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Summary Points
• Worldwide, 8.5 million infants aged less than 6 months (<6m) are acutely malnour-
ished. For the first time, 2013 WHOMalnutrition Guidelines describe their treatment,
but on the basis of “very low quality” evidence, per WHO. More and better research is
urgently needed.

• To prioritise the many possible research questions on infant<6m malnutrition, we used
the systematic, transparent, well-established Child Health and Nutrition Research Initia-
tive (CHNRI) approach. Sixty-four experts scored 60 research questions on the basis of
their answerability, likelihood of intervention efficacy, effectiveness, deliverability, sus-
tainability, impact on disease burden, and impact on equity.

• “How should infant<6m SAM be defined?” was the top-scoring research question; that
this and other basic questions are still needed highlights paucity of evidence on this
topic.

• Other leading questions reflect interest in public health/community-focused models of
care, e.g., “What are priority components of a package of outpatient care?” These ques-
tions are important to inform new outpatient strategies now recommended by WHO.

• Most of our questions received high-priority scores reflecting a great need for a wide vari-
ety of evidence. Several major global initiatives such as the “Scaling Up Nutrition Move-
ment” and “Generation Nutrition” would benefit from better evidence. Our results show
clear ways forward for future research investments.

PLOSMedicine | DOI:10.1371/journal.pmed.1001812 April 21, 2015 1 / 14

a11111

OPEN ACCESS

Citation: Angood C, McGrath M, Mehta S,
Mwangome M, Lung’aho M, Roberfroid D, et al.
(2015) Research Priorities to Improve the
Management of Acute Malnutrition in Infants Aged
Less Than Six Months (MAMI). PLoS Med 12(4):
e1001812. doi:10.1371/journal.pmed.1001812

Published: April 21, 2015

Copyright: © 2015 Angood et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Funding:We thank USAID/OFDA (AID-OFDA-G-13-
00171) and Irish Aid (EN1201) for funding ENN’s
contribution to this project. Marko Kerac gratefully
acknowledges NIHR for his Academic Clinical
Lecturer Post at UCL (http://www.nihrtcc.nhs.uk/
intetacatrain/) and also support from an Academy of
Medical Sciences/ Wellcome Trust/ British Heart
Foundation/Arthritis Research/Medical Research
Council/Prostate Cancer UK “Starter Grant” for
clinical lecturers (http://www.acmedsci.ac.uk/careers/
funding-schemes/starter-grants/). James Berkley &
Martha Mwangome acknowledge support from the
Wellcome Trust. (http://www.wellcome.ac.uk/) The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1001812&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://www.nihrtcc.nhs.uk/intetacatrain/
http://www.nihrtcc.nhs.uk/intetacatrain/
http://www.acmedsci.ac.uk/careers/funding-schemes/starter-grants/
http://www.acmedsci.ac.uk/careers/funding-schemes/starter-grants/
http://www.wellcome.ac.uk/


Background
Undernutrition is responsible for some 3.1 million child deaths per year, 45% of all deaths
among children aged<5 years [1]. Infants are most at risk [2,3]. Acute malnutrition (compris-
ing wasting, as defined by low weight-for-length; and/or low mid-upper arm circumference;
and/or oedematous malnutrition, Kwashiorkor) is particularly important because of its high
case fatality rate [4,5].

In the last decade, the management of acute malnutrition has been revolutionized by a new
public health-orientated approach to treatment, “Community-based Management of Acute
Malnutrition” (CMAM) [6]. To achieve impact, CMAM focuses on: high programme coverage;
treatment of “uncomplicated” cases on an outpatient basis; the use of nutrient-dense “ready-
to-use therapeutic food” [7]. Programmes are targeted at children aged 6 to 59 months. Con-
trasting this success, the management of acute malnutrition in infants under six months old
(<6m) is often neglected in practice even if described in clinical protocols [8]. When it is de-
scribed, guidelines focus on inpatient-based care alone [9]. Yet, recent estimates suggest that an
estimated 3.8 million infants<6m have severe acute malnutrition (SAM) [10]. This is a mini-
mum estimate since it does not include oedematous SAM. A further 4.7 million infants are esti-
mated to have moderate acute malnutrition (MAM) [10].

