within 610

percentage points of the point estimate [19]. The original EPI

survey method selects 30 clusters from which seven children in

each cluster are selected using the ‘‘random start, systematic

search’’ method. Specifically, a starting dwelling is chosen by

starting at a central location in the village or town, selecting a

direction at random, counting the dwellings lying in that direction

up to the edge of the village, and selecting one of them randomly;

Table 1. Characteristics of common surveys used to measure vaccination.

Survey Characteristic DHS MICS EPI LQAS

Primary objectives Collection of information on a
wide range of population, health,
and nutrition topics, plus
additional optional modules

Collection of information on
population health, child
protection, and child
development

Estimation of vaccination coverage Classification of lots (catchment
areas) into two groups: those
with adequate coverage and
those with inadequate coverage

Sampling scheme Stratified cluster sampling;
clusters selected using PPES;
clusters are usually census
enumeration areas

Stratified cluster sampling;
clusters selected using PPES;
clusters are usually census
enumeration areas

Cluster sampling with or
without stratification; clusters
are usually villages or urban
neighborhoods, selected using
PPES

Classic method uses simple
random sampling within a lot;
when lots are large, cluster
sampling is sometimes
employed

Household selection Household selected randomly
based on a complete household
listing and mapping in the
sample clusters

Current practice is random
selection of households based
on a complete listing and
mapping of enumeration
areas

Varies; usually non-probability;
the first household is selected
randomly, then neighboring
households are selected until
seven children can be enrolled

When cluster sampling is used,
the first household is selected
randomly before moving in a
consistent direction, sampling
every kth household

Total sample size Based on desired precision for
key indicators at the regional
level; the number of children
aged 12–23 months covered in
recent surveys is typically around
1,800 at the national level

Based on desired precision of
key indicators selected by
implementing agencies; usually
.2,000 women and several
hundred children aged 12–23
months

Usually 30 clusters of seven
children aged 12–23 months;
sized to yield estimate of
610% assuming design
effect of two

Varies greatly; 19 respondents
per lot is a common size with
simple random sampling; 50 or
60 is common when using
cluster sampling

Respondents All men and women aged 15–49
years; vaccination data on
children ,5 years if biological
mother is interviewed, and on
women of childbearing age

All women aged 15–49 years;
vaccination data on children
,5 years if primary caretaker
is interviewed, and on women
of childbearing age

Mother or primary caretaker
of children aged 12–23 months

Varies; field workers interview
caretaker and when possible
substantiate response with
vaccination record or sometimes
indelible ink finger mark on child

Questionnaire length Household: 25 pages; woman’s
questionnaire: about 70 pages

Household: 18 pages;
woman’s: 38 pages; children
under 5 years: 18 pages

1–2 pages Often 1 page

Implementers Usually National Statistical Office
or equivalent, with capacity-
building from MEASURE DHS

Usually National Statistical
Office, with support from
UNICEF and other partners

Varies; often national- or
district- level Ministry of
Health employees

Varies; usually independent from
vaccination team

Duration 12 months or more to plan,
implement, analyze, and report

12 months or more to plan,
implement, analyze, and report

Several months to plan; weeks to
implement, analyze, and report

Varies; 1–2 days per lot to
implement and analyze

PPES, probability proportional to estimated population size.
doi:10.1371/journal.pmed.1001404.t001
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adjacent households are then visited until seven children aged 12–

23 months have been enrolled [20,21]. The central starting

location may bias the method to include households with good

access to vaccination, so it is difficult to assign unbiased

probabilities of selection to the households using this method,

which does not meet the above criteria for a probability sample

and is, therefore, a ‘‘non-probability sampling’’ survey method

[22]. EPI surveys are widely used at national and sub-national

levels, but there is no central database of results, so the total

number of surveys conducted is unknown. Adaptations of the EPI

survey have incorporated probability sampling at the final stage of

sample selection [22–26], and the updated WHO guidelines [21]

as well as a recent companion manual on hepatitis B immuniza-

tion surveys emphasize the need for probability sampling for

scientifically robust estimates of coverage [27].

The main design differences between EPI surveys (if probability

sampling is used) and DHS or MICS surveys is that EPI surveys

focus specifically on vaccination data while DHS and MICS surveys

cover a wide range of population and health topics and include a

much larger sample size. In addition, field implementation of EPI

surveys is variable and often done without external technical

assistance, while the DHS and MICS are highly standardized and

have substantial technical assistance and quality control.

A final household survey method commonly used to estimate health

intervention coverage in low- and middle-income countries is Lot

Quality Assurance Sampling (LQAS). LQAS surveys use a stratified

sampling approach to classify ‘‘lots,’’ which might be districts, health

units, or catchment areas, as having either ‘‘adequate’’ or ‘‘inade-

quate’’ coverage of various public health interventions. For vaccina-

tion coverage measurement, LQAS is ‘‘nested’’ within a cluster survey

to evaluate neonatal tetanus elimination [28], coverage of yellow fever

vaccination [29], and coverage of meningococcal vaccine campaigns

[30], and to monitor polio vaccination coverage after supplementary

immunization activities [31].

Survey Design and Implementation

Surveys used to estimate vaccination coverage should have a

sample size that results in an acceptable sampling error, and

implementation should minimize non-sampling errors, including

selection bias and information bias (Table 2). In DHS and MICS

surveys, the sample size is determined by the estimated number of

households required for the desired precision of key indicators (not

vaccination coverage), and all children in the eligible age groups in

those households are included. In recent DHS surveys this design

has given sample sizes of around 1,800 children aged 12–23

months. EPI surveys traditionally included 210 children aged 12–

23 months in 30 clusters, but the sample size and number of

clusters should be calculated according to assessments of the likely

coverage, intra-cluster correlation, and desired precision of the

vaccination coverage estimate [21,27].

Selection bias may occur due to use of an outdated or

nonrepresentative sampling frame, use of non-probability sam-

pling, or poor field worker practices such as substituting a selected

household with one that is easier to reach. The ‘‘random start,

systematic search’’ method used in traditional EPI surveys has

intrinsic geographic bias. It allows field workers to select

households rather than this being part of the initial sampling

process, does not document reasons for nonparticipation, and

cannot adjust for biases resulting from out-of-date size estimates

for selection of clusters using probability proportional to estimated

size sampling. Moreover, in EPI and LQAS surveys, teams are

likely to replace households where no one is home or where

eligible respondents refuse to participate. If respondents are not

selected randomly and if the same forces that influence partici-

pation in the survey also influence participation in vaccination

(e.g., families missed by interviewers because they work in the

fields all day may also lack time to attend vaccination clinics),

replacement is likely to result in bias, probably upwards. Finally,

surveys of the vaccination status of living individuals are inherently

subject to selection bias since death is more likely in unvaccinated

than in vaccinated children. In settings where there is a high infant

mortality rate, this bias may be substantial.

There are multiple potential sources of information error and bias

in measuring the vaccination status of each child in surveys

(Figure 1), many of which also affect data included in administrative

reports. Mistakes can occur during primary data recording each

time a child attends a vaccination point or when survey interviewers

transcribe birth and vaccination dates onto a paper or digital

questionnaire. If a paper questionnaire is used, further errors can

occur during digital data entry. Data on source documents can also

be incomplete [32] or inaccurate [33] and, when new vaccines are

introduced, old HBRs may remain in circulation, requiring health

workers to improvise in their recording (Figure 2). There is further

confusion regarding recording of vaccines administered during

campaigns such as ‘‘vaccination weeks’’ on HBRs [34].

When the HBR is not available (it may be lost or locked away, or

mothers may not be given enough time to find it), interviewers

question the child’s parent or guardian to construct a verbal

vaccination history. The reliability of such histories may vary with

the information received or understood by mothers at the time of

vaccination; the interviewer’s skills, carefulness, neutral demeanor,

and use of appropriate language; the recall period; and the length of

the questionnaire and resulting interview fatigue [35–37]. The

complexity of the vaccination schedule can also affect the reliability

of a verbal vaccination history. When the EPI survey was introduced

in the 1980s, the infant EPI schedule comprised five visits, which lent

themselves to straightforward questions to the mother (Table 3).

Because current schedules are much more complex (Table 4) and

vary over time and between countries, constructing a verbal history

of vaccinations received is now much more difficult and likely to

become increasingly so. Thus, the questions included in surveys need

substantial and continuous adaptation.

Data Analysis and Reporting Issues

Traditionally, surveys report the proportion of persons who

have been vaccinated as recorded ‘‘by card only’’ and by ‘‘card

plus history,’’ both by age 12 months and by age at the time of the

survey. EPI surveys also calculate and report separately on

coverage of ‘‘valid’’ doses among children with cards, such as a

minimum interval of 28 days between doses of diphtheria-tetanus-

pertussis-containing vaccines and a minimum age of 270 days for

measles vaccination [21]. As coverage increases, evaluation of the

timeliness of vaccination among children with documented dates

of birth, and of each vaccine dose, provides additional information

to guide program performance. Timeliness can be illustrated

through graphs of the distribution of age at receipt of each dose

compared to the national schedule [32,38] or by time-to-event

curves of the cumulative coverage by age [32,39]. The mean

number of extra days or weeks that children remain under-

vaccinated and at risk of disease [38,40,41] and risk factors for

delay in vaccination can be assessed [39,40].

Surveys that use probability proportional to estimated size

sampling without stratification assume that each cluster has equal

weight in the analysis. EPI surveys do not collect data on the

number of eligible households in each cluster, and cannot validate

this assumption. Consequently, if outdated or inaccurate sampling
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frames are used, the resulting point estimate may be biased. If,

however, a household listing step is included in the survey

preparation and sampling stages, appropriate weights can be

calculated and used to derive national estimates and confidence

intervals, as is recommended nowadays by DHS and MICS

protocols [18].

The standard error of the coverage estimate is traditionally used

to calculate and report a 95% confidence interval around the point

estimate. The confidence interval is affected by the sample size, the

sampling design, and the underlying proportion itself. Because

individuals living in one cluster of a population tend to be more

similar to each other than persons from different clusters,

Table 2. Main potential sources of error and strategies to minimize them in population-based surveys measuring vaccination
coverage.

Source of Error Effect of Error on Results Strategies to Minimize Error

Random error

Sampling error Reduces precision Choose optimum sample design (e.g., number and size of clusters) and adjust sample
size to achieve desired precision while retaining budgetary and logistical practicality

Systematic error

Selection bias—sampling
frame

Depends on size of excluded population and
difference in vaccination uptake between
those excluded and included

Use most recent census data available

Assess likelihood of census projections reflecting reality and update census if
necessary

If large populations have been excluded (e.g., security constraints at time of census),
consider special efforts to include them

Selection bias—sampling
procedures

Non-probabilistic sampling may lead to bias
in either direction

Use probability sampling method (plan time for listing of households within selected
clusters)

Use appropriate weighting in analysis

Selection bias—poor field
procedures

Most likely to lead to upward bias in coverage
results

Preselect households and ensure strict supervision

Conduct survey at time of year and of day when people most likely to be available

Work with communities to enhance survey participation rates

Conduct revisits as necessary to locate caregivers and HBRs

Do not substitute households

Information bias—lack of
HBR or poorly filled HBR

Bias in coverage results may underestimate
or overestimate coverage depending on how
missing data are handled and how HBRs are
read by enumerators

Public health programs need to educate families to retain HBRs and improve primary
recording of vaccination data

Publicize reminders about HBRs prior to survey (e.g., during household listing step)

Allow time for mothers to look for HBR, revisit if necessary

Include younger age groups in surveys and measure age-appropriate vaccination
coverage

Include questions as to condition of HBR and checks for errors

Seek health facility–based records on children without HBR

Information bias—inaccurate
verbal history

Most likely to bias infant coverage upwards
as mothers may feel pressure to say their
children have been vaccinated; for tetanus
toxoid in adult women, verbal history usually
underestimates percent of women protected

Ensure interviewers maintain neutral attitude

Give time to mothers to respond

Shorter questionnaires likely to have less interviewee fatigue

Standardize questions, use visual aids, conduct close supervision

For tetanus toxoid, ask careful questions about all doses received in previous and
current pregnancies and in campaigns (but this still does not account for diphtheria-
tetanus-pertussis vaccination received in infancy); sero-surveys play a useful role in
the measurement of the prevalence of protection

Data transcription and data
entry errors

May increase data classed as missing; can
bias coverage results

Conduct close supervision

Conduct range and consistency checks; enumerators can revisit household if
necessary to correct data

Missing data If nonrandom, biases result, often upwards Conduct high-quality planning, training, and supervision to reduce missing data

Include appropriate statistical adjustment for missing data

doi:10.1371/journal.pmed.1001404.t002
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Figure 1. Schematic of recording of vaccination data at the time of vaccination and during community surveys. Recording at the time
of vaccination (primary recording) is indicated in black boxes; recording during surveys is indicated in green boxes. Main potential sources of
information error and bias are highlighted in blue. DOB, date of birth.
doi:10.1371/journal.pmed.1001404.g001
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respondents in a cluster sample each contribute less independent

information about the overall population than respondents in a

simple random sample. This positive intra-cluster correlation causes

cluster samples to have a wider confidence interval around the point

estimate of the population parameter than a simple random sample

of the same size. DHS, MICS, and EPI surveys all provide guidance

on estimation of confidence intervals for key indicators, but the

degree to which confidence intervals are reported and used varies

widely, as discussed elsewhere in this Collection [42].

The application of standard statistical techniques to estimate

confidence intervals has been challenged for surveys that use non-

probability sampling of households within each cluster [43], although

simulations of results from EPI surveys have shown that confidence

intervals in these surveys are generally within the desired precision of

610 percentage points [44]. Some variations on the EPI survey

method take a probability sample (e.g., a systematic random sample

in the final stage) [22–26], which makes it possible to calculate

sampling weights and construct meaningful confidence intervals.

LQAS surveys inevitably have a central range of coverage (the

gray area) that is not excluded by either the ‘‘adequate’’ or the

‘‘inadequate’’ classification. That is, neither classification excludes

the medium category. For fixed values of alpha and beta (the

probability of type I and II errors, respectively), a larger sample size

per lot will result in a narrower gray area and a correspondingly

more confident conclusion about whether coverage is likely to be

adequate (Figure 3). When data are combined across numerous lots,

it is possible to estimate a region-wide proportion and confidence

interval using formulae from stratified sampling and applying strata

and cluster weights. However, at the level of the individual lot, the

user does not obtain a precise coverage estimate from a LQAS

survey, but only an assurance that coverage in populations where

there is very low coverage is very likely to be classified as inadequate

and that coverage in populations where there is very high coverage

is very likely to be classified as adequate.

In the analysis phase, survey analyses are usually restricted to

respondents with complete data. However, analyses of DHS and

Figure 2. Several instances of improvisation on a vaccination card. (Photo courtesy of Carolina Danovaro, Pan American Health
Organization.)
doi:10.1371/journal.pmed.1001404.g002

Table 3. Illustrative questions used in the past to elicit a verbal history of vaccination according to the EPI schedule in the 1980s.

Recommended Age for
Vaccination Vaccines and How Administered Example Questions to Mother to Elicit Verbal History

Birth BCG (intradermally, usually in the upper arm) Did the child receive an injection in the upper arm soon after
birth? (check for scar)

6 weeks First dose of DTP (subcutaneous or intramuscular injection,
usually in the thigh) and OPV (oral)

Did the child receive an injection in the thigh (the ‘‘triple
vaccine’’)? If yes, how many times? Did the child also receive
drops in the mouth? If yes, how many times?

10 weeks DTP, OPV 2 Same as for 6 weeks

14 weeks DTP, OPV 3 Same as for 6 weeks

9 months Measles (subcutaneous injection, usually in the upper arm) Did the child receive an injection in the arm against [use local
term for measles], after he/she was old enough to sit up or
crawl?

DTP, diphtheria toxoid, tetanus toxoid, and whole cell pertussis vaccine combination; OPV, oral polio vaccine.
doi:10.1371/journal.pmed.1001404.t003
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MICS surveys prior to 2002 showed that maternally recalled

vaccination data were internally consistent, and that inclusion of a

verbal history of vaccination in results was preferable to other

options such as restricting analyses to children with HBRs or

assuming that coverage among those without HBRs was the same

as those with HBRs [45]. Inclusion of children without HBRs is

only possible for calculation of percentage coverage, however, and

not for assessing timeliness of vaccination.

When measuring vaccination coverage from survey data, if data

are missing for reasons related to the likelihood of vaccination,

restricting analyses to those with complete data will bias results.

Analysts can impute hypothetical values for missing responses, but

imputing a single value fails to account correctly for the

uncertainty associated with selecting an arbitrary (though perhaps

plausible) value to impute. More sophisticated methods include

integrating over a likelihood function, or imputing numerous

values for each missing datapoint (multiple imputation), and are

preferred but rare in vaccination coverage measurement [46,47].

DHS and MICS surveys adjust sampling weights for nonresponse,

and may impute a single value when a HBR vaccination date is

invalid (e.g., lists day 32 of the month) or missing, but do not

currently employ multiple imputation in vaccination coverage

estimates [48], although this could be introduced in the future as

the technique of multiple imputation becomes more accessible.

How Can the Challenges Facing the Measurement
of Vaccination Coverage Be Addressed?

Vaccination coverage is an important indicator that is used to

monitor not only immunization programs but also health system

performance at national and global levels. Coverage surveys can

include questions on reasons for receiving, or not receiving,

vaccines, and investigate demographic and other factors associated

with coverage [49]. In addition, in the specific context of measles

vaccination, coverage is a key component of the cohort analyses

that estimate the build-up of susceptible children after vaccination

campaigns and that identify when follow-up campaigns are needed

[50]. Inflated coverage data contribute to delays in implementing

follow-up campaigns, which may lead to measles outbreaks [51].

Finally, coverage data can also be used in field evaluation of

vaccine effectiveness [52].

Despite these important public health applications of vaccina-

tion coverage data, many challenges face the collection of accurate

coverage data [5,6] that must be addressed to guide program

implementation and to ensure that funding decisions are based on

real performance. For example, although survey data are often

preferred to administrative reports for the reasons that we outlined

at the start of this article, surveys are also subject to errors

(Table 2). Groups that may be omitted from sampling frames—for

example, those living in conflict-affected or otherwise inaccessible

areas or in rapidly growing urban areas [53], and recent

migrants—may have lower vaccination coverage [1]. Depending

on the size of these population groups and the purposes of the

evaluation, substantial extra effort may be needed to update the

sampling frame or to conduct special surveys among these groups.

Among potential sources of non-sampling error, one of the most

critical challenges is the availability of HBRs, which has been low

in surveys of some of the countries contributing most to global

estimates of vaccination coverage [54]. In India, WHO and

UNICEF coverage estimates since 2009 have been based on a

Table 4. World Health Organization–recommended EPI schedule, 2012.

Age of Infant Parenteral Vaccines Oral Vaccines

Birth BCG, HBVa OPVb

6 weeks (some countries
give this dose at 8 weeks)

DTP, Hib, HBV, usually administered as pentavalent combinationa; 10- or 13-valent PnCVc OPV; rotavirus vaccine (Rotateq
or Rotarix)

10 weeks (some countries
give this dose at 16 weeks)

Pentavalent combinationa; 10- or 13-valent PnCV (3p+0 schedule)c OPV; rotavirus vaccine (Rotateq
or Rotarix)

14 weeks (some countries
give this dose at 24 weeks)

Pentavalent combinationa; 10- or 13-valent PnCVc OPV; rotavirus vaccined (Rotateq)

9–12 months Measlese (rubellaf, with measles); 10- or 13-valent PnCV (2p+1 schedule)c; yellow fever (endemic
countries)g; Japanese encephalitis (endemic countries)h

Adapted from [67].
aSince perinatal or early postnatal transmission is an important cause of chronic infections globally, all infants should receive their first dose of hepatitis B vaccine as
soon as possible (,24 hours) after birth even in low-endemicity countries. The primary hepatitis B immunization series conventionally consists of three doses of vaccine
(one monovalent birth dose followed by two monovalent or combined vaccine doses at the time of DTP1 and DTP3 vaccine doses). However, four doses may be given
for programmatic reasons (e.g., one monovalent birth dose followed by three monovalent or combined vaccine doses with DTP vaccine doses), according to the
schedules of national routine immunization programs.
bOPV alone, including a birth dose, is recommended in all polio-endemic countries and those at high risk for importation and subsequent spread. A birth dose is not
considered necessary in countries where the risk of polio virus transmission is low, even if the potential for importation is high/very high.
cFor infants, three primary doses (the 3p+0 schedule) or, as an alternative, two primary doses plus a booster (the 2p+1 schedule). If the 3p+0 schedule is used,
vaccination can be initiated as early as 6 weeks of age with an interval between doses of 4–8 weeks. If the 2p+1 schedule is selected, the two primary doses should
ideally be completed by 6 months of age, starting as early as 6 weeks of age with a minimum interval of 8 weeks between the two doses (for infants aged $7 months a
minimum interval of 4 weeks between doses is possible). One booster dose should be given at 9–15 months of age.
dIf Rotarix is used, only two doses are administered.
eIn countries that have achieved a high level of control of measles, the initial dose of measles vaccine can be administered at 12 months of age. All children are currently
expected to receive a second dose of measles vaccine. In the least developed countries this is often administered through mass immunization campaigns.
fRubella vaccine, administered in combination with measles vaccine, is recommended for countries that reliably administer two doses of measles vaccine and have
achieved a high level of measles control.
gYellow fever should be co-administered at the infant visit when measles vaccine is administered.
hJapanese encephalitis vaccines may be given at age 12 months for children living in highly endemic areas.
DTP, diphtheria toxoid, tetanus toxoid, and whole cell pertussis vaccine combination; HBV, hepatitis B vaccine; Hib, Haemophilus Influenzae type b conjugate vaccine;
OPV, oral polio vaccine; pentavalent combination, DTP+HBV+Hib formulated to be administered in combination as a single injection; PnCV, pneumococcal conjugate
vaccine containing either 10 or 13 separate conjugates of different capsular serotypes.
doi:10.1371/journal.pmed.1001404.t004
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2008 coverage evaluation survey in which vaccine cards were seen

for only 52% of children [55]; in Nigeria, HBRs were seen in 40%

of children in the 2009 national immunization coverage survey

and in only 26% in the 2007 DHS [56]. Obtaining records of

vaccines administered after infancy, including booster doses and

vaccines targeted to older age groups such as tetanus toxoid, which

is administered to pregnant women, is even more difficult. Records

of administration of vaccines containing tetanus toxoid may be

available for the most recent pregnancy but not for previous

pregnancies, mass campaigns, or early childhood. Serological

surveys show that vaccination coverage surveys tend to underes-

timate the prevalence of protection against neonatal tetanus [57].

