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Malaria Policy Advisory Committee (MPAC) Draft Meeting Agenda
Dates: 16-17 March 2016. Location: Salle A, WHO HQ, Geneva
Wednesday, 16 March 2016
Time Session Purpose Type
Session 1:

9.00 am Welcome from Chair, MPAC (K Marsh)
10:00 am Report from the Director, GMP (P Alonso)

For information
For information

10.30 am coffee

Session 2:
11.00 am Update on RTS,S vaccine (A. Bosman and V. Moorthy)
11:30 pm New WHO guidelines for iron supplementation/Presentation (M.P. Solon)

For information
For information

12.15 pm lunch

Session 3:
1.15 pm Drug Efficacy and Response Technical Expert Group/Presentation (P. Ringwald)
2.30 pm Update on establishment of WHO advisory group on malaria eradication (P. Alonso)

Decision point (TBD)
For information

3.00 pm coffee

Session 4:
3.30 pm Working groups
5.00 pm Conclusions of working groups

For information
For discussion

5.30 pm End of day/ cocktail reception
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Vision, goals, milestones and targets

Vision: A world free of malaria

Goals

1. Reduce malaria mortality rates
globally compared with 2015

Milestones

Targets

2. Reduce malaria case incidence
globally compared with 2015

.........................................................................................................................................................

3. Eliminate malaria from countries in
which malaria was transmitted in
2015

At least 10
countries

At least 20
countries

At least 35
countries

.........................................................................................................................................................

4. Prevent re-establishment of malaria
in all countries that are malaria-free

Re-

establishment :

prevented

Re-establishment
prevented

Re-

© establishment

prevented

Global Malaria Programme

g”@ World Health
W8 Organization

e



GMP strategy - core roles

In collaboration with the
malaria community, address key
strategic questions related to
malaria control and elimination

Set, communicate & disseminate
evidence-based normative
guidance, policy advice and
implementation guidance to
support country action

Achieve impact:*

® Atleast 40%
decrease in mortality
rate & case incidence

® Elimination in >10
countries by 2020

® No re-establishment

Keep an_independent score of
global progress in malaria
control and elimination,
including drug & insecticide

Coordinate WHO capacity
building & technical support
@ to member states, jointly with
Regions, ISTs and countries

resistance
o * |
Global Technical
. . Strategy objectives
Help countries develop & implement robust for 2020

surveillance systems to generate quality
data and use that data to achieve greater

. : 7Y, World Health
Global Malaria Programme Impact "g@ Organization

e



Keeping an independent score:

* Launched at the European
Parliament in Brussels on
9 December 2015

* Topics covered include:
trends in infection
prevealence, case incidence
and mortality rates,
coverage of key
interventions, costs of
malaria control and costs
savings, remaining and
emerging challenges.

Global Malaria Programme

global progress

WORLD MALARIA
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Global trends in malaria incidence and mortality

imated malaria case incidence and death rate globally, 2000-2015
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Reductions in malaria cases and deaths 2000-2015

Estimated number of malaria cases
(000's)

Estimated number of malaria deaths

2005 2005 2010

.....................................................................

214000 217 000 764000 670 000 499 O{J -48%

WHO region

African

Americas 2500 1800 1600 1200 -69%

Eastern 9100 8 600 4000 3900 -57% 15000 15000 7 000 6 800 -51%
Medi’rerranec:n

Europeon 36 56 0.2 0 -100% 0 0 0 0
South Ec:si Asm 33000 34000 28000 20000 -39% 51000 48000 44000 32000 -37%
-60%

Wes’rern Pc:oﬁc 2 300 1700

4200 3500

214000 839000 /738000 554000\ 438000 -48%

World 262000 264000 243 00C

Lower bound 205000 203 OOO 190 OOO 149 000 653 000 522000 362000 236000

Upper bound 316 000 313 OOO 285 OOO 303 OOO 1 099 000 961000 741000 635000

* There were no recorded deaths among indigenous cases in WHO European Region for the years shown.
Source: WHO estimates
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Regional trends in malaria incidence and mortality

Percentage decrease in (a) estimated malaria case incidence and
(b) malaria death rate, by WHO region, 2000-2015
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Global trends in financing by funding source

Investments in malaria control activities by funding source, 2005-2014

[0 NMCPs I Global Fund M World Bank B USA 1 UK 1l AMFm I Others
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RDTs procured and distributed by region

Number of RDTs sold by manufacturers and distributed by NMCPs,
by WHO region, 2005-2014

Manufacturer sales
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ACTs procured and distributed by region

Number of ACT treatment courses distributed by NMCPs, by WHO region, and ACT treatment
courses delivered by manufacturers to the public and private* sector, 2005-2014
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Relative impact of the different core malaria interventions
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35%

30%
25%
20%

PPR,

15%
10%
5%

0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

. (72X World Health
Global Malaria Programme {\@ Organization

———



Continuing disease burden

Estimated proportion, and cumulative proportion, of the global number of (a) malaria cases and (b) malaria
deaths in 2015 for countries accounting for the highest share of the malaria disease burden

mm Proportion  mm Cumulative proportion

(@ (b)
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Nigeria - Nigeria -
Democratic Republic of the Congo _ Democratic Republic of the Congo ||| I
o oo |
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Mozambique _ United Republic of Tanzania _
Céte d'lvoire _ Mozambique _
Mali _ Burkina Faso _
Ghana _ Angola _
Burkina Faso _ Céte d'lveire _
Cameroon — Uganda _
United Republic of Tanzania — Niger _
voer e |
Indonesia _ Guinea
Guinea _ Cameroon
Source: WHO estimates
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Country-level trends in malaria incidence

Number of countries with fewer than 1000, 100 and 10 cases, 2000-2015
Fewer than 1000 cases === Fewer than 100 cases
e [ower than 10 cases
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Reported pyrethroid resistance status of malaria vectors,

measured with insecticide bioassays since 2010

Resistance status

& Confirmed resiztance
Pomsibla remskanos [ comtrol || Pre-elimination | | Elimination | | Prevention of reintroduction
#® Suscephble |:| Mot endemic or no ongoing malonia transmission - Mot applicable

Data shown are for standard bicassays. Where multiple insecticide classes or types, mosquito species or time points were tested, the

highest resistance status is shown.
Source: Nafional malaria confrol programme reports, African Nefwork for Vector Resistance, Malaria Aflas Project, President'’s

Malaria Inifiative (Unifed Stafes), scientific publicafions.

P. falciparum resistance to artemisinins has been detected in five countries in the Greater
Mekong subregion. Chloroquine resistance in P. vivax has been confirmed in 10 countries
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Further updates & new initiatives
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Update on Roll Back Malaria Partnership

* RBM is currently operating under a Transition
Support Team co-chaired by the Minister
Parirenyatwa and Admiral Tim Ziemer

* Board Selection Committee appointed to select
diverse members from the wide malaria community
and related multisectoral communities including
government, civil society, NGOs, private sector,
donors, research and academia and representatives
from affected countries.

* It should specifically include at least 7 members
nominated by the affected countries

* Current Board members have until Tuesday to vote
for or against the proposed Board, which is expected
to meet four times per year

) (7N World Health
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Normative function: recent WHO / GMP products

Training module on malaria elimination — Feb 2016

Malaria microscopy quality assurance manual (2) —Jan 2016

A WHO external quality assurance scheme for malaria nucleic acid amplification
testing. Meeting report — Dec 2015

Conditions for use of LLINs treated with a pyrethroid and piperonyl butoxide — Dec
2015

Information note on recommended selection criteria for procurement of malaria
rapid diagnostic tests — Dec 2015

Results of WHO product testing of malaria RDTs: Round 6 (2014-2015) — Dec 2015
Procedures for product testing and lot testing. Information for RDT manufacturers
and procurers — Dec 2015

Recommendations on intermittent screening and treatment in pregnancy and the
safety of ACTs in the 15t trimester — Dec 2015

Recommendations on the role of MDA, MSAT and FSAT for malaria — Nov 2015
Information note on the risks associated with the scale back of vector control in
areas where transmission has been reduced — Nov 2015

Update on artemisinin and ACT resistance — Sept 2015

Achieving the malaria MDG target: reversing the incidence of malaria 2000 — 2015 —
Sept 2015
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Implementation guidance to support country action

In SEARO

* WHO staff

* NMCP Managers and key staff
* Regional / national experts

To be done in other Regions

Inter- country Meeting on Cross-Border Collaboration to
Eliminate Malaria in South Asia

WHO Regional Office for South-East Asia @ World Health

New Delhi, India Orgamzatlon
12-13 February 2016 ffice for South-Ea
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Changing procurement criteria for RDTs to PQ

WHO is harmonising internal systems and strengthening
its prequalification programme for diagnostics, medicines,
vaccines and insecticides for public health use.

The product testing programme of malaria RDTs,
managed by WHO/FIND/CDC Atlanta is the laboratory
evaluation component of WHO prequalification of
mRDTs.

WHO prequalification, in addition to product testing,
requires review of product dossier and inspection of
manufacturing site(s).

WHO is now considering a shift from product testing to
prequalification as a requirement for procurement.

The transition plan and risk assessment are under internal
WHO discussion - a detailed presentation on this will
follow.
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Rectal artesunate (RAS)

Recommended by WHO for pre-referral treatment of
severe malaria since 2006 in Malaria Treatment
Guidelines

No quality product on the market — Mepha handover to
Acino, which suspended production in 2016

Strides & Cipla with support from MMV have submitted
dossiers to WHO Prequalification in Dec 2015 (possible
approval in 20167)

In many countries RAS is included in the malaria
treatment policy, but no product is being deployed

Uncontrolled large scale use of RAS, once approved, may
lead to large scale exposure to artemisinin monotherapy

WHO/GMP is working with MMV to design a
demonstration project on rational use of RAS in selected
African countries
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Multi-agency efforts to scale-up IPTp

* In October 2012, WHO updated its policy on IPTp-SP,
recommending that doses should be delivered at each
antenatal care (ANC) visit after the first trimester - four ANC
visits are recommended by WHO.

* For the 36 African countries in which the policy has been
adopted, it is estimated that only 17% received three or
more doses in 2014 (WMR, 2015).

* WHO/GMP is collaborating with CDC Atlanta, JHPiego, ISGlobal,
Malaria Consortium, MMV and UNICEF to develop a
demonstration project in six African countries to increase
coverage of IPTp-SP delivered at ANC facilities through a
complementary community-based approach.

. (7N World Health
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UNITAID/IVCC grant to support access to new generation vector

control products

1 Feb UNITAID/IVCC signed a USS 65M grant to
support African countries’ access new generation
vector control products

WHO supports this initiative because effective vector
control is a cornerstone of the Global Technical
Strategy for Malaria 2016-30

More importantly, until products with 2 Als are
available, the rotational use of insecticides with
different modes of action remains the only effective
resistance management strategy/approach

The implementation of this project offers the
oportunity to further build capacity both in
leadership and in technical areas such as in resistance
monitoring and management.