Recently updated (December 2013) World Health Organization (WHO) guidelines on the
“Management of Severe Acute Malnutrition in Infants and Children” for the first time have a
chapter devoted to infants<6m [11]. Other key firsts in these guidelines are: distinguishing be-
tween “complicated” (i.e., clinically sick) and “uncomplicated” (i.e., malnourished but clinically
stable and able to eat) cases of infant<6m SAM; outlining outpatient as well as inpatient-
based treatment options [11]. This represents significant progress. However, whilst many of
the WHO recommendations on infants<6m are “strong” [12], the quality of evidence underly-
ing them is “very low” [11,12]. The need for research is widely recognised [11,13,14]. Given
that many research options (questions) are possible and that undertaking any of them requires
significant investment of time and resources, it is vital to concentrate on the most important
questions. A research prioritisation exercise focused on infants<6m is especially timely, rele-
vant, and useful because:

• Nutrition plays a key role in the 2015 Millennium Development Goals (MDGs) [15] and will
continue to matter beyond 2015 [16,17].

• In May 2014, a multi-agency global campaign, “Generation Nutrition” was launched. Its ulti-
mate aim is to “End child deaths from acute malnutrition” [18].

• In November 2014, the first ever “Global Nutrition Report” highlighted a lack of progress
on ending child wasting. It also noted the need to improve coverage of SAM treatment ser-
vices [17].

• The “Scaling Up Nutrition” (SUN) Movement is a rapidly expanding global movement with
54 countries currently signed up [16]. It focuses on the first 1,000 days of life as a critical win-
dow of opportunity to improve nutrition; malnourished infants<6m fall within the move-
ment’s scope.

We used the well-established Child Health and Nutrition Research Initiative (CHRNI) meth-
odology [19] to consult key stakeholders on a range of research questions in order to identify
the most important. We intend this data to be useful in informing the research agenda of gov-
ernments, researchers, investors, international organisations, and national agencies about what
is likely to result in high-impact policies and practices in the management of acute malnutri-
tion in infants<6m (MAMI) in resource-poor settings.
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Methods
CHNRI methodology is described in detail elsewhere: on the website (http://www.chnri.org/
index.php), in a methods paper [19], and in other papers using CHNRI to explore other key
areas of global health [20–24]. It represents an important improvement on traditional re-
search-priority—setting methods, such as literature searches to find gaps in research or com-
paring the burden of disease and estimating economic “payback,” because it is systematic and
transparent about the range of possible research questions and how their final ranks have been
derived. Full protocols are described in S1 Text. In brief:

We began by defining the context and criteria for priority setting. Working as a “core
group” of authors of this paper, we developed a long list of possible research questions based
on previous publications [8], meetings and discussions. By careful phrasing and consolidation
of overlapping ideas, we edited and refined these to a manageable final list of 60 questions di-
vided into three categories: (1) basic epidemiological research, (2) health policy and systems re-
search, and (3) technical questions and interventions. Based on CHNRI’s conceptual
framework, we also agreed on seven judging criteria (Table 1).

As with other CHNRIs, it was up to individual respondents to interpret and imagine what
future interventions might be and how they might meet or not meet the various criteria. We
did not apply weights to these judging criteria (as some CHNRI projects have done) because in-
fant<6m malnutrition is a new and focused area of research and we felt that un-weighted esti-
mates would be clearer and more interpretable by our intended policy audience. Should
readers using our data wish for any reason (e.g., to reflect context-specific priorities) to weight
certain areas more than others, this is possible using the results spreadsheet in S1 Table and re-
ferring to CHNRI methods [19].

We distributed the list of questions and scoring criteria as an online survey to a total of 150
technical experts, experienced practitioners, and policy makers in the field of nutrition and
child health (MAMI “reference group”). These were identified from participation at meetings
and symposia related to nutrition and/or infant and young child feeding and represented a

Table 1. CHNRI judging criteria for each research question (option).

CHNRI Criterion How participants were asked to assess the criterion

Answerability Would you say that a study to answer this research question is possible (e.g.,
feasible, ethically possible, well defined endpoints/outcomes)?

Efficacy Would the intervention(s) arising from the proposed research be efficacious (i.e.,
under research/optimally resourced conditions)?

Effectiveness Would the intervention(s) arising from the proposed research likely be effective
(i.e., under routine programme conditions)?