Thus, unless primary recording of vaccination data on HBRs and

clinic records is improved, investment in other strategies to

improve survey methods or administrative estimates will have

limited effect.

When choosing a survey methodology, decision makers should

consider both the specific information needed and the speed with

which the information is required. The timing and frequency of

DHS and MICS surveys are not decided by immunization

program managers, and thus data are used by these health

professionals as and when they become available (which is several

months after survey completion even for the preliminary results).

In the years between DHS and MICS surveys, program managers

may need additional information on vaccination coverage to

improve planning and may prefer the quicker and less expensive

EPI surveys; we propose ways to improve these below. Sometimes,

vaccination coverage estimates are needed very rapidly (e.g.,

during campaigns, while the vaccination team is still in the area),

and a purposive sampling method focused on areas most likely to

have low coverage has been used [9,58]. Recent experience with

rapid monitoring of polio campaigns using purposive sampling,

however, has not been positive, and LQAS surveys are now

promoted for polio campaign monitoring [31].

Although biomarkers are under consideration for validating

coverage, they have several limitations for this purpose and are not

currently included routinely in surveys measuring childhood

vaccination coverage. For most vaccines, the presence of antibody

following vaccination cannot be distinguished from that following

‘‘natural’’ infection. Exceptions are the presence of tetanus

antibody (infection does not generate lasting immunity) and the

presence of antibodies to antigens included in subunit vaccines

such as hepatitis B but not to other antigens found in the whole

organism (an indication of vaccine-induced immunity) [59]. Even

for these vaccines, detection of antibodies does not indicate

reliably how many doses have been received [60]. Furthermore,

absence of antibody means either that the child is unvaccinated or

that vaccines have lost their potency. Biomarkers are therefore

potentially useful to estimate population-level protection [61] but

not necessarily to validate coverage measurements or vaccination

Figure 3. Operating characteristic curves for four LQAS sampling plans. In each panel, the curve indicates the probability of finding d* or
more vaccinated children in a random sample of size n. Lots with coverage#lower threshold (LT) will be classified as having inadequate coverage
with probability $(1 2 a). Lots with coverage$upper threshold (UT) will be classified as having adequate coverage with probability $(1 2 b). The
gray area is the region where LT,coverage,UT; lots with coverage in the gray area may be labeled either adequate or inadequate. The gray area
includes the region of coverage, for instance, where there is a 50/50 probability of being classified adequate or inadequate. Neither classification
(adequate or inadequate) rules out the strong possibility that the true coverage lies in the gray area. The gray area may be made larger or smaller and
may be moved to regions of higher or lower coverage by manipulating LT, UT, a, and b to arrive at different values of n and d*.
doi:10.1371/journal.pmed.1001404.g003
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program performance. The development of antibody assays on

oral fluid samples for tetanus [60] and measles [62] may make

surveys with repeated sample collection more acceptable and may

allow evaluation of vaccination campaigns [63].

Recommendations and Conclusions

To reduce bias in coverage measurement by any method, we

recommend that primary recording of vaccination data be

improved. In the long term, we recommend further investment in

the development, evaluation, and roll-out of effective systems for

digital recording and data transmission. In the short-to-medium

term in low- and middle-income countries, paper-based recording

must be improved. Record design will need to evolve rapidly to

accommodate the introduction of new and underutilized vaccines

and to allow recording of doses administered through campaigns

and across the life course. We recommend that research be

conducted to improve the design of primary records to reduce

recording errors and facilitate compilation of data. We also

recommend that health workers educate mothers so that they value

HBRs, understand the information therein, and retain them safely.

Whenever surveys are conducted, all efforts to ensure high-

quality data should be made (Table 2). In particular, probability

samples should be used, the sample size and number of clusters

should be selected appropriately for the survey objectives, efforts

should be made to encourage mothers to have HBRs ready at the

time of the survey, households should be revisited if necessary to

interview a suitable respondent and see the HBR, health facilities

should be visited to look for records of children whose HBRs were

unavailable, and strict quality control measures should be imple-

mented. Analyses should incorporate internal consistency checks as

part of quality control, including assessment of the validity of the

verbal history of vaccination. These checks include comparison of

prevalence of a Bacille Calmette Guerin vaccine against tuberculosis

(BCG) scar among children with documented versus verbal history

of BCG [32], and comparison of coverage among those who

reported receiving a vaccination card but did not present it and

those who presented a card [45]. In multi-indicator surveys,

vaccination coverage could be cross-tabulated against coverage of

other interventions for persons with and without a HBR; if the

verbal history is reliable, the same associations should be found in

both groups. Large-scale survey programs should also be evaluated

periodically to sustain attention to quality control [64].

Technical expertise for collecting high-quality data and
interpreting and using results needs to be further developed at
national and sub-national levels. Program managers need to use
coverage data with other program indicators to improve program
planning and management. Identification of low-coverage areas
should trigger action to reach underserved children, who are often
those at highest risk of dying should they acquire a vaccine-
preventable infection [65]. As a measure of population protection,
coverage is currently limited by assumptions about vaccine
effectiveness and thus is helpful but not sufficient. Additional
information from vaccine management assessments, surveillance,
outbreak investigations, and, where available, special studies such
as case control studies of vaccine effectiveness should be reviewed
together with coverage data to obtain a fuller picture of program
success. Sero-surveys and vaccination coverage surveys are likely
to complement each other for the foreseeable future, and we
recommend that further research into the use of sero-surveys and
the development of new biomarkers be undertaken.

Sources of uncertainty in surveys must be considered before

drawing strong conclusions about their results. It is common to focus

on the point estimate of coverage from the survey, but it is also

important to consider uncertainty due to sampling design, which is

usually expressed using a confidence interval, and potential biases,

which should be assessed by reviewing information about the survey

protocol and its implementation. The recent inclusion of a ‘‘grade of

confidence’’ in national immunization coverage estimates produced

by WHO-UNICEF is an important first step towards improving the

usefulness of these estimates, and we recommend that grading of the

quality of surveys should also be done. In particular, when LQAS

surveys are done, we recommend that their results be interpreted

with due recognition of the gray area [66].

Finally, as we mentioned at the start of this review, there is

currently tension between financing systems, which reward high

coverage, and efforts to improve the quality of coverage

measurement. We believe and strongly recommend that it is time

to reward actions that improve the quality of data, particularly

those discussed in this review, rather than rewarding a country’s

apparent coverage achievements.
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Key Points

N Vaccination coverage is an important indicator of public
health if measured accurately; at present, well-designed
and executed surveys provide more accurate and
comparable results than administrative reports, which
are subject to incomplete and inaccurate reporting of
the numerator and inaccurate estimation of the denom-
inator.

N To reduce bias in coverage measurement based on
surveys and on administrative reports, primary recording
of vaccination data on home-based records and clinic
records must be improved. In the long term, this will
involve digital recording and data transmission. In the
short-to-medium term in low-income countries, paper-
based recording must be improved.

N Whenever surveys are done, to minimize selection bias
and information bias, the sample size should be selected
according to program needs, probability sampling
should be used, and strict quality control measures
should be implemented for data collection and analysis.

N The potential magnitude of bias in surveys must be
assessed before results are interpreted, quality assess-
ment criteria should be developed and endorsed by
partners, and partners should consider uncertainty in
coverage estimates before basing decisions such as
those involving performance-based financing on cover-
age.

N To improve program performance, national immuniza-
tion programs and their partners should take action to
improve the collection, interpretation, and use of
vaccination coverage data together with data on other
indicators.
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Abstract: Diarrhea morbidity and mortality remain
important child health problems in low- and middle-
income countries. The treatment of diarrhea and accurate
measurement of treatment coverage are critical if child
mortality is going to continue to decline. In this review,
we examine diarrhea treatment coverage indicators
collected in two large-scale community-based household
surveys—the Demographic and Health Surveys (DHS) and
Multiple Indicator Cluster Surveys (MICS). Current surveys
do not distinguish between children with mild diarrhea
episodes and those at risk for dehydration. Additional
disease severity questions may improve the identification
of cases of severe diarrhea but research is needed to
identify indicators with the highest sensitivity and
specificity. We also review the current treatment indica-
tors in these surveys and highlight three areas for
improvement and research. First, specific questions on
fluids other than oral rehydration salts (ORS) should be
eliminated to refocus the treatment of dehydration on
ORS and to prevent confusion between prevention and
treatment of dehydration. Second, consistency across
surveys and throughout translations is needed for
questions about the caregiver behavior of ‘‘offering’’ the
sick child fluid and food. Third, breastfeeding should be
separated from other fluid and food questions to capture
the frequency and duration of nursing sessions offered
during the illness. Research is also needed to assess the
accuracy of the current zinc indicator to determine if
caregivers are correctly recalling zinc treatment for
current and recent diarrhea episodes.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection

Introduction

Child diarrhea mortality rates have declined dramatically over

the past 30 years, yet diarrhea morbidity has remained relatively

constant among children under 5 years of age in low- and middle-

income countries [1,2]. Current estimates suggest that, despite

improvements in water, sanitation, and hygiene, children under 5

years old have 2.9 episodes of diarrhea every year with the highest

rates among children aged 6–11 months [2]. Rotavirus is widely

accepted as the leading cause of hospitalizations among children

under 5 years but other viruses, bacteria, and parasites also cause

serious diarrheal morbidity and mortality [3,4].

Oral rehydration salts (ORS) have been the cornerstone of

diarrhea treatment since the 1980s [5]. Combined with continued

feeding and the provision of home-based sugar-salt solution and

other fluids, diarrhea treatment in the home should now be easier

than ever for most community-acquired acute diarrhea episodes

and experts had high hopes for accelerated uptake and widespread

use of ORS within the community [6]. Unfortunately, although

knowledge of ORS has remained high, more than two-thirds of

low- and middle-income countries have reported declines in ORS

use rates in the years following the initial campaigns and

promotional efforts [7]. More positively, with the introduction of

zinc supplementation for 10–14 days as an adjunct treatment for

all episodes of childhood diarrhea [8], diarrhea treatment is now

more effective than ever, and remains simple, inexpensive, and

appropriate for community-based care.

A comprehensive understanding of which children with

diarrhea are getting treatment and how this has or will change

over time is critical for targeting child health programs. Our

current understanding of the coverage of ORS and now zinc

treatment comes primarily from Demographic and Health Surveys

(DHS) and UNICEF Multiple Indicator Cluster Surveys (MICS).

In this paper, which is part of the PLOS Medicine ‘‘Measuring

Coverage in MNCH’’ Collection, we review the current method-

ology for assessing coverage of ORS, additional fluids, continued

feeding, and zinc treatment. We identify problems with the

currently accepted indicators and propose opportunities for

improving these indicators. Better coverage indicators will increase

our understanding of current trends in the treatment of diarrhea
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and enhance our ability to target and improve these interventions

among young children.

Overview of Current Methods for Assessing
Coverage

DHS and MICS surveys have been measuring the coverage of

key child survival interventions since 1984 and 1995, respectively

[9–11]. These large, representative, cross-sectional household

surveys are designed to track demographic and health indicators

and to measure the coverage of key interventions in low- and

middle-income countries. Details of the DHS and MICS survey

methodologies are provided elsewhere in this Collection [11].

Except for the DHS in Peru and Senegal, which now employ

continuous rolling surveys, DHS or MICS surveys are not executed

in the field over a full calendar year. Because diarrhea disease rates

are highly dependent on season [4], both surveys suffer from

seasonality bias and cannot be used to accurately measure diarrhea

incidence among children under 5 years of age [12,13]. Cross-

sectional surveys can, however, determine the standard denomina-

tor for measuring the coverage of key diarrhea treatment

interventions—2-week diarrhea point prevalence. Thus, in DHS

and MICS surveys, the caregivers of children under the age of 5 are

asked if the child has had diarrhea at any time in the past 2 weeks.

The questionnaire is designed to capture all episodes of diarrhea of

varying degrees of severity, with or without blood in the stool, using

local terminology for diarrhea rather than clinical definitions of

disease duration or severity. Both DHS and MICS survey guidelines

state that local terms should be included to capture the full spectrum

of diarrhea as perceived in the local community.

DHS and MICS surveys also capture information on the

coverage of key interventions for the treatment of diarrhea,

namely ORS for the prevention and treatment of dehydration,

zinc supplementation, continued feeding, and the provision of

additional fluids during the episode. These treatment indicators

are captured for all children with a diarrhea episode in the past 2

weeks. The caregiver is also asked about the quantity of fluids and

foods that have been given during the current diarrhea episode in

relation to what the child is normally given. The definitions of

treatment coverage indicators most commonly used for program

purposes are defined in Box 1.

The Definition of Diarrhea Episodes in DHS and
MICS Surveys

The current denominator for treatment coverage obtained from

DHS and MICS surveys includes all children with a diarrhea

episode in the last 2 weeks as defined by the caregiver.

Unfortunately, although considerable formative research was

done in the early 1980s to understand local terms and beliefs

about diarrhea [14], this information is often overlooked in the

design of questionnaires and simple mistakes in the translation of

survey instruments or the omission of key local terminology can

result in missed diarrhea episodes. Moreover, current surveys

assume that all diarrhea episodes are in need of the same level of

treatment. Older surveys asked caregivers about the duration of

the diarrhea episode, but this is no longer common. Currently,

caregivers are asked about the presence of blood in the stool, but

are not asked questions designed to classify disease severity,

because this is thought to be difficult in household surveys with 2-

week recall. Because the denominator broadly captures all

diarrhea episodes, it is impossible to determine whether the

children receiving appropriate treatment are the children most in

need or simply a random sample of all children with diarrhea.

How Can the Definition of Diarrhea Episodes Be
Improved?

It is clear from the above discussion that large surveys need to

include additional questions on diarrhea duration and severity to

enable accurate measurement of treatment coverage. Such addi-

tional questions could use easily recognizable signs and symptoms,

such as fever or abnormal thirst and vomiting to measure the

prevalence of dehydration in the current or recalled episodes.

We identified two studies that showed various combinations of

these signs as being predictive of dehydration [15,16]. In a case

control study in Brazil, researchers enrolled children who were

hospitalized for dehydration as cases and age-matched children

who also had diarrhea but were not hospitalized as controls.

Mothers were asked to recount signs and symptoms on the first

day of illness. The study concluded that using vomiting or fever as

an indicator would identify 75% of diarrhea episodes with

dehydration [15]. In a similar study in Mozambique, vomiting

or fever had a sensitivity of 68.3% (sensitivity measures how well

an indicator is able to identify true positive cases, i.e., diarrhea

with dehydration). By adding ‘‘drinking more than usual’’ to this

combination, the sensitivity of diarrhea prediction increased to

87.8% with a specificity of 34.1% (specificity measures how well an

indicator is able to identify true negative cases, i.e., diarrhea

without dehydration) [16]. We also found several studies that

published risk factors for severe disease including socioeconomic

factors, child characteristics, and some clinical signs and symptoms

[17–19]. Although additional research is clearly needed to refine

and retest these signs and symptoms before introducing new

questions in large-scale surveys across low- and middle-income

countries, these data suggest that qualifying diarrhea severity at the

community level is possible.

With the objective of demonstrating that the addition of simple

questions to large-scale surveys might provide valuable insights

into diarrhea severity and into treatment by diarrhea severity, we

used the sensitivities and specificities provided by Victora et al.

[15] for combinations of reported signs and symptoms and 262

tables to calculate the positive and negative predictive values of

these symptoms as predictors of dehydration during diarrhea. The

Box 1. Treatment Coverage Indicators
Included in DHS and MICS Surveys

Indicators from direct responses to DHS/MICS questionnaires

1. Proportion of children with diarrhea in last 2 weeks who
were given ORS

2. Proportion of children with diarrhea in last 2 weeks who
were given zinc

3. Proportion of children with diarrhea in last 2 weeks who
were given recommended home fluids

4. Proportion of children with diarrhea in last 2 weeks who
were given the same or more to drink

5. Proportion of children with diarrhea in last 2 weeks who
were given the same or more to eat

Indicators calculated from multiple DHS/MICS questions

1. Proportion of children who received oral rehydration
therapy (defined as ORS or recommended home fluids)

2. Proportion of children who received continued feeding
and oral rehydration therapy or increased fluids
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positive predictive value (PPV) of a test indicates the proportion of

individuals with a positive test result (here, diarrhea with

dehydration) who actually have the disease being tested for. The

negative predictive value (NPV) indicates the proportion of

individuals with a negative test result who do not have the disease

being tested for.

Victora et al. reported that the combination of ‘‘vomiting or

fever or abnormal thirst’’ had the highest sensitivity (90%) and the

lowest specificity (38%) (Table 1) [15]. The combination of ‘‘fever

or vomiting’’ had the lowest reported sensitivity of 75% and the

highest specificity of 66%. Typically, with any test, as sensitivity

increases, specificity decreases and vice versa. Thus, as the signs or

symptoms used to define diarrhea with dehydration become

broader, more children meet the criteria of a ‘‘case’’ and the

definition will capture a higher percentage of true cases. However,

many more children who are not truly cases will also meet the case

definition, which will increase false positivity and lower specificity.

Unlike sensitivity and specificity, PPV increases as the disease

prevalence increases. We therefore tested scenarios with a 5% and

a 10% prevalence of dehydrating diarrhea. At these relatively low

prevalences, the PPV for the different combinations of signs and

symptoms did not vary widely (Table 1). Thus, for this set of

specificities and sensitivities, additional questions about the

presence of vomiting, fever, and abnormal thirst could correctly

identify 75%–90% (i.e., sensitivity can be high) of diarrhea cases

most in need of ORS (i.e., diarrhea with dehydration), but of those

individuals that appear to have severe diarrhea using these signs

and symptoms as a set of indicators, less than 20% will truly have

an episode of diarrhea with dehydration (i.e., PPV is low).

Additional validation studies are needed to test these and other

possible indicators in several settings before any disease severity

questions are universally added to surveys. The specific wording of

questions will also need to be studied across several locations and

in several diverse cultures. Although other risk factors for diarrhea

or severe diarrhea have been identified [17–19], we suggest that

the focus in DHS and MICS questionnaires should remain on

signs and symptoms of the episode that are simple to identify and

recall. In addition to those reported by Victora et al. [15],

questions on total days with diarrhea for completed episodes,

number of days of illness for current episodes, and stools per day

may further define the severity of the diarrhea episodes and

improve our understanding of differences, if any, with regard to

treatment or care seeking. These questions should be evaluated to

determine if adding them to the survey will increase specificity and

sensitivity of identifying cases of diarrhea at risk of progressing to

dehydration.

Two-Week Point Prevalence of Diarrhea or Less?

Surveys are currently designed to capture a 2-week point

prevalence of diarrhea, which assumes that recall of up to 2 weeks

accurately captures both current and past episodes. Research has

shown that longer recall periods actually underestimate milder

diarrhea cases by approximately 40% and more severe cases by

approximately 20% [20]. A shorter recall period may therefore be

critical to more accurately describe diarrhea severity and duration

even though a 1-week versus a 2-week recall would reduce the

number of cases available for calculating treatment and care-seeking

behaviors [21]. As with the inclusion of additional indicators to define

severity, shifting the recall period in surveys from 2 weeks to 1 week

needs to be tested before widespread changes are made. Making such

changes may be logistically challenging given that DHS/MICS do

not base sample size on diarrhea prevalence. Nevertheless, under-

standing the ideal recall period may still provide valuable information

with regard to the coverage of diarrhea treatment interventions.

Improving the Measurement of Coverage of ORS
and Additional Fluids

Our review of the treatment indicators included in current DHS

and MICS surveys revealed three major problems with the

measurement of coverage of treatment with ORS and other fluids.

Here, we describe these problems and recommend how they can

be avoided in future surveys.

Recommendation 1. Future Surveys Should Refocus on
ORS

ORS is currently recommended for the treatment of all episodes of

diarrhea. For cases of acute diarrhea with no signs of dehydration,

fluids other than ORS may be used for the prevention of dehydration.

The provision of additional fluids (except ORS) during a diarrhea

episode was never intended as treatment for dehydration but, over

time, the appropriate use of non-specific fluids in the management

of dehydration has led to some confusion, and has also been poorly

studied in general. For example, after the discovery of ORS,

researchers tried to recreate a version of this life-saving intervention

that could be made in the home if pre-packaged ORS was not

available. Sugar-salt solutions were tested in hospitals against the

packaged ORS formula and proved to be beneficial in clinical

settings [22]. By contrast, evaluations of sugar-salt solutions in

community settings were typically undertaken without control

groups or comparison areas [23,24]. Many other types of fluids have

Table 1. Range of diagnostic values for dehydration from diarrhea based on selected severity indicators.

Indicators Sensitivitya Specificitya

5% Prevalence
of Dehydration

10% Prevalence
of Dehydration

PPV NPV PPV NPV

Thirst or fever or vomiting 90% 38% 7% 99% 14% 97%

Thirst or fever 89% 44% 8% 99% 15% 97%

Thirst or vomiting 89% 40% 7% 99% 14% 97%

Fever or vomiting 75% 66% 10% 98% 20% 96%

aAssumed sensitivity and specificity values are taken from Victora et al. (15).
doi:10.1371/journal.pmed.1001385.t001
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also been introduced into the category of home fluids without

evidence to suggest a benefit [22].