. (7N World Health
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Innovation to Impact (121) in vector control

* Global initiative to support innovation and
subsequent impact on VBDs — currently coordinated
by IVCC with the aim of:

* Increasing partnership for the development of innovative,
high quality products

e Establishing efficient evaluation systems through accredited
GLP facilities with manufacturers generating their own data

* Strengthening the normative guidance in WHO (GMP/NTD)

e Support the effective use of vector control products
through harmonized registration, procurement and M&E of

interventions
* While this is a global initiative, with most of the
expected changes happening in WHO, 121 is not a
policy setting platform
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GMP contribution to Zika response

Part of the HTM team leading the WHO working
group on vector control

Developed a number of guidelines on vector control
in support of the Zika response

* Monitoring insecticide resistance in vectors

. of Zika

* Entomological surveillance

e V\ector control operations

Just concluded an emergency expert consultation on
new vector control tools against Zika

One of our GMP staff is on loan to support the
response in PAHO

An opportunity for countries and WHO to strengthen
capacity in entomology and vector control

{
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Supporting elimination countries

Number of countries with fewer than 1000, 100 and 10 cases, 2000-2015
Fewer than 1000 cases === Fewer than 100 cases
e [ower than 10 cases
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Countries certified as malaria-free by WHO: history and

prospects
GTS targets 215 countries

21 countries and areas Bangladesh, Bolivia, Cambodia, Djibouti, Dominican Republic, Ethiopia,
French Guiana, Guatemala, Haiti, Honduras, Mauritania, Namibia, Nicaragua, Panama, the Philippines,

Rwanda, Sao Tome and Principe, Thailand, Vanuatu, Viet Nam, Zimbabwe L
f
25 countries Algeria, Argentina, Belize, Bhutan, Botswana, Cabo Verde, China, m
Costa Rica, Democratic People’s Republic of Korea, Ecuador, El Salvador, Eritrea, Iran, Malaysia, 2025
Mexico, Nepal, Paraguay, Republic of Korea, Saudi Arabia, South Africa, Sri Lanka, Suriname,

e —

Swaziland, Timor-Leste €
2015 2020
2007 ij;fxﬁ , ,
Wé‘countnes (Armenia, Morocco, Turkmenistan,
UAE)
1987 .-

N
%ﬁ:ﬂie\s;ﬁd 1 territory
1955

Global Malaria Eradication Programme: 16 countries and territories
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Countries aiming for malaria elimination: 2020 and 2025

WHO region Country

2020

AFR Algeria, Cabo Verde, Swaziland, Botswana

South Africa, Comoros, Eritrea
Sub-national elimination: Tanzania (Zanzibar)

AMR Argentina, Belize, Costa Rica, Ecuador,
El Salvador, Paraguay, Mexico, Suriname

EMR Iran, Saudi Arabia

SEAR Bhutan, DPRK, Nepal, Sri Lanka, Timor-
Leste

WPR China, Republic of Korea, Malaysia

Global Malaria Programme

2025

Ethiopia, Mauritania, Namibia, Rwanda, Sao
Tome and Principe, Zimbabwe

Bolivia, Dominican Republic, French Guiana
Guatemala, Haiti, Honduras, Nicaragua, Panama

Afghanistan (P. falciparum), Djibouti
Subnational elimination:

Pakistan (Punjab Province)
Somalia (Northern Zone , namely Somaliland and
Puntland)

Bangladesh, Myanmar (P. falciparum), Thailand

Cambodia, Vanuatu, the Philippines, Viet Nam

@v World Health
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ERAR framework transition to elimination

T gt
ARTEMISININ
RESISTANCE
IN THE GREATER
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¥.,# Organization

Strategy for Malaria Elimination
in the Greater Mekong Subregion
(2015-2030)

In April 2013, WHO launched the Emergency response to
artemisinin resistance (ERAR) in the GMS;

A regional hub was established in Phnom Penh, Cambodia, to
support the coordination of activities relying on regional staff
based in country offices;

MPAC recommended in September 2014 the adoption of the goal
of elimination of P. falciparum in the GMS by 2030;

Subsequently, at the World Health Assembly in May 2015, WHO
launched a Strategy for malaria elimination in the GMS (2015—-
2030), which was endorsed by all the GMS countries;

As a transitional year, in 2016 the ERAR hub will fulfil the
objectives agreed in ERAR project and help the countries to
update their national strategic plans with the the goal to
accelerate towards elimination;

ERAR hub will evolve in 2017 with less staff at the regional level
but stronger country offices.
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.78

Cambodia Malaria
Elimination Action
Framework 2016-2020

Global Malaria Programme

N Kingdom of Cambodia 225,
< ? > Ministry of Health e‘\\%\j /)

Cambodia Malaria
Elimination Action

Framework

2016-2020
(MEAF)
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National Framework for Malaria Elimination, India, 2016 — 2030

Launch

s - World Health
it B+ L > Oerizatio
Eﬂbﬁ.nmunnm e — Lo o v

e b

National Framework for Malaria
Elimination (NFME) in India
2016- 2030
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Technical Support

* Program review
* Updating and costing of NSP
* Development of annual workplan

* Programmatic and financial gap analysis in
“redline countries”

* Resource mobilization
* Addressing technical and operational issues

* Training on malaria elimination

Global Malaria Programme @Organization



2016 Technical meetings

Meeting Team Date

Malaria Policy Advisory Committee PSM 16-17 Mar

Consultation on preferred product characteristics for ivermectin ~ PDT Mar 30 —
as malaria transmission-blocking Apr 1

Technical consultation to review test procedures on monitoring  EVC 7-8 Apr
insecticide resistance

Vector Control TEG EVC 22-24 Jun
Cardiotoxicity of antimalarial medicines ERG PDT May
Elimination ERG ELI 30-31 May
GTS evaluation taskforce SEE June
Malaria Eradication Advisory Group PSM June

Review of Seasonal Malaria Chemoprevention implementation PDT June

Field based quality control of malaria RDTs ERG PDT July
7R
Global Malaria Programme 1‘@@ (V,"r‘;ﬂﬂi';'gf‘i'gﬂ

e



2016 Technical meetings (continued)

Meeting Team Date
Malaria Policy Advisory Committee PSM 14-16

Sept
Chemotherapy TEG PDT Oct
Drug Resistance and Containment TEG DER Q3
Monitoring and evaluation of larval source management in EVC Q3
control and elimination settings ERG
Consultation on inter-lab validation of net fabric strength EVC Q3
Review current recommendations to deploy PBO nets and next EVC Q4
generation LLINs ERG

7
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2016 Technical guidance

Guidance Team Date
Consolidated guidance on malaria prevention and control PDT/ 2017
EVC
Operational manual on MDA PDT Aug
Guidance manual on diagnostics in low transmission settings PDT Sept
Guidance for manufacturers on RDT product labelling and PDT Q2

instructions for use
Malaria entomology and surveillance manual EVC Q2

Revised test procedures for monitoring insecticide resistance in EVC Q2
malaria vectors

Framework for insecticide resistance management and EVC Q4
national/regional plans

Monitoring LLIN durability and preferences for procurement EVC Q2
decisions

Monitoring and evaluation of larval source management in EVC Q3

control and elimination settings

. {
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2016 Technical guidance (continued)

Guidance Team Date
Technical criteria for equivalence of vector control products EVC Mar
Updated recommendations on areas where to deploy PBO nets EVC Q4
and next generation LLINs
Monitoring & evaluation framework for the Global Technical SEE Q3
Strategy
Guidance for malaria epidemics SUR Q4
Elimination field manual ELI Q4

Global Malaria Programme 1{;\@ c";"r%gﬂi'éffi'gﬂ
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Increasing the effectiveness of the WHO Malaria team

16 to 18 December 2015
Montreux, Switzerland

Royal Plaza Montreux and Spa
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WHO Guideline:
Daily iron supplementation in
infants and children

Pura Rayco-Solon
Department of Nutrition for Health and Development
World Health Organization
16 March 2016
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Global estimates of the prevalence of anaemia
in infants and children aged 6-59 months, 2011

Percentage (%)

[ <200

I 20.0-39.9

I «00-599 | | Noestimate

- 260.0 [: Not applicable 0 w0 170 2400 Kéometar

Source: WHO. The global anaemia prevalence in 2011. Geneva: World Health Organization; 2015.

Evidence & Programme Guidance ( %\9 World Health
Department of Nutrition for Health and Development \5 v 4 Organlzatlon



BLOOD, 30 JANUARY 2014 - VOLUME 123, NUMBER 5

Prevalence of Anemia by Etiology, 1990 and 2010
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Evidence & Programme Guidance
Department of Nutrition for Health and Development

GLOBAL BURDEN OF ANEMIA

Prevalence by GBD Region, 2010
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Figure 1.1 Countries with ongoing transmission of malaria, 2013
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2 | WORLD MALARIA REPORT 2014
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WHO/NHD/01.3
Distribution: General
English only

Iron Deficiency Anaemia

Assessment, Prevention, and Control

A guide for programme managers

Evidence & Programme Guidance S5 World Health
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Table 10. Dosage schedules for iron supplementation
to prevent iron deficiency anaemia
Age groups Indications for supplementation Dosage schedule Duration
Low-birth-weight Universal supplementation Iron: 2 mg/kg From 2 months of age up to
infants body weight/day 23 months of age
Children from 6 to Where the diet does not include Iron: 2 mg/kg From 6 months of age up to
23 months of age foods fortified with iron or where body weight/day 23 months of age
anaemia prevalence is above 40%
Children from24to  Where anaemia prevalence Iron: 2 mg/kg body 3 months
59 months of age is above 40 % weight/day up to 30 mg
School-aged children Where anaemia prevalence Iron: 30 mg/day 3 months
(above 60 months) is above 40 % Folic acid: 250 ng/day
Women of Where anaemia prevalence Iron: 60 mg/day 3 months
childbearing age is above 40 % Folic acid: 400 ng/day
Pregnant women Universal supplementation Iron: 60 mg/day As soon as possible after

Folic acid: 400 ug/day  gestation starts - no later than
the 3 month - and continuing

Lactating women Where anaemia prevalence Iron: 60 mg/day for the rest of pregnancy
is above 40 % Folic acid: 400 ug/day 3 months post-partum
" sz
Evidence & Programme Guidance {%" Y, World Health
Department of Nutrition for Health and Development \\i\ ly OrgaN|Zat|0n




Effects of routine prophylactic supplementation with iron
and folic acid on admission to hospital and mortality in
preschool children in a high malaria transmission setting:
community-based, randomised, placebo-controlled trial

Sunil Sazawal, Robert E Black, Mahdi Ramsan, Hababu M Chwaya, Rebecca | Stoltzfus, Arup Dutta, Usha Dhingra, Ibrahim Kabole, Saikat Deb,
Mashavi K Othman, Fatma M Kabole

Summary

Background Anaemia caused by iron deficiency is common in children younger than age 5 years in eastern Africa.
However, there is concern that universal supplementation of children with iron and folic acid in areas of high malaria
transmission might be harmful.

Methods We did a randomised, placebo-controlled trial, of children aged 1-35 months and living in Pemba, Zanzibar.
We assigned children to daily oral supplementation with: iron (125 mg) and folic acid (50 p.g; n=7950), iron, folic acid,
and zinc (n=8120), or placebo (n=8006); children aged 1-11 months received half the dose. Our primary endpoints were
all-cause mortality and admission to hospital. Analyses were by intention to treat. This study is registered as an
International Standard Randomised Controlled Trial, number ISRCTN59549825.

Findings The iron and folic acid-containing groups of the trial were stopped early on Aug 19, 2003, on the
recommendation of the data and safety monitoring board. To this date, 24 076 children contributed a follow-up of
25 524 child-years. Those who received iron and folic acid with or without zinc were 12% (95% CI 2-23, p=0-02) more
likely to die or need treatment in hospital for an adverse event and 11% (1-23%, p=0-03) more likely to be admitted to
hospital; there were also 15% (—7 to 41, p=0-19) more deaths in these groups.