Deliverability Would the intervention arising from the research be deliverable (taking into
account, for example, design, standardization, safety, health system
infrastructure, human resources, and role of attitudes and demand)?

Sustainability Would the interventions arising from the research be sustainable (taking into
account, for example, financial affordability, adequacy of regulation, monitoring
and enforcement, partnership and coordination between civil society and
external donor agencies, and favourable political climate)?

Disease Burden
Reduction

Would you say that interventions arising from the research would eventually
(assuming high deliverability, affordability and sustainability) contribute to a
significant reduction in infant malnutrition or mortality or morbidity?

Equity Would you say that interventions arising from the research have potential to
improve equity in disease burden distribution (i.e., could help all segments of the
society, not just the privileged ones)?

doi:10.1371/journal.pmed.1001812.t001
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breadth and depth of expertise, as well as a wide spectrum of stakeholder organisations. An
open invitation to participate was also posted on internet-based technical discussion forums.

Respondents applied each of the seven judging criteria to each of the 60 questions listed by a
“Yes” (1 point), “No” (0 points), “Undecided” (0.5 points), or “Insufficiently informed” (miss-
ing input). Based on these responses, a research priority score (RPS) for each criterion and an
overall RPS were calculated. These could range between 0% (lowest possible RPS) and 100%
(highest possible RPS). The final list of priorities with criterion-specific and overall priority
scores for all 60 research options is presented in S1 Table.

As well as the overall RPS given to various research options, we also assessed the level of
agreement between scorers through the “average expert agreement” (AEA). This could range
between 1 (perfect agreement between all respondents) and 0 (no agreement) [19].

Ethics
As is standard for CHNRI projects, formal ethics review was not needed since the work does
not involve any personal or otherwise sensitive data and deals with professional participants
rather than patients, all solicited via established professional networks. Participants were aware
that their responses would be used for research and publication. Those who completed the
questionnaire were asked whether they were happy to be named as part of the group author
list, and only those answering “yes” are listed. Individual answers to the questions are not pre-
sented and so were anonymous.

Respondents
Sixty-four individuals participated in the survey (Table 2). They comprise the MAMIWorking
Group collaborating authors. Nine out of the 14 original MAMI group took part. Seven others
took part anonymously. This represents a 42.6% response rate for directly invited participants.
Sixty-four percent of respondents were invited directly and the rest came through posts on
technical forums or word of mouth through invitees. Thirty-four respondents completed part
1 only, 20 completed part 2 only, and ten completed both parts.

Research Priorities
S1 Table provides the full list of questions and their scores in excel format. Table 3 shows the
15 research questions that achieved the highest overall research priority score (RPS). These
achieved high scores across all of the judging criteria.

It is revealing of the current state of research around infant<6m SAM that many of the top
questions are very basic. Most striking was the number-one question: “How should infant<6m

Table 2. Profile of respondents (n = 64).

Main employer (n) Main type of work (n) Rural or Urban (n) Mainly based in (n)

Non-governmental organisation (NGO) (27) Operational / programme (35) Both (42) Europe (31)

Academic Institution (16) Academic (19) Rural only (16) North America (13)

United Nations (UN) agency (8) Policy (4) Urban only (6) Eastern Africa (9)

Government Institution (6) Other (6) South Asia (4)

Independent (7) Southern Africa (3)

West Africa (2)

Central America / Caribbean (1)

Australasia (1)

doi:10.1371/journal.pmed.1001812.t002
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SAM be defined?”Until we know how to define a problem, efforts to address it are likely to be
seriously impaired. This lack of consensus on a case definition is a fundamental block in moving
forward. It reflects distinguishing characteristics between infants<6m and older children re-
garding assessment: anthropometric measurement is more challenging [25]; some anthropomet-
ric indicators are not available (e.g., WHO weight-for-length standards do not exist for length
<45 cm); clinical and feeding history matter more in infants than in older children yet can be
difficult to assess. Though there is evidence that it could be successfully used [26, 27], mid-upper
arm circumference (MUAC) measurement is not currently considered suitable for infants<6m.
MUAC has been key for the treatment of acutely malnourished children over 6 months old since
it enables detection in the community and high treatment programme coverage [28].