Current surveys ask about ORS, ‘‘recommended home fluids,’’

and the quantity of additional fluids, which includes plain water.

However, the adaptation and translation of survey instruments for

local use rarely inserts a description of locally recommended fluids

containing a salt and starch into questions about ‘‘recommended

home fluids.’’ Instead, many surveys are implemented in the

community with a direct translation of the phrase ‘‘recommended

home fluids,’’ which may generate meaningless responses.

Furthermore, asking the caregiver about giving plain water and

other fluids in separate questions does not provide information

about the management of dehydration in the child.

In particular, the inclusion of the broad category of oral

rehydration therapy, which includes feeding practices and the

provision of nearly any liquid, as a valid indicator in surveys for

the appropriate coverage of diarrhea treatment is questionable.

The definition of this indicator has changed over time so looking at

‘‘oral rehydration therapy’’ in isolation of the definition describing

the indicator does not allow accurate time trends to be described

[25]. Moreover, with limited evidence suggesting a measured

benefit of fluids other than ORS on diarrhea mortality, putting

weight on this and other nebulous categories (for example,

recommended home fluids) does not further our understanding

of correct diarrhea treatment and will not do so until improve-

ments in the denominator can help us differentiate which episodes

of diarrhea can be managed with simple fluids and which episodes

are in need of ORS for dehydration prevention and treatment.

We recommend, therefore, that questions about specific fluids

other than ORS should be eliminated from large-scale household

surveys. This will help to refocus attention on the importance of

ORS and prevent confusion between appropriate treatments for

preventing and treating dehydration.

‘‘                                                                 ’’

In large surveys the caregiver is asked if the child was offered or

given ORS, additional fluids, or food. It is often difficult to

distinguish which question—was the child ‘‘given’’ (i.e., consumed)

versus was the child ‘‘offered’’—has been asked in the translated

version(s) of the questionnaire, even though back translation is

routinely undertaken to check the accuracy of translations. Indeed,

in some languages, there might not even be words that adequately

distinguish between these two concepts. Moreover, reports of

surveys may not accurately recount what was asked of the caregiver

or, in some instances, may use both terms [26]. We suggest that the

objective of the question in large surveys should be whether or not

the child was offered ORS, additional fluids, or food. This is the

behavior that is in the control of the caregiver—sick children may

not take all that is offered. Smaller-scale surveys may be able to ask

about the intake of the child to further our understanding of

caregiver behaviors that may influence the child’s response to food

and drink being offered during the illness, but large DHS and MICS

surveys will not be able to include both sets of questions.

In many countries, it is still the cultural norm to restrict feeding

during the diarrhea episode or to change the food offered to those

that are perceived as easy to digest. It is often thought that ‘‘less

in’’ will mean ‘‘less out.’’ Current recommendations emphasize the

importance of continued feeding during the diarrhea episode [8]

to ensure the child receives adequate nutrition. Secondary

questions that ask caregivers if the child was offered/given the

same, more, or less fluids and food than usual are already included

in DHS and MICS surveys but again, it is important to ensure that

these questions are consistently translated to ensure that the data

gathered accurately reflects the concept of food and fluid offered

and does not get confused with quantities eaten or drank.

Quantifying exact quantities of food or fluid ingested is difficult

to ascertain correctly from a household survey; therefore the

concept of offered fluids and foods remains the best indicator of

progress for programmatic consideration [27,28]. Furthermore,

although a better understanding of changes in feeding practices

with regard to what foods a child is offered during diarrhea is

needed to ensure that appropriate nutrition is maintained during

the episode, particularly in children who have longer episodes or

multiple episodes, we believe it is inappropriate to include any

other questions related to feeding practices in large surveys;

instead smaller research studies should study feeding practices

during diarrhea episodes to identify populations most at risk of

malnutrition because of diarrhea.

Recommendation 3. Future Surveys Should Separate
Breastfeeding from Other Fluids and Foods

Current questionnaires include breast milk as part of the question

dealing with the quantity of fluids offered. However, the quantity of

breast milk cannot be measured if the child is fed at the breast. A

mother can only report frequency of nursing opportunities or time

spent nursing and changes in nursing patterns. We suggest that a

separate question that asks if the child was given opportunities to

nurse the same, more, or less frequently and/or for more, the same,

or less time during the illness would allow the mother to more

accurately describe the child’s nursing pattern in lieu of providing

information on the quantity of breast milk ingested.

Coverage of Zinc Supplementation in DHS and
MICS Surveys

Although zinc supplementation was added to the UNICEF/

WHO recommendation in 2004, it has still not been incorporated

widely into diarrhea treatment programs [6,8]. Indicators of zinc

supplementation have been added to the routine DHS and MICS

surveys but little testing has been done to determine whether

caregivers can differentiate zinc from more commonly prescribed

antibiotics and antidiarrheals in communities where zinc is a new

treatment, particularly when recalling an episode in the past 2

weeks that has resolved and for which treatment is no longer being

given. Caregivers may be able to more accurately recall treatments

given if the recall period is shortened. A shorter recall period

would result in a greater number of children currently receiving

treatment and thus enable the surveyor to ask to see the packaging

of the treatment being given to validate the caregiver’s response.

On the downside, a shorter recall period would limit the sample

size and prevent opportunities for stratified analyses. As mentioned

earlier in the context of reducing the recall period to improve

reporting of diarrhea severity, research is needed to test whether

shorter recall periods improve the accuracy of caregiver reports of

zinc supplementation. Notably, few studies to date have examined

the appropriate recall time for treatments given for childhood

diseases. Additional research is also needed to better understand

other aspects of the ability of caregivers to correctly identify and

recount giving zinc for the diarrhea treatment, especially during

the early years of introducing zinc into routine clinical practice.

Conclusions

Current diarrhea coverage indicators seek to capture the

coverage of zinc treatment and fluid replacement for the
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prevention and treatment of dehydration. Because many of the

current indicators have not changed over time, tracking coverage

over time is possible. Nevertheless, in this paper, we present several

opportunities for improving upon currently accepted indictors. We

recognize that the scientific evidence supporting the methods for

improvements we propose is lacking in most cases (Box 2). For this

reason, this Review should be viewed as a call to action rather than

as a guide to changes that should be made immediately.

Our motivation for suggesting changes to coverage indicators is

driven by a need to better understand who and what types of

diarrhea are being treated appropriately and to identify the

episodes of diarrhea most likely to progress to dehydration.

Diarrhea remains an important cause of morbidity and mortality

for children in low- and middle-income countries around the

world, and diarrhea treatment rates do not appear to be

improving. However, it is possible that the children who need

ORS most are now receiving adequate treatment and that this has

contributed in part to the recent decline in diarrhea mortality [1].

Enhanced coverage indicators should enable us to better track

changes in coverage over time. Importantly, however, because

DHS/MICS surveys are already long, additional questions should

not be added without considerable reflection on the cost-benefit of

the new data collected. The ability of the changes proposed here to

improve the measurement of treatment coverage for diarrhea must

also be carefully studied before inclusion in routine DHS/MICS

surveys to ensure that these surveys remain valuable tools without

becoming too burdensome for practical use.

Finally, we acknowledge that making the changes we propose

will inevitably mean that new indicators will not be comparable to

past indicators. We suggest that this limitation may be a

reasonable price to pay for improvements in our understanding

of how well programs are targeting the children and the diarrhea

episodes most in need of appropriate treatment.
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Abstract: Household surveys are the primary data source
of coverage indicators for children and women for most
developing countries. Most of this information is gener-
ated by two global household survey programmes—the
USAID-supported Demographic and Health Surveys (DHS)
and the UNICEF-supported Multiple Indicator Cluster
Surveys (MICS). In this review, we provide an overview
of these two programmes, which cover a wide range of
child and maternal health topics and provide estimates of
many Millennium Development Goal indicators, as well as
estimates of the indicators for the Countdown to 2015
initiative and the Commission on Information and
Accountability for Women’s and Children’s Health. MICS
and DHS collaborate closely and work through interagen-
cy processes to ensure that survey tools are harmonized
and comparable as far as possible, but we highlight
differences between DHS and MICS in the population
covered and the reference periods used to measure
coverage. These differences need to be considered when
comparing estimates of reproductive, maternal, newborn,
and child health indicators across countries and over time
and we discuss the implications of these differences for
coverage measurement. Finally, we discuss the need for
survey planners and consumers of survey results to
understand the strengths, limitations, and constraints of
coverage measurements generated through household
surveys, and address some technical issues surrounding
sampling and quality control. We conclude that, although
much effort has been made to improve coverage
measurement in household surveys, continuing efforts
are needed, including further research to improve and
refine survey methods and analytical techniques.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

Considerable progress has been made since the mid-1990s in

reducing maternal and child mortality [1]. However, there are still

many unnecessary deaths among women and children (about

287,000 maternal deaths and 7.6 million child deaths in 2010 [2]),

even though effective and affordable interventions are available.

Tracking coverage indicators for women and children is necessary

to guide global, regional, and country efforts to improve health so

that scarce resources are directed to where they are most needed

and will be most effective in saving lives.

Coverage measurements reflect the proportion of individuals

needing an intervention, and must therefore be representative of

the reference population. Two recent reviews assessed potential

sources of coverage data for reproductive, maternal, newborn, and

child health (RMNCH) interventions in the 75 countries that

account for over 95% of maternal and child deaths [2,3]. These

reviews concluded that although routine data from health

management information systems are the preferred source of

coverage data because they provide information on a continuous

basis at lower administrative levels such as districts, these systems

are currently too weak in these countries to provide data of

adequate quality for assessing and guiding health programmes.

Demographic surveillance systems often produce higher quality

data but for limited geographic areas that become progressively

less representative of national populations over time if health

intervention trials are conducted in these areas. Both reviews

identified high-quality, nationally representative household surveys

as the method of choice for measuring RMNCH coverage for the

foreseeable future in most low- and middle-income countries.

Importantly, even after health management information systems

become reasonably complete and accurate, national household

surveys will need to continue as a complementary data source

since these surveys are representative of the general population

and provide vital information on background characteristics and

the determinants of population and health conditions. Household

surveys are also needed for measuring inequalities in coverage [4].

A large majority of household surveys that have produced

coverage estimates in low-income countries have been conducted
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under the USAID-supported Demographic and Health Surveys

(DHS) [5] and the UNICEF-supported Multiple Indicator Cluster

Surveys (MICS) programmes [6]. For example, in the global

databases compiled by UNICEF, information on the use of oral

rehydration therapy for children with diarrhoea comes from DHS

and MICS surveys for 98% of the countries with available data.

For care seeking for pneumonia, the comparable figure is 93%.

DHS and MICS data have also made a major contribution to the

scientific literature. According to a recent study and data from the

DHS website, more than 1,100 articles based entirely or primarily

on DHS data have been published in 346 peer-reviewed journals

[7]. Both programmes provide free public access to survey reports

and datasets.

Other standardized household survey programmes that have

generated coverage data on selected indicators include the CDC-

supported Reproductive Health Surveys conducted mostly in

Latin America, Eastern Europe, and Central Asia between 1975

and 2009 [8], the Pan-Arab Population and Family Health

Surveys (PAPFAM), supported by the Arab League and

conducted in the Arab region [9], and the WHO-supported

World Health Survey conducted from 2002–2004 [10]. There are

also standard household surveys focused on individual diseases or

intervention programmes such as the Malaria Indicator Surveys

[11], the AIDS Indicator Surveys [12], and the Standardized

Monitoring and Assessment of Relief and Transitions (SMART)

surveys conducted in many sub-Saharan African countries in the

early 2000s to provide information related to child nutrition,

some of which are still being conducted on an annual or semi-

annual basis [13]. Also, a few countries have mounted their own

nationally representative surveys, usually based on adapted

versions of the DHS and MICS protocols. Over time and as a

result of arduous consultations at the global level, a set of

standard indicators and ‘‘gold-standard’’ methodologies have

emerged that are incorporated in DHS and MICS surveys, as

well as in some more specialized surveys.

The methodological challenges of measuring RMNCH cover-

age received relatively little attention in the literature until

recently, in contrast to the measurement of mortality [14]. Much

of the testing of alternative coverage indicators, questions, and

analytical techniques is available only in internal reports of work

conducted by DHS or in the heads of the technical experts who

have conducted the surveys. In this review, which is part of the

PLOS Medicine ‘‘Measuring Coverage in MNCH’’ Collection, we

draw on the DHS and MICS experience to highlight key

methodological principles and challenges in using household

survey data to measure RMNCH coverage. For more details, we

direct readers to resource documents on survey design including

sampling, questionnaires, data cleaning, and analysis as well as

reports [5,6,15]. Other reviews and research articles in this

collection will focus on measurement challenges in tracking trends

in coverage for interventions targeting specific health conditions

[16–21] and cross-cutting methodological issues [22]. Here, we

complement this content by providing insights to help improve

survey measurements of RMNCH coverage and to promote the

informed use of coverage results to improve programmes.

Overview of the DHS and MICS Survey
Programmes

The DHS programme has been operating since 1984 with core

funding from USAID and substantial contributions from other

donors and participating countries. The programme is coordinat-

ed by ICF International. Its aim is to provide high-quality

nationally representative data on health and population trends,

with emphasis on fertility, family planning, mortality, reproductive

health, child health, gender-related issues such as domestic

violence, HIV/AIDS, malaria, and nutrition.

The MICS programme was developed by UNICEF in 1995 in

response to the World Summit for Children and has expanded

over time to measure progress towards the Millennium Develop-

ment Goals and other international targets for women and

children. MICS surveys provide key information on mortality,

health, nutrition, education, HIV/AIDS, and child protection for

use in programme decision making, advocacy, and national and

global reporting.

Figure 1 shows the number of DHS and MICS surveys

conducted annually since 1984. About ten to 15 DHS surveys have

been conducted annually since 1995; consultative processes have

led to major revisions in the core questionnaires every 5 years.

MICS surveys were conducted in ‘‘rounds,’’ every 5 years until

2007 and every 3 years thereafter, with about 60 surveys in each

round.

The core DHS [23] and MICS [24] questionnaires have

expanded over time, in content and complexity, to respond to

country and global needs and the growing number of effective

RMNCH interventions. Both surveys now include an increasing

number of optional modules and complementary data collection

tools for use in individual countries. Table 1 summarizes the

characteristics of both survey programmes, including question-

naire content, which is typically decided through collaboration

among government agencies, donors, key stakeholders, and DHS/

MICS. Table 2 lists the major differences between DHS and

MICS surveys and Box 1 highlights a particularly important

difference between DHS and MICS surveys—the way in which

they handle information on orphans and foster children.

Since their inception, DHS and MICS surveys have played an

important role in shaping the global agenda on tracking coverage

and in populating global databases. They have also influenced

policies and intervention strategies. For example, DHS/MICS

data are often used to establish targets in national economic and

social development plans, to provide advocacy for programmes to

improve women’s and children’s health, and to assist programmes

in identifying target groups in most need of interventions. The role

that these data play at the national and international level make it

imperative that data quality is the foremost consideration when

designing surveys and providing estimates of key indicators. In the

following sections, therefore, we draw on DHS and MICS

experience to highlight the challenges associated with measuring

coverage through household surveys.

Basic Principles and Survey Design

Valid measurement of coverage requires, first and foremost,

representative population samples based on scientific probability

sampling. We will discuss this essential aspect of coverage

measurement in the next section of our review but first we will

present three other key considerations that need to be taken into

account when planning and conducting household surveys and

when using their results.

First, some information is simply not amenable to collection

through a household survey, because respondents do not know or

cannot recall the required information. For example, a parent

cannot know a child’s birthweight if the child was not weighed at

birth and is unlikely to remember the exact timing of tetanus

toxoid vaccinations received over a lifetime. Decisions about what

questions respondents can answer with acceptable accuracy are

generally made by survey designers in consultation with technical

experts; the research papers in this collection provide some of the
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first rigorous research assessing the validity of self-reported

exposure to RMNCH interventions [17,18,25–28]. For coverage

questions that cannot be answered through household surveys,

alternative methods should be explored.

Second, survey interview length needs to be taken into account.

In principle, a survey interview should be long enough to engage

the respondent and obtain complete answers to the survey

questions without rushing, but not so long that respondents

become bored or frustrated. Completion of all questionnaires in a

household averages around 2 hours for DHS and MICS surveys.

Technical staff at DHS and MICS are concerned that the current

protocols—especially when optional modules, biomarkers, and

country-specific questions are included—are approaching lengths

that adversely affect data quality. The need to keep survey

interviews to a reasonable length is an important source of tension

when discussing the addition of new questions with stakeholders.

Third, response rates are a concern in household surveys as low

response rates can adversely affect the representativeness of the

interviewed sample. Efforts need to be made to ensure that non-

response is as low as possible. Non-response is well below 10% in

DHS and MICS surveys for most countries. Even though DHS

and MICS protocols specifically prohibit the substitution of

households, response rates remain high thanks to training

protocols emphasizing multiple revisits to households and close

monitoring of response rates by field staff.

Survey Sampling

The sample design determines the representativeness of

household survey results, which is required to produce coverage

estimates for the general population. Textbooks have been written

about survey sampling (e.g., [29,30]) and we will not attempt to

reduce them to a few paragraphs here. We recommend strongly

that all survey planning teams should include an experienced

technical sampling expert. Moreover, it is important not to

underestimate the time involved in doing sampling properly. DHS

[31] and MICS [32] surveys adhere to the fundamentals of

scientific sampling, including complete coverage of the target

population, use of suitable sample sizes, the need to conduct a new

household listing and pre-selection of sample households, and

preparation of appropriate sample documentation. However,

deviations from standard procedures are sometimes required

owing to cost limitations and practical considerations, including

security concerns. Importantly, coverage levels in household

surveys that use uncontrolled non-probability sampling (such as

quota sampling or purposive sampling) do not provide valid

estimates of population coverage.

DHS and MICS sampling frames are limited to the population

residing in fixed households, and exclude populations living in

group quarters (such as military barracks, hospitals, and hotels)

and persons living on the street. This is a potential source of bias,

Figure 1. Number of DHS and MICS surveys by year.
doi:10.1371/journal.pmed.1001391.g001
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because those populations are likely to have different character-

istics and health conditions from those living in households.

One very practical lesson learned through the DHS and MICS

experience is that sample households should be selected in the

central office, not in the field, if possible. Only preselected

households should be eligible for interviewing, with no substitu-

tions allowed during the fieldwork. This prevents interviewing

teams from reducing their workload by avoiding listing or

interviewing large or more remote households.

A key sampling question is how many households/individuals

should be interviewed per sample cluster. DHS recommends a

sample ‘‘take’’ of about 30–40 women per rural cluster and 20–25

women per urban cluster. MICS recommends 15–30 households

per cluster, although detailed analyses of available budgets,

logistical limitations, survey content, and information on sampling

errors from previous MICS and DHS surveys are also undertaken

on a case-by-case basis.

Currently, DHS and MICS surveys include around 15,000 and

10,000 households respectively, which is a sufficient sample size to

produce statistically reliable estimates of most indicators at the

national, urban–rural, and regional levels, but not at lower

administrative levels, such as districts, slums, and small population

groups. However, both survey programmes can oversample

population groups or geographical areas to produce statistically

valid estimates, when needed. Some DHS and MICS surveys have

large enough sample sizes to produce estimates at lower

administrative levels, but the added value of producing coverage

estimates at these administrative levels with larger samples needs

to be weighed against the added logistical and management

challenges.

Unfortunately, the use of sampling weights is often misunder-

stood, and consequently misused or ignored. Some strata (such as

urban areas or selected regions or provinces) are often over-

sampled to ensure that the final dataset includes enough cases to

produce reliable results. In these cases, sampling weights need to

be applied to account for varying design weights and non-response

levels. Generally, analyses of survey data should use sampling

weights calculated for each interviewed household or individual

respondent. There is a lack of consensus, however, about whether

weights should be used in multivariate analyses, and the decision is

often based on the purpose of the analysis [33,34].

Comparability of Measurement over Time and
between DHS and MICS

Tracking changes in RMNCH coverage over time is a valuable

way to assess progress and is one of the most widespread

applications of DHS/MICS data. But there are many pitfalls, and

often coverage estimates are taken from survey reports and plotted

to show changes without sufficient attention being paid to

comparability. Notably, RMNCH coverage indicators change over

time in response to modifications in policies and programmes and as

lessons are learned about measurement and interpretation. Other

papers in this collection report on multiple changes in indicators of

diarrhoea case management since 1990 [19], more recent changes

in treatment of childhood malaria [18], and postnatal care for

mothers and infants [35]. Rather than abstracting coverage data

from published survey reports, users should access the UNICEF

childinfo.org database, in which all standard global indicators have

been checked for comparability and recalculated where necessary. If

users obtain DHS and MICS data files themselves to recalculate

coverage indicators over time, care must be taken to use standard

indicator definitions and appropriate sampling weights.

MICS and DHS collaborate closely and work through

interagency processes to ensure that their survey tools are

harmonized and comparable and their data can, therefore, be

combined in global databases covering a large majority of

developing countries. The article in this collection by Requejo,

Newby, and Bryce highlights the importance of using standard

methods to produce comparable coverage data across countries

[36]. Differences between DHS and MICS surveys that may affect

RMNCH coverage estimates are presented in Table 2, which also

summarizes the evidence on the possible magnitude of the effects

of these differences. Finally, as mentioned earlier, Box 1 highlights

a particularly important difference between DHS and MICS

surveys—their inclusion or exclusion of information on orphans

and foster children.