Interpretation Routine supplementation with iron and folic acid in preschool children in a population with high rates of
malaria can result in an increased risk of severe illness and death. In the presence of an active programme to detect and
treat malaria and other infections, iron-deficient and anaemic children can benefit from supplementation. However,
supplementation of those who are not iron deficient might be harmful. As such, current guidelines for universal
supplementation with iron and folic acid should be revised.

Evidence & Frogramme Guidance
Department of Nutrition for Health and Development
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Lancet 2006; 367:133-43
See Comment page 90
Department of International
Health, Bloomberg School of
Public Health, Johns Hopkins
University, 615 North Wolfe
Street, Baltimore, MD 21205,
USA (S Sazawal PhD,

Prof R E Black MD, A Dutta BCA,
U S Dhingra MCA,

S Deb PhD); Public Health
Laboratory-Ivo de Cameri,
Wawi, Chake-Chake, Pemba,
Zanzibar, Tanzania

(M Ramsan MD, | Kabole MD,
M K Othman MD, F M Kabole);
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Table 2

Effect of supplementation with iron and folic acid with or without zinc on serious adverse events, deaths, and admissions to hospital overall, by age group and by duration of supplement

compared with placebo.
Adverse events Mortality Hospital admission
Number RR(95%C1) p Number RR(95% (1) p Number RR(95%Cl) p
Overall 2135 112 (102-1-23) 002 295 115 (093-1.41) 019 1840 111(1.01-1.23) 003
Age group
1-5 months 8s 110 (0-75-1-60) 063 17 171(063-464) 029 68 101 (067-1:52) 098
6-11 months 590 104 (0-90-1-20) 058 88 103(071-1.48) 089 502 1.04(0-89-1-22) 059
12-23 months 975 119(1.06-133) 0004 111 1.29(090-1.84) 016 864 117(104-1:33) 001
=24 months 485 099 (0-85-1-16) 094 79 098 (067-142) 090 406 1.00(084-118) 098
Duration of supplementation
= 3 months 751 107 (0-94-1-21) 0-30 101 103(0-73-1.45) 087 650 108(094-1.23) 029
>3 months 1384 1-13(1.03-1-25) 001 194 1-21(094-1.57) 015 1190 1-12(1-01-1-24) 003
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Adverse events

Number RR(95% Cl)

Overall 2135 112 (1-02-1-23)
Age group

1-5 months 85 1-10 (0-75-1-60)
6-11 months 590 1-04 (0-90-1-20)
12-23 months 975 1.19 (1-06-1-33)
=24 months 485 0-99 (0-85-1-16)
Duration of supplementation

=3 months 751 1.07 (0-94-1-21)
=3 months 1384 1-13(1-03-1-25)
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Hospital admission
Number RR(95% Cl)

Overall 1840 1-11(1-01-1-23)
Age group

1-5 months 68 1.01(0-67-1-52)
6-11 months 502 1.04 (0-89-1-22)
12-23 months 864 117 (1-04-1-33)
=24 months 406 1-00 (0-84-1-18)
Duration of supplementation

=13 months 650 1-08 (0-94-1-23)
>3 months 1190 1-12(1-01-1-24)
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Table 3

Effects on overall adverse events, deaths, and admissions to hospital and on cause-specific adverse events in the two iron and folic acid groups compared with placebc

Iron and folic acid Iron, folic acid, and zinc Placebo (child-years’
(child-years’ follow up 8402) (child-years’ follow up 8548) follow up 8574)
Number RR (95%Cl) p Number RR (95% CI) P Number
Overall
Adverse events 1036 1-10(0-99-1-22) 009 1099 1-14 (1-03-1-27) 001 965
Deaths 149 1-16(0:92-1-47) 021 146 112 (0-88-1-42) 0-35 130
Hospital admissions 887 108 (0.97-1.21) 016 953 1-14(1:03-1-28) 002 835
Cause-specific adverse events
Malaria-related causes 467 1-16{1-(]0—1-:.4]- 0-05 476 1-16 [1-01—1-;4} 0-04 411
fnfection-related causes 232 1-26({101-1-53) 004 265 1-40(1-14-1-71) 0-001 190
Smear positive 71 1-37 (0-96-1-95) 009 97 1-84 (1-31-2-57) 0-00 53
Srnearnegative 161 1-20(0-94-1-53) 014 168 1-23 (0-97-1-56) 009 137
Diarrhoea 87 0-92 (0-68-1-25) 062 92 0-96 (0-72-1-29) 0-79 96
Smear positive 21 0-93 (0-51-1-70) 0.82 25 1-09 (0-61-1-94) 077 23
Smear negative 66 092 (0-65-1-31) 065 67 0-92 {(0-66-1-29) 063 73
Other causes 108 0-99 (0-76-1-30) 0-96 127 1-15 (0-88-1-50) 0-32 111
Smear positive 18 0-97 (0-50-1-87) 034 30 1-58 (0-88-2-B6) 013 19
Smear negative 90 1-00(0-74-1-35) 0499 97 106 (0-79-1-42) 0-71 92
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Department of Nutrition for Health and Development \5 A{ Organlzatlon




Table 4

Effects of supplementation with iron and folic acid with or without zinc on adverse events overall and by iron status and anaemia (substudy)

. S

Iron and folic acid (with and without zinc) Placebo
Children Events (rate/ RR (95%C1) p Children  Events (rate/
100 child-years) 100 child-years)

Overall adverse events 1609 97 (6-46) 076 (0-52-1-09) 013 804 65 (8:55)
Zinc protoporphyrin (pumol/mol of haeme)
<30 39 29 (7-86) 163 (0-72-3-66) 0-24 196 9(4-83)
=80 1218 68 (6-00) 0-62 (0-41-093) 002 608 56(9-76)
Haemoglobin (g/L)

[70-100 1018 2(554) 009(037-092) 002 ] 455 40(9-43)
>100 591 5 (8-00) 1-08 (0-58-1.98) 08 349 25 (7-44)
Iron replete and anaemic 127 10 (8-33) 2-00 (0-46-8-75) 036 g2 2(4-17)
Iron replete and non-anaemic 264 19 (7-63) 1.51 (0-57-3-98) 0-41 144 7 (5-06)

l Iron deficient and anaemic 891 2(513) 0.51(0-31-0.83) 0006 I 403 38(10:.11)
Iron deficient and non-anaemic 327 6(8-29) 091 (0-42-1-98) 0-82 205 18 (9-09)
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Lyon, France, 12-14 June 2006

Conclusions and recommendations of the WHO
Consultation on prevention and control of iron
deficiency in infants and young children in malaria-
endemic areas

World Health Organization Secretariat on behalf of the participants to the Consultation*
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TABLE 1. Strategies to control the iron status of infants and young children in malaria-endemic areas (continued)

Settings where screening system to detect iron | Settings where screening system to detect iron
Age group deficiency and health services are available deficiency is not available
6-24 months
All infants and young | Control of iron deficiency Control of iron deficiency
children Processed complementary foods fortified Processed complementary foods fortified with
with iron or, if not available, iron or, if not available,

Iron therapy for 3 months only to infants and ||Iron therapy for 3 months only to infants and
young children detected with iron defi- young children with clinical symptoms of
ciency severe anemia

» Iron therapy should always be administered | » Iron therapy should always be administered
along with food and in conjunction with along with food and in conjunction with the
the measures to prevent and control malaria | measures to prevent and control malaria (see
(see below) below)

» It is advisable not to give supplemental folic | » It is advisable not to give supplemental folic
acid acid

Prevention and control of malaria Prevention and control of malaria

Provision of insecticide-treated nets and Provision of insecticide-treated nets and vector
vector control for prevention of malaria, control for prevention of malaria, and treat-
and treatment of malaria illness with effec- ment of malaria illness with effective antima-
tive antimalarial drug therapy larial drug therapy

General health care, including: General health care, including:

Breastfeeding and adequate complementary | Breastfeeding and adequate complementary
feeding feeding

Infection/parasitic disease control Infection/parasitic disease control

g N
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A. Daily iron supplementation in infants and young children aged 6—23 months

Daily oral iron supplementation compared to placebo or control in infants and young children aged 6-23 months

Patient or population: infants and young children aged 6-23 months
Intervention: daily oral iron supplementation
Comparison: placebo or control

Setting: all settings (including malaria-endemic areas)

Outcomes Relative effect*  Number of Pparticipants Quality of the evidence
(95% ClI) (studies) (GRADE)
Anaemia (haemoglobin below a cut-off value determined by the trialists) RR 0.61 4825 eeee
(0.50 to 0.74) (17 RCTs) MODERATE 1
Iron deficiency (as measured by trialists by using indicators of iron status such as RR0.30 2464 DPRO
ferritin or transferrin) (0.15 to 0.60) (9 RCTs) MODERATE 2
Iron deficiency anaemia (defined by the presence of anaemia plus iron deficiency, RR0.14 2145 RS TETRsTe
diagnosed with an indicator of iron status selected by trialists) (0.10 to 0.22) (6 RCTs) HIGH
Growth measures (stunting) RR 1.10 1504 Hnm
(0,92 to 1.32) (3 RCTs) MODERATE 4
Growth measures (wasting) RR 1.03 1504 PPOO
(0.65 to 1.64) (3 RCTs) LOW &
Mortality (all cause, acute respiratory infections, diarrhoea, malaria) Rate ratio 1.10 (3 RCTs) lalSlS)
(0.91 to 1.34) Low ¢

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RCT: randomized controlled trial; RR: risk ratio.

Parishpa et al. Lancet Glob Health 2013; 1(2):e77-86.
Evidence & Programme Guidance g’%ﬁ World Health
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B. Daily iron supplementation in children aged 24-59 months

Daily oral iron supplementation compared to placebo or control in children aged 24-59 months

Patient or population: children aged 24-59 months
Intervention: daily oral iron supplementation
Comparison: placebo or control

Setting: all settings (including malaria-endemic areas)

Outcomes Relative effect* Number of participants Quality of the evidence
(95% Q1) (studies) (GRADE)
Anaemia (haemoglobin below a cut-off value determined by the trialists) RR 0.98 359 hO @@
(0.88 to 1.08) (1 RCT) VERY LOW !
Iron deficiency (as measured by trialists by using indicators of iron status Not estimable None of the studies reported
such as ferritin or transferrin) on this outcome.
Iron deficiency anaemia (defined by the presence of anaemia plus iron Not estimable None of the studies reported
deficiency, diagnosed with an indicator of iron status selected by trialists) on this outcome.
Growth measures (height Z-score) The mean growth measures (height 634 eeee
Z-score) in the intervention group (3 RCTs) LOW ?
was 0.01 Z-score lower (1.14 lower
to 0.12 higher)
Growth measures (weight Z-score) The mean growth measures (weight 634 @@@@
Z-score) in the intervention group (3 RCTs) LOW ?
was 0.04 Z-score lower (0.12 lower
to 0.05 higher)
Mortality Not estimable None of the studies reported
on this outcome.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RCT: randomized controlled trial; RR: risk ratio.