Other leading questions reflect an interest in public health/community approaches to
infant<6m SAMmanagement, for example, the questions ranked third, “What are the priority
components of a package of care for outpatient treatment of infant<6m SAM?”; fourth, “Hav-
ing detected SAM in the community, what is the efficacy of providing targeted skilled breast-
feeding support to caregivers of stable infants?”; ninth, “What is the effectiveness, cost, and
safety of an outpatient-focused treatment model for infants with SAM?”; and twelfth, “What
role do CMAM programmes have in delivering outpatient-based treatment for infant<6m
SAM?”. These rankings align well with the newWHO policy to distinguish between “compli-
cated” and “uncomplicated” infant<6m SAM. Once classified in this way, outpatient treat-
ment options are made possible for uncomplicated cases: details of these are vague in the
WHO guidelines [11], so it is helpful that our CHNRI has given options. Outpatient care is a
significant shift away from previous guidelines, which implied that all infants<6m automati-
cally need admission [9].

The Average Expert Agreement (AEA) for the top 15 questions was overall high, indicating
good agreement between the different expert respondents. The highest scoring research option
also received the highest AEA score (0.89), indicating the strongest agreement about the im-
portance of this particular research question. High overall AEA also reflects the paucity of cur-
rent evidence around infant<6m SAM. Other CHNRIs have a wider distribution of RPS. With
the exception of the bottom six research questions, all those we put out had an overall RPS of
70% and above. This means that our experts saw them as all being important; since infant
<6m SAM has been a previously neglected area of research, much is still unknown.

Two questions stood out as having low AEA: “What is the efficacy of providing targeted
skilled breastfeeding support to caregivers of stable infants<6m?” and “What are the most fea-
sible tools and techniques for assessing treatment programme coverage for infant<6m SAM?”
This implies a lack of consensus about the importance of these questions.

Table 4 shows the same 15 research questions that achieved the highest overall RPS sorted
by research category. There was a fairly even spread covering basic epidemiology, health poli-
cies, and systems and technical interventions. This illustrated that there are multiple MAMI re-
search priorities across a variety of areas that are not mutually exclusive. It also suggests that
the CHNRI method was able to compare and discriminate among research questions from dif-
ferent areas and that there was no systematic bias against questions from any of the three
research areas.

Table 5 shows the ten research questions that achieved the lowest overall RPS (relative to
the other questions). The absolute score for many of these questions was still high. Many of
these deal with issues pertaining to a subgroup of malnourished infants<6m, e.g., orphans, in-
fants with disabilities, infants with lactose intolerance and those requiring artificial feeding
and/or possible early introduction of complementary feeds. These questions tended to score
low on deliverability, effectiveness, and disease burden reduction. Though the bottom ques-
tions may not have the greatest overall impact, it does not mean that they are not worth
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investing in. They are perhaps appropriate for more specialist organisations and funders with
more focused interests and priorities.

Limitations
We acknowledge our study weaknesses. CHNRI attempts to simplify a highly complex process
of priority setting, gathering together the opinions of a group of experts to bring coherence and
direction to a neglected research area. Some bias is inevitable in the selection of research ques-
tions. A longer list of initial questions had to be condensed down to make the survey accessible
for as many experts as possible. This was achieved by rephrasing to avoid duplication and repe-
tition of similar concepts; others may have rephrased these questions differently than we did.

Response bias was also likely since those who are interested in infant<6mmalnutrition are
more likely to respond to a survey on the topic than those who are not. This likely accounts for
our relatively low response rate to the questionnaire and is a problem common to all such
CHNRI-based assessments. We argue that it is not a serious challenge to the validity of the
study since those most interested and familiar with a topic are also in the best position to judge
how particular research questions might translate to subsequent practice or policy.

We note that governments and front-line fieldworkers in developing countries were not as
well represented (perhaps due to limited internet access to our online survey) as non-govern-
mental organisation (NGO) staff and academics based in industrialised countries. It is possible
that these under-represented groups may have answered our questions differently. However,
the latter group has particular interest, experience, and expertise in the subject, and so we still
believe that their responses are valid.

Unlike some other CHNRI papers, we did not apply weights to our seven judging criteria
(according to how the different issues are valued). Our approach is clearer to report, but may
not reflect values in practice.