Challenges in Survey Implementation

Accumulated experience from the two survey programmes

underscores the importance of incorporating quality control

mechanisms at every step in the survey process. Some data quality

steps are described elsewhere [36]; here we focus on several

common field problems that could affect the quality of RMNCH

coverage estimates.

One of the major field problem concerns is related to

interviewer training and supervision. Table 1 presents information

about how certain aspects of survey implementation are dealt with

in MICS and DHS surveys. Both programmes have minimum

requirements for selecting interviewers (at least a high school

diploma). Moreover, interviewers are not directly involved in the

management/provision of health services to avoid potential

conflicts of interest.

Box 1. Orphans and Foster Children

An important difference between MICS and DHS surveys is
in the collection of information on children under 5. In
MICS surveys, information on children under 5 is collected
from mothers or primary caregivers of children under 5 in
the household, making it possible to collect information
on all children under 5 (including orphans and foster
children), regardless of whether their biological mothers
are in the same household. In DHS surveys, the bulk of
information on children under 5 is collected from their
biological mothers in the Woman’s Questionnaire. There-
fore, information on some coverage indicators is not
collected for children under 5 who are orphaned or not
living with their biological mothers. An exception is the
collection of anthropometric measurements and biomark-
ers for all children under 5 in the household, regardless of
the survival status or whereabouts of their biological
mothers.
In a recent analysis of 12 DHS and MICS surveys in 12
countries (unpublished), we found that the inclusion or
exclusion of orphaned and fostered children does not have
a substantial influence on national estimates of undernu-
trition. In three of the surveys, there was more than a 5
percentage point difference in the prevalence of under-
weight between children living with their biological
mothers and other children. However, in seven of the
surveys, the difference was less than 2 percentage points.
In all 12 surveys, the difference between the national
estimate of the prevalence of underweight for all children
under 5 and for children whose mothers were interviewed
was negligible. The differentials may vary for other
indicators, so additional research would be desirable.
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Importantly, the MICS programme was originally intended to

be a relatively quick and light exercise at the country level, with

limited in-country technical support. The MICS programme was

designed to produce the limited data needed to monitor progress

towards the World Summit for Children Goals. Over time,

however, concerns about quality issues associated with the

expanded questionnaire length and increased sample sizes have

led MICS to develop a technical support system that emphasizes

the duration and content of interviewer training and field

supervision, but also includes rigorous controls on data entry

and checking. These changes bring the quality of MICS data more

in line with that of DHS (which has always included substantial

centralized technical support).

Another important quality assurance measure for both survey

programmes concerns the entry of data for paper-based question-

naires simultaneously with the fieldwork. For both paper-based

questionnaires and surveys conducted with personal data assistants

(PDAs) or tablets, field check tables are produced while the

fieldwork teams are still in the field, thereby making it possible to

spot systematic errors in data collection and take measures to

improve data quality.

However, despite meticulous attention to quality control, all

household surveys are prone to quality problems, the most

important of which we will now highlight. One of the most

challenging aspects of implementing DHS and MICS protocols is

how to ensure that these protocols are appropriately adapted to

the country context. Despite the availability of technical guidelines

and assistance, our experience suggests that problems frequently

occur in this area. One clear example is the adaptation of response

categories for diarrhoea treatment at home. The standard

response category for ‘‘government-recommended home fluids’’

is often not customized to reflect country-specific recommenda-

tions, in many cases because of the lack of clear national policies or

the long list of recommended fluids [19]. Another example is

Table 1. Characteristics of the DHS and MICS survey programmes.

Characteristics DHS MICS

Content of ‘‘core’’ questionnaires and modules (2012)

Both surveys Fertility and family planning; infant and child mortality; maternal mortality; antenatal care
(number of visits, provider, components of antenatal care, intermittent preventive treatment
for malaria during pregnancy); delivery care (place of birth, delivery assistance, cesarean
section, birth weight, birth size); postnatal care (postnatal care visits, timing of visits, type
of provider); child protection (birth registration, child marriage); child feeding practices
(prelacteal feed, breastfeeding, diet); child immunisation coverage; childhood fever, acute
respiratory infections, diarrhoea (prevalence, care-seeking behaviour, place and type of
treatment); children’s living arrangements; malaria (ownership and use of mosquito nets,
treatment of fever, indoor residual spraying against mosquitoes, malaria diagnosis); HIV
(knowledge of transmission and prevention, prior testing, stigma, and discrimination); sexual
behaviour; female genital cutting; environmental health (water, sanitation, handwashing,
disposal of children’s stools, cooking fuel); biomarkers (height, weight)

See DHS

Primarily one survey Vitamin A supplementation, iron supplementation, sexually transmitted infections
other than HIV (self reports, symptoms), exposure to second-hand smoke, biomarkers
including tests for anaemia, HIV, and malaria, timing of antenatal care visits, domestic
violence, fistula, women’s empowerment

Child labour, child discipline, early child
development, knowledge of danger
signs for child illness

Complementary protocols
(2012)

MIS, AIS, SPA surveys, KIS

Guidelines for survey implementation

Length of interviewer training,
including field practice

4 weeks 3 weeks

Composition of field teams Supervisor, field editor, and four interviewers who are the same sex as the respondents See DHS

Health technician(s) for biomarker testing Separate measurer for anthropometry

Software package used for
primary data processing

CSPro CSPro

Imputation and data analysis CSPro CSProRSPSS

Preparation of report In-country report writing workshop Regional workshops, in-country support

Technical assistance Technical assistance visits by ICF International Regional workshops, in-country
support, regional coordinators

Characteristics of nationally representative surveys conducted in 2011

Typical duration of fieldwork 3–6 months 2–4 months

Mean number of households Around 15,000 households Around 10,000 households

Average time between
completion of data collection
and release of the report

3 months for Preliminary Report, 10–12 months for Final Report 12–13 months for Final Report

Other characteristics

Free public access to datasets www.measuredhs.com www.childinfo.org

Easy access to survey results STATcompiler MICS Compiler

AIS, AIDS Indicator Surveys; KIS, Key Indicator Surveys; MIS, Malaria Indicator Surveys; SPA, Service Provision Assessment Surveys.
doi:10.1371/journal.pmed.1001391.t001
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described by Hazel and colleagues in this collection [21] who show

that coverage gains attributable to recently adopted strategies for

treating childhood illness at the community level cannot be

assessed unless the response options for care seeking are adapted to

reflect the country-specific providers of care at the community

level. Ensuring that standard survey protocols are adapted to

specific country contexts is a continuing challenge, especially given

the numerous topics included in each survey and the time and

resources needed to adapt questionnaires in each country.

Another implementation challenge relates to what demogra-

phers working on child mortality refer to as the tendency for

reports of child deaths to ‘‘heap’’ at certain ages, notably 12

months [37]. If this tendency is also true for reports of service

utilisation and receipt of interventions, it could affect the accuracy

of coverage estimates with time-bounded effectiveness, such as the

timing of antenatal or postnatal care. We are not aware of any

research that investigates the effects of age heaping in coverage

measurement, and believe that this warrants further attention.

Finally, a related problem is the tendency for interviewers to

‘‘transfer’’ children to age groups (especially over 5 years of age)

that exclude them from lengthy portions of the interview and

therefore reduce interviewer workload [37]. Even if only some

interviewers modify children’s ages in this way occasionally, it can

affect coverage estimates, especially if the children whose ages are

changed systematically have different characteristics from other

children. This is a continuing problem in some surveys despite

serious attempts to minimize abuses. Age displacement may have

more of an effect on fertility and mortality estimates than

RMNCH estimates, but displacement remains a matter of concern

overall.

Conclusions

Large-scale, nationally representative household surveys are the

primary source of data on RMNCH coverage. Despite efforts to

improve routine information systems, surveys are likely to remain

the primary source of data for many years to come. As we discuss

in this review, it is essential that survey planners and consumers of

survey results understand the strengths, limitations, and constraints

of coverage measurements generated through household surveys

Table 2. Differences between standard DHS and MICS protocols and their potential implications for coverage measurement.

Characteristics DHS MICS
Potential Implications for
Coverage Measurement

Sampling and survey design

Sample size per cluster Rural: 30–40 women; Urban:
20–25 women

15–30 households —

Construction of household
rosters

All usual members of the
household plus visitors who
spent the previous night in
the household. DHS tables on
coverage measurement are
based on de facto persons in
the household (that is, persons
who stayed in the household
the previous night).

All usual members of the household (de jure household
members) included.

De facto approach gives better
representation of mobile
populations. De jure approach is
more consistent with selection
probabilities based on censuses.
Unlikely to lead to any bias, since
response rates remain very high in
both approaches.

Respondents for
information about
children less than
5 years of age

Biological mothers only
except for anthropometric
indicators and anaemia,
which are collected for all
children.

Mothers or primary caregivers of children under 5 living in
the household.

Inclusion of caregivers means
orphans and foster children are
included in the samples for MNCH
coverage estimates for MICS, and
not for DHS. See Box 1 for
implications for coverage
measurement.

Reference periods for selected MNCH coverage indicators

Skilled attendance at
delivery

All births during the past
5 years

Last birth during the past 2 years The advantage of a shorter
reference period is that the
coverage estimates refer to a more
recent date; on the other hand, the
sample size is reduced when the
reference period is shorter, which
increases the confidence intervals.

Antenatal care Last birth during the past
5 years

Last birth during the past 2 years See above

Tetanus toxoid Last birth during the past
5 years

Last birth during the past 2 years See above

Initial Breastfeeding Last birth in the past 5 years Last birth during the past 2 years See above

Exclusive breastfeeding Youngest child age 0–4
years living with the mother

All living children age 0–4 years See above

Postnatal care Last birth during the past
5 years

Last birth during the past 2 years See above

Birth weight All births in the past 5 years Last birth during the past 2 years See above

MNCH, maternal, newborn, and child health.
doi:10.1371/journal.pmed.1001391.t002
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and also appreciate the technical issues involved in sampling and

quality control. Moreover, as our review and the other articles in

this collection highlight, conducting household surveys that

generate valid and reliable information on coverage is a complex

exercise. We believe that the findings of current and future

experimental studies will help to inform continuing efforts to

improve coverage measurement in household surveys, particularly

in the areas of improved question wording and interviewer

training. Finally, we stress that calls for more and better data on

coverage must be accompanied by sufficient resources and by an

ongoing research programme to continue to improve and refine

methods and analytical techniques.
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Abstract: To monitor progress towards the Millennium
Development Goals, it is essential to monitor the
coverage of health interventions in subgroups of the
population, because national averages can hide important
inequalities. In this review, we provide a practical guide to
measuring and interpreting inequalities based on surveys
carried out in low- and middle-income countries, with a
focus on the health of mothers and children. Relevant
stratification variables include urban/rural residence,
geographic region, and educational level, but breakdowns
by wealth status are increasingly popular. For the latter, a
classification based on an asset index is the most
appropriate for national surveys. The measurement of
intervention coverage can be made by single indicators,
but the use of combined measures has important
advantages, and we advocate two summary measures
(the composite coverage index and the co-coverage
indicator) for the study of time trends and for cross-
country comparisons. We highlight the need for inequality
measures that take the whole socioeconomic distribution
into account, such as the relative concentration index and
the slope index of inequality, although simpler measures
such as the ratio and difference between the richest and
poorest groups may also be presented for non-technical
audiences. Finally, we present a framework for the analysis
of time trends in inequalities, arguing that it is essential to
study both absolute and relative indicators, and we
provide guidance to the joint interpretation of these
results.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection

Introduction

Equity in health has been part of the public health agenda for

quite some time in the US, Europe, and Latin America [1–3], but

interest in health inequities has boomed since the 1990s, with a

large number of publications considering definitions [3], measure-

ment [4–6], and controversies about health inequalities [7,8]

(throughout this review we will refer to equity when we are

considering the concept of fairness/justice and inequality when we

are considering the measurement of differences in coverage, which

are used to make judgments about equity/inequity). Interest in

health equity has also started to increase in low- and middle-

income countries, where few analyses of inequalities were available

prior to 2000 [9–11]. Although reducing inequalities was not a key

element in the health-related Millennium Development Goals, it is

an important focus of the post-2015 agenda, which involves

studying how inequalities change, how they relate to policies and

health systems, and how they relate to global processes, such as

conflict or economic growth or recession [12]. The need to make a

clear link between broad social and economic inequalities and

disparities in the coverage of health interventions has also been

championed by the Social Determinants of Health movement

[13,14].

In spite of recent developments, descriptive cross-sectional

studies of health inequalities are still the most common and useful

type of study for the design and implementation of public health

policies aimed at improving equity. Such studies require the

measurement, presentation, comparison, and interpretation of

inequalities in health. In this article, which is part of the PLOS

Medicine ‘‘Measuring Coverage in MNCH’’ Collection, we do not

intend to provide a broad review of inequalities in health and their

measurement, but rather we rely on our own recent experience in

monitoring inequalities [15] to provide practical advice to

researchers and policymakers in low- and middle-income countries

on how to carry out and interpret such analyses. We discuss

methodological issues relevant to these objectives, including the

assessment of socioeconomic position, choice of outcome mea-

sures, measures of the degree of inequality, and assessment of

changes in inequalities over time. The examples we include are

derived from data analyses carried out for the World Health

Organization Global Health Observatory [16] and for the

Countdown to 2015: Maternal, Newborn and Child Survival

initiative [17]. Our examples use primary data mainly collected by

the Demographic and Health Surveys (DHS) [18] and Multiple
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Indicator Cluster Surveys (MICS) [19], large, population-based

household surveys that have been carried out repeatedly in low-

and middle-income countries since the 1990s. Comprehensive

overviews of health inequalities based on data from these surveys

are available elsewhere [20–22].

Measuring Socioeconomic Position

There are multiple dimensions to health equity according to

gender, wealth, education, place of residence, ethnicity, and sexual

orientation, among other factors. In this article we focus on

‘‘socioeconomic position,’’ a term that is now preferred over

‘‘socioeconomic status’’ in the equity literature [23].

Socioeconomic position can be ascertained using different types

of indicators, each reflecting slightly—or sometimes markedly—

different underlying constructs. From the standpoint of statistical

analyses, an indicator should be easy to measure in a valid way

during surveys, should not change rapidly over time, should allow

breakdown into several categories (preferably of similar size), and

should be comparable over time and place. No single measure of

socioeconomic position fulfills all these criteria in a satisfactory

way. Howe et al. have recently reviewed the advantages and

limitations of socioeconomic position indicators in low- and

middle-income countries [24], and we provide a brief discussion of

four ways to measure socioeconomic position—education, income,

household consumption, and occupation—in Box 1.

In light of the problems with the above socioeconomic position

indicators, an alternative was proposed by Filmer and Pritchett in

1998 [25]—the asset index. This index is based on a relatively

short list of household possessions (radio, television, refrigerator,

etc.) and characteristics of the house (building materials, toilet,

electricity, etc.), and may include the educational attainment of

household members. These variables, which are collected in DHS

and MICS surveys, are subjected to principal component analysis,

a data reduction technique that produces a single continuous

composite score from all the variables that retains as much

variance as possible [26]. Each household is then assigned an asset

score, and samples can be broken down into quintiles or other

equal-sized groups of households based on this asset score.

Like all other socioeconomic position indicators, asset indices

have limitations [27]. First, different choices of assets can change the

classification of families [28,29]. Second, families in the wealthiest

quintile in most low- and middle-income countries are mainly urban

[30], so that wealth inequalities are closely associated with urban/

rural disparities [31]. A third limitation is that quintiles assess only

relative socioeconomic position, rather than absolute socioeconomic

position [32]. For example, the poorest quintile in a middle-income

country may be richer than one of the wealthier quintiles in a low-

income country. A similar problem can arise in time-trend analysis

for a country that is getting richer. Moreover, because fertility tends

to be higher among the poor, there tend to be more than 20% of the

mothers and children in the lowest quintile of household wealth, and

fewer than 20% in the richest quintile. This effect is even more

marked for disease episodes: data on oral rehydration therapy, for

example, are often based on a much larger sample (which is

dependent on the number of diarrhea episodes) in the poorest than

in the wealthiest quintile.

These limitations do not, however, preclude the widespread and

valid use of asset indices for documenting the wide gaps between

rich and poor that are present in most low- and middle-income

countries, as is evident by the consistent associations between asset

indices and more complex measures of socioeconomic position

[31] and by the marked inverse associations between asset indices

and child mortality and undernutrition [20,21]. Compared to the

other methods discussed above, the asset index has clear

advantages, and this has resulted in its widespread international

adoption as the preferred way of measuring socioeconomic

position in low- and middle-income countries [20].

Box 1. Common Measures of Socioeconomic
Position

Education of the Mother

N Easy to measure but can also have a direct effect on
health [12].

N Often results in unbalanced groups. In poor countries, a
large proportion of women may have no education,
whereas in wealthier countries most will have completed
secondary school.

N Size of the categories will vary over time, as more
women are educated, which affects the comparison of
time trends.

N May be difficult to use in country comparisons because
of different schooling structure, level names, and
content.

Income

N Requires several questions to be asked about different
sources of income.

N Misreporting is frequent, and monthly variability may be
important in low-income societies where casual labor
and agricultural production are common.

N More positively, income is a continuous variable that can
be broken down in groups of uniform size, which allows
comparisons over time.

Consumption Expenditure

N Reflects what people spend rather than what they earn.

N Difficult to measure, requiring respondents to keep
diaries and to answer long questionnaires, and requiring
multiple visits by interviewers.

N Affected by misreporting, seasonality, in-kind exchanges,
and domestic production of goods [24,44,45].

N If properly measured, consumption expenditure is a
useful indicator, but its practical limitations have so far
restricted its use in health research in low- and middle-
income countries.

Occupation

N Commonly used in high-income country studies, this
measure of socioeconomic position is problematic in
low- and middle-income countries, where changes in
occupation and multiple jobs are common and unem-
ployment or informal jobs predominate.

N Long questionnaires and complex post-processing are
required to capture all the subtleties of occupation in
low- and middle-income countries, where large propor-
tions of the population may fall into a single category.
‘‘Farmers,’’ for example, may include anyone from a
landless laborer to a plantation owner.

N Several classifications used in countries are not ordinal,
making it impossible to rank groups.
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Measuring Inequalities in Intervention Coverage

There are two basic approaches for measuring inequalities in

intervention coverage. The first is to carry out separate analyses

for each relevant coverage indicator, such as contraceptive use,

presence of skilled birth attendant, measles vaccine coverage, oral

rehydration therapy, etc. The Countdown to 2015 initiative [17]

provides inequality breakdowns of 18 such indicators for 75

countries. There are at least two caveats with this approach. First,

several coverage indicators are based on small subsets of mothers

or children. For example, vaccination status is assessed among

children aged 12–23 months, and oral rehydration therapy is

assessed among children who presented with diarrhea in the two

weeks before the interview. When these indicators are broken

down by quintiles, the number of mothers and children surveyed

who (a) belong to a given quintile and (b) also belong to the

subgroup that constitutes the denominator of the coverage

indicator is often very small, even in large surveys, which leads

to poor precision due to sampling variability. The second caveat is

the difficulty in summarizing inequalities for a given country,

because the magnitude of inequality may vary by indicator. On

the other hand, these analyses may provide insights about which

delivery channels are most equitable, and therefore contribute to

better programming. For example, a recent Countdown to 2015

publication compared inequalities in coverage with skilled birth

attendants—which requires access to a functioning health system,

24 hours a day and seven days a week—and inequalities in

measles vaccine coverage—which is usually delivered on a single

occasion in communities, often during national immunization

days. Not surprisingly, inequalities were much greater for coverage

with skilled birth attendants than for coverage with measles

vaccine [22].

To avoid the problems of studying one coverage indicator at a

time, two related measures have been proposed that combine the

coverage of several interventions (Box 2). The co-coverage

indicator is important since it shows what percentage of the

population is receiving all, or most, of the main preventive

interventions. If children or mothers receive just a few of a set of

lifesaving interventions, efforts to improve the health of children or

mothers may have little effect [33]. The composite coverage index

(CCI), on the other hand, provides an overall estimate of coverage

based on eight essential health interventions. By replacing a large

number of coverage estimates, it makes multi-country and time-

trend assessments easier to carry out and to understand. Both

measures have been widely used in cross-country comparisons and

in equity analyses; the most recent Countdown to 2015 report

contains several examples [34].

How to Express the Magnitude of Inequalities

There is no consensus on the ideal measure for expressing the

magnitude of inequalities. In 1991, Wagstaff et al. [6] identified six

such measures. In 1997 Mackenbach and Kunst [4] listed 12

measures, and in 2005 Harper and Lynch [35] compiled more

than 15 of them. The main dichotomy in the expression of the

magnitude of inequalities relates to whether the measure is absolute

or relative. An example of an absolute measure of inequality is the

difference between the extreme wealth quintiles—for example,

measles immunization coverage is 10 percentage points higher in

the top wealth quintile than in the bottom quintile. A relative

measure of inequality is based on a ratio—for example, vaccine

coverage is 20%, or 1.2 times, higher in the richest quintile than in

the poorest. The distinction between percentage points and

percentages is essential. If vaccine coverage in the richest and

poorest groups is 70% and 50%, respectively, the absolute

difference in coverage will be equal to 20 percentage points, while

the relative ratio will be 1.4 (i.e., 70%/50%), or 40% (i.e.,

[1.421]6100%).

Despite their simplicity, these measures, which take into account

only the top (Q5) and bottom (Q1) quintiles of the population

under study, have important limitations. First, these measures are

sensitive to changes in the number of individuals in each

stratification category. For example, the rich/poor ratio for

coverage with skilled birth attendants based on the 2008 Nigeria

DHS survey [36] is 10.4 if we use deciles of wealth and 8.8 if we

use quintiles. Another limitation is that in some cases the lowest

and highest wealth groups will not have the lowest and highest

Box 2. Indicators That Combine Coverage of
Several Interventions

Co-Coverage

N Based on how many preventative interventions each
mother/child pair received, out of a set of 8–9 essential
interventions [33]: antenatal care (1+ visit with skilled
provider); tetanus toxoid during pregnancy; skilled birth
attendant; child received vitamin A supplementation,
BCG (tuberculosis) vaccination, DTP3 (diphtheria–teta-
nus–pertussis) vaccination, and measles vaccination;
improved drinking water source. Insecticide-treated
bednets are also included in countries where relevant.

