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Background: Newborn infections are responsible for approximately one-
third of the estimated 4.0 million neonatal deaths that occur globally every
year. Appropriately targeted research is required to guide investment in
effective interventions, especially in low resource settings. Setting global
priorities for research to address neonatal infections is essential and urgent.
Methods: The Department of Child and Adolescent Health and Develop-
ment of the World Health Organization (WHO/CAH) applied the Child
Health and Nutrition Research Initiative (CHNRI) priority-setting method-
ology to identify and stimulate research most likely to reduce global newborn
infection-related mortality by 2015. Technical experts were invited by
WHO/CAH to systematically list and then use standard methods to score
research questions according to their likelihood to (i) be answered in an
ethical way, (ii) lead to (or improve) effective interventions, (iii) be deliv-
erable, affordable, and sustainable, (iv) maximize death burden reduction,
and (v) have an equitable effect in the population. The scores were then

weighted according to the values provided by a wide group of stakeholders
from the global research priority-setting network.
Findings: On a 100-point scale, the final priority scores for 69 research
questions ranged from 39 to 83. Most of the 15 research questions that
received the highest scores were in the domain of health systems and policy
research to address barriers affecting existing cost-effective interventions.
The priority questions focused on promotion of home care practices to
prevent newborn infections and approaches to increase coverage and quality
of management of newborn infections in health facilities as well as in the
community. While community-based intervention research is receiving some
current investment, rigorous evaluation and cost analysis is almost entirely
lacking for research on facility-based interventions and quality improvement.
Interpretation: Given the lack of progress in improving newborn survival
despite the existence of effective interventions, it is not surprising that of the
top ranked research priorities in this article the majority are in the domain of
health systems and policy research. We urge funding agencies and investi-
gators to invest in these research priorities to accelerate reduction of neonatal
deaths, particularly those due to infections.
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Newborn infections claim an estimated 1.4 million lives each
year and remain responsible for approximately one-third of the

world’s 4.0 million neonatal deaths.1 Neonatal deaths, which now
constitute about 40% of deaths in children under 5 years, have until
recently remained largely unaddressed as a global health concern.2

To reduce neonatal mortality to half of the year 2000 levels and thus
achieve the Millennium Development Goal for child survival by
2015, much more needs to be accomplished, and many challenges
must be overcome.1,2

Although effective and simple interventions for prevention
and treatment of newborn infections exist, they do not reach the
majority of neonates in developing countries.3 This gap between
knowledge and practice is due in large part to poor coverage with
health services, shortage of health care providers, and issues related
to access to referral services. The result is that a large proportion of
neonatal infection deaths occur in community settings, frequently at
home.

One of the key reasons for inadequate coverage of effective
interventions is lack of knowledge on how to implement existing
cost-effective interventions at scale in low resource settings.3,4 This
gap in knowledge can only be filled by appropriately targeted
research.5 Research on newborn care, including prevention and
treatment of newborn infections, was ranked the highest among
child-health themes in a recent study using the Delphi method.6
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The Department of Child and Adolescent Health and Devel-
opment (CAH) of the World Health Organization (WHO) used the
methodology developed by the Child Health and Nutrition Research
Initiative (CHNRI) to define research priorities for the major causes
of child deaths to focus global research investments.5,7–10 In this
article, we present the results for research priorities on newborn
infections.

METHODS
The CHNRI priority-setting methodology has been proposed

as a tool for those who develop research policy and/or invest in
health research.5 The implementation of CHNRI methodology in-
volves 3 complementary stages: input from investors/policy makers;
input from technical experts; and input from other stakeholders.

Input From Investors/Policymakers
CHNRI defined its objective as promoting rational investment

of resources to reduce the present burden of neonatal mortality
through health research by 2015. The context was defined in this
way to assist the efforts and progress toward the Millenuium
Development Goal 4 (reducing global child mortality), to which
political commitment has been made. Setting investment priorities
for research is difficult because of several factors: uncertainty of
research outcomes, risk preferences of the investors (eg, high-risk
high-profit or low-risk moderate-profit), agreed targets for disease
burden reduction, level of urgency and time frame for expected
reduction, systems of values of the stakeholders, and many others.
All those factors alter investment priorities in different contexts.5–11

In the case of neonatal deaths due to infections, the context
was specified as follows:

• Burden of disease and disability of interest: deaths from newborn
infections;

• Population of interest: newborns in all developing countries,
where 99% of neonatal deaths occur1;

• Target: reduction of neonatal mortality, contributing to reduction
of under 5 child mortality by two-thirds by 2015 (UN�s Millen-
nium Development Goal 4);

• Level of urgency: high (because the goal is not being achieved);
• Time frame: to achieve detectable reduction in the rate of neonatal

mortality by 2015;

We then defined the criteria to identify research options that
would be most likely to provide the greatest “returns on invest-
ments” (reduction in number of deaths) within the given context.
Based on CHNRI’s conceptual framework,5,12 5 criteria are typi-
cally proposed for discriminating the competing research investment
options, and we applied all of them: (1) ability to answer in an
ethical way; (2) likelihood of developing or improving interventions
that are effective; (3) likelihood that interventions will be deliver-
able, affordable, and sustainable; (4) maximum potential impact on
mortality burden reduction; and (5) predicted impact of research
results on equity in the population.

Input From Technical Experts
The coordinator of the project for WHO/CAH (RB) invited a

group of 20 international technical experts with interest in newborn
infections to participate in the process. Invitations were based upon
an established track record of publications in this area and/or
experience in leading international programs. The first task of the
technical experts was to propose an extensive list of research
questions, developed in a systematic way, according to the frame-
work developed by CHNRI. The framework begins with 4 broad
“research domains”: (1) epidemiological research, (2) health sys-
tems and policy research, (3) research targeted at improving the
existing interventions, and (4) research to develop new interven-

tions. These domains were then divided into more specific, “research
options,” which correspond to 3- to 5-year research programs.
Experts were invited to specify as many of these options as possible.
Within each such option, they were asked to list very specific
“research questions,” the answers to which, for example might
appear in research articles published in journals. The coordinator
from CAH collected the input from each of the 20 experts indepen-
dently by e-mail to produce a consolidated list of research questions.
In producing this list, the coordinator limited the overlap between
proposed ideas and ensured that the research questions were phrased
in a way that would make the expected new knowledge apparent.

The experts were then invited to score all research questions
independently, according to the 5 agreed criteria. As this process is
time-consuming, each expert chose to evaluate all the research
questions on 2 of the 5 criteria on which he/she felt he/she could
provide the best informed independent opinion. For each of the
research questions, each expert answered 3 questions targeted to
assess the likelihood of the proposed research to comply with each
of the priority-setting criteria (Appendix 1). This task was completed
by 13 of the 20 experts initially contacted. The a priori decision was
to consider the process complete when each of the 5 criteria was
scored by at least 4 technical experts. The entire process was
conducted via e-mail between January 2007 and February 2008.
Further methodological details on this part of the priority-setting
process are presented elsewhere in great detail.5,7–12

Input From Other Stakeholders
The third step in the CHNRI methodology is to incorporate

the opinions and values from a broader group of stakeholders (eg,
expected recipients of the research, taxpayers who fund health
research, health workers, journalists and media, experts in ethics,
law, political science).9 These stakeholders do not have sufficient
expertise and knowledge to directly score research questions. To
include their opinions and values, CHNRI consultants inter-
viewed the members of the Global research priority-setting net-
work, which is coordinated from the University of Toronto in
Canada. Interviewed members were representative of a broad
group of contexts and backgrounds, and the details on the
composition of this group and rationale of the process was
described in great detail elsewhere.10 Each surveyed examinee
was asked to rank the 5 criteria by importance and give weights
and minimum required scores (“thresholds”) to each criterion.
This information was then used to weight experts’ scores, reflect-
ing the values of stakeholders (see later).10,12

Computation of Overall Research Priority Scores
and Assessment of Expert Agreement

All the experts answered the questions listed in Appendix 1
by “Yes” (1 point) or “No” (0 points). They were also allowed to
declare an informed but undecided answer (0.5 points) or declare
themselves insufficiently informed to answer the question (missing
input). In this way, the proposed research questions received a score
for each of the 5 criteria–5 “intermediate scores.” These scores are
defined as the proportion of maximum possible points scored when
an answer was given. They represent a direct measure of collective
optimism of at least 4 experts scoring each research question
independently. Therefore, each of the listed research questions
received 5 intermediate scores ranging from 0% to 100%, 1 for
each of the criteria. These 5 proportions were then weighted
according to the input from the stakeholders. The weights were
applied as follows: the intermediate score related to the criterion
“maximum potential for disease burden reduction” was given a
weight of 1.75; to the criterion “answerability in an ethical way”
a weight of 0.96; to the criterion “predicted effect on equity in the
population” a weight of 0.91; to the criterion “deliverability,
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affordability, and sustainability” a weight of 0.89; and to the
criterion “potential contribution to effectiveness” a weight of
0.86.10 The overall research priority score (RPS) was then com-
puted as the weighted mean of all 5 intermediate priority scores.