Thompson, et al. Pediatrics 2013; 131(4):739-53.
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C Daily iron supplementation in children aged 60 months and older

Daily oral iron supplementation compared to placebo or control in children aged 60 months and older

Patient or population: children aged 60 months and older
Intervention: daily oral iron supplementation
Comparison: placebo or control

Setting: all settings (including malaria-endemic areas)

Outcomes Relative effect* Number of participants Quality of the
(95% ClI) (studies) evidence (GRADE)

Anaemia (haemoglobin below a cut-off value determined RR 0.50 1763 e laslae ]!
by the trialists) (0.39 to 0.64) (7 RCTs) MODERATE}
Iron deficiency (as measured by trialists by using RRO.21 1020 ePOO
indicators of iron status such as ferritin or transferrin) (0.07 to 0.63) (5 RCTs) LOWZ

Iron deficiency amaemia (defined by the presence RR0.12 334 OPDHO
of anaemia plus iron deficiency, diagnosed with an (0.02 to 0.66) (2 RCTs) MODERATE?

indicator of iron status selected by trialists)

Growth measures (height Z-score) The mean growth measures (height 1318 GPDO
Z-score) in the intervention group was 0.09 (5 RCTs) MODERATE*
Z-score higher (0.01 higher to 0.17 higher)

Growth measures (weight Z-score) The mean growth measures (weight 1318 DO
Z-score) in the intervention group was 0.1 {5 RCTs) LOW &

Z-score higher (0.03 lower to 0.23 higher)

Mortality (all cause, acute respiratory infections, notestimable
diarrhoea, malaria)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; RCT: randomized controlled trial; RR: risk ratio.

Low, et al. CMAJ 2013; 185(17):e791-802.
%\\‘?\; World Health
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Cochrane Database of Systematic Reviews

Oraliron supplements for children in malaria-endemic areas
GEUET)

Neuberger A, Okebe J, Yahav D, Paul M

Cochrane Database of Systematic Reviews 2016, Issue 2. Art. No.: CD006589.
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Study or subgroup log [Risk Ratia] Risk Ratic Wight Risk Ratio
(SE) IWFioed 5% CI IVFoeed 95% C1

| Anaemia
Adam 1997 (C) 0401 106 (0.19702878) 12% 149 [ 1.02,220]
Ayorra 2009 0732368 (0.58467408) 04% 208 [ 068 654
Deesai 2003 052742 (0L19357679) 3% 059 [ 0.40, 086 ]
Fahmida 2007 0.31316) {0.7553618) 02% 137 [ 031, &01 ]
Gebreselasse 1996 0465092 (02786 1908) L6% 159 [092 275]
Massaga 2003 L1705 {0.14303878) — 6.1 % DB4 [0, 1.12]
Massaga 3003 0054615 (023254494) — T 3% 106 [ D67, 1.67]
Srith 1989 (C) 0473541 (0.4B487584) 05 % 161 [QB2, 4.15]
Verhoe! 2002 0356675 (0.31150403) _— 13% 143 [0.78, 263 ]
Verhoef 2002 004256 (0:24648012) 1% 104 [ 064, 1.69]
Zletkin 2013 (C) 0.13926 (QL05236304) - 454 % 087 [0.79, 096 ]

Subtotal (95% CI) - 66.4 % 0.92 [ 0.84, 1.00 ]

Heterogeneity: Chi? = 2283, df = 10 (P = 0.01); P =56%

Test for overall effect Z = 203 (P = 0.043)

2 Mo anaemia
Harvey | 589 008004 (0.16178459) — T LR% 092 [ 067, 127]
Lawless 1994 Q04652 (0.14975946) T 56% 095071, 128]
Leenstra 2009 0625938 (0L7978724) 021% 1.7 [03%, 893 ]
Menendez 1997 006236 (0.12627568) —— TE% 094[073, 120]
Menendez 1997 01779 (020514197) 0% 084 [056 135]
Richard 2006 0044784 (0.10073627) - 123% 105 [ 088, 1.27]

Subtotal (95% CI) - 33.6 % 0.97 [ 0.86, 1.09 ]

Heterogeneity: Chi? = 192, df = 5 (P = 0.86); F =00%

Test for averall effect Z = 048 (P = 0.63)

Total (95% CI) - 100.0 % 0.93 [ 0.87, 1,00 ]

Heterogeneity: Chi? = 25.37, ¢f = 16 (P = 0.08); 1 =37%

Test for overall effect Z = 193 (P = 0.054)

Test for subgroup differences: Chi? = 061, df = | (P = 0.43), P =00%
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Study or subgroup log [Risk Ratic] Risk Ratio Weight Risk Ratic

(SE) IV Fixed,75% Ol IV Fieed, 95% CI
| <2 years
Fahmida 2007 031316 (0.7553618) I B 02% 137 [ 031,601 ]
Massaga 2003 0054615 (0.232544%6) 1T 23% 106 [ 067, 1.67]
Massaga 2003 0.1705 (0.14303878) =T 61% 084064, 1.12]
Menendez 1997 0779 (0.20514197) T 30% QB4 [056 1.25]
Menendez 1997 006236 (0.1 2627568) - T8% 094073 1.20]
Werhoef 2002 0356675 (0.31150403) . 1.3 % 143 [0Q.78 2.63]
Verhoef 2002 004256 (0.24648012) -1 21% 104 [ 064 169]
Zlatkin 2013 (C) -0.13926 (0.05236304) 1 454 % 087 [079 056]
Subtotal (95% CI) 68.2 % 0.89 [ 0.82, 0.97 ]
Heterogeneity: Chi* = 4.18, df = 7 (P = 0.78); I* =0.0%
Test for overall effect: £ = 2.62 (P = 0.0087)
22105 years
Adam 1997 (O) 0401106 (0.19702878) — 1% 149102, 220]
Deesai 2003 0.52742 (0.19357679) - 3% 039 [ 040 086]
Smith 1989 (C) 047354 (048487584) B 05% 16l [082 415]
Subtotal (95% CI) - 7.1 % 0.97 [ 0.75, 1.26 ]

Heterogereity: Chi2 = 1247, df = 2 (P = 0002); I =84%
Test for overall effect: Z = 023 (P = 0.82)

3 =5 years
Ayoya 2009 0732368 (0.58467408) -1 04 % 208 [ 066 654
Gebreselassie 1994 0465092 (02784 1906) ™ 1.6% 1590582, 275]
Harvey 1989 -0.0B004 (0.16178459) - 48% 092 [ 067, 1.27]
Lawless 1994 -0.04652 (0.14975946) - 56% 095[07I, 128]
EVi 01 02 05 | 2 5 10
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(... Continued)
Study or subgroup log [Risk Ratio] Risk Ratio Weight Risk Ratic
(SE) IViFixed 95% CI I\ Fied 5% Cl
Leenstra 2009 0.625938 (07978724} E— 02% 187 [039 B53]
Richard 2006 0044784 (0.10073627) T 123 % 105 [ 086 1.27]
Subtotal (95% CI) * 248 % 1.04 [ 091, 1.20 ]
Heterogeneity: Chi = 5.15,df = 5 (P = 040); I =3%
Test for overall effect: £ = 060 (P = 0.55)
Total (95% CI) ' 100.0 % 0.93 [ 0.87, 1.00 ]
Heteroganeity: Chi? = 25.37, df = |16 (P = 0.06); P =37%
Test for overall effect: 2 = 193 (P = 0.054)
Test for subgroup differences: Chi? = 3.56, df = 2 (P = 0.17), P =44%
0 02 o5 | 2 5 10
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Evi

Study or subgroup lg [Risk Ratio) Risk Ratio Weight Risk: Ratio
(SE) IV Fixed,35% Cl IV Fixed 95% O
| Services presant
Ayowa 2009 0.732368 (0.58467408) 03% 208 [ 086, 654 ]
Diesai 2003 -0.52742 (0.19357679) - 27 % 059 [040, 086 )
Gebreselassie 1996 0465092 (027861908) 1.3% 159092, 275]
Harvey 1989 -0.08004 (0.16178459) =T 19% 052 [0s67, 1.27]
Leenstra 2009 0625938 (0.7978724) D 0.2 % | B7[039 893]
fMassaga 2003 -0.1705 (0.14303878) =T 49 % 084 064, 1.12]
Massaga 2003 0054615 (0232544598) -1 1.9 % .06 [ 067, 1.67]
Menendez |997 006236 (0.12627568) - 63% 094073 1.20]
Menendez | 997 0.1779 (0.20514197) -1 24 % 0840586 1.25]
Richard 2006 0044784 (QL10073627) T™ 99 % 105 [086 1.27]
Sazawal 2006 (C)b -0.77653 (0.33144974) - 09 % 046 [0.24, 0.8 ]
Verhaef 2002 0.04256 (02464801 2) T 1.7 % 104 [ 064 1.69]
Verhoef 2002 0356675 (0.31150403) T 1.0% 143078 263]
Llotkin 2013 (C) 013926 (005236304) = 168 % 087 [0.79 096]
Subtotal (95% CI) i 74.2 % 0.91 [ 0.84, 097 ]
Heterogeneity: Chi* = 22,05, df = 13 (P = 0.05); [ =41%
Test for overall effect Z = 268 (P = 0.0075)
2 Services absent
Adam 1997 (C) 0401106 (0.19702878) _'_ 26% 149 [ 1.02, 220]
Fahmida 2007 0313161 (0.7553618) 0.2 % .37 [0.31, 601 ]
Lawless |994 004652 (0.14975946) T 45% 095071, 1.28]
ol 062 a5 1 2 5 10
Fawours iron Favours control
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(... Continued)
Study or subgroup log [Risk Ratic] Risk Ratio Weight Risk Ratio
(SE) I'vFixed,95% Cl ' Fioeed 95% Cl
Sazawal 2006 (Cla 0.14842 (007466062) - 18.1 % LI6[1.00, 1.34]
Smith 1989 (C) 0473541 (04B487584) 04 % 161 [062,4.15]
Subtotal (95% CI) . 25.8 % 1.16 [ 1.02, 1.31 ]

Heterogeneity: Chi2 = 384, df = 4 (P = 0.43); 2 =00%
Test for overall effect: £ = 234 (P = 0019)
Total (95% CI) ' 100.0 % 0.97 [0.91, 1.03 ]
Heterogeneity: Chi2 = 37.29, df = 18 (P = 0.005); I* =52%
Test for overall effect Z = 11| (P =0.26)
Test for subgroup differences: Chi = | 1.40, df = | (P = 0.00), I =91%
ooz o5 12 5 10
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i
Review:. Oral iron supplements for children in malaria-endemic areas
Comparison: | Iron versus placebo or no treatment
Outcome: & Clinical malaria with high-grade parasitaemia or requiring admission
Study or subgroup log [Risk Ratio] Risk Ratic Weight Risk Ratio
(SE) IV Fixed 95% CI IV Fixed,95% Cl|
Adam 1997 (C) 0.19062 (0.260213) T 34% 121 1073 202]
Ayoya 2009 -0.08338 (1.401116) [ 0.1 % 092 [ 006, 14.34 ]
Massaga 2003 -0.19845 (0.104701) - 201 % 082 [ 067, 1.01]
Massaga 2003 0.122218 (0.290672) T 27 % 1.13 [ 064, 200 ]
Smith 1989 (C) 0.350657 (0416318) . 1.3 % 142063 321 ]
Zlotkin 2013 (C) -0.11653 (0.05692438) | 713% 089 [ 0.80, 1.00]
Total (95% CI) ‘ 100.0 % 0.90 [ 0.81, 0.98 |
Heterogeneity: Chi* = 392, df = 5 (P = 0.56); I* =0.0%
Test for overall effect: £ = 2.30 (P = 0.022)
Test for subgroup differences: Not applicable
Q01 0l I 10 100
Favours iran Favours control
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Evidence & Programme Guidance g S ) World Hea
Department of Nutrition for Health and Development Ny Organlzatlon