Finally, we focused on management of SAM, an “end point” on a continuum of acute mal-
nutrition. Many of the research questions are applicable to moderate acute malnutrition since
the same challenges of how to identify cases and manage them effectively apply. Our focus on
SAM in this exercise prioritised those infants<6m with the most risk and also concurs with
the target group of the latest WHO guidance.

Potential Next Steps
Though often expensive, high-quality research is a vital investment towards future health and
social services that are effective and cost-effective. Many initiatives aim to improve research de-
sign, execution, and reporting so that questions are robustly answered [12,29,30]. More impor-
tant is to ask the “right” research questions in the first place. We are pleased that our process
has highlighted case definitions as the number-one priority for infants<6m. Agreement on
this point is vital for the validity and comparability of all other studies. Data already exists, so
one ambition is for our CHNRI to catalyse discussions and meetings that will rapidly reach
workable consensus on this. This and other prioritisation results are consistent with ten re-
search areas noted by WHO in 2013 (e.g., the need to better define infant<6m SAM; the need
to more clearly define therapeutic strategies) [11]. The added value of the CHNRI process and
framework is that it gives details and makes clear why certain questions matter and how they
might make an impact (e.g., some research questions may be easily answerable but may not
make much subsequent impact; others may be challenging (or expensive) to answer but have
great potential to improve future intervention effectiveness and sustainability). As well as over-
all ranking, CHRNI thereby exposes the strengths and weaknesses of numerous potential re-
search options. It is in this that we see other next steps:
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• For researchers: our list will support individuals and institutions considering or applying for
research funding related to infant<6m SAM. Current focus areas can be compared with
those recognised by a wider community. Improving alignment (or justifying differences) be-
tween the two will help make a powerful case for investment.

• For funders: our list can be used to help shape grant calls and decide which projects to
ultimately fund.

We emphasise that we do not see our list as final or immutable but as a starting point for ongo-
ing dialogue, development, and refinement of research options. As current top questions are
answered, others will take their place. Contexts will also change. What will always help, howev-
er, is having a framework to guide fair and rational discussions and decisions. Towards this, we
believe that the CHNRI approach has a key role to play.

Conclusions
The management of acute malnutrition in infants<6m (MAMI) is a critical area for child
health and nutrition; prioritising research is important for making the biggest advances as
quickly as possible. Our results suggest the need for a broad approach spanning basic epidemi-
ology, health policies and systems, and more specialist interventions. Fundamental questions,
such as how to define SAM in infants<6m, are most urgent. Other priorities include research
on how to integrate MAMI into existing programmes and practices; how to provide appropri-
ate breastfeeding support; and how to assess treatment coverage. The 2013 WHO SAM guide-
lines create an important stimulus to action. Our CHNRI builds on this by informing global
efforts and providing technical direction on an agreed-on and transparent operational research
agenda: maximising opportunities, avoiding duplication of effort and waste of resources, and
designing research that will most effectively inform policy change and front-line practice. All
ultimately lead to MAMI treatments with the biggest possible impact on infant<6mmortality,
morbidity, and nutrition.

Supporting Information
S1 Table. Full results table.
(XLSX)

S1 Text. Details of the CHNRI methodology.
(DOCX)

Acknowledgments
We thank Bibi Oni and Illyahana Johnson (ENN Volunteers) for their help setting up the ex-
pert database during the early stages of the project. We also thank Professor Patrick Webb,
Tufts University, for helpful comments on the Discussion section of the text.

Membership of the MAMI Working Group Collaborators
We thank the following group authors who contributed to this CHNRI process: Engy Ali
(Medecins Sans Frontieres—Luxembourg); Ribka Amsalu (Save the Children); Maaike Arts
(UNICEF); Ann Ashworth (LSHTM); Cécile Bizouerne (Action Contre la Faim); Hannah
Blencowe (LSHTM); Erin Boyd (UNICEF); André Briend (University of Tampere, Finland);
James Bunn (Liverpool School of Tropical Medicine); Marife Cambel (Community Family Ser-
vices International); Valérie Captier (MSF); Sylvie Chamois (UNICEF); Fatima Parveen

PLOSMedicine | DOI:10.1371/journal.pmed.1001812 April 21, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pmed.1001812.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pmed.1001812.s002