Because of its transparency and independent scoring by the
larger group of experts, the CHNRI methodology has the ability to
expose the points of greatest agreement and greatest controversy.
The agreement is not assessed using � statistics because the datasets
that CHNRI methodology produces (eg, allowing for the existence
of missing responses, “undecided” responses and different number
of experts scoring different criteria) are not really appropriate for
application of the usual � statistic.13,14 Instead, for each research
investment option we reported the average proportion of scorers that
agreed on the 15 questions asked. This is computed for each scored
research investment option as:

AEA �
1

15
� �

q � 1

15
Nscorers who provided most frequent response

N� scorers who provided any response

(where q is a question that experts are being asked to evaluate
competing research investment options, ranging from 1 to 15; AEA,
average expert agreement). For each evaluated research investment
option, AEA is informing us, for an average question, what propor-
tion of scorers gave the same most frequent answer (eg, when AEA
is about 60%, this means that for an average question related to a
specific research investment option, 3 out of 5 scorers gave the most
frequent answer).

RESULTS
The expert group process produced a list of 69 questions, 27

of them related to epidemiological research, 28 to health systems
and policy research, 6 to research targeted at improving the existing
interventions, and 8 to research to develop new interventions (see
web table http://links.lww.com/A642). In this list of 69 questions,
we intentionally kept some relatively similar proposed research
questions separate to check for consistency of our experts’
scoring. Research questions addressing similar issues ended up
with very similar priority scores. Before presenting the final
results, we therefore, merged 8 questions with another similar
one on the list, resulting in 61 ranks in all.

Nine of 10 research questions related to prevention and
management of newborn infections received the highest overall
scores (Table 1). All of these research questions were related to
improved delivery of known interventions and fell under the domain
of health policy and systems research. It is interesting to note that 4
of these questions pertained to community-based delivery of inter-
ventions, 4 to facility-based interventions and one to both.

Research questions related to developing new interventions,
improving existing interventions, and the epidemiology of nosoco-
mial infections were also among the top 15 questions (Table 2).
Most of these priorities could be applied at both community and
health facility levels.

The 15 research priorities in Tables 1 and 2 focus on evalu-
ating intervention effectiveness (ranks 2, 11, 12, and 13), developing
and evaluating approaches to improve newborn care practices (rank
1), increasing intervention coverage through provision of care at the
community level (ranks 3, 5, 6, 10, and 15), and improving quality
of care at health facilities (ranks 4, 7, 8, 9, and 14).

For the top 10 research investment options (Tables 1 and 2),
“average expert agreement” parameter ranged between 67% and
82%, but it was typically higher than 75%, indicating that 3 out of
4 scorers gave the same answer to an average question related to

those options. Considerably more controversy was observed over the
research investment options from the bottom of the ranking list,
where AEA parameter typically ranged between 58% and 65% (ie,
an agreement that was only slightly above that expected by chance
for some research investment options).

DISCUSSION
This priority-setting exercise undertaken by CAH using

CHNRI methodology resulted in a set of research priorities mainly
focused on health policy and systems research. The priorities target
better understanding of the barriers to implementation, effective-
ness, and optimization of use of available interventions for preven-
tion of newborn infections and their management at the community
and health facility levels.

This finding is not surprising because technical experts
were asked to define research priorities that could lead to notable
improvements in reduction of newborn infection-related mortal-
ity by the year 2015. The overall context that required this short
time frame favored the prioritization of questions that proposed
to assess and confirm the value of existing and available cost-
effective interventions. It also highlighted the value of invest-
ments in health systems and policy research that proposed to
identify key obstacles to delivery, affordability, and sustainabil-
ity of implementation of those interventions on a larger scale.