————



D. Daily iron supplementation in infants and children in malaria-endemic areas

Daily oral iron supplementation compared to placebo or control in infants and children in malaria-endemic settings

Patient or population: infants and children (aged 6 months to 18 years)
Intervention: iron supplementationl

Comparison: placebo or control

Setting: malaria-endemic areas

Relative effect* Number of articipants  Quality of the evidence
(95% CI) (studies) (GRADE)
Clinical malaria (fever »37.5 "C and any parasitaemia), all RR 0.93 7168 @@99
(0.87 to 1.00) (14 RCTs) MODERATE ?
Clinical malaria by age:? 6-23 months RR 0.89 3720
(0.82 to 0.97) (5 RCTs)
24-59 months RR 0.97 1415
(0.75 to 1.26) (3 RCTs)
60 months or older RR 1.04 2033
(0.91to 1.20) (6 RCTs)
Clinical malaria by baseline anaemia:*  Anaemic at baseline RR 0.92 2112
(0.84 to 1.00) {9 RCTs)
Non-anaemic at baseline RR 0.97 4986
(0.86 to 1.09) (5 RCTs)
Clinical malaria by availability of Yes (malaria-prevention and treatment RR 0.91 5586
malaria-prevention and treatment programme available) (0.84 to 0.97) (7 RCTs)
programme:*
No (malaria-prevention and treatment RR 1.16 19 086
programme not available or unclear) (1.02 to 1.31) (9 RCTs)
Severe malaria (clinical malaria with high-grade parasitaemia) RR 0.90 3421 eslaslaslas)
(0.81 to 0.98) (6 RCTs) HIGH
All-cause mortality Risk difference 0.00 7576 e
(0.00 to 0.01) (18 RCTs) MODERATE®

Department of Nutrition for Health and Development ‘Q\‘ ﬂ‘,!/' Orga nization
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Recommendations

e Daily iron supplementation is recommended as a public health intervention in infants and young
children aged 6-23 months, living in settings where anaemia is highly prevalent,’ for preventing iron
deficiency and anaemia (strong recommendation, moderate quality of evidence).

Table A. Suggested scheme for daily iron supplementation in infants and young children aged 6—23 months
TARGET GROUP Infants and young children (6~23 months of age)

WL RO MO 10-12.5 mg elemental iron?
SUPPLEMENT FORM Drops/syrups
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

* 10-12.5 mg of elemental iron equals 50-62.5 mg of ferrous sulfate heptahydrate, 30-37.5 mg of ferrous fumarate or 83.3-104.2 mg
of ferrous gluconate.

* In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

Evidence & Programme Guidance {%\?} World Health
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Table B. Suggested scheme for daily iron supplementation in children aged 2459 months

b

e Daily iron supplementation is recommended as a public health intervention in preschool-age children
aged 24-59 montbhs, living in settings where anaemia is highly prevalent,? for increasing haemoglobin
concentrations and improving iron status (strong recommendation, very low quality of evidence).

TARGET GROUP Preschool-age children (24-59 months of age)
NI RONON]ES 30 mg elemental iron®

SUPPLEMENT FORM Drops/syrups/tablets

FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

30 mg of elemental iron equals 150 mg of ferrous sulfate heptahydrate, 90 mg of ferrous fumarate or 250 mg of ferrous gluconate.

In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).
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e Daily iron supplementation is recommended as a public health intervention in school-age children
aged 60 months and older, living in settings where anaemia is highly prevalent,? for preventing iron
deficiency and anaemia (strong recommendation, high quality of evidence).

Table C. Suggested scheme for daily iron supplementation in schookage children (512 years of age)

School-age children (5-12 years of age)
30-60 mg elemental iron®

Tablets or capsules

Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

2 30-60 mg of elemental iron equals 150-300 mg of ferrous sulfate heptahydrate, 90-180 mg of ferrous fumarate or 250-500 mg of
ferrous gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).
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In malaria-endemic areas, the provision of iron
supplementation in infants and children should be done in
conjunction with public health measures to prevent,
diagnose and treat malaria

Strong recommendation

High quality of evidence

RECOMMENDATION
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REMARKS

In malaria-endemic areas, iron supplementation does not increase the
risk of clinical malaria or death when regular malaria-surveillance and
treatment services are provide.

The risk of clinical malaria is not more likely among iron-replete children
given iron supplementation in malaria-endemic areas.

In the presence of surveillance and prompt diagnosis and treatment of
malaria, there was no compelling evidence of increased risk of adverse
events from iron supplementation.
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WHO GUIDELINE*: DAILY IRON SUPPLEMENTATION IN INFANTS AND CHILDREN
EXECUTIVE SUMMARY

Approximately 300 million children globally had anaemia in 2011. Deficiency in iron, a mineral necessary
to carry oxygen in haemoglobin, is thought to be the most common cause of anaemia. Iron deficiency can
result from inadequate intake or absorption of dietary iron, increased need in periods of growth, increased
losses from menstruation in adolescent girls, or infection by intestinal helminths, such as schistosomiasis or
hookworm infestation, in areas endemic to these parasites.

Iron is an essential nutrient for development and cell growth in the immune and neural systems, as well
as in regulation of energy metabolism and exercise. The economic costs of iron deficiency anaemia from
annual physical productivity losses have been calculated to be around US$ 2.32 per capita, or 0.57% of gross
domestic product in low- and middle-income countries. The WHO has consistently recommended oral iron
supplementation as one of the interventions that can reduce the prevalence of anaemia.

Iron is required for the survival and virulence of many pathogens. Concerns have been expressed on a possible
increased risk of malaria with iron interventions in malaria-endemic areas, particularly among iron-replete
children. On the other hand, screening to identify iron deficiency in children prior to iron supplementation
is not feasible in many malaria-endemic settings. Given the importance and magnitude of anaemia globally,
particularly in areas where malaria transmission is intense, an assessment of all available evidence has been
carried out, to examine the safety and effectiveness of iron supplementation in children, including in malaria-
endemic areas.

Purpose of the guideline

This guideline aims to help Member States and their partners in their efforts to make informed decisions on
the appropriate nutrition actions to achieve the Sustainable Development Goals (SDGs) (1), the global targets
set in the Comprehensive implementation plan on maternal, infant and young child nutrition (2) and the
Global strategy for women’s, children’s, and adolescents’ health (2016—2030) (3). The recommendations in
this guideline are intended for a wide audience, including policy-makers, their expert advisers, and technical
and programme staff at organizations involved in the design, implementation and scaling-up of programmes
for anaemia prevention and control, and in nutrition actions for public health.

The recommendations supersede those of previous WHO guidelines on iron supplementation in children
where they pertain specifically to daily oral iron supplementation among infants and children.

Guideline development methodology

WHO developed the present evidence-informed recommendations using the procedures outlined in the WHO
handbook for guideline development (4). The steps in this process included: (i) identification of priority questions
and outcomes; (ii) retrieval of the evidence; (iii) assessment and synthesis of the evidence; (iv) formulation
of recommendations, including research priorities; and planning for (v) dissemination; (vi) implementation,
equity and ethical considerations; and (vii) impact evaluation and updating of the guideline. The Grading
of Recommendations Assessment, Development and Evaluation (GRADE) methodology was followed (5), to
prepare evidence profiles related to preselected topics, based on up-to-date systematic reviews.

1 This publication is a World Health Organization (WHO) guideline. A WHO guideline is any document, whatever its title, containing WHO

recommendations about health interventions, whether they be clinical, public health or policy interventions. A standard guideline is
produced in response to a request for guidance in relation to a change in practice, or controversy in a single clinical or policy area, and
is not expected to cover the full scope of the condition or public health problem. A recommendation provides information about what
policy-makers, health-care providers or patients should do. It implies a choice between different interventions that have an impact on
health and that have ramifications for the use of resources. All publications containing WHO recommendations are approved by the
WHO Guidelines Review Committee.
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The guideline development group consisted of content experts, methodologists and representatives of
potential stakeholders and beneficiaries. One guideline group participated in a meeting concerning this
guideline, held in Geneva, Switzerland, on 20-25 February 2010, where the guideline was scoped. A second
guideline group participated in a meeting held in Geneva, Switzerland, on 14-18 March 2011, to discuss the
safety of iron supplementation in children living in areas of high malaria transmission, and a third meeting was
convened in Geneva, Switzerland, on 23—-26 June 2014, where the guideline was finalized. Two experts served
as technical peer-reviewers of the draft guideline.

Available evidence

The available evidence comprised four systematic reviews that followed the procedures of the Cochrane
handbook for systematic reviews of interventions (6) and assessed the effects of daily iron supplementation
in infants, preschool-age and school-age children, as well as the effect of iron on the incidence and severity
of malaria, including deaths in children living in malaria-endemic settings. The reviews included individually
randomized and cluster-randomized controlled trials. All studies compared a group of children who received
iron supplementation to a group that did not receive iron. For systematic reviews done prior to 2013, the
WHO Secretariat conducted an additional search on PubMed (June 2014) prior to the meeting of the guideline
development group. In addition, in August 2015, a full literature search was performed as part of the review of
evidence for malaria and iron supplementation. These searches did not identify any relevant additional studies.

The overall quality of the available evidence for daily iron supplementation in children and in malaria-endemic
settings varied from high to very low for the critical outcomes of anaemia, iron deficiency and iron deficiency
anaemia. The quality of evidence was moderate to very low for morbidity, mortality and growth measurements.
The evidence for clinical malaria as an outcome in studies conducted in malaria-endemic settings was considered
of high to moderate quality.

Recommendations’
e Daily iron supplementation is recommended as a public health intervention in infants and young
children aged 6-23 months, living in settings where anaemia is highly prevalent,? for preventing iron
deficiency and anaemia (strong recommendation, moderate quality of evidence).

Table A. Suggested scheme for daily iron supplementation in infants and young children aged 6—23 months
TARGET GROUP Infants and young children (6-23 months of age)

SUPPLEMENT COMPOSITION 10-12.5 mg elemental iron?
SUPPLEMENT FORM Drops/syrups
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40%
or higher®

2 10-12.5 mg of elemental iron equals 50-62.5 mg of ferrous sulfate heptahydrate, 30-37.5 mg of ferrous fumarate or
83.3-104.2 mg of ferrous gluconate.

5 In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

The recommendations supersede those of previous WHO guidelines on iron supplementation in children where they pertain
specifically to daily oral iron supplementation among infants and children.

2 Where the prevalence of anaemia is 40% or higher in this age group. For the latest estimates, please refer to the
Vitamin and Mineral Nutrition Information System (VMNIS) hosted at WHO (7).
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e Daily iron supplementation is recommended as a public health intervention in preschool-age children
aged 24-59 months, living in settings where anaemia is highly prevalent,? for increasing haemoglobin
concentrations and improving iron status (strong recommendation, very low quality of evidence).

Table B. Suggested scheme for daily iron supplementation in children aged 24—59 months
TARGET GROUP Preschool-age children (24-59 months of age)

NN SIOES 30 mg elemental iron?
SUPPLEMENT FORM Drops/syrups/tablets
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40%
or higher®

2 30 mg of elemental iron equals 150 mg of ferrous sulfate heptahydrate, 90 mg of ferrous fumarate or 250 mg of ferrous
gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

¢ Daily iron supplementation is recommended as a public health intervention in school-age children
aged 60 months and older, living in settings where anaemia is highly prevalent,? for preventing iron
deficiency and anaemia (strong recommendation, high quality of evidence).