Chowdhury (CME); Nicki Connell (GOAL); Mary Corbett (Food Security and Nutrition Con-
sultant); Namukolo Covic (Centre of Excellence for Nutrition, North-West University, South
Africa); Hedwig Deconinck (Independent); Pascale Delchevalerie (MSF Belgium); Nicola Dent
(Independent); Katy Donovan (University of North Carolina); Alison Donnelly (Save the Chil-
dren); Wisdom G. Dube (Centre of Excellence for Nutrition, Potchefstroom); Jacqueline Frize
(Independent); Alemu Gemechu (Save the Children); Sonia Girle (ALIMA); Melissa Gladstone
(University of Liverpool); Michael Golden (Independent); Kate Golden (Concern); Karleen
Gribble (University of Western Sydney, Australia); Saul Guerrero (Action Against Hunger,
UK); Mahaman Hallarou (Niger MOH); Jesse Hartness (Save the Children); Tariq Khan (UNI-
CEF); Tanya Khara Latimore (Independent); Ali Maclaine (Save the Children); Abdullahi
Mohamed (SAACID Organisation); Abdul-Fataw Mumuni (Tamale Teaching Hospital, Nutri-
tion Unit, Tamale, Ghana); Allison Oman (RSH-UNHCR); Shakeel Patrus (UNWFP); Clau-
dine Prudhon (WHO); Alexandra Rutishauser-Perera (International Medical Corps); Cécile
Salpéteur (Action Against Hunger, France); Claire Schofield (LSHTM); Maryanne Stone-Jime-
nez (Independent); Melaku Tiruneh (International Medical Corps); Indi Trehan (Washington
University, St. Louis); Anne Walsh (Valid International); Rogers Wanyama (University College
London); Patrick Webb (Tufts University); Deborah Joy Wilson (Independent)

Author Contributions
Wrote the first draft of the manuscript: CA MK. Wrote the paper: CA MMc SMMMwML DR
AP CW ADI CB RH AS JAB MK. Agree with manuscript results and conclusions: CA MMc
SMMMwML DR AP CW ADI CB RH AS JAB MK. All authors have read, and confirm that
they meet, ICMJE criteria for authorship.

References
1. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernu-

trition and overweight in low-income and middle-income countries. Lancet. 2013; 382(9890):427–51.
doi: 10.1016/S0140-6736(13)60937-X PMID: 23746772

2. UNICEF, WHO,World Bank, UN. Levels and Trends in Child Mortality. UN Inter-agency Group for
Child Mortality Estimation 2013 [cited 2015 7 January]. http://www.unicef.org/media/files/2013_IGME_
child_mortality_Report.pdf.

3. Victora CG, de Onis M, Hallal PC, Blossner M, Shrimpton R. Worldwide timing of growth faltering: revis-
iting implications for interventions. Pediatrics. 2010; 125(3):e473–80. Epub 2010/02/17. doi: 10.1542/
peds.2009-1519 PMID: 20156903

4. Heikens GT, Bunn J, Amadi B, Manary M, Chhagan M, Berkley JA, et al. Case management of HIV-
infected severely malnourished children: challenges in the area of highest prevalence. Lancet. 2008;
371(9620):1305–7. doi: 10.1016/S0140-6736(08)60565-6 PMID: 18406865

5. Schofield C, Ashworth A. Why have mortality rates for severe malnutrition remained so high? Bull
World Health Organ. 1996; 74(2):223–9. PMID: 8706239

6. Collins S. Treating severe acute malnutrition seriously. Arch Dis Child. 2007; 92(5):453–61. Epub
2007/04/24. PMID: 17449529

7. Collins S, Sadler K, Dent N, Khara T, Guerrero S, Myatt M, et al. Key issues in the success of communi-
ty-based management of severe malnutrition. Food Nutr Bull. 2006; 27(3 Suppl):S49–82.

8. ENN/UCL/ACF. Management of Acute Malnutrition in Infants (MAMI) project. Emergency Nutrition Net-
work, UCL Centre for International Health & Development, Action Contre la Faim 2010 [cited 2014 19
September]. http://www.ennonline.net/research/mami.

9. Kerac M, Tehran I, Lelijveld N, Onyekpe I, Berkley J, Manary M. Inpatient treatment of severe acute
malnutrition in infants aged<6 months 2012 [cited 2014 19 Sept]. http://www.who.int/nutrition/
publications/guidelines/updates_management_SAM_infantandchildren_review9.pdf?ua=1.