The average expert agreement for the identified research
investment priorities was typically higher than 75%, indicating that
3 out of 4 scorers gave the same answer to an average question
related to those options. This is considerably above the expectation
of the level of agreement if they were assigning scores “0” or “1”
randomly (which would be under 50%, as “undecided” answer is
also allowed). This shows a good overall level of agreement over the
proposed priorities among the experts.

The research priorities identified are consistent with the
messages from The Lancet Series on Neonatal Survival.1,2 It is well
known that effective interventions exist, which can reduce neonatal
mortality by up to 70% if they reach all mothers and newborns. The
greatest challenge is to increase coverage of these interventions, and
the research priorities presented in this article would help in ad-
dressing that challenge. The identified priorities are also in general
agreement with the research currently supported by WHO/CAH.

Three limitations of the exercise merit consideration. First,
the selected expert group may not be representative of all developing
country experts. Second, only about two-thirds of the selected
experts completed the entire process despite best efforts. Getting the
expert group face-to-face to undertake scoring could have increased
the proportion of experts that completed the process, but would have
compromised the independent opinion of individual experts. Finally,
a risk with this approach of priority setting with a short term
perspective (until 2015 only) is that this becomes a barometer of
what the involved experts are thinking about and doing, rather than
a probing rethink of current research priorities. However, the expert
group in this exercise did consider research on a wide variety of new
interventions and innovative approaches to deliver interventions
before deciding on the final priorities.

Within the context of an existing global consensus on ex-
pected mortality reduction (UN�s Millennium Development Goal 4),
to which political commitment has been made, it is important to
prioritize health policy and systems research. These results from im-
plementation of the CHNRI methodology imply that more attention
should be given to health policy research, health systems research,
operations research, and research that addresses political, economic,
social, cultural, behavioral, and infrastructure issues involved in ad-
dressing mortality due to neonatal infections. This type of research is
not always attractive to investors in health research because the results
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are unlikely to grab the headlines or be published in journals with high
impact factors. However, such implementation research is critical for
generating the new knowledge needed to achieve high coverage with
life-saving interventions.

The applied CHNRI methodology proved to be a helpful
process to systematically list a large number of specific research
questions and then score them independently. Although decisions
will eventually rest with the investors and policy makers, the

CHNRI process provided recommendations by a group of technical
experts who made the strengths and weaknesses of a large number
of research options transparent. The level of agreement on suggested
research can also be informative to potential investors. Involvement
of the large group of stakeholders and a wider community in setting
research investment priorities is a major challenge, because the criteria
of relevance to scientists and technical experts may not always be in
accordance with the views and values of those who benefit from

TABLE 1. Improved Delivery of Known Interventions: Research Domain With 9 of 10 Research Questions That
Achieved the Highest Overall Research Priority Scores

Rank Research Question Answerability Effectiveness Deliverability Burden
Reduction Equity Total

(Unweighted)
Total

(Weighted)
AEA (Average

Expert Agreement)

1 What is the feasibility,
effectiveness, and cost of
different approaches to
promote the following home
care practices:

96 90 97 58 96 87.4 82.9 76.0%

• Early initiation and exclusivity
of breastfeeding

• Hygienic cord and skin care
• Prompt care seeking for illness

from an appropriate
provider

• Hand washing of caregivers
3 What is the feasibility,

effectiveness, and cost of
approaches to increase
coverage of clean delivery
practices in facilities and in
homes?

96 86 83 50 100 83.0 77.9 80.0%

4 What is the feasibility, costs, and
effectiveness of setting up
newborn care corners in
first referral units and
district hospitals?

96 71 88 63 83 80.1 77.6 82.0%

5 What is the feasibility,
effectiveness, and cost of a
scheme of routine home
visits for initiation of
supportive practices,
detection of illness and
newborn survival?

96 86 83 46 96 81.3 75.8 76.7%

6 What is the feasibility,
effectiveness, and cost of
approaches to increase TT
coverage?

96 81 87 42 96 80.2 74.3 81.7%

7 What is the effectiveness, and
cost of implementing IMCI
guidelines, including
inpatient care where
applicable using WHO
guidelines, in health
facilities?

96 76 88 54 71 76.9 73.5 71.7%

8 What is the feasibility and
effectiveness of approaches
to improve aseptic practices
in labor rooms, maternity,
pediatric wards and
nurseries?