Table C. Suggested scheme for daily iron supplementation in schookage children (5—12 years of age)
TARGET GROUP School-age children (5-12 years of age)

NI RO TOMIDIES  30-60 mg elemental iron®
SUPPLEMENT FORM Tablets or capsules
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40%
or higher®

2 30-60 mg of elemental iron equals 150-300 mg of ferrous sulfate heptahydrate, 90-180 mg of ferrous fumarate or 250-500
mg of ferrous gluconate.

° In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

¢ In malaria-endemic areas, the provision of iron supplementation in infants and children should
be done in conjunction with public health measures to prevent, diagnose and treat malaria (strong
recommendation, high quality of evidence).

Remarks
The remarks in this section are intended to give some considerations for implementation of the
recommendations, based on the discussion of the guideline development group.

e Daily oral iron supplementation is a preventive strategy for implementation at the population level. If a
child is diagnosed with anaemia, national guidelines for the treatment of anaemia should be followed.
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e If the prevalence of anaemia is 20-40%, intermittent regimens of iron supplementation can be
considered.

¢ The selection of the most appropriate delivery platform should be context specific, with the aim of
reaching the most vulnerable populations and ensuring a timely and continuous supply of supplements.

¢ In malaria-endemic areas, iron supplementation does not increase the risk of clinical malaria or death
when regular malaria-surveillance and treatment services are provided. Oral iron interventions should
not be given to children who do not have access to malaria-prevention strategies (e.g. provision of
insecticide-treated bednets and vector-control programmes), prompt diagnosis of malaria iliness, and
treatment with effective antimalarial drug therapy.

e The risk of clinical malaria is not more likely among iron-replete children given iron supplementation
in malaria-endemic areas. There is no need to screen for anaemia prior to iron supplementation in
settings where anaemia is highly prevalent.

e Since malaria infection occurs in early infancy and is especially dangerous at this age, in malaria-
endemic areas, iron supplements should only be given to infants who sleep under insecticide-treated
bednets, and where all episodes of malaria illness can be promptly treated with effective antimalarial
drug therapy according to national guidelines.

¢ Inthe presence of comprehensive surveillance and prompt diagnosis and treatment of malaria, there
was no compelling evidence of increased risk of adverse events from iron supplementation. Insufficient
and inequitable health-care services are associated with an increase in risks in general.

Research priorities

Discussions between the members of the WHO guideline development group and the external review group
highlighted the limited evidence available in some knowledge areas, meriting further research on iron
supplementation in infants and children, particularly in the following areas:

e the optimal dose, schedule and duration of iron supplementation; the effect of different doses and
durations of iron supplementation on different severity, prevalence or causes of anaemia in all WHO
regions;

e additional data on the safety of iron supplementation (liver damage; iron overload after continuing the
supplementation programme for a number of years; iron supplementation given in conjunction with
other interventions; insulin resistance; effects in non-anaemic or non-iron-deficient children);

¢ the effect of adding other micronutrients to the iron supplement on haemoglobin concentrations and
the prevalence of anaemia;

e implementation research on effective behaviour-change strategies for sustained adherence and
innovative delivery mechanisms for iron supplements;

e additional long-term studies on functional outcomes (e.g. cognitive and motor development).



SCOPE AND PURPOSE

This guideline provides global, evidence-informed recommendations on daily iron supplementation in infants
and children, as a public health intervention for the prevention of anaemia and iron deficiency. It also includes
recommendations for iron supplementation in countries where malaria is prevalent.

The guideline aims to help Member States and their partners in their efforts to make informed decisions on
the appropriate nutrition actions to achieve the Sustainable Development Goals (SDGs) (1), in particular, Goal
2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture. It will also
support Member States in their efforts to achieve the global targets set in the Comprehensive implementation
plan on maternal, infant and young child nutrition, as endorsed by the Sixty-fifth World Health Assembly in
2012, in resolution WHAG5.6 (2), and the Global strateqy for women’s, children’s, and adolescents’ health
(2016-2030) (3).

The recommendations in this guideline are intended for a wide audience, including policy-makers, their
expert advisers, and technical and programme staff at organizations involved in the design, implementation
and scaling-up of programmes for anaemia prevention and control, and in nutrition actions for public health.
This document presents the key recommendations and a summary of the supporting evidence.

BACKGROUND

Approximately 300 million children globally had anaemia in 2011 (8, 9). The highest prevalence of anaemia is
among children aged under 5 years and women (10, 11). South Asia and central and west Africa continue to
have the highest burden of anaemia (9-11).

Anaemia is characterized by a decrease in the number of red blood cells, sometimes with changed size or
shape of the red blood cells, to a level that impairs the normal physiological capacity of the blood to transport
oxygen to cells around the body. Anaemia is measured most reliably by a fall in haemoglobin concentration
and can indicate poor nutrition and health (12, 13). Anaemia has been estimated to cause 68.4 million years
lost to disability in 2010, or 8.8% of disability from all conditions that year (11).

Deficiency in iron, a mineral necessary to carry oxygen in haemoglobin, is thought to be the most common
cause of anaemia (10-14). Iron deficiency can result from inadequate intake or absorption of dietary iron,
increased need for iron in periods of growth or pregnancy, increased losses from menstruation, or infection
with intestinal helminths such as schistosomiasis or hookworm infection, in areas where these infestations
are endemic (12-16). Other important causes of anaemia include infections such as malaria, tuberculosis
and HIV; other nutritional deficiencies such as of folate and vitamins B_, A and C; genetic conditions and
haemoglobinopathies such as sickle cell disease and thalassaemia; and chronic kidney disease (9-11). Iron
is an essential nutrient in development and cell growth in the immune and neural systems, as well as in
regulation of energy metabolism and exercise (17,18). Approximately 38—-62% of anaemia is responsive
to iron supplementation. In malaria-hyperendemic settings, only 6-32% of anaemia is responsive to iron
supplementation (19).

Iron deficiency affects approximately two billion people worldwide; of these, about 500 million have anaemia
(20). The economic costs of iron deficiency anaemia from annual physical productivity losses have been
calculated to be around USS 2.32 per capita, or 0.57% of gross domestic product in low- and middle-income
countries (21). WHO has consistently recommended iron supplementation as one of the interventions that
can decrease rates of anaemia (22, 23).
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Iron deficiency anaemia has been correlated with suboptimal mental and motor development in children
(24-33) and women (34), though some of the effects reported may be due to confounding (35). Iron
supplementation has been shown to improve some of the mental or motor outcomes (18, 36—40), but the
effects of supplementation have been inconsistent (41-47) and some impairment may be irreversible (29).
Conversely, there are concerns that iron may produce adverse effects, including increased susceptibility to
infections such as malaria (48-50) and impaired physical growth (51, 52).

Anaemia in infants and children

The risks for anaemia in children start during gestation. Anaemia in the child’s mother during pregnancy is
associated with increased risk of low birth weight and maternal and child mortality (53). Children born to
mothers with anaemia may be more likely to be iron deficient and anaemic early in life. This may irreversibly
affect the cognitive development and physical growth of infants (17, 23, 54, 55).

Iron is required by infants to produce red blood cells in the first months after birth. Infants commonly use
iron stored during the last months of gestation. When the infant is 4-6 months of age, the stores can become
low or depleted. This is exacerbated when there are inadequate iron stores due to low birth weight and
prematurity (56); increased requirements from rapid growth and erythropoiesis; inadequate iron from the
diet, such as in cases of early introduction of cereal-based complementary food, from which iron absorption
can be as low as 5% (57), or with prolonged milk feeding (10, 58); and blood loss due to intestinal parasitic
infections (59).

In the preschool years, children undergo rapid growth, with an increase in red blood cells and high iron
requirements (60). As children reach their third year, growth velocity decreases and daily iron requirements
may decline. They are becoming ambulant and, if sanitation is poor, are more likely to acquire intestinal
parasitic infections that cause iron deficiency (61). Young children are being weaned from breastfeeding but
foods being given may be inadequate for their iron needs (53).

Among school-age children, iron deficiency has been associated with impaired cognitive and physical
development (20, 28), and provision of iron showed a positive effect (44, 62, 63). However, a causal relation
between iron deficiency and cognitive impairment has not been confirmed (64). Assurance of cognitive and
physical development though optimal nutrition in school-age children could have benefits beyond school
performance (24).

No increase in the incidence of respiratory infections has been found as a result of iron supplementation
among children (37-39, 65), although, in systematic review, there is evidence of a very slight increase in the
risk of developing diarrhoea (at an estimated incidence rate difference of 0.05 episodes per child-year) (65).

Iron supplementation in malaria-endemic areas

Malaria is a leading cause of morbidity and mortality in children in sub-Saharan Africa, with most infections
caused by Plasmodium falciparum (66). The effect of malaria on anaemia in areas of high transmission has
been observed to be less after 36 months of age (67, 68). At a very young age, children are somewhat less
vulnerable to malaria, owing to immunity passively acquired from their mothers, as well as lower exposure
to transmission (69, 70). Malaria infection is an important contributor to anaemia in endemic regions,
through direct haemolysis of infected red blood cells, the body’s immune destruction of both parasitized and
uninfected red blood cells, and temporary dysfunction of the bone marrow (71, 72).

Iron is required for both regulation of immunity against infections and the survival and virulence of many
pathogens (17, 73). One study reported a small decrease in the risk for mild clinical malaria in a cohort of
children in Kenya (74), while others have shown increased risk of malaria with iron interventions (49, 50).


http://www.ilsi.org/ResearchFoundation/Publications/INACGfinal.pdf
http://apps.who.int/iris/bitstream/10665/66914/1/WHO_NHD_01.3.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/42716/1/9241546123.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/43894/1/9789241596657_eng.pdf
(http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf, accessed 4 December 2015
http://www.who.int/malaria/publications/world_malaria_report_2014/wmr-2014-no-profiles.pdf

In 2006, the results of an evaluation of iron and folate supplements in a malaria-endemic area of Zanzibar
(Pemba Island) were published (48). This study was terminated prematurely, based on a higher proportion of
hospitalization or death among participants randomized to the iron and folic acid treatment group, particularly
among those who were iron replete at baseline.

Previous recommendations on daily iron supplementation as a public health measure for infants and children
have not differentiated between malaria-endemic or non-endemic areas. A 2007 technical consultation
convened by WHO considered iron supplementation among children in malaria-endemic settings, and
suggested that, in malaria-endemic areas, screening to identify iron deficiency in children aged less than
2 years, prior to treatment with iron, would need to be in place (75).

Concerns have been expressed about the implementation of the conclusions of this consultation in a public
health setting (76—79). Given the importance and magnitude of anaemia globally, an assessment of all available
evidence has been carried out, to examine the positive and adverse effects of daily iron supplementation in
children, including in malaria-endemic areas.

OBJECTIVES

The recommendations in this guideline supersede those of previous WHO guidelines on iron supplementation
in children such as Iron deficiency anaemia: assessment, prevention, and control. A guide for programme
managers (23) and the Conclusions and recommendations of the WHO Consultation on prevention and control
of iron deficiency in infants and young children in malaria-endemic areas (80), as they pertain specifically to
daily oral iron supplementation among infants and children.