N Calculation of co-coverage requires reanalysis of original
survey data, which is time-consuming, but because co-
coverage is measured at the individual level, standard
errors and confidence intervals can be calculated.

N Co-coverage is often reported as the percentage of
children covered by at least three or six interventions but
can also be presented through stacked bar graphs that
show the percentage of children in the population
covered by a given number of interventions, usually
stratified by wealth quintiles (Figure 1).

Composite Coverage Index (CCI)

N Based on the weighted average of coverage of a set of
eight preventative and curative interventions; the CCI
gives equal weight to four stages in the continuum of
care: family planning, maternal and newborn care,
immunization, and case management of sick children
[27].

N The weighted average for a group (e.g., a country or a
wealth quintile) is calculated as

1

4
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2
z
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4
z
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where FPS is family planning needs satisfied, SBA is
skilled birth attendant, ANCS is antenatal care with
skilled provider, DPT3 is three doses of diphtheria–
pertussis–tetanus vaccine, MSL is measles vaccination,
BCG is BCG (tuberculosis) vaccination, ORT is oral
rehydration therapy for children with diarrhea, and
CPNM is care seeking for pneumonia.

N Because the CCI is a group indicator, jackknife or similar
resampling methods are required to estimate its
standard error [46].
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coverage levels, particularly when overall coverage is high. This is

the case for measles vaccine coverage in Bolivia (coverage of 75%

in Q1 and 67% in Q5) and Tajikistan (coverage of 88% in Q4 and

84% in Q5) [22].

More importantly, the intermediate population groups (e.g., Q2

to Q4) will not be captured in these simple measures of inequality

[4,6]. More sophisticated indicators can overcome this limitation

by using information on the whole population. Harper and Lynch

[35,37] recommended the use of the absolute concentration index

or the slope index of inequality (SII) as indicators of absolute

inequality, and use of the relative concentration index (CIX) or the

relative index of inequality (RII) as indicators of relative inequality.

In this article we will focus on the SII and the CIX, which are

among the most used measures of inequality in the epidemiologic

and economic literature, along with ratios and differences.

The CIX is related to the Gini coefficient [6], which is widely

used to measure how much income is concentrated in the hands of

the richest in a given country. The Gini coefficient can be

Figure 1. Co-coverage of nine preventive interventions for Nigeria (DHS 2008), by wealth quintiles. See Box 2 for more information on
the interventions included.
doi:10.1371/journal.pmed.1001390.g001

Figure 2. Concentration curve for measles vaccination and underweight using data from the Nigeria 2008 DHS. Conc. index,
concentration index.
doi:10.1371/journal.pmed.1001390.g002
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expressed in the form of a curve that shows the sample ranked by

income on the x-axis, and the cumulative distribution of income on

the y-axis. If everyone in the population has the same income, the

curve lies exactly over the diagonal and the Gini index is equal to

zero. The area between the diagonal and the observed curve is

used to measure the degree of income concentration. The CIX

uses an analogous approach by ranking individuals according to

socioeconomic position on the x-axis and plotting, for example,

cumulative intervention coverage on the y-axis. Thus, if every

wealth quintile had 20% of all the vaccines distributed in a

population, for example, the line would be exactly on the diagonal,

and there would be no inequality [6,35].

Typically, however, health interventions are more concentrated

towards the richer groups, and the CIX assumes a positive value,

as the curve is below the diagonal. Figure 2 (left) shows the

example of measles vaccination in Nigeria [36], where coverage

levels in the five quintiles were 17%, 28%, 41%, 58%, and 75%,

respectively, and the CIX is equal to 26.5. By contrast, in the case

of ill health, where poorer groups are affected more than richer

groups, the CIX is negative. So in Nigeria, where underweight

prevalence for the wealth quintiles Q1 to Q5 was 36%, 29%, 22%,

16%, and 10%, respectively, the CIX is 222.4 (Figure 2, right).

The main downside of the CIX is the lack of direct

interpretability of its values. Clearly, a value of 20 means more

inequality than a value of eight, but these numbers lack a clear

meaning, unlike Q5/Q1 ratios, which are easily interpretable.

Alternative formulations for CIX can be used to reflect absolute

inequalities [35], but these are used less often than the formulation

we have adopted here, which reflects relative inequalities. For

measuring absolute inequalities, the SII is being increasingly used

[35]. This index is typically derived through linear regression of

the health outcome on the midpoints of the ranks obtained by

ordering the sample by the explanatory variable when using

grouped data. The ranks are scaled so that the values range from

zero to one. When using ranks based on quintiles, each group

includes approximately 20% of the sample, and the midpoints of

Figure 3. Linear, bottom, and top patterns of inequality for skilled birth attendance in Gambia, Bolivia, and Bangladesh,
respectively. See Box 3 for further discussion of patterns of inequality.
doi:10.1371/journal.pmed.1001390.g003

Box 3. Patterns of Inequality

N Inspecting the distance between groups in an inequality
graph (such as the five-dot plots in Figure 3) can help in
the design of more efficient approaches for improving
coverage and reducing inequality.

N Three types of patterns of inequality have been
described as ‘‘linear,’’ ‘‘bottom’’ and ‘‘top’’ inequality
patterns by Victora et al. [33] and as ‘‘marginal
exclusion,’’ ‘‘queuing,’’ and ‘‘mass deprivation’’ by The
World Health Report 2005 [47]. In Figure 3, Gambia,
Bolivia and Bangladesh are, respectively, typical exam-
ples of these three situations.

N Under usual conditions, low-coverage countries tend to
show a top inequality pattern, with the richest quintile
way ahead of the rest. As coverage increases they move
to the linear pattern, where the distance between
groups is similar. When higher levels of coverage are
attained, a bottom inequality pattern usually appears,
with the poorest lagging behind [33,47].

N Where there is a linear pattern of inequality (Gambia,
Figure 3), increased coverage in all groups is still needed,
but targeting the poor should also be considered to
avoid a bottom inequality pattern evolving.

N Where there is a bottom inequality pattern (Bolivia,
Figure 3), targeting the poor is recommended because
most of the population has already achieved reasonable
levels of coverage.

N Where there is a top inequality pattern (Bangladesh,
Figure 3), it is important to disseminate interventions
widely, because coverage is low even in the wealthiest
group.
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the ranks are close to 0.1, 0.3, 0.5, 0.7, and 0.9 for the five

quintiles, respectively. The SII is the slope of the resulting

regression line, and represents the absolute difference in the fitted

value of the health indicator between the highest (score of 1) and

the lowest (score of 0) values of the socioeconomic indicator rank.

Using the same data used to calculate CIX in Figure 2 (measles

vaccination in the 2008 Nigeria DHS survey) [36], we get a

regression line that crosses the y-axis (where socioeconomic

position equals zero) at 7.6% coverage, and crosses the right side

of the chart (where socioeconomic position equals one) at 80%.

The SII equals 72.4, which is the difference between these two

coverage levels, and indicates that vaccine coverage at the top of

the wealth scale is 72.4 percentage points higher than at the

bottom.

There are two potential problems with a linear regression

approach like this when used with an indicator, such as

intervention coverage, that has a minimum of 0% and a maximum

of 100%. The first is that it assumes a linear relationship between

outcome and predictor, which is not always the case, particularly

when a ‘‘top inequality’’ or ‘‘bottom inequality’’ pattern is present

(see Box 3). Second, for rare or common outcomes, the model can

fit values outside the 0%–100% interval. It can, for example,

indicate negative coverage values among the poorest, which is

clearly impossible. Using logistic regression instead of a linear

model frequently solves both these problems. This approach allows

the calculation of the difference between the estimated coverage at

the top and bottom of the socioeconomic position scale and is best

done using individual data rather than grouped data. In the

Figure 4. Different situations in relation to the time trend of the health indicator studied, and how changes are related to increased
or decreased measures of inequality. (A) Situation 1—increasing rates of a health indicator, typical of a preventive intervention, such as
immunization, or a desirable behavior such as exclusive breastfeeding. (B) Situation 2—declining rates of a health indicator, typical of an ill-health
indicator, such as undernutrition or mortality, or a risk factor, such as high parity. ‘‘d’’ indicates the difference in coverage between the top and
bottom quintiles; ‘‘r’’ indicates the ratio of the coverage in the top and bottom quintiles.
doi:10.1371/journal.pmed.1001390.g004
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example of measles vaccination in Nigeria, the logistic regression

approach yields an SII equal to 66.8—smaller than but not greatly

different from the SII obtained with the linear regression

approach.

A measure that is closely related to the SII is the relative index

of inequality, or RII. The curve-fitting procedure used to calculate

the RII is the same as for the SII, but instead of calculating the

difference between the fitted values for one and zero, the RII is the

ratio between the two. In the Nigeria measles vaccination

example, the RII equals 10.6 (80% divided by 7.6%) when the

linear regression approach is used. The estimate reduces to 6.4 if

logistic regression is used. Given the potential problems associated

with linear regression, we strongly advise that logistic regression

should always be used in the calculation of SII or RII for coverage

indicators.

There is near consensus in the recent literature that no single

measure of inequality reveals the full picture, and that authors

should report both absolute and relative measures [35,38].

Relative measures—for example, coverage among the rich is

twice as large as among the poor—give an idea of the degree of

unfairness. Absolute measures—coverage among the rich is 60

percentage points higher than among the poor—give an idea of

the actual effort that will be needed to close the gap. Value

judgments, therefore, are implicit in the choice of measures [39],

an issue that will be discussed in more detail in the next section. As

an aside, there have also been discussions recently on the need to

assess the pattern, or type, of inequalities, along with their

magnitude, to fully understand the implications of these inequal-

ities for health policy (Box 3).

Trends in Inequalities

The debate on absolute versus relative measures of inequality

alluded to above is particularly controversial when it relates to the

issue of whether inequalities are increasing or declining over time

[30,38–41]. In some cases, results have been deemed inconsistent

because an absolute measure indicated increased inequalities and

a relative measure indicated decreased inequalities or vice versa.

We show here that absolute and relative measures of inequality are

not inconsistent when assessing trends, but are actually comple-

mentary.

In Figure 4 we present two situations in which the time trend of

a hypothetical health indicator is analyzed. In situation 1, the

outcome indicator increases over time (e.g., the coverage of a

preventive health intervention). In situation 2, the outcome

decreases (e.g., mortality rate or nutritional deficit).

Let us assume that in situation 1 the richest quintile starts at

40% coverage, and the poorest at 20%. The baseline difference

equals 20 percentage points, and the ratio equals two. Let us also

assume that coverage among the richest increases to 80% at end

point. We can then explore two alternatives for coverage among

the poorest: coverage ‘‘A,’’ where absolute inequality remains

unchanged (the difference is the same as at baseline), and coverage

‘‘B,’’ where relative inequality remains constant over time (same

Figure 5. Real example of a set of countries where skilled birth attendant coverage increased over time for the richest 20% of the
population. This example corresponds to situation 1 in Figure 4. CAR, Central African Republic.
doi:10.1371/journal.pmed.1001390.g005
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ratio). The worst scenario in terms of inequality is an end point for

the bottom quintile where coverage is below B, because in this

region of the chart, inequality will have increased both in terms of

the difference and the ratio. The ideal scenario is an end point

where coverage is above A. Here, both the difference and the ratio

will have decreased. Finally, there are intermediate situations,

where coverage is in between A and B. Here, results are

apparently inconsistent. Compared to baseline, the difference

between the extreme quintiles (absolute inequality) will have

increased and the ratio (relative inequality) will have decreased.

In situation 2 where the outcome is declining, we have similar

results for the worst- and best-case scenarios (coverage above A

and below B, respectively) as in situation 1, with both the

difference and ratio increasing or decreasing. The intermediate

scenario, on the other hand, is different: the difference will have

decreased but the ratio will have increased.

In other words, the apparent conflict between changes in

absolute and relative inequalities reflects scenarios where inequal-

ities have been reduced, but not so much that both absolute and

relative measures have decreased. In Figure 5 we present a real

data example for 29 countries included in the Countdown to 2015

initiative where skilled birth attendant coverage increased over

time for the top quintile. Quadrant 1 (lower left) represents the best

scenario, where both absolute and relative inequalities decreased,

with the inlaid graph showing what happened in Cambodia, from

2000 to 2010. Quadrant 2 (top left) represents the intermediate

scenario, where relative inequality decreased, but absolute

inequality increased, and the inlay shows the trends for Nepal,

from 1996 to 2006. Finally, quadrant 3 (top right) includes

countries in the worst of the situations in terms of inequality—both

absolute and relative inequality increased, with Cameroon (1998–

2006) as an example.

Sample variability has been often overlooked in inequality

analysis, irrespective of the measure used, which is problematic

when looking at trends. The convenient regression approach to the

estimation of the CIX presented by O’Donnell et al. [42] is very

interesting, since it allows the computation of both the point and

interval estimates. A similar approach can be used to obtain

confidence intervals for the SII. O’Donnell’s guide and the tools

provided by the World Bank [43] are invaluable additional material

for those interested in analyzing and interpreting health inequalities.

Conclusions

In this article, we have provided practical guidance on assessing

inequalities in coverage of health and nutrition interventions, with

emphasis on survey data from low- and middle-income

countries. From our own experience, we make several recom-

mendations about how best to assess inequalities in health

intervention coverage. First, we conclude that there is no single

best measure of inequality, and recommend that at least one

absolute and one relative measure should be presented when

describing inequalities at a given point in time, as well as when

reporting trends over time. Second, when comparing time points

or countries, we emphasize how important it is to calculate

measures that take the whole population into account, and

advocate the use of the CIX and the SII. In addition, we strongly

advise the use of logit-based SII for the measurement of abso-

lute inequalities. Because the presentation of these indices is

particularly appropriate for academic audiences, we also

recommend calculation of the differences and ratios among

extreme quintiles, because these are easy to convey to general

audiences. Third, when assessing change in inequalities, we

argue that it is essential not only to evaluate both absolute and

relative changes, but also to report how they evolve jointly.

Finally, in situations where conflicting results are provided by

absolute and relative measures, we stress that it is essential that

researchers spell out the different interpretations of these

measures to public health experts, because these interpretations

are affected by value judgments and are likely to affect the

approaches taken to reduce inequalities in the coverage of health

interventions.
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Abstract: Nationally representative household surveys
are increasingly relied upon to measure maternal,
newborn, and child health (MNCH) intervention coverage
at the population level in low- and middle-income
countries. Surveys are the best tool we have for this
purpose and are central to national and global decision
making. However, all survey point estimates have a
certain level of error (total survey error) comprising
sampling and non-sampling error, both of which must
be considered when interpreting survey results for
decision making. In this review, we discuss the importance
of considering these errors when interpreting MNCH
intervention coverage estimates derived from household
surveys, using relevant examples from national surveys to
provide context. Sampling error is usually thought of as
the precision of a point estimate and is represented by
95% confidence intervals, which are measurable. Confi-
dence intervals can inform judgments about whether
estimated parameters are likely to be different from the
real value of a parameter. We recommend, therefore, that
confidence intervals for key coverage indicators should
always be provided in survey reports. By contrast, the
direction and magnitude of non-sampling error is almost
always unmeasurable, and therefore unknown. Informa-
tion error and bias are the most common sources of non-
sampling error in household survey estimates and we
recommend that they should always be carefully consid-
ered when interpreting MNCH intervention coverage
based on survey data. Overall, we recommend that future
research on measuring MNCH intervention coverage
should focus on refining and improving survey-based
coverage estimates to develop a better understanding of
how results should be interpreted and used.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection

Introduction

Nationally representative household surveys are increasingly

relied upon to measure maternal, newborn, and child health

(MNCH) intervention coverage at the population level in low- and

middle-income countries. These surveys include the Demographic

and Health Survey/s (DHS), the Multiple Indicator Cluster

Survey/s (MICS), the AIDS Indicator Survey/s (AIS), and the

Malaria Indicator Survey/s (MIS). These surveys rely on scientific

sampling methods, which require each element of the target

population to have a known and non-zero probability of selection,

to obtain point estimates of MNCH intervention coverage at the

national and sub-national levels every 3–5 years [1]. Because

accurate up-to-date sampling frames of individuals and households

are often unavailable in many low- and middle-income countries,

these surveys typically use a multi-stage cluster sample design.

Clusters (primary sampling units) are selected at the first stage with

a probability proportional to size strategy, with size being the

estimated population size of the cluster. A constant number of

households is then randomly selected at the second stage of

selection from a sampling frame of households created from a

complete enumeration of households in the selected clusters.

Household surveys have become increasingly standardized in their

sampling approaches and questionnaire designs to produce

comparable results across countries and over time.

In using the coverage figures for MNCH interventions from

household surveys for programmatic and policy decisions, it is

important to remember that surveys only provide estimates of the
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true population characteristics of interest. No matter how large a

sample is drawn, and no matter how well a survey is designed or

implemented, all survey point estimates have a certain level of

error (total survey error) comprising sampling and non-sampling

error, both of which need to be considered when interpreting

survey results. Sampling error—the difference between the sample

estimate of a population characteristic and the real value of the

population characteristic—is the result of sampling from the

population rather than taking measurements from the entire

population [2]. Non-sampling error includes all other sources of

error. For multi-stage cluster sampling of households in low- and

middle-income countries, the most common types of non-sampling

error are information bias and selection bias but coverage bias and

non-response bias are also important issues.

In this review, which is part of the PLOS Medicine ‘‘Measuring

Coverage in MNCH’’ Collection, we discuss the important

sampling error and non-sampling error issues involved in

interpreting MNCH intervention coverage estimates derived from

household surveys for decision making using relevant examples

from national surveys to provide context.

Sampling Error and Its Implications

Confidence Intervals
We most often think of sampling error as the precision of a point

estimate, represented by 95% confidence intervals. Confidence

intervals are useful for two purposes. First, they characterize the

precision of the estimate. Second, they provide context about

whether estimated parameters are likely to be equal between two

populations or time-points. In the absence of non-sampling error,

if a large number of repeated samples is taken from the target

population using the same sampling design, 95% of the resultant

95% confidence intervals about each sample point estimate will

contain the true, albeit unknown, intervention coverage in the

population [3]. In practice, the interpretation of confidence

intervals is slightly different. Suppose, for example, we have a

point estimate of intervention coverage of 70%, with a 95%

confidence interval of 65%–75% in a program for improving

MNCH. This confidence interval is typically taken to mean that

we are 95% certain that the true intervention coverage in the

population lies somewhere between 65% and 75%. Consider if the

program had set a target of achieving 70% population coverage.

In this case, one could not say with a high degree of confidence

that the program had achieved its target coverage, even with a

point estimate for coverage at 70% since fully half of the

confidence limit lies below 70%.

Sample Size and Sampling Design
The level of sampling error around a point estimate depends on

the number of observations selected from the target population

(sample size), the underlying prevalence and variance of the

characteristic of interest in the target population, and the sampling

design used in selecting the sample. In general, for a given

sampling design, the precision of a point estimate improves with

increasing sample size. Thus, a larger sample size yields a tighter

confidence interval. However, given a specified sample size, the

sampling design also directly affects the precision of an interven-

tion coverage point estimate. In practice, data from nationally

representative surveys nearly always come from a cluster survey

rather than a simple random sample of households. In cluster

surveys, the sampling error is affected by the number of

respondents per group as well as the intracluster (or intraclass)

correlation coefficient, which provides a measure of how similar

the elements being analyzed in each cluster are with respect to a

particular characteristic of interest [2]. In general, for a given

sample size, the precision of a point estimate ascertained from a

cluster sample design decreases as the sample size per cluster

increases, and as the intracluster correlation coefficient increases.

Reporting Sampling Errors and Confidence Intervals
Although the sample size and sampling design are frequently

reported in survey methods, sampling errors represented by

confidence intervals are rarely reported in the main body of reports

of national surveys. DHS survey reports and reports for AIS and

MIS surveys conducted through the DHS program include

standard errors and accompanying confidence intervals of 62

standard errors (slightly wider than the 95% confidence interval) for

most key indicators in Appendix B only. In MICS survey reports,

standard errors and 95% confidence intervals appear in Appendix

S. Almost no MIS surveys conducted outside of the DHS program

include sampling errors in the survey reports or appendices.

Comparing Survey Results
One oft-cited advantage of large well-conducted surveys is that

their results can be compared meaningfully both over time and

between locations. In the absence of a formal hypothesis test,

informal conclusions about the statistical significance of a difference

are sometimes drawn by examining whether two confidence

intervals overlap. Indeed, if two 95% confidence intervals do not

overlap, then a formal hypothesis test would reject the null

hypothesis of equality with a p-value below 5%. Unfortunately the

converse is not true. If 95% confidence intervals overlap, it is still

possible for the p-value from the hypothesis test to fall below 5%

[4,5]. An example from the 2011 Ethiopia DHS report (presented in

Box 1 and Figure 1) illustrates how difficult it can be to correctly

interpret MNCH intervention coverage estimates without consid-

ering confidence intervals [6].

Sampling Error and Data Disaggregation
When analyzing survey data for MNCH coverage indicators,

sampling errors and the accompanying confidence intervals are

influenced, at times substantially, by changes in sample size owing

to disaggregating the data by socio-behavioural or demographic

characteristics of interest, such as where the respondents live or

their household socioeconomic status. While DHS and MICS

surveys typically report the confidence intervals around many key

indicators in their appendices, they do not report confidence

intervals of disaggregated point estimates. To illustrate why it is

important to consider the sampling error of such estimates, we

present summary sampling characteristics of established malaria

control coverage indicators from the 2007 Zambia DHS survey

(Table 1) [7]. Point estimates were weighted to account for

unequal probability sampling and any differential non-response.