10. Kerac M, Blencowe H, Grijalva-Eternod C, McGrath M, Shoham J, Cole TJ, et al. Prevalence of wasting
among under 6-month-old infants in developing countries and implications of new case definitions

PLOSMedicine | DOI:10.1371/journal.pmed.1001812 April 21, 2015 13 / 14

http://dx.doi.org/10.1016/S0140-6736(13)60937-X
http://www.ncbi.nlm.nih.gov/pubmed/23746772
http://www.unicef.org/media/files/2013_IGME_child_mortality_Report.pdf
http://www.unicef.org/media/files/2013_IGME_child_mortality_Report.pdf
http://dx.doi.org/10.1542/peds.2009-1519
http://dx.doi.org/10.1542/peds.2009-1519
http://www.ncbi.nlm.nih.gov/pubmed/20156903
http://dx.doi.org/10.1016/S0140-6736(08)60565-6
http://www.ncbi.nlm.nih.gov/pubmed/18406865
http://www.ncbi.nlm.nih.gov/pubmed/8706239
http://www.ncbi.nlm.nih.gov/pubmed/17449529
http://www.ennonline.net/research/mami
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren_review9.pdf?ua=1
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren_review9.pdf?ua=1


usingWHO growth standards: a secondary data analysis. Arch Dis Child. 2011; 96(11):1008–13. Epub
2011/02/04. doi: 10.1136/adc.2010.191882 PMID: 21288999

11. WHO. Updates on the management of severe acute malnutrition in infants and children (Guideline)
2013 [cited 2015 27th January]. http://www.who.int/nutrition/publications/guidelines/updates_
management_SAM_infantandchildren/en/index.html.

12. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations. BMJ. 2008; 336
(7650):924–6. Epub 2008/04/26. doi: 10.1136/bmj.39489.470347.AD PMID: 18436948

13. Webb P, Boyd E, Pee Sd, Lenters L, BloemM, Schultink W. Nutrition in emergencies: Do we know
what works? Food Policy. 2014; 49:33–40.

14. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, et al. Evidence-based interventions for im-
provement of maternal and child nutrition: what can be done and at what cost? Lancet. 2013; 382
(9890):452–77. doi: 10.1016/S0140-6736(13)60996-4 PMID: 23746776

15. Gillespie S, Haddad L. Nutrition and the MDGs: The Relationship Between Nutrition and the Millennium
Development Goals: A Strategic Review of the Scope for DfID's Influencing Role. IFPRI Report. Inter-
national Food Policy Research Institute, Washington., 2003.

16. Scaling Up Nutrition (SUN) http://scalingupnutrition.org/about. Accessed 12 May 2014.

17. International Food Policy Research Institute. 2014 Global Nutrition Report 2014: Actions and Account-
ability to Accelerate theWorld’s Progress on Nutrition. Washington, DC. [cited 2014 1 December].
http://www.ifpri.org/sites/default/files/publications/gnr14.pdf.

18. Generation Nutrition 2014 [cited 2014 19 September]. http://www.generation-nutrition.org/en/content/
campaign.

19. Rudan I, Gibson JL, Ameratunga S, El Arifeen S, Bhutta ZA, Black M, et al. Setting priorities in global
child health research investments: guidelines for implementation of CHNRI method. Croat Med J. 2008;
49(6):720–33. Epub 2008/12/19. PMID: 19090596

20. Bahl R, Martines J, Ali N, Bhan MK, Carlo W, Chan KY, et al. Research priorities to reduce global mor-
tality from newborn infections by 2015. Pediatr Infect Dis J. 2009; 28(1 Suppl):S43–8. Epub 2009/01/
10.

21. Rudan I, El Arifeen S, Bhutta ZA, Black RE, Brooks A, Chan KY, et al. Setting research priorities to re-
duce global mortality from childhood pneumonia by 2015. PLoS Med. 2011; 8(9):e1001099. Epub
2011/10/08. doi: 10.1371/journal.pmed.1001099 PMID: 21980266

22. Bahl R, Martines J, Bhandari N, Biloglav Z, Edmond K, Iyengar S, et al. Setting research priorities to re-
duce global mortality from preterm birth and low birth weight by 2015. J Glob Health. 2012; 2(1):10403.
Epub 2012/12/01.