SUMMARY OF AVAILABLE EVIDENCE

Three systematic reviews that followed the procedures of the Cochrane handbook for systematic reviews of
interventions (6) were prepared on the use of iron supplementation among children aged 4-23 months (81),
2-5 years (46) and 5-12 years (82). A further review was done on iron supplementation in children in malaria-
endemic areas, based on an update of previous systematic reviews (79, 84). In all the reviews, iron was
administered orally (excluding parenteral administration). All reviews searched the Cochrane Central Register
of Controlled Trials, Medline and Embase. Some also searched through the WHO regional databases (African
Index Medicus, WHO Regional Office for Africa Health Sciences Library, Latin American and Caribbean Health
Science Literature Database, Index Medicus for the South-East Asia Region, the Western Pacific Region, and
the Eastern Mediterranean Region (46, 81, 82), the WHO International Clinical Trials Registry Platform (81,
83), the Proquest Digital Thesis (46, 81, 82), the Australian Digital Theses Database (46, 81, 82), OpenSIGLE
(46, 81) and OpenGrey (82).

The reviews that limited the analysis to specific age ranges (4—23 months (81), 2-5 years (46) or 5—-12 years
(82)) considered studies that specifically recruited children from the specified age range but also included
studies if the mean or median fell within the age range, if at least 75% of the subjects fell within the designated
age range, or if the majority of the study’s recruitment age range overlapped with the review’s designated
age range. These reviews included studies that recruited otherwise healthy children, excluding studies that
recruited only children with severe anaemia, those with developmental disability, or those with conditions
that affect iron metabolism. Studies were included if they administered iron daily (81) or at least 5 days a week
(46, 82). Studies were excluded if they provided iron through point-of-use (home) fortification or fortified food
and condiments. Outcomes included haemoglobin concentration, anaemia prevalence, iron deficiency, iron
deficiency anaemia, cognitive performance, physical growth and safety (including gastrointestinal adverse
events and infections like malaria).
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Daily iron supplementation in infants and children aged 623 months

Summary of the evidence

The evidence that informed the recommendations on daily iron supplementation in infants and children aged
6-23 months is based on a systematic review of trials involving infants and children aged 4-23 months (81).
The systematic review on daily iron supplementation in infants and young children aged 4—23 monthsincluded
33 trials (n = 42 015 children). Two of the 33 trials were cluster-randomized trials that involved 32 976 infants
and young children. Excluding these two large studies would result in inclusion of 31 trials (9039 infants and
young children) (81).

Infants and young children aged 4—23 months who received daily iron supplementation had a lower risk for
the critical outcomes of anaemia (risk ratio [RR]: 0.61; 95% confidence interval [CI]: 0.50 to 0.74; 17 trials,
n = 4825), iron deficiency (RR: 0.30; 95% Cl: 0.15 to 0.60; 9 trials, n = 2464) and iron deficiency anaemia
(RR:0.14; 95% Cl: 0.10 to 0.22; 6 trials, n = 2145), compared to children receiving placebo or supplementation
without iron.

There was no difference in growth measures between those receiving daily iron supplementation and those
receiving placebo or supplementation without iron: stunting (RR: 1.10; 95% ClI: 0.92 to 1.32; 3 trials, n = 1504)
and wasting (RR: 1.03; 95% ClI: 0.65 to 1.64; 3 trials, n = 1504).

The quality of evidence for the critical outcomes varied from high for iron deficiency anaemia; moderate for
anaemia and stunting; and low for wasting and mortality, using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology (5, 85, 86). The GRADE summary of findings table for
daily oral iron supplementation compared to placebo or control in infants and young children aged 6-23
months is shown in Annex 1A.

Recommendation
e Daily iron supplementation is recommended as a public health intervention in infants and young
children aged 6-23 months, living in settings where anaemia is highly prevalent,* for preventing iron
deficiency and anaemia (strong recommendation, moderate quality of evidence).

The suggested scheme for daily iron supplementation in infants and young children (6-23 months of age) is
presented in Table A.

Table A. Suggested scheme for daily iron supplementation in infants and young children aged 6—23 months
TARGET GROUP Infants and young children (6—23 months of age)

MR RGOS 10-12.5 mg elemental iron®
SUPPLEMENT FORM Drops/syrups
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

@ 10-12.5 mg of elemental iron equals 50-62.5 mg of ferrous sulfate heptahydrate, 30-37.5 mg of ferrous fumarate or 83.3-104.2 mg
of ferrous gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

1 In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).
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Rationale
The guideline development group took into consideration the following factors during the deliberations:

e The outcome of iron deficiency anaemia had high-quality evidence. Heterogeneity in results was
noted for the outcomes of anaemia and iron deficiency but was related to different beneficial effect
sizes rather than different effects. The effect sizes of the intervention on the outcomes were large.
The evidence for morbidity and developmental outcomes is weak but the recommendation does not
directly address these outcomes.

¢ Incases where the population prevalence of anaemia is greater than 40%, the causes of anaemia are
multifactorial and unlikely to be exclusively caused by iron deficiency. Even taking this into account,
most children in most cases will benefit from iron supplementation in settings of high anaemia
prevalence.

¢ Not enough data are available on long-term harm, for instance on overdose, specifically for children
who are iron replete.

Daily iron supplementation in children aged 24—59 months

Summary of the evidence

The evidence that informed the recommendations on daily iron supplementation in children aged
24-59 months is based on a systematic review of trials involving children aged 2-5 years (46). The systematic
review on the effects of daily iron supplementation in preschool-age children aged 2-5 years included 15 trials
(n =4212 children) (46).

Only one trial reported on anaemia and none of the included trials reported on the other critical outcomes
of iron deficiency or iron deficiency anaemia specifically. However, ferritin, an indicator of iron stores and a
biomarker for iron deficiency, was reported in five trials. Children receiving daily iron supplementation had
higher ferritin concentrations compared to children receiving placebo or supplementation without iron (mean
difference [MD]: 11.64 ng/mL; 95% Cl: 6.02 to 17.25; 5 trials, n = 944). Additionally, haemoglobin, a biomarker
used to diagnose anaemia using age- and sex-specific cut-off values, was reported in nine trials. Children
receiving daily iron supplementation had a higher mean haemoglobin concentration than those receiving
placebo or supplementation without iron (MD: 6.97 g/L; 95% Cl: 4.21 t0 9.72; 9 trials, n = 2154).

There were no differences between children receiving daily iron supplementation and those receiving a
placebo or supplementation without iron, in terms of final height (MD: —0.1 Z-score; 95% Cl: —1.14 t0 0.12; 3
trials, n = 634) and final weight (MD: —0.04 Z-score; 95% Cl: —0.12 to 0.05; 2 trials, n = 634).

The quality of evidence for the critical outcomes was very low for anaemia and low for measures of physical
growth, using GRADE methodology (5, 85, 86). The GRADE summary of findings table for daily oral iron
supplementation compared to placebo or control in children aged 24-59 months is shown in Annex 1B.

Recommendation
e Dailyiron supplementation is recommended as a public health intervention in preschool-age children
aged 24-59 months, living in settings where anaemia is highly prevalent,* for increasing haemoglobin
concentrations and improving iron status (strong recommendation, very low quality of evidence).

1 In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).
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The suggested scheme for daily iron supplementation in preschool-age children (24-59 months of age) is
presented in Table B.

Table B. Suggested scheme for daily iron supplementation in children aged 24—59 months
TARGET GROUP Preschool-age children (24-59 months of age)

IR RO MDY 30 mg elemental iron?
SUPPLEMENT FORM Drops/syrups/tablets
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

2 30 mg of elemental iron equals 150 mg of ferrous sulfate heptahydrate, 90 mg of ferrous fumarate or 250 mg of ferrous gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the

WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

Rationale
The guideline development group took into consideration the following factors during the deliberations:

e Onlyonestudy reported on anaemia; none of the studies reported on iron deficiency or iron deficiency
anaemia. However, synthesis of evidence from studies that reported on ferritin concentrations and
haemoglobin levels had high quality.

e Thereisnoclear evidence regarding harms at proposed doses for diarrhoea and other gastrointestinal
effects, liver damage, insulin resistance or iron overload.

¢ In well-established and well-functioning health-systems settings, the additional costs of distributing
iron supplementation may be low. This may not be the case in low-resource settings. Therefore,
reaching the children in need and ensuring a high coverage, taking into account the operational
costs, merits consideration.

Daily iron supplementation in children aged 60 months and older

Summary of the evidence

The evidence that informed the recommendations on daily iron supplementation in children aged 60 months
and older is based on a systematic review of trials involving children aged 5-12 years. The systematic review
on daily iron supplementation in school-age children aged 5-12 years included 32 trials (n = 7089 children)
(82).

Children receiving daily oral iron supplements had a lower risk of the critical outcomes of anaemia (RR: 0.50;
95% Cl: 0.39 to 0.64; 7 trials, n = 1763), iron deficiency (RR: 0.21; 95% Cl: 0.07 to 0.63; 4 trials, n = 1020) and
iron deficiency anaemia (RR: 0.12; 95% Cl: 0.02 to 0.66; 2 trials, n = 334).

There was a small but statistically significant difference in final height between children receiving daily iron
supplementation and those receiving a placebo or supplementation without iron (MD: 0.09 Z-score; 95%
Cl: 0.01 to 0.17; 5 trials, n = 1318) but not in final weight (MD: 0.10 Z-score; 95% Cl: —0.03 to 0.23; 5 trials,
n=1318).
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The quality of evidence varied between high (for the critical outcomes of anaemia, iron deficiency and iron
deficiency anaemia) and low (for growth measures), using the GRADE methodology (5, 85, 86). The GRADE
summary of findings table for daily oral iron supplementation compared to placebo or control in children aged
60 months and older is shown in Annex 1C.

Recommendation
e Daily iron supplementation is recommended as a public health intervention in school-age children
aged 60 months and older, living in settings where anaemia is highly prevalent?, for preventing iron
deficiency and anaemia (strong recommendation, high quality of evidence).

The suggested scheme for daily iron supplementation in school-age children (5-12 years of age) is presented
in Table C.

Table C. Suggested scheme for daily iron supplementation in schookage children (5—12 years of age)
TARGET GROUP School-age children (5-12 years of age)

ML RO MDY 30-60 mg elemental iron?
SUPPLEMENT FORM Tablets or capsules
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40% or higher®

o

30-60 mg of elemental iron equals 150—-300 mg of ferrous sulfate heptahydrate, 90-180 mg of ferrous fumarate or 250-500 mg of
ferrous gluconate.

o

In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).

Rationale
The guideline development group took into consideration the following factors during the deliberations:

e The evidence is of high quality for priority outcomes (anaemia, iron deficiency, iron deficiency
anaemia). Cognition and growth may be as important as haemoglobin and anaemia in this age group
and the quality of evidence for these outcomes is moderate.

¢ The main challenge may be in reaching this age group. They can be reached through school-based
programmes but success may then depend on the school systems and the attendance rates. Some
consideration will need to be made for reaching children outside of the school system.

e No major harms were identified in this age group, though there is not enough evidence on
gastrointestinal effects, potential toxic endpoints and the impact of iron overload.

Daily iron supplementation in infants and children in malaria-endemic areas

Summary of the evidence
The evidence that informed the recommendations on daily iron supplementation in infants and children in
malaria-endemic areas is based on a systematic review of trials involving children living in malaria hyper- or

1 In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates, visit the
WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).
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holo-endemic areas (83). The systematic review on daily iron supplementation in children in malaria hyper- or
holo-endemic areas included 39 trials (n = 32 759 children). The majority (n = 30) of the trials were individually
randomized and nine trials were cluster randomized (83). This is an update of previously published Cochrane
reviews (78, 84). The review included children aged less than 18 years, with or without anaemia at baseline.
Pregnant women were excluded. The review included studies that gave oral iron through any form, including
fortification of food or drink, as long as they provided at least 80% of the recommended daily allowance by
age for the prevention of anaemia (36). Studies were included if they administered iron for any duration or
interval.