Standard errors were estimated to account for correlated data at

the primary sampling unit level using the Huber White Sandwich

estimator, which accounts for the loss of precision due to increased

intracluster correlation coefficient.

For assessing progress of malaria control efforts in Zambia, the

standard indicator for household insecticide-treated mosquito net

(ITN) coverage shows that 52% of households possess at least one

ITN, with a 95% confidence interval of 62.5 percentage points

(Table 1). The interpretation for programmatic purposes, based on

information from the sample of 7,164 households, would be that

one has 95% confidence that the true (albeit unknown) proportion

of households in Zambia with at least one ITN lies somewhere

between 50% and 55%, in the absence of non-sampling error. By

contrast, the indicator used for assessing progress in the coverage

of access to antimalarial treatment of fevers in children (38%) has a
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95% confidence interval of 63.8 percentage points, because this

sample is limited to only those children with fever in the past 2

weeks (5,844 children). When disaggregated by household

socioeconomic status, the 95% confidence intervals increase

considerably. For example, based on a subsample of 106 children,

the proportion with a fever in the past 2 weeks in the wealthiest

households who received an antimalarial was estimated to be 40%,

with a 95% confidence interval of 610 percentage points, which

would be interpreted to mean that one can only be 95% confident

that the true antimalarial coverage lies somewhere between 30%

and 50% in this population in Zambia. This level of uncertainty

clearly poses challenges in the interpretation of the point estimate

for decision making.

Non-sampling Error and Its Implications

Unlike sampling error, the direction and magnitude of non-

sampling error is almost always unmeasurable, and therefore

unknown. Non-sampling error cannot be controlled directly by

sample size or by type of probability sampling design used.

Non-sampling error is more insidious than sampling error and

can develop at many stages of the survey. Study planners need to

anticipate as many threats to the validity of the survey results as

possible and put careful controls in place to limit the magnitude of

non-sampling error, such as the strict use of probability sampling,

sensitization to increase response rates, high quality training of

data collectors, and implementation of quality control measures

for field work. Another paper in this collection on vaccination

Box 1. An Illustration of the Difficulty in
Correctly Interpreting MNCH Intervention
Coverage Estimates without Considering
Confidence Intervals

The 2011 Ethiopia DHS survey report states ‘‘The percent-
age of children age 12–23 months who were fully
vaccinated at the time of the survey increased from 14%
in 2000 to 20% in 2005 and 24% in 2011—a 70% increase
over 10 years and a 19% increase in the 5 years preceding
the 2011 survey’’ [6]. The main text of the Ethiopia report
does not present confidence intervals, but Appendix B
shows that for the 2011 survey the approximate 95%
confidence interval for the immunization coverage of 24%
was 21%–28%. In the 2005 survey, the confidence interval
around the point estimate of 20% was 17%–23%, and in
2000 the confidence interval around the point estimate of
14% was 12%–16% [33]. Although a statistical test for
significance would be needed to draw a strong conclusion,
the difference between 2005 and 2011 (20% up to 24%) is
not likely to be statistically significant at the 5% level
because the confidence intervals overlap (see Figure 1). It
would have been helpful for the body of the report to note
the p-value associated with the 19% increase, or to say that
the 2005 to 2011 increase is not statistically significant at
the 5% level. This example demonstrates the importance
of considering confidence intervals when survey-based
estimates are used to draw strong conclusions or to make
important programmatic decisions.

Figure 1. Two ways of looking at coverage of full immunization in Ethiopia—with and without confidence intervals. Ethiopia DHS
surveys 2000, 2005, 2011 [33].
doi:10.1371/journal.pmed.1001386.g001
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coverage provides more details of sources of non-sampling error

and measures to mitigate against them [8].

Importantly, although sampling error is generally reduced by

increasing sample size, non-sampling error can have an inverse

relationship with sample size. Together, these factors make

interpreting MNCH intervention coverage estimates obtained

from household surveys very challenging in the presence of

substantial non-sampling error. Non-sampling errors are also a

major concern when comparing survey results from different

surveys using different survey instruments or survey methodology,

or inadequate levels of quality control. Below we present examples

of the more common types of non-sampling errors and biases that

threaten MNCH intervention coverage estimated from household

surveys.

Information Error and Information Bias
Information error and information bias (also referred to as

measurement error and bias) are common in household survey

estimates of MNCH intervention [8–13]. Information error arises

from errors in measuring MNCH intervention coverage, which

often occur when the respondents do not know the exact answer to

the survey questions, yet provide answers anyway. Information bias

arises from systematic (i.e., non-random) errors in measuring

MNCH intervention coverage and includes recall bias and social-

desirability bias. Although information error typically results in

higher variance, and as a result decreased precision of the point

estimate, information bias results in an overestimate or underesti-

mate of the population point estimate. The real problem is that one

does not know which way this type of error is biasing the results.

The measurement of vaccination coverage provides a good

example of how information error and bias can affect the ability of

decision makers to use information from surveys to evaluate the

trends in coverage over time. As described by Cutts and colleagues

elsewhere in this collection [8], information on vaccination

coverage is usually kept in home-based vaccination records but

once a child is past infancy, parents may not retain these records.

If a vaccination card is not available, DHS and MICS surveys

request information from each mother on the vaccinations

received by children born in the past 5 years. Because home-

based vaccination records are less likely to be available for children

born 4 years ago than for those born 1 year ago, recall error or

bias may be more likely for older than for younger children, which

reduces the ability of decision makers to draw strong conclusions

about trends.

Even with the best designed surveys and questionnaires, recall

error and bias can affect MNCH intervention coverage estimates

[14–16]. For example, for estimating ITN coverage, a key

indicator for malaria control programs [17], surveys must

ascertain the type of net used and, for nets that are not long-

lasting insecticidal nets, when the net was procured and treated

with insecticide to distinguish nets that are ITNs from those that

are not. Data from Eritrea show substantial date heaping

(rounding off of time since an event by respondents) at 12 months

for both net procurement and insecticide re-treatment. Date

heaping affects whether nets meet the definition of an ITN and

therefore has the potential to bias coverage estimates [18].

Measurement of ITN use by children ,5 years old also provides

a good example of how social desirability bias can impact MNCH

coverage estimates. Suppose a national survey obtained an

estimate of ITN use among children of 60%, with a 95%

confidence interval of 55%–65% but that respondents in selected

households tended to tell household interviewers that their ITNs

were being used more often than they really were because the

respondents feel socially obligated to respond positively to

questions about recent net use, a situation that is thought to occur

[19]. In this scenario, social desirability bias results in systematic

over-reporting of the use of ITNs. Even in a well-designed and

implemented survey with a sampling error 610%, we cannot be

95% certain that the true proportion of child ITN use falls within

the calculated 95% confidence interval of 55%–65%. In fact, we

would need to use expert but subjective judgment as to the

direction and the magnitude of any bias when interpreting this

coverage estimate and the degree to which bias may affect results.

Selection Bias
Another common form of non-sampling error is selection bias,

which occurs when potential respondents do not all have a known

and non-zero probability of selection. In such a case, no matter

how large a sample is taken, survey point estimates will always

differ from the true, yet unknown, population characteristic under

study [3]. Common sources of selection bias in surveys that

measure MNCH intervention coverage include: (1) failure to

Table 1. Sampling characteristics of selected point estimates from the 2007 Zambia DHS Survey [7].

Indicator Percent Point Estimate Percent Standard Error 95% CI Sample Size

Percent of households with $1 ITN 52.2 1.24 49.8–54.7 7,164

Percent of children ,5 years old with
fever in past 2 weeks

17.7 0.71 16.4–19.2 5,844

Percent of children ,5 years old with
fever who received any antimalarial

38.2 1.85 34.6–41.9 1,034

Wealth quintilea

Lowest 35.3 3.85 27.7–43.0 219

Second 42.6 3.60 35.5–49.7 228

Middle 36.6 3.44 29.8–43.4 253

Fourth 37.5 3.15 31.3–43.8 228

Highest 39.6 5.02 29.5–49.7 106

Point estimates in this table may vary slightly from the point estimates reported in the 2007 Zambia DHS survey because of slight differences in inclusion criteria during
analysis, although all are within 1%.
aThere are different numbers of children in each wealth quintile because wealth quintiles are calculated at the household level for all persons in the household and not
for subgroups.
doi:10.1371/journal.pmed.1001386.t001
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include some eligible respondents in the sampling frame, (2) failure

to account properly for the sampling design in analyzing survey

data because the sampling design parameters (e.g., cluster size)

have not been reported, and (3) the use of non-probability

sampling designs.

Coverage bias results when the sampling frame excludes some

members of the target population or includes ineligible persons

who are not part of the target population. It can occur when

certain districts of a country are excluded from a survey because of

security considerations. It can also occur when members of the

target population are homeless, nomadic, or institutionalized and

therefore not identified with one of the physical homes used in the

multistage household sampling designs common in low- and

middle-income countries.

The household sampling methods designed by the World

Health Organization for measuring child immunization coverage

under the Expanded Programme on Immunization (EPI) provide

a good example of the importance of considering sampling design

when interpreting survey data. In this program, 30 clusters are

selected and seven children within each cluster are selected for

assessment of their immunization status [20,21]. Variations of this

protocol are widely used to measure sub-national intervention

coverage in low- and middle-income countries as they require

considerably fewer resources to implement than the well-estab-

lished protocols employed in DHS and MICS surveys [8,22],

which enumerate all eligible households in the selected cluster and

then make random selections from that updated list. While

improvements have been made over the years, the EPI survey

method does not typically include the development of an accurate

sampling frame within each of the selected 30 clusters for selecting

the seven children, and thus the survey design does not ensure that

each child sampled has a known non-zero probability of selection

[23]. Moreover, sampling weights cannot be used when analyzing

these data to account for unequal probabilities of child selection,

which requires accurate counts of the households in each cluster.

As a result, selection bias cannot be ruled out, and may actually be

quite likely when using traditional EPI 3067 cluster survey

methods [24]. Box 2 presents a hypothetical example of these

issues.

MNCH parameters are also sometimes assessed using ‘‘rapid’’

survey protocols that are designed to use minimal samples sizes to

obtain local estimates of intervention coverage in comparison with

a desired value for programmatic purposes. The small sample size

survey technique called Lot Quality Assurance Sampling (LQAS)

is a good example [25]. There are several varieties of this survey

technique with varying levels of rigor [26–31], all of which seek to

Box 2. Selection Bias Resulting from a Two-
Stage Cluster Survey Protocol Where
Complete Enumeration of Households within
Primary Sampling Units Is Not Undertaken
(Original EPI Method)

Rapid surveys to assess sub-national intervention coverage
in low- and middle-income countries often follow a
variation of the ‘‘3067 EPI’’ protocol where 30 villages
are selected at random from a list of villages within a given
area, typically with the probability of selection based on
the estimated relative number of households in each
villages provided by local officials or census data (proba-
bility proportional to size sampling). Within each village
(cluster), the survey team selects seven households for
interview to ascertain information on intervention cover-
age, most typically immunization coverage [8]. The
procedure used for the selection of households in each
cluster often involves beginning at a central area of the
selected village, counting all households in a randomly
selected direction from the center of the village to the
village edge (a.k.a., ‘‘spin the bottle technique’’), selecting
a starting household randomly and then proceeding
always to the next closest house until seven children aged
12–23 months have been found [20,22]. This protocol can
be more prone to selection bias than the household
enumeration protocol used by DHS and MICS surveys for
several reasons.

N If all households within selected villages are not
enumerated to create an accurate sampling frame from
which the seven households are selected at the second
stage, one cannot document that each household in the
village has a known and non-zero probability of
selection, which is a requirement for probability
sampling.

N It is rare that the true number of households in a
selected village is equal to the estimated numbers used
when selecting the 30 villages. This is not an issue if a
true count of households in each of the 30 villages is
obtained after selection, which then allows the survey
data to be weighted during analysis to adjust for
discrepancies in estimated and actual village sizes.
However, if an accurate count of households is not
obtained, the survey data cannot be weighted, and
selection bias due to unequal probability of household
selection cannot be ruled out.

N There is no requirement to document potentially eligible
individuals in each household and conduct revisits. Any
household where respondents are absent at the time of
the visit is simply replaced by the nearest household
having an eligible individual and respondent.

Box 3. Recommendations for Interpreting
MNCH Coverage Indicators Measured from
Household Surveys

N Program managers and policy-makers must consider
both sampling and non-sampling error when using
MNCH coverage estimates for programmatic decision
making and assessing progress against coverage targets.

N Study planners need to anticipate as many threats to the
validity of the survey estimates as possible and put
careful controls in place to limit the magnitude of non-
sampling error.

N To help with interpreting MNCH intervention coverage
estimates, additional validation research that identifies
the sources, direction, and magnitude of non-sampling
error of these estimates is needed.

N All survey reports that present MNCH intervention
coverage estimates should provide detailed descriptions
of the sampling design, sample size, survey instruments,
quality controls, data analysis, and data collection
protocols to improve the transparency, consistency,
and interpretability of estimates.

N To allow for the consideration of important sources of
non-sampling error in interpreting MNCH coverage
estimates, survey reports should include a detailed
limitations section that explicitly lists possible sources
of non-sampling error, and should speculate about their
direction and magnitude where possible.
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classify districts as having either adequate or inadequate interven-

tion coverage. LQAS surveys are usually short, consisting of a few

questions focused on a small number of binary outcomes. They are

quick to administer and analyze, sometimes taking only 1–2 days

per district. When implemented using best practices, study teams

select households randomly from an up-to-date sampling frame so

the results are representative of the population. At other times,

however, respondents are identified using a convenience sample

approach in which only one person is selected in a truly random

fashion and subsequent respondents are selected from nearby

households. Additionally, in some LQAS protocols field staff stop

collecting data when it becomes clear that the final few

respondents will not affect the district’s adequate/inadequate

classification. In all cases where an LQAS design does not allow

each respondent to have a known and non-zero probability of

selection, the sampling is not truly random and the validity of

results is threatened by selection bias.

Non-response bias is also a common source of selection bias.

Non-response bias results when the answers to survey questions

differ between selected respondents who participate in the survey

and selected respondents who choose not to participate, or are

unable to participate, in the survey. The response rate is measured

as the proportion of individuals selected to take part in a survey

who actually complete the questionnaire. The potential for non-

response bias goes up as the response rate goes down. This type of

bias is common in phone and internet-based surveys—interview

methods more commonly used in high-income countries where

populations have access to such technology. In such surveys, it is

not uncommon to have response rates as low as 50%, which must

be corrected for by using survey weighting and other techniques.

In low- and middle-income countries where survey interviews are

conducted in person with individuals in selected households, non-

response bias is usually less of an issue. The protocol used by DHS,

MICS, AIS, and MIS surveys for limiting non-response bias

requires interviewers to return to selected households at least three

times if selected individuals in the household are unavailable for

the interview [1]. This practice greatly limits household and

individual non-response, with response rates among eligible women

of reproductive age in these surveys typically exceeding 95%.

However, non-response bias can be a serious issue for estimates of

MNCH intervention coverage obtained from surveys that do not

follow this protocol. For example, EPI surveys do not require

multiple visits to selected households and do not document how

many potentially eligible households were skipped because the

respondent was absent. [23]. Both DHS and MICS surveys report

the response rates of households and of eligible women and men

who were selected to participate in the survey. This practice should

be followed in all survey reports, and where response rates are below

85%–90%, surveys results should be interpreted with caution.

Recommendations

Our major recommendations for interpreting MNCH coverage

estimates are summarized in Box 3, but here we will briefly draw

together the recommendations we make in this review.

MNCH intervention coverage estimates should be interpreted

taking into account the confidence interval around the estimates,

especially when assessing trends over time in intervention

coverage, or comparing coverage across population subgroups or

between geographic regions. To allow this to occur, we

recommend that confidence intervals around key health indicators

are included in the tables in the main body of all survey reports

(not just in the appendices of DHS and MICS reports as at

present). MNCH intervention coverage estimates with a high

degree of uncertainty (e.g., because they are based on small

subpopulations) should be interpreted with caution. As surveys are

designed to provide valid intervention coverage point estimates

only for survey domains or at higher levels, coverage estimates

below the survey domain level should also be interpreted with

extreme caution (e.g., coverage estimates at the district level when

the survey was designed to yield valid estimates only at higher

administrative levels).

To limit information error and bias, we recommend that

extensive pretesting is conducted prior to survey implementation.

Where possible, the results of pretesting should be used to adapt

survey questionnaires to local norms and cultures, while

safeguarding the key structure of the questions needed to ascertain

standardized MNCH indicators in a consistent manner across

countries and over time.

To limit selection bias, we recommend that MNCH estimates

are obtained using well-established multi-stage sampling protocols,

such as those used by DHS and MICS surveys, which create

accurate sampling frames of households for second stage selection,

weight data for unequal probability of selection, and return to

households at least three times to limit non-response bias.

Importantly, we commend recent calls for establishing reporting

guidelines for survey research [32]. We recommend that all survey

reports and papers presenting MNCH intervention coverage

estimates follow similar recommendations to improve transparen-

cy, consistency, and interpretability of estimates, even if detailed

methods have to be included as a web appendix (see Box 3).

Finally, to allow for the consideration of important sources of

non-sampling error in interpreting MNCH coverage estimates,

survey reports should include a limitations section that explicitly

lists possible sources of non-sampling error (see Box 3). Descriptive

statistics on data quality that impact non-sampling error should be

considered when interpreting MNCH coverage estimates, includ-

ing household, individual and question non-response, socio-

Key Points

N Household surveys are the best tool we currently have
for measuring MNCH intervention coverage at the
population level in low- and middle-income countries
and are central to national and global decision making.

N All estimates of MNCH intervention coverage obtained
from household surveys have a certain level of error
(total survey error) comprising sampling and non-
sampling error, both of which must be considered when
interpreting survey results.

N Sampling error (the precision of a point estimate) is
measurable and is represented by the 95% confidence
intervals, which characterize the precision of the
estimate and provide context about whether estimated
parameters are likely to be equal between two
populations or time-points.

N Information error and bias are common sources of non-
sampling error in household survey estimates; survey
methods should be reported in enough detail to allow
assessment of the potential for non-sampling error, the
direction and magnitude of which is almost always
unmeasurable.

N The focus of future research for measuring MNCH
intervention coverage should be on refining and
improving survey-based coverage estimates and devel-
oping a better understanding of how results should be
interpreted and used.
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demographic composition of respondents, completeness of report-

ing, and date and age heaping. The DHS provides such

information in an appendix to their country reports; other survey

reports should do so as well.

Estimates of MNCH intervention coverage obtained from

household surveys are increasingly relied upon to assess progress in

program effectiveness, and are a key metric in assessing

Millennium Development Goals 4 and 5 for reducing neonatal,

child, and maternal deaths worldwide. Surveys are the best tool we

have for measuring MNCH intervention coverage at the

population level and are central to national and global decision

making but are subject to both sampling and non-sampling error.

Non-sampling error is more insidious than sampling error and is

difficult to quantify. It can, therefore, render the interpretation of

MNCH intervention coverage estimates challenging. To this end,

validation research that identifies the sources, direction, and

magnitude of non-sampling error of MNCH intervention coverage

estimates is urgently needed. Research presented elsewhere in this

collection provides an excellent start [8–13], but future research

must focus on refining and improving survey-based coverage

estimates, and on developing a better understanding of how results

on MNCH intervention coverage should be reported and

interpreted.
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Abstract: Community case management (CCM) is a
strategy for training and supporting workers at the
community level to provide treatment for the three major
childhood diseases—diarrhea, fever (indicative of malaria),
and pneumonia—as a complement to facility-based care.
Many low- and middle-income countries are now imple-
menting CCM and need to evaluate whether adoption of
the strategy is associated with increases in treatment
coverage. In this review, we assess the extent to which
large-scale, national household surveys can serve as sources
of baseline data for evaluating trends in community-based
treatment coverage for childhood illnesses. Our examina-
tion of the questionnaires used in Demographic and Health
Surveys (DHS) and Multiple Indicator Cluster Surveys (MICS)
conducted between 2005 and 2010 in five sub-Saharan
African countries shows that questions on care seeking that
included a locally adapted option for a community-based
provider were present in all the DHS surveys and in some
MICS surveys. Most of the surveys also assessed whether
appropriate treatments were available, but only one survey
collected information on the place of treatment for all three
illnesses. This absence of baseline data on treatment source
in household surveys will limit efforts to evaluate the effects
of the introduction of CCM strategies in the study countries.
We recommend alternative analysis plans for assessing CCM
programs using household survey data that depend on
baseline data availability and on the timing of CCM policy
implementation.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection

Introduction

Most low- and middle-income countries are making slow

progress in addressing child mortality—too slow to achieve

Millennium Development Goal 4 by 2015 [1]. Diarrhea,

pneumonia, and malaria account for 37% of under-five deaths

worldwide [2], with only about one-third of children with these

illnesses receiving appropriate treatment [3]. To address this

disease burden and treatment gap, governments and donors in 52

of the Countdown to 2015 priority countries had adopted

community case management (CCM) of childhood illness strate-

gies by 2011 [1,4]. CCM aims to extend the treatment of

childhood illnesses from health facilities into communities [5–7] by

training and supporting existing or newly recruited community

health workers to provide treatment for neonatal conditions and

simple cases of childhood pneumonia, diarrhea, and malaria at the

community level and to refer cases of more severe illness. The

underlying assumption of CCM is that the expansion of treatment

capabilities to community health workers will result in increases in

access to and coverage of treatment, especially for children living

in households far removed from existing health facilities [6].