23. Hindin MJ, Christiansen CS, Ferguson BJ. Setting research priorities for adolescent sexual and repro-
ductive health in low- and middle-income countries. Bulletin of the World Health Organization. 2013; 91
(1):10–8. Epub 2013/02/12. doi: 10.2471/BLT.12.107565 PMID: 23397346

24. Fontaine O, Kosek M, Bhatnagar S, Boschi-Pinto C, Chan KY, Duggan C, et al. Setting research priori-
ties to reduce global mortality from childhood diarrhoea by 2015. PLoS Med. 2009; 6(3):e41. Epub
2009/03/13. doi: 10.1371/journal.pmed.1000041 PMID: 19278292

25. Mwangome M, Berkley J. Measuring infants aged below 6 months: experience from the field. Field Ex-
change. 2014; 47:34.

26. Mwangome MK, Fegan G, Mbunya R, Prentice AM, Berkley JA. Reliability and accuracy of anthropom-
etry performed by community health workers among infants under 6 months in rural Kenya. Trop Med
Int Health. 2012; 17(5):622–9. doi: 10.1111/j.1365-3156.2012.02959.x PMID: 22364555

27. Mwangome MK, Fegan G, Fulford T, Prentice AM, Berkley JA. Mid-upper arm circumference at age of
routine infant vaccination to identify infants at elevated risk of death: a retrospective cohort study in the
Gambia. Bulletin of the World Health Organization. 2012; 90(12):887–94. Epub 2013/01/04. doi: 10.
2471/BLT.12.109009 PMID: 23284194

28. Myatt M, Khara T, Collins S. A review of methods to detect cases of severely malnourished children in
the community for their admission into community-based therapeutic care programs. Food Nutr Bull.
2006; 27(3 Suppl):S7–23.

29. Fottrell E, Azad K, Kuddus A, Younes L, Shaha S, Nahar T, et al. The effect of increased coverage of
participatory women's groups on neonatal mortality in Bangladesh: A cluster randomized trial. JAMA
pediatrics. 2013; 167(9):816–25. doi: 10.1001/jamapediatrics.2013.2534 PMID: 23689475

30. Prost A, Colbourn T, Tripathy P, Osrin D, Costello A. Analyses confirm effect of women's groups on ma-
ternal and newborn deaths. Lancet. 2013; 381(9879):e15. doi: 10.1016/S0140-6736(13)61082-X
PMID: 23683648

PLOSMedicine | DOI:10.1371/journal.pmed.1001812 April 21, 2015 14 / 14

http://dx.doi.org/10.1136/adc.2010.191882
http://www.ncbi.nlm.nih.gov/pubmed/21288999
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren/en/index.html
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren/en/index.html
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
http://dx.doi.org/10.1016/S0140-6736(13)60996-4
http://www.ncbi.nlm.nih.gov/pubmed/23746776
http://scalingupnutrition.org/about
http://www.ifpri.org/sites/default/files/publications/gnr14.pdf
http://www.generation-nutrition.org/en/content/campaign
http://www.generation-nutrition.org/en/content/campaign
http://www.ncbi.nlm.nih.gov/pubmed/19090596
http://dx.doi.org/10.1371/journal.pmed.1001099
http://www.ncbi.nlm.nih.gov/pubmed/21980266
http://dx.doi.org/10.2471/BLT.12.107565
http://www.ncbi.nlm.nih.gov/pubmed/23397346
http://dx.doi.org/10.1371/journal.pmed.1000041
http://www.ncbi.nlm.nih.gov/pubmed/19278292
http://dx.doi.org/10.1111/j.1365-3156.2012.02959.x
http://www.ncbi.nlm.nih.gov/pubmed/22364555
http://dx.doi.org/10.2471/BLT.12.109009
http://dx.doi.org/10.2471/BLT.12.109009
http://www.ncbi.nlm.nih.gov/pubmed/23284194
http://dx.doi.org/10.1001/jamapediatrics.2013.2534
http://www.ncbi.nlm.nih.gov/pubmed/23689475
http://dx.doi.org/10.1016/S0140-6736(13)61082-X
http://www.ncbi.nlm.nih.gov/pubmed/23683648