100 83 88 46 75 78.3 73.4 79.4%

9 What is the feasibility and
effectiveness of approaches
to increase quality of care in
hospitals, such as using
standardized protocols for
management of common
conditions in hospitals?

100 79 83 54 67 76.5 73.2 67.5%

10 Safety, feasibility and
effectiveness and cost of
managing severe neonatal
infections in community
settings (eg, requiring
injectable antibiotics)

79 86 77 54 83 75.8 72.4 68.3%
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research investments. However, the key stakeholders do not have the
expertise needed to judge specific research investment options on the
criteria. This is why the CHNRI method leaves that task to technical
experts, while the stakeholders can still have a say on the relative
importance of the criteria used and weight them to influence the final
outcome.

The final list of priorities emphasizes the evaluation of
existing interventions and the development and testing of new
delivery approaches for existing interventions. It also highlights
the value of research on preventive measures and treatment and
on improving intervention delivery at home, community, and
health facility levels. While community-based intervention re-
search is receiving some current investment, rigorous evaluation
and cost analyses are almost entirely lacking for research on
facility-based interventions and quality improvement.

In conclusion, given a short time frame for expected results
(2015) and the lack of progress in improving newborn survival
despite the existence of effective interventions, it is not surprising
that the majority of top ranking research priorities presented in this
article are in the domain of health systems and policy research. We
believe that implementation of research studies in developing coun-

tries on these priorities would greatly contribute to knowledge that
would lead to reduction of global neonatal mortality. We urge
funding agencies and investigators to support these research prior-
ities to accelerate reduction of neonatal deaths, particularly due to
infections.
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APPENDIX 1. Questions answered by technical experts to assign intermediate scores to competing research options.
(Possible answers: Yes � 1; No � 0; Informed but undecided answer: 0.5; Not sufficiently informed: blank)

CRITERION 1: Likelihood that research would lead to new knowledge (enabling a development/planning of an intervention) in ethical way.
Would you say the research question is well framed and endpoints are well defined?
Based on: (i) the level of existing research capacity in proposed research; and (ii) the size of the gap from current level of knowledge to the proposed

endpoints; would you say that a study can be designed to answer the research question and to reach the proposed endpoints of the research?
Do you think that a study needed to answer the proposed research question would obtain ethical approval without major concerns?

CRITERION 2: Assessment of likelihood that the intervention resulting from proposed research would be effective.
Based on the best existing evidence and knowledge, would the intervention which would be developed/improved through proposed research be

efficacious?
Based on the best existing evidence and knowledge, would the intervention which would be developed/improved through proposed research be

effective?
If the answers to either of the previous 2 questions is positive, would you say that the evidence upon which these opinions are based is of high

quality?
CRITERION 3: Assessment of deliverability, affordability and sustainability of the intervention resulting from proposed research.

Taking into account the level of difficulty with intervention delivery from the perspective of the intervention itself (eg, design, standardization,
safety), the infrastructure required (eg, human resources, health facilities, communication and transport infrastructure) and users of the
intervention (eg, need for change of attitudes or beliefs, supervision, existing demand), would you say that the endpoints of the research would
be deliverable within the context of interest?

Taking into account the resources available to implement the intervention, would you say that the endpoints of the research would be affordable
within the context of interest?

Taking into account government capacity and partnership requirements (eg, adequacy of government regulation, monitoring and enforcement;
governmental intersectoral coordination, partnership with civil society and external donor agencies; favorable political climate to achieve high
coverage), would you say that the endpoints of the research would be sustainable within the context of interest?

CRITERION 4: Assessment of maximum potential of disease burden reduction.
Taking into account the results of conducted intervention trials,** or for the new interventions the proportion of avertable burden under an ideal

scenario,* would you say that the successful reaching of research endpoints would have a capacity to remove 5% of disease burden or more?
To remove 10% of disease burden or more?
To remove 15% of disease burden or more?

CRITERION 5: Assessment of the impact of proposed health research on equity.
Would you say that the present distribution of the disease burden affects mainly the underprivileged in the population?
Would you say that either (i) mainly the underprivileged, or (ii) all segments of the society equally, would be the most likely to benefit from the

results of the proposed research after its implementation?
Would you say that the proposed research has the overall potential to improve equity in disease burden distribution in the long term (eg, 10 yr)?
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