Clearly, it is essential that countries introducing CCM carefully

assess its contribution to increased treatment coverage for childhood

illnesses. To do this, population-level data on the place of treatment

and the type of health provider are needed. Where these data exist,

they can serve as a baseline for evaluations of the contribution of

CCM to treatment coverage going forward. Where they do not exist,

evaluators will need alternative analytical designs. In practice, routine

health information systems in low- and middle-income countries are

often weak and cannot consistently provide valid coverage data for

these treatment indicators. Often the best available source of cover-

age data in these countries is nationally representative household

surveys [8]. Two major programs generate the household-level survey

data needed to measure coverage for maternal, newborn, and child

health interventions in low- and middle-income countries—the

Demographic and Health Surveys (DHS), supported by USAID [9],

and the Multiple Indicator Cluster Surveys (MICS), supported by

UNICEF [10]. However, although questions on the coverage of care

seeking and appropriate treatment of childhood illnesses have been

included in DHS and MICS protocols in the past, it may not be

possible to use these data to determine whether a treatment was

delivered by a health facility or by a community-based health worker,

information that is needed to assess the success of CCM.

In this review, which is part of the PLOS Medicine ‘‘Measuring

Coverage in MNCH’’ Collection, we assess the extent to which
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existing household surveys provide the data needed to measure trends

in coverage for the correct management of childhood illnesses by

place of treatment (health facility or community) and type of provider.

In addition, we recommend alternative analysis plans that might be

used in settings where baseline data are insufficient to measure trends

in treatment coverage by the place and type of provider.

Assessing the Surveys

For our assessment, we focused on Ethiopia, Ghana, Malawi,

Mali, and Niger, five countries where the Catalytic Initiative to

Save a Million Lives, a partnership of donors and United Nations

agencies, is supporting CCM as a strategy to accelerate coverage

for the treatment of childhood illnesses [11]. In total, we reviewed

the locally adapted questionnaires from nine DHS and MICS

surveys conducted in these countries since 2005 along with the

most recent DHS and MICS core questionnaires.

We assessed each survey to determine whether it could provide

information on the place of treatment—in a health facility or in the

community—for a child reported to have symptoms of pneumonia,

fever, and/or diarrhea, and information about the provider of the

treatment. We defined symptoms of pneumonia as cough and rapid

or difficult breathing, although DHS refers to these symptoms as

‘‘symptoms of acute respiratory infection’’ and MICS refers to them

as indicating ‘‘suspected pneumonia.’’ Fever is used as a symptom of

malaria in CMM strategies. We reviewed question wording,

question placement, skip patterns, and the sample surveyed for

each survey questionnaire. Table S1 shows all the information on

place of treatment and care seeking for these three major childhood

illnesses collected by the surveys in each country.

We assumed that CCM provided no treatments in the study

countries as a part of the formal health system prior to the adoption

of illness-specific CCM policies. Table 1 shows a summary of

national CCM policies, the cadre of the CCM worker, and the date

of reported CCM policy implementation for the five countries. We

show the date of national policy implementation rather than policy

adoption, because procurement issues often prevented full CCM

implementation at the time of adoption of the policy (for example,

treatment of diarrhea with zinc often lagged behind treatment with

oral replacement salts). We examined the locally adapted question-

naire for each survey to assess whether the data set could be used to

report on three constructs (care seeking, appropriate treatment, and

place of treatment) for each of three childhood illnesses (pneumonia,

diarrhea, and fever). We assigned each survey a score of ‘‘yes’’ or

‘‘no’’ for each of the three constructs and illnesses. We assigned a

‘‘partial’’ score if some information was available but was not

sufficient to determine the exact source of care or treatment.

Care seeking refers to reports by caregivers about whether, and

if so where, they took the sick child for care. We assigned a ‘‘yes’’

score to a survey for care seeking if there were specific questions

about where or from whom the mother or caregiver sought advice

or treatment that allowed us to determine whether care was sought

from a health facility or at the community level.

We defined ‘‘appropriate’’ treatment as the first-line treatment

recommended by the CCM policy in each country (Table 1). We

assigned a ‘‘yes’’ score to a survey for appropriate treatment only if

Table 1. Summary of national CCM policies, cadre of worker, and date of policy implementation for the five countries.

Country Cadre of CCM Worker Child Illness 1st-Line Treatment
Date of CCM Policy
Implementation

Ethiopia Health extension worker Diarrhea ORS 2004 [18]

Zinc 2012a

Pneumonia Cotrimoxazole 2011 [19]

Fever Artemether/lumefantrine/Chloroquine 2004 [18]

Ghana Community-based agent Diarrhea ORS 2004 [20]

Zinc 2010 [19]

Pneumonia Amoxicillin 2010 [19]

Fever Chloroquine 2003 [20]

ACT 2007 [20]

Malawi Health surveillance assistants Diarrhea ORS 2008 [19]

Zinc 2010b

Pneumonia Cotrimoxazole 2008 [19]

Fever Coartem 2008 [19]

Mali Agents de santé communautaires Diarrhea ORS 2010 [19]

Zinc 2010 [19]

Pneumonia Amoxicillinc 2010 [19]

Fever ACT 2010 [19]

Niger Agents de santé communautaires Diarrhea ORS 2006 [21]

Zinc 2008 [21]

Pneumonia Cotrimoxazole 2008 [21]

Fever ACT 2008 [21]

aPersonal communication, Tedbabe Degefie.
bPersonal communication, Humphreys Nsona.
cPersonal communication, Hamadoun Sangho.
ACT, artemisinin combination therapy; ORS, oral replacement salts.
doi:10.1371/journal.pmed.1001384.t001
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the survey included specific questions on treatment options.

Appropriate treatments included oral replacement salts and/or

zinc for diarrhea (depending upon when countries implemented

policies for zinc), antibiotics for pneumonia, and specific antima-

larials (sulfadoxine and pyrimethamine, artemisinin-combination

therapies, etc.) for fever.

Place of treatment refers to the location (health facility or

community) where the treatment was ‘‘received,’’ as reported by

the child’s mother or caregiver. In this context, ‘‘received’’ may

mean that the mother or caregiver received either the actual

medicine or a prescription for the medicine to be filled elsewhere.

Response options to these questions varied across the surveys, but

generally included both public and private health facilities,

pharmacies and drug venders/shops, and, sometimes, specific

community-based providers such as community health workers

and/or traditional healers. We assigned a ‘‘yes’’ score for place of

treatment if we were able to determine unambiguously whether

the child received the treatment at a health facility or at the

community level. We noted whether information was available to

determine the specific community site of treatment (e.g., mobile

clinic) and the specific community treatment provider (e.g.,

community health workers).

In addition, for surveys that did not include information on the

place of treatment, we were sometimes able to draw plausible

inferences about this construct based on information about care

seeking or intention to treat and appropriate treatment. Thus, if

the country policy at the time of the survey allowed treatment by

community health workers (as opposed to referral to a health

facility), it may be possible to assume that children reported as

having been taken to a community health worker received

treatment for their illness from that individual. Moreover, for

surveys without direct questions on place of treatment, inferences

based on care seeking can be strengthened if data are available on

appropriate treatment. In other words, in a context where

government policies support CCM, a mother who reports seeking

care for her child from a community health worker and who

reports receiving appropriate treatment can be assumed to have

benefitted from CCM with more certainty than a mother who

reports only that she sought care from a community health worker.

Do Household Surveys Contain Baseline Data on
CCM?

Table 2 summarizes the availability of information on care

seeking, treatment, and point-of-treatment for each of the three

childhood illnesses in the large-scale household surveys conducted

in the five countries that we studied. We grouped the results by

type of survey (DHS versus MICS) to reduce redundancy.

DHS Surveys
The Mali 2006 and Niger 2006 surveys occurred before the

implementation of the national CCM policy (Table 1). Ghana

(2008) and Ethiopia (2005) had implemented CCM policies at the

time of the surveys for diarrhea (excluding zinc treatment) and

fever, but not for pneumonia. Ethiopia had implemented the

CCM policy for pneumonia by the time of the 2011 DHS. Malawi

was implementing CCM policies for all three illnesses at the time

of the 2010 DHS.

All the DHS surveys included specific questions on care seeking.

Response options for the site of care included a mix of both

community and health facility sites and providers in the public and

private sectors. The surveys for Ethiopia, Ghana, Mali, and

Malawi included a community health worker as a possible

response option for the care-seeking questions for the three

childhood illnesses reviewed. The Niger 2006 DHS listed a

community health worker for diarrhea illness care seeking only.

Treatment questions were available in all the DHS surveys with

the exception of pneumonia treatment in the 2006 surveys

conducted in Mali and Niger. In addition, there were no questions

on zinc treatment for diarrhea in these two surveys; however, these

countries had not incorporated zinc into their national policies by

the time of the surveys.

Four of the DHS surveys (Ghana 2008, Malawi 2010, and

Ethiopia 2005 and 2011) and the phase 6 core questionnaire

included a follow-up question for mothers reporting that care had

been sought at more than one site that was designed to determine

the site where care was sought first for each illness.

Explicit place of treatment information was not available from

DHS surveys conducted since 2005 in any of five countries we

considered and was also not included in the DHS phase 6 core

questionnaire. However, as explained earlier, we found that

information on place of treatment could be gleaned from the

analysis of care-seeking data collected in DHS surveys, although

the results were limited in important ways. For example,

independent question sequences in the DHS surveys asked a

mother about whether (and where) she sought advice or treatment

for her child, and about the treatment received. Both questions

offered locally adapted response options that included both facility

and community sites, so one could assume that if the child received

appropriate treatment, it was through the reported site or

provider. Because the care-seeking question allowed for multiple

responses, the sequence through which care was sought from

specific sites was not captured (except in the questionnaires that

include a follow-up question to identify first site of care seeking).

Thus, there was no way to determine through the existing

questions what treatment, if any, was given at the site(s) where care

was sought, unless only one source of care seeking was mentioned,

in which case one could presume (possibly incorrectly) the

treatment was received there.

MICS Surveys
Ghana had implemented CCM policies for diarrhea and fever

treatment at the time of its MICS survey, but neither Mali not

Malawi had implemented a national CCM policy at the time of

their surveys (Table 1).

Questions about care seeking for pneumonia were included in

all four MICS surveys examined here (Table 2). The response

options included community health workers in the Ghana and

Malawi surveys and in the core MICS4 questionnaires. Informa-

tion on care seeking for diarrhea was not captured by these

surveys. The Ghana and Malawi surveys as well as the MICS4

core questionnaire partially captured information on care seeking

for fever through questions about whether a child with fever was

taken to a health facility.

All the MICS surveys included questions about the treatments

received for children reporting symptoms of pneumonia, diarrhea,

or fever. The Malawi and Ghana 2006 surveys did not include

questions on zinc; however, a policy recommending treatment of

diarrhea with zinc had not been implemented at the time of the

surveys in the two countries. Two country surveys (Malawi 2006

and Mali 2009) and the MICS4 core questionnaire asked a follow-

up question for children reported to have received treatment for

fever to identify which drugs were given or prescribed through a

health facility, which could be used to assess the validity of

responses.

Finally, Table 2 shows that information on the proportion of

children treated by a community health worker was captured in

the 2006 Ghana MICS survey for the three major illnesses. Partial
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questions on place of treatment for fever were included in the Mali

(2009) and Malawi (2006) MICS surveys and in the MICS4 core

questionnaire.

An Alternative Analysis Plan for Program
Implementers and Evaluators

This analysis shows that, with the exception of the 2006 Ghana

MICS survey, comprehensive baseline data on the place and

provider of appropriate treatment of childhood pneumonia,

diarrhea, and fever are not available from the major household

surveys conducted in the study countries before 2010. However,

evaluators can still answer some important questions about the

effectiveness of CCM in the study countries, especially if future

surveys are designed to capture these data. For instance, one of the

major global questions is how the introduction of CCM could

affect care seeking at health facilities. Evaluators can compare

survey reports of care seeking from all sources at baseline (prior to

CCM program implementation) with the sum of care seeking rates

from health facilities and from community-based health workers at

midline (during CCM program implementation) and endline (the

time of the CCM program evaluation). They can then use routine

data on utilization to assess whether CCM has contributed to

overall increases in treatment coverage. This approach is limited

in most low- and middle-income countries due to the poor quality

of routine data on service utilization [8]. Another possible

approach would be to compare illness-specific care-seeking rates

from health facilities at baseline with the sum of care-seeking rates

from health facilities and from community-based health workers at

midline and endline.

Figure 1 provides a flow chart of alternative analysis plans

designed to determine the effects of CCM on treatment coverage,

treatment source, and care-seeking source, depending on the types

of baseline data that are available in a given context. Consider, for

example, a hypothetical setting where a DHS or MICS survey

collects information on both care seeking and treatment but not on

place of treatment prior to implementation of a CCM program

(baseline). After this survey is conducted, a CCM policy is

implemented, and the government requests a time-trend analysis

on the impact of the CCM program on childhood illnesses. If an

endline survey collects comparable information on care seeking

and treatment but also collects information on place of treatment,

then a time-trend analysis is possible for the change in overall

treatment coverage. Changes in care seeking outside health

facilities can also be assessed to determine the impact of the

CCM program on care-seeking patterns. Moreover, in this

hypothetical setting, because it can be assumed that treatment

through CCM-trained community health worker at baseline is

Figure 1. Analysis plan flow chart. Decision flow chart for six scenarios of time-trend analysis options depending on baseline data availability and
timing of CCM policy implementation. CCM policies have been implemented at endline in all cases.
doi:10.1371/journal.pmed.1001384.g001
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zero, increases in community health workers as the point of

treatment can be assessed (Figure 1, Scenario C).

By contrast, consider a setting where there is information only

on the treatment available at baseline and not on either the place

of treatment or care seeking. In this scenario, the timing of the

CCM policy implementation is irrelevant since no measure of

treatment or care-seeking source is collected through the baseline

survey. If information on place of treatment, as well as on the

actual treatment, is collected in an endline survey, then time-trend

analysis is possible for the changes in overall treatment coverage

that is related to the implementation of CCM but not for the

change in overall treatment source (Figure 1, Scenario F).

Importantly, given that the CCM policy for the three major

childhood illnesses may be implemented at different times and the

variation in the availability of care seeking, treatment and place of

treatment data by illness, evaluators and program implementers

may need to investigate alternative illness-specific analyses.

Limitations in Measuring the Source of Treatment
through Household Surveys

The sample sizes needed to determine whether changes in

treatment rates for specific childhood illnesses are statistically

significant will vary depending on the prevalence of each disease

(or its presumed prevalence based on respondents’ reports of signs

and symptoms) and estimated levels of appropriate treatment at

baseline. Increasing the sample sizes will increase the costs and

logistical challenges of capturing the information through a DHS/

MICS survey, as discussed in another paper in the Collection [12],

as will looking at place of treatment by wealth status to determine

whether CCM and other service delivery strategies designed to

reach the poor are effective in reducing inequities. Survey planners

will need to consider whether the results obtained from such

analyses will justify the resources required, and evaluators of CCM

will need to interpret inadequately powered analyses with care.

There are other important limitations in using household

surveys to measure appropriate treatment of childhood illnesses

[13–15]. For example, the analyses rely on respondents’ ability to

recognize, recall, and report signs and symptoms correctly and to

be able to accurately recall and report care-seeking patterns, where

treatments were obtained, and when/how often they were given to

the child. Work is underway to improve these measurements, as

reflected by the other papers in this Collection. Currently, DHS

and MICS surveys can provide only limited information on

whether the child was appropriately assessed and on whether

adequate treatment was given by the health worker. Household

surveys may be analyzed in conjunction with community health

worker quality-of-care surveys, however, to provide information

on correct assessment, classification, and treatment [16].

Recommendations for Future Survey Protocols

The introduction of CCM provides a good example of the need

for flexibility and continuous evolution in the major household

surveys used to assess intervention coverage in low- and middle-

income countries. Before 2005, few governments had authorized

community health workers to provide treatment for childhood

illnesses, and exceptions were limited to the provision of oral

replacement salts for diarrhea. By 2011, 52 of the Countdown to

2015 priority countries had adopted CCM policies and had moved

forward with implementation [4]. The widespread adoption of this

and any new strategy, combined with a growing recognition of the

need for evidence-based evaluations of program effectiveness,

underline the continuing need for modifications in household

survey protocols so that the population impact of specific strategies

and interventions can be evaluated. We recommend strongly that

all future coverage surveys include standard questions on the place

and provider of treatment. Notably, when we shared our findings

with technical staff at both DHS and MICS, they received our

results positively and agreed to consider including questions

capturing information on both place and provider of treatment in

future surveys. The responsiveness of these survey programs to our

suggestions should help to ensure the adequate capture of

important changes in service delivery at a population level.

Importantly, additional questions incorporated into DHS and

MICS surveys will need to be adapted to each country context.

For example, it will be important to conduct a pretest to determine

whether respondents are able to identify the community health

worker trained to provide CCM in their area. Program

implementers can contribute to the validity of such measurements

by introducing strategies that will help child caregivers remember

and report accurately about care received from a CCM-trained

community health worker. In an assessment of village health

workers delivering CCM in Bangladesh, for example, each worker

was given a bright pink bag that was shown in pretests to be easy

for mothers to remember, and to help them distinguish the CCM

worker from other community-level workers [17]. Similar context-

specific strategies to increase the salience and recall of an

encounter with a community health worker trained in CCM are

likely to increase the validity of place of treatment reports.

Those interested in evaluating CCM must also consider the

potential role of informal providers in providing treatments for

childhood illnesses, and must ensure that context-specific response

options are included in the survey protocol to separate community

health workers and informal providers at the community level.

Finally, globally, more studies are needed to explore care seeking.

In particular, care seeking that involves the informal sector needs

to be better studied, and the impact of such care-seeking behavior

on CCM program needs to be investigated. Information from such

studies, and consideration of the other recommendations we make

Key Points

N Low-income countries are increasingly adopting com-
munity case management (CCM) as a strategy for
increasing the coverage of appropriate treatments for
childhood illnesses.

N CCM program managers need to evaluate the effective-
ness of their programs through time trend analyses that
investigate whether treatment is being received at the
community level.

N Population-based household surveys such as the Demo-
graphic and Health Surveys (DHS) and Multiple Indicator
Cluster Surveys (MICS) are currently the only available
means of obtaining data on treatment coverage by
source of treatment in low-income countries.

N In an assessment of nine DHS/MICS surveys in five
countries that are currently implementing CCM, we
found that, although data on care seeking and treatment
coverage are available, there is limited information on
treatment source.

N We recommend that treatment source questions be
included in future survey protocols, a recommendation
that technical staff at DHS and MICS are now consider-
ing; we also recommend alternative analysis plans that
implementers and evaluators may use to assess CCM
programs.
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above, will ensure that the questions included in future surveys are

correctly designed to provide the information that evaluators of

CCM and other strategies need.

Supporting Information

Table S1 Summary of illness care seeking, treatment,
and place of treatment available by survey. Details of

questions used to measure care seeking, treatment, and place of

treatment by country-specific survey and the core questionnaires.
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Abstract: Global monitoring of intervention coverage is a
cornerstone of international efforts to improve reproduc-
tive, maternal, newborn, and child health. In this review,
we examine the process and implications of selecting a
core set of coverage indicators for global monitoring,
using as examples the processes used by the Countdown
to 2015 for Maternal, Newborn and Child Survival and the
Commission on Accountability for Women’s and Chil-
dren’s Health. We describe how the generation of data for
global monitoring involves five iterative steps: develop-
ment of standard indicator definitions and measurement
approaches to ensure comparability across countries;
collection of high-quality data at the country level;
compilation of country data at the global level; organiza-
tion of global databases; and rounds of data quality
checking. Regular and rigorous technical review processes
that involve high-level decision makers and experts
familiar with indicator measurement are needed to
maximize uptake and to ensure that indicators used for
global monitoring are selected on the basis of available
evidence of intervention effectiveness, feasibility of
measurement, and data availability as well as program-
matic relevance. Experience from recent initiatives illus-
trates the challenges of striking this balance as well as
strategies for reducing the tensions inherent in the
indicator selection process. We conclude that more
attention and continued investment need to be directed
to global monitoring, to support both the process of
global database development and the selection of sets of
coverage indicators to promote accountability. The stakes
are high, because these indicators can drive policy and
program development at the country and global level,
and ultimately impact the health of women and children
and the communities where they live.

This paper is part of the PLOS Medicine ‘‘Measuring Coverage in

MNCH’’ Collection.

Introduction

Global monitoring of coverage for maternal and child health

interventions involves the collection and analysis of a limited set of

quantitative indicators to assess progress, and is central to

international efforts to improve reproductive, maternal, newborn,

and child health (RMNCH). Decision makers use results from

global monitoring to set priorities and to determine where to

allocate resources [1]. Coverage measures are a major focus of

global monitoring because they can change much more rapidly in

response to policy and program interventions than measures of

impact (e.g., mortality, morbidity, fertility, nutritional status).

Coverage refers to the proportion of a population in need of a

public health intervention that actually receives it [2].

In this article, which is part of the PLOS Medicine ‘‘Measuring

Coverage in MNCH’’ Collection, we review the steps involved in

producing data of adequate quality for use in global monitoring.

We also provide a critical analysis of the sets of coverage indicators

included in the Countdown to 2015 for Maternal, Newborn and

Child Survival and the Commission on Information and

Accountability for Women’s and Children’s Health initiatives

(Table 1), which are referred to as ‘‘Countdown’’ and ‘‘the

Commission,’’ respectively, throughout the rest of this review.

Because global monitoring results affect the lives of women and

children, it is critical that the ‘‘right’’ indicators are assessed and

correctly interpreted. Thus, our aim in this article is to recommend

improvements in the process used to select sets of coverage

indicators in global monitoring efforts moving forward to and

beyond 2015.

The Process of Global Monitoring

Five iterative steps are required to generate and use coverage

data for global monitoring (Figure 1).

First, global consensus indicators must be defined. The

characteristics of a ‘‘good’’ indicator for global monitoring include:

high validity (the extent to which the indicator is a true and

accurate measure of the phenomenon under study); reliability (the
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extent to which indicator measurements are consistent and

dependable across countries and over time); the ability to detect

change within a reasonable period and as a result of program

implementation; and the ability to produce data that are easily

interpreted and therefore useful in guiding program change [3,4].

Second, each indicator must be measured at the country level

using standard methods that produce complete, comparable, high-

quality data that are nationally representative. Producing such data

requires specialized technical inputs in sampling and survey design,

thorough training and supervision of those who collect the data, and

close attention to quality in data entry, cleaning, weighting, and

tabulation. Another paper in this Collection reviews the Demo-

graphic and Health Surveys and the Multiple Indicator Cluster

Surveys, the two international household survey programs that

produce the majority of coverage data used in global monitoring [5].

Third, country-level data must be compiled at the global level.

This step involves checking data quality and the consistency of

indicator measurement and often requires the recalculation of

indicators from raw datasets. This process is labor intensive and

contributes to the time lag between completion of surveys and the

public availability of compiled databases. Various agencies

(including UNICEF, WHO and UNFPA, and Save the Children)

lead this step for different indicators.

The fourth step entails organizing the global databases and

conducting another round of data quality checking. For some

indicators (e.g., immunization coverage), this step includes a

consultative process that involves the United Nations and

independent technical groups, who develop estimates based on

the combination of survey and program data. Country consulta-

tions are held on these adjusted indicators prior to their inclusion

in publicly accessible databases.

Alteration of global databases to incorporate new interventions

and improved measurement approaches requires adjustments in

steps one through four. Decisions to introduce changes to global

databases need to be made through a consultative process so that

reporting requirements remain feasible and relevant for countries,

trend analyses remain possible, and consensus is reached on

indicator importance for informing programs and policies.

The fifth and final step is the completion of specific

accountability analyses. This step requires agreement on which

countries will be included, which indicators will be highlighted,

what additional information is needed to interpret the results, and

the identification of key messages for target audiences. These

analyses must take into account any limitations of the data that are

identified in earlier steps to ensure that correct interpretations are

made for public health programming.

Defining Sets of Indicators for Global Monitoring:
Countdown and the Commission

Over the years, several initiatives, including Health for All by

the Year 2000 [6], the World Summit for Children [7], and the

Millennium Development Goals (MDGs) [8,9], have monitored

sets of indicators to assess global progress in health. Critiques of

these initiatives (e.g., [10,11]) stress that sets of global indicators

represent more than the sum of the individual measurements, and

often reflect broader aspirational concepts such as human

development and human rights. The eight MDGs, for example,

have been considered as a stimulus to poverty reduction strategies

[12], official development assistance and political consensus [13],

and increased monitoring of development projects [10]. Others

argue that the definition of the MDGs is too narrow and leaves

some important areas associated with development unrepresented,

that the synergies across the MDGs are not sufficiently clear, and

that they are particularly silent on equity [11].

The Countdown and Commission initiatives include sets of

indicators that monitor MDG 4 (reduce child mortality) and MDG

5 (improve maternal health). Both initiatives address some of the

limitations of the MDG framework, at least for the health of

women and children, by embracing the holistic concept of the

continuum of care and stressing the interrelatedness of the two

MDGs. Both also complement the MDG indicators with

recommendations that a more expansive set of RMNCH coverage

indicators are analyzed nationally and by key equity consider-

ations to promote accountability. Table 2 shows the coverage

indicators in the two initiatives and compares them to the

Table 1. Countdown to 2015 for Maternal, Newborn and Child Survival and the Commission on Information and Accountability for
Women’s and Children’s Health.

Countdown to 2015 for Maternal, Newborn and Child Survival
Commission on Information and Accountability for Women’s and Children’s
Health

Aim Aim

Focuses on coverage and uses country-specific data to stimulate and
support country progress towards the health related MDGs, particularly MDG
4 and MDG 5.

To develop a framework for global reporting, oversight and accountability on
women’s and children’s health.

Organizational structure Organizational structure

A global movement of academics, governments, representatives of
multilateral and bilateral agencies, professional associations,
non-governmental organizations and other members of civil society. It has a
governance structure that manages the work and inputs from over
70 members.

Time-limited group developed following the launch of the Global Strategy for
Women’s and Children’s Health in 2010. Progress in implementing its
recommendations is overseen by an independent Expert Review Group (iERG).

Countries Countries

The 75 countries where more than 95% of all maternal and child
deaths occur.

The 75 countries where more than 95% of all maternal and child deaths occur.

Products, reporting, and dissemination Reporting and dissemination

Periodic reports (in 2005, 2008, 2010 and 2012) and country profiles on key
aspects of reproductive, maternal, newborn and child health. Advocacy
materials and peer-reviewed articles.

In May 2011, the Commission launched its report, Keeping Promises, Measuring
Results. The iERG will report annually until 2015 on progress in implementing its 10
recommendations. The first report was published in September, 2012.

doi:10.1371/journal.pmed.1001416.t001
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RMNCH coverage indicators included in MDG monitoring. In

the next two subsections, we describe the technical and political

considerations that drove the selection of the indicator sets tracked

by Countdown and the Commission.

Selection of Indicator Sets by Countdown
Since its inception in 2003 by the Bellagio Study Group on

Child Survival [14], Countdown (Table 1) has produced periodic

reports and country profiles on key aspects of RMNCH, and has

been widely recognized for its role in promoting the use of

coverage data to hold stakeholders to account for global and

national action.

Countdown tracks progress in the 75 countries where more than

95% of all maternal and child deaths occur [15]. It synthesizes

data on coverage of lifesaving interventions across the continuum

of care, highlighting successes and missed opportunities. Count-

down also tracks key determinants of coverage—equity patterns

across population groups, health system factors, supportive

policies, and available financial resources—and takes into consid-

eration the role of broader contextual factors in driving coverage

change [16].

Countdown is not involved in steps one through four in the

global monitoring process (Figure 1). These steps are implemented

by UNICEF, in consultation with various technical groups,

resulting in a public access database (childinfo.org) that is updated

annually and that contains the most recent estimates for coverage

indicators for all countries. Countdown abstracts coverage data

from this database and conducts a further check on internal and

external validity by looking for out-of-range values or inconsis-

tencies with other national survey data. Countdown then presents

these data on country profiles and carries out secondary analyses

to produce reports. This last stage includes a series of consultations

with the Countdown membership to agree on what the coverage

results mean for global public health, what key messages can be

drawn to spur action, and how (and to whom) those messages can

best be communicated.

Countdown has defined criteria to guide the selection of

interventions for which it will track coverage. The most important

criterion is the availability of internationally accepted evidence

demonstrating intervention effectiveness in reducing maternal,

newborn or child mortality and feasibility for delivery at scale in

low- and middle-income countries. In addition, each intervention

tracked by Countdown must be associated with a ‘‘good’’ coverage

indicator as defined earlier. Countdown has reviewed its coverage

indicators three times. The review process includes an assessment

of experience in the last reporting cycle, consideration of new

interventions and their associated coverage indicators against the

selection criteria, and an open solicitation of proposals for changes.

Countdown reports on the number of countries with recent data

for each indicator that it tracks. In its 2012 report, this ranged

from only four countries with data for postnatal care for the baby

to 73 countries with comparable data on measles [17]. The report

also showed that only 29 Countdown countries had conducted a

household survey during 2009–2011. These findings are presented

to emphasize the need for more data collection efforts in the 75

countries as a prerequisite to improved accountability.

Selection of Indicator Sets by the Commission
In 2010, a global strategy led by the United Nations called

‘‘Every Woman, Every Child’’ gave rise to a time-limited

Commission on Information and Accountability for Women’s

and Children’s Health. The Commission’s mandate was to

develop a framework for global reporting, oversight and account-

ability on women’s and children’s health [18].

The Commission used a two-step process to select a set of 11

core indicators, including three impact and eight coverage

Figure 1. The five-step process for global monitoring of intervention coverage.
doi:10.1371/journal.pmed.1001416.g001
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Table 2. Coverage Indicators for Global Monitoring of RMNCH: Millennium Development Goal Framework, Countdown to 2015 for
Maternal, Newborn and Child Survival, and the Commission for Information and Accountability for Women’s and Children’s Health,
2012.

Coverage
Indicator

Millennium
Development
Goala

Countdown
to 2015 Commission

Issues in Indicator Comparability
across Initiatives

Pre-pregnancy

1) Demand for family planning
satisfied

X X

2) Contraceptive prevalence rate X Countdown includes this indicator in a
supplemental webannex to its report

3) Unmet need for family planning X Countdown includes this indicator in a
supplemental webannex to its report

Pregnancy

4) Antenatal care (at least one visit)
with a skilled provider

X X

5) Antenatal care (four or more
visits) by any provider, skilled
or unskilled

X X X Commission indicator is defined as
skilled provider only. Data are not
currently available through
international household survey
programs for skilled provider.

6) Intermittent preventive treatment
of malaria for pregnant women

X

7) Neonatal tetanus protection X

8) Prevention of mother-to-child
transmission of HIV

X X The Commission combines the two HIV
indicators; MDG 6B called for the
achievement, by 2010, of universal
access to treatment for HIV/AIDS for all
those who need it. Target indicators for
prevention of mother-to-child-
transmission of HIV or antiretrovirals for
pregnant women are not listed in the
MDG framework.

9) Eligible HIV+ pregnant women
receiving anti-retroviral therapy
for their own health

X X

Birth

10) Skilled attendant at birth X X X

11) Cesarean section rate X

Postnatal

12) Early initiation of breastfeeding X

13) Postnatal visit for mother X X The Commission reports on the two
postnatal care indicators as a composite
measure. Data may be available
through international household survey
programs on the composite measure in
the current and future survey rounds.

14) Postnatal visit for baby X X

Infancy

15) Exclusive breastfeeding X X

16) Introduction of solid, semi-solid,
or soft foods

X

17) Diphtheria-tetanus-pertussis
(three doses)

X X

18) Measles immunization X X

19) Haemophilus influenzae type b
immunization (three doses)

X

20) Vitamin A supplementation
(two doses)

X
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measures. Seven of the core coverage indicators are measured

primarily through household surveys, and are described in

Table S1 according to the criteria for what makes a ‘‘good’’

coverage indicator. National program records aggregated from

facility records and modeling techniques are used to generate

estimates for the remaining core coverage indicator—preven-

tion of mother-to-child transmission of HIV and antiretroviral

therapy for pregnant women. To select its core indicators, the

Commission first convened a Working Group on Accountability

for Results to prepare a background paper on recommendations

for a set of indicators and measurement needs for women’s and

children’s health. The background paper [19] specified that the

core set of indicators should be limited in number to reduce the

reporting burden on countries, should be reflective of the

continuum of care, and should have strong political and public

health significance across countries. The Working Group

reviewed the MDG and Countdown indicators and recom-

mended a set of coverage indicators from these. The Commis-

sion’s final report – Keeping Promises, Measuring Results –

incorporates these recommendations [18]. Other papers in this

Collection examine the performance of several of these

indicators with the aim of improving their measurement and

interpretation [20–24]. Countdown, in collaboration with the

Health Metrics Network, has also produced a report that

describes the program relevance and measurement limitations of

the coverage indicators selected by the Commission [25].

The Commission report also called for the creation of an

independent Expert Review Group (iERG) to report annually

until 2015 on progress in implementation of the Commission’s 10

recommendations, which include improved measurement of the

core coverage indicators in the 75 countries. Their first report

indicated that, in 2012, only 11 of the 75 countries had recent data

for all eight core coverage indicators, that there were gaps in

coverage along the continuum of care, and that the poorest groups

disproportionately experienced the lowest levels of coverage. The

iERG recommended expanded commitment and capacity to

evaluate RMNCH initiatives in order to help countries set

priorities and allocate resources accordingly [26].

Tensions and Compromises in the Selection of
Global Monitoring Indicators

The selection of core coverage indicators by Countdown and by

the Commission illustrates four tensions inherent in the process of

selecting indicator sets for global coverage monitoring.

A first tension is between the desire to have comprehensive
information about the policies and programs relevant to the

topic of interest (i.e., poverty reduction, RMNCH), and the

simultaneous need to keep the number of indicators small to

minimize the reporting burden on countries and to avoid

information overload. Resolution of this tension entails making

hard choices about which indicators are left out. Indicators by

definition are signals of the need to investigate a phenomenon

more thoroughly. That this concept is poorly understood is

reflected by the importance often mistakenly accorded to

individual indicators in decision-making processes. Those engaged

in global monitoring must continue to educate their target

audiences about the appropriate use of indicators as signals that

can trigger the need for further investigation and as signals that

should be interpreted in the context of more comprehensive

information.

Both Countdown and the Commission faced the challenge of

selecting a core set of coverage indicators that represent the

continuum of care as well as a balance between preventive and

curative interventions. One way in which both initiatives achieved

this was by selecting indicators of service contacts that reflect

major dimensions of the continuum (e.g., antenatal care for the

pregnancy period, skilled attendant at birth for labor and delivery,

and postnatal care visits for the postnatal period). Although

measurable through household surveys and readily understood,

these contact measures do not necessarily reflect receipt of

recommended interventions, which limits their usefulness for

programmatic purposes.

A second strategy used by Countdown, but not by the

Commission, to address this first tension was to expand the

number of core coverage indicators, and to track coverage

determinants (e.g., health systems factors, policies, and financial

Table 2. Cont.

Coverage
Indicator

Millennium
Development
Goala

Countdown
to 2015 Commission

Issues in Indicator Comparability
across Initiatives

Childhood (under the age of 5 years)

21) Children sleeping under
insecticide-treated nets

X X

22) Children with fever receiving
first line antimalarial treatment

X X

23) Careseeking for pneumonia X

24) Children with suspected
pneumonia receiving
antibiotic treatment

X X

25) Oral rehydration therapy with
continued feeding

X

26) Oral rehydration salts X

27) Improved drinking water sources X X

28) Improved sanitation facilities X X

aincludes only MDG target indicators related to RMNCH.
doi:10.1371/journal.pmed.1001416.t002
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data). Starting in 2008, Countdown extended its country profiles

to two pages and created web-based supplemental tables to

provide additional information. Countdown aims to be responsive

to new evidence and regularly reviews its indicator set to ensure

that it captures the best information available on RMNCH

coverage. This iterative approach can, however, result in the

selection of too many indicators and a consequent loss of focus and

an inability to generate well-targeted key messages. Within the

Commission, by contrast, the power to make decisions about the

indicator set rested firmly with the seven Commissioners, informed

by technical experts through the Working Group. This structure

allowed the Commission to keep the total number of indicators

small and its effort focused, but may have resulted in critical gaps.

The Commission set, for example, includes only one indicator for

prevention of childhood illnesses (diphtheria-tetanus-pertussis

vaccination) and one indicator for case management of childhood

illnesses (antibiotic treatment of childhood pneumonia). The set

does not address interventions related to malaria or diarrhea, two

major causes of child deaths in most of the 75 countries. The

Commission acknowledges, therefore, that its indicator set is not

sufficient for country-level monitoring.

A second tension is between what we know is important for

improving public health and what can be measured reason-
ably well given available data sources and methods. A good

example of compromise is the inclusion by both Countdown and

the Commission of an indicator on coverage for antibiotic

treatment of childhood pneumonia. Pneumonia, the number one

killer of children worldwide [27] can be treated effectively and at

relatively low cost with a course of antibiotics [28] but, as reported

elsewhere in this Collection [20,21] and summarized in Table S1,

the current global coverage indicator for treatment does not

produce accurate results. Its measurement limitations suggest that

additional related indicators may need to be collected until data

collection methods are improved (i.e., care seeking for pneumo-

nia). Countdown takes this approach and tracks both careseeking

and treatment indicators. Another example is the Commission’s

antenatal care indicator (‘‘four or more antenatal care visits from a

skilled provider’’). Although this indicator could potentially

provide more programmatically useful data than the Countdown

and MDG target indicator (which specifies any provider), in

practice, information on the type of provider for each of four or

more visits cannot be measured through household survey

interviews because of recall issues. The inclusion of this indicator

in the Commission set may spur efforts to collect these data, but

comparable data from the 75 countries are currently not available.

These examples demonstrate that when there is not a single

indicator that is technically sound and useful for guiding programs

for a given topic area, global monitoring initiatives can opt to

collect a set of indicators related to the topic or provide adequate

documentation on how to interpret a less-than-ideal indicator.

A third tension is between focusing on coverage for interven-
tions that address the highest disease burden and ensuring

that the indicator is relevant to as many countries as
possible. Two good examples of this tension concern malaria and

HIV/AIDS. In two-thirds of the 75 countries covered by

Countdown and the Commission, at least 75% of the population

is at risk of Plasmodium falciparum malaria transmission. Interven-

tions that effectively prevent deaths from malaria, such as the

provision and use of insecticide-treated nets, antimalarials, and

intermittent preventive treatment for pregnant women, have been

scaled up rapidly in many of these countries [17]. For HIV/AIDS,

21 of the Countdown/Commission countries are priority countries

for the elimination of mother-to-child transmission of HIV

because of high levels of HIV seroprevalence in women.

Prevention of mother-to-child-transmission of HIV with antiret-

roviral therapy drugs has been shown to be effective and is being

rapidly scaled up in these countries [29]. Countdown reports on

coverage of all these interventions; the Commission only reports

on coverage of HIV/AIDS interventions (Table 2). These different

choices show that the selection processes for global monitoring are

not strictly based on the technical merits of individual indicators.

A fourth tension is between the need for timely data to guide

decision making and the cost and resources required to

conduct frequent surveys. Frequent and high-quality coverage

data are essential for program monitoring and require regular

implementation of household surveys that meet at least minimum

quality standards. In their reports, both Countdown and the iERG

highlight data gaps for the indicators they track across and within

the 75 countries they cover, and make strong arguments for

frequent—even annual—collection of coverage data. Although a

criterion for indicator inclusion in Countdown is data availability

in most of the 75 countries to enable results to inform programs

and policies, exceptions have been made for a few indicators

because of their public health importance. Coverage for postnatal

care for newborns, for example, has been included in Countdown

reporting in the last two cycles [17,30] based on its importance for

neonatal survival, even though fewer than 10 countries had data to

report. It is now also one part of a composite indicator

recommended by the Commission. This move towards reporting

postnatal care for newborns has raised the visibility of postnatal

care and has flagged the need to increase data collection efforts.

Importantly, investments in data collection efforts to address such

gaps must always be based on careful consideration of the time-

frames required for detecting changes in specific indicators. Table

S1 details variations in the ability of the core Commission

indicators to detect change over time. Some indicators, such as

exclusive breastfeeding and proportion of demand for family

planning satisfied, are highly responsive to changes as they reflect

current coverage. Others, such as skilled attendant at birth, are

based on recall periods of two and five years (for the Multiple

Indicator Cluster Surveys and Demographic and Health Surveys,

respectively). Building capacity at the country level on under-

standing variations in the responsiveness of coverage indicators is

essential for planning data collection efforts in view of resource

constraints and for interpreting coverage levels and trends.

Conclusions and Recommendations for Global
Monitoring

Global monitoring efforts should produce timely results that can

be used to support sound policy and programmatic decisions.

Efforts are needed to generate better coverage data so that the

indicators selected for global monitoring meet all technical

requirements and to improve country capacity to measure, report

on, and use them. In this article, we have reviewed the steps

involved in global monitoring, the processes used by Countdown

and the Commission to select a subset of coverage indicators for

tracking coverage, and key tensions associated with selecting

coverage indicators for global monitoring.

Several lessons gleaned from the Countdown and Commission

indicator selection processes can be applied to the work now

underway to define goals for the post-2015 era. First, the indicator

selection process should be guided by the technical merits of

individual indicators as well as by the underlying aspirational goal

or broader agenda at the heart of the monitoring effort. Both the

Countdown and Commission selection processes were driven in

large part by the need to ensure that the indicator set adequately
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captures information across the continuum of care. Results can be

used to identify major gaps and successes along the continuum,

and to hold all partners to account for progress in achieving

MDG4 and MDG5.

Second, any core set of coverage indicators needs to be

interpreted within the context of information on inputs, processes

and outputs related to program and policy implementation as well

as broader social, economic, political, and environmental infor-

mation that might affect coverage levels and trends. Countdown

routinely tracks determinants of coverage in its analyses, and the

Commission is clear on the need for additional information to

supplement its coverage results, particularly at the national level.

Third, coverage indicators need to be selected through a

rigorous and transparent process that involves consultation with a

wide range of stakeholders. The process should include assessment

of intervention effectiveness, data availability, and quality. The

measurement limitations of the indicators also need to be

identified so that they can be taken into consideration when

interpreting results.

Our recommendation for the post-2015 agenda-setting process

is that the example of the Commission should be followed, but that

an additional step that involves critical review of the proposed

indicators should be added to ensure that the indicators reflect the

best balance between feasibility of measurement, data availability,

and the broader agenda-setting functions needed from the set as a

whole [13]. Such a review process should also stimulate further

investment in a program of measurement research to improve the

‘‘value’’ of coverage indicators. For example, Table S1 shows that

the development of methods for capturing information on

interventions received during service contacts (e.g., antenatal care,

skilled attendant at birth, and postnatal care) that is representative

at the population level requires further work. Support for ongoing

efforts to ensure consistency of measurement between the major

international survey programs and over time is also needed for the

production of comparable data.

Initiatives like Countdown with a more expansive indicator set

should continue to serve as a resource for higher-level global

monitoring efforts and to guide program development and

implementation at national and sub-national levels. The bottom

line, however, is that effective global monitoring depends on all

five steps in the global monitoring process, and it is imperative that

the whole process receives sufficient resources to allow it to

respond to the future health needs of mothers and children.
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