There was no difference in the risk of clinical malaria between the iron-supplementation group and those
receiving placebo or supplementation without iron (RR: 0.93; 95% Cl: 0.87 to 1.00; 14 trials, n = 7168). The
risk for clinical malaria among children receiving iron supplementation was lower, specifically among those
younger than 2 years of age (RR: 0.89; 95% Cl: 0.82 to 0.97; 5 trials), though there was no significant statistical
difference between age groups (test for subgroup difference y* = 3.56; P = 0.17). In the subgroup of children
who did not have anaemia at baseline in particular, there was no difference in the risk for clinical malaria
between those in the iron-supplementation or in the control group (RR: 0.97; 95% Cl: 0.86 to 1.09; 5 trials,
n =4986).

In the studies where malaria-prevention and treatment programmes were being implemented, the risk of
clinical malaria was lower for children randomized to receive iron supplementation (RR: 0.91; 95% CI: 0.84
to 0.97; 7 trials, n = 5586). However, in the subgroup of studies in which there was no malaria-prevention or
treatment programme being implemented during the study, the risk for malaria among children receiving iron
supplementation was higher (RR: 1.16; 95% Cl: 1.02 to 1.31; 9 trials, n = 19 086; test for subgroup difference
x?=15.70; P<0.01).

The risk for clinical malaria among children receiving iron supplementation was lower when clinical malaria
was accompanied by high-grade parasitaemia (RR: 0.90; 95% Cl: 0.81 to 0.98; 6 trials). There was no difference
in risk between the children receiving iron versus those receiving placebo or no treatment in terms of all-cause
mortality (risk difference: 0.00; 95% Cl: 0.00 to 0.01; 18 trials, n = 7576).

The quality of evidence was moderate for clinical malaria and high for severe malaria and all-cause
mortality, using the GRADE methodology (5, 85, 86). The GRADE summary of findings table for daily oral iron
supplementation compared to placebo or control in malaria-endemic areas is shown in Annex 1D.

Recommendation
¢ In malaria—endemic areas, the provision of iron supplementation in infants and children should be
done in conjunction with public health measures to prevent, diagnose and treat malaria (strong
recommendation, high quality of evidence).

Rationale
The guideline development group took into consideration the following factors during the deliberations:

¢ The evidence that iron supplementation does not increase the risk of clinical malaria is of moderate
quality, owing to publication bias (no small studies in favour of iron supplementation have been
published). The quality of evidence that iron supplementation in malaria-endemic areas decreases
the risk of severe malaria and does not increase the risk of death is high.

¢ In malaria-endemic settings with limited malaria prevention and clinical care, universal iron
supplementation may be associated with an increased risk of malaria.
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e Therrisk of clinical malaria is not more likely among iron-replete children given iron supplementation
in malaria-endemic areas. The cost and logistics that would otherwise be used to screen for anaemia
prior to universal iron supplementation in settings where anaemia is highly prevalent can be
channelled to other priority health interventions.

Remarks
The remarks in this section are intended to give some considerations for implementation of the
recommendations, based on the discussion of the guideline development group.

e Daily iron supplementation is a preventive strategy for implementation at the population level.
If a child is diagnosed with anaemia, national guidelines for the treatment of anaemia should be
followed.

e If the prevalence of anaemia is 20-40%, intermittent regimens of iron supplementation can be
considered (87).

e The selection of the most appropriate delivery platform should be context specific, with the aim
of reaching the most vulnerable populations and ensuring a timely and continuous supply of
supplements.

¢ Inmalaria-endemic areas, iron supplementation does not increase the risk of clinical malaria or death
when regular malaria-surveillance and treatment services are provided. Oral iron interventions should
not be given to children who do not have access to malaria-prevention strategies (e.g. provision of
insecticide-treated bednets and vector-control programmes), prompt diagnosis of malaria illness,
and treatment with effective antimalarial drug therapy.

e Therrisk of clinical malaria is not more likely among iron-replete children given iron supplementation
in malaria-endemic areas. There is no need to screen for anaemia prior to iron supplementation in
settings where anaemia is highly prevalent.

¢ In the presence of comprehensive surveillance and prompt diagnosis and treatment of malaria,
there was no compelling evidence of increased risk of adverse events from iron supplementation.
Insufficient and inequitable health-care services are associated with an increase in risks in general.

¢ Infants and children under 5 years of age are at considerably higher risk of contracting malaria (66).
The WHO Global technical strategy for malaria 20162030 provides a technical framework to guide
and support malaria-endemic countries as they work towards malaria control and elimination (89).

Iron supplementation is the customary intervention that comes to mind to address anaemia but it should
ideally form only a part of a comprehensive, integrated programme for anaemia reduction, antenatal and
neonatal care, and improved infant and young child nutrition. Interventions for decreasing iron deficiency
or iron deficiency anaemia should include nutrition counselling that promotes diet diversity and food
combinations that improve iron absorption; malaria-control programmes including intermittent preventive
treatment of malaria in pregnancy and in children, as well as use of insecticide-treated bednets; control
of parasitic infections; and improvement in sanitation. Antenatal programmes should promote adequate
gestational weight gain and other complementary measures for monitoring, prevention and control of
anaemia, such as screening for anaemia, deworming treatment and a referral system for the management
of cases of severe anaemia. Delayed umbilical cord clamping is effective in preventing iron deficiency in
infants and young children. Other options for children include fortification of staple foods and provision of
micronutrient powders, including iron.
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RESEARCH PRIORITIES

Discussions between the members of the WHO guideline development group and the external review group
highlighted the limited evidence available in some areas, meriting further research on iron supplementation
in infants and children, particularly in the following areas:

e the optimal dose, schedule and duration of iron supplementation; the effect of different doses and
durations of iron supplementation on different severity, prevalence and causes of anaemia in all
WHO regions;

e additional data on the safety of iron supplementation (liver damage; iron overload after continuing
the supplementation programme for a number of years; iron supplementation given in conjunction
with other interventions; insulin resistance; effects in non-anaemic or non-iron-deficient children);

e the effect of adding other micronutrients to the iron supplement on haemoglobin concentrations
and the prevalence of anaemia;

¢ implementation research on effective behaviour-change strategies for sustained adherence and
alternative delivery mechanisms for iron supplements;

e additional long-term studies on functional outcomes (e.g. cognitive and motor development).

DISSEMINATION, IMPLEMENTATION AND ETHICAL CONSIDERATIONS

Dissemination

The current guideline will be disseminated through electronic media, such as slide presentations and the
World Wide Web, through either the WHO Nutrition mailing lists (89), social media, the WHO nutrition website
(89) or the WHO e-Library of Evidence for Nutrition Actions (eLENA) (89). eLENA compiles and displays WHO
guidelines related to nutrition, along with complementary documents such as systematic reviews and other
evidence that informed the guidelines; biological and behavioural rationales; and additional resources
produced by Member States and global partners. In addition, the guideline will be disseminated through a
broad network of international partners, including WHO country and regional offices, ministries of health,
WHO collaborating centres, universities, other United Nations agencies and nongovernmental organizations.
Derivative products such as summaries and collation of recommendations related to iron supplementation
will be developed for a more tailored product that is useful for end-users.

Particular attention will be given to improving access to these guidelines for stakeholders that face more,
or specific, barriers in access to information, or to those who play a crucial role in the implementation of
the guideline recommendations, for example, policy-makers and decision-makers at subnational level that
disseminate the contents of the guideline, and health workers and education staff that contribute to the
delivery of the intervention. Disseminated information may emphasize the benefits of iron supplementation
for infants and children in populations or regions presenting an important risk of anaemia and iron
deficiency. In addition, these guidelines and the information contained therein should be accessible to the
nongovernmental organizations working in coordination with national authorities on the implementation
of nutrition interventions, especially those related to the prevention and control of anaemia in infants and
children.

Implementation
Asthisis a global guideline, it should be adapted to the context of each Member State. Prior to implementation,
a public health programme that includes the provision of iron supplements to children should have
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well-defined objectives that take into account available resources, existing policies, suitable delivery platforms
and suppliers, communication channels, and potential stakeholders. Ideally, iron supplementation should be
implemented as part of an integrated programme on child health, which includes addressing micronutrient
deficiencies.

Considering the actual experience of children and their caregivers with the intervention is also a relevant
implementation consideration: ongoing assessment of the accessibility and acceptability of the intervention
can inform programme design and development, in order to increase therapeutic adherence and better
assess the impact of the programme. This is particularly relevant in settings where the prevailing social norms
and determinants may set unequal conditions and opportunities for different groups. For instance, in some
settings, gender norms may create unequal opportunities for girls and boys at any age, within and outside
of school; in other settings, social perceptions around ethnicity and race intervene in how certain population
groups access and use an intervention.

Furthermore, intersectoral action is fundamental in those settings where the intervention is delivered in
coordination with the education sector. The education sector is an important partner in the implementation
of the recommendation referring to school-age children. Appropriate coordination mechanisms and proper
training of health workers and education staff is necessary for delivery of the intervention and also for
collection of data needed for programme monitoring and surveillance, including information on factors
related to health inequities.

Specific efforts to increase the acceptability of the intervention to children and their caregivers are also
important. Greater acceptability and adoption are better achieved if they are accompanied by simple and
easy-to-access information that can be understood by different population groups, in a way that is culturally
appropriate and understandable.

Accessing hard-to-reach population groups is extremely important during implementation stages, as it
contributes to preventing or tackling health inequities and to furthering the realization of children’s rights to
health. Appropriate surveillance and monitoring systems can thus provide information on the impact of the
disseminated guidelines and their implementation (including information on the adequacy of funding and the
effectiveness of the supply chain and distribution channels).

Regulatory considerations

The development of norms, standards and guidelines to promote quality assurance and quality control is a
responsibility enshrined in WHQO'’s Constitution. Their development involves consultation with and input from
regulatory authorities in the country, including its national drug quality-control laboratories (91).

The WHO Essential Medicines List (EML) compiles medicines that satisfy the priority health-care needs of
populations and are selected with due regard to disease prevalence, evidence on efficacy and safety, and
comparative cost-effectiveness (92). Hence, the WHO EML is used by countries for the development of their
own national essential medicines lists. The quality criteria for vitamins and minerals included in the WHO
EML should take into account WHO/Food and Agriculture Organization of the United Nations standards (93).

Universal access to essential medicines is part of the approach of universal health coverage and is used to
assess national commitment and progress towards the highest attainable standard of health. Three basic
criteria contribute to promoting access to essential medicines: quality, pricing and supply. WHO’s regulatory
capacity guidance can assist Members States in need of support, in terms of availability, quality and safety of
essential medical products, decrease of prices, and improvement of financing, health insurance and social-
protection coverage mechanisms (94).
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Ethical considerations

Ethics refers to standards of what is right or wrong and fair or unfair, which can advise people on what to do and
not do in terms of rights, obligations and benefits to society and individuals. Ethics is central to science, research,
policy-making and implementation. Every field of human action, including public health nutrition, is subject to
facing ethical challenges.

Four principles constitute the most widely accepted framework for ethics in medicine, and are used in other
health-related fields: (i) respect for individual autonomy; (ii) beneficence; (iii) non-maleficence; and (iv) justice.
These principles assist health workers in identifying whether an intervention is producing benefits to individuals
and communities; preventing harms, also at the individual and societal levels; distributing health benefits across
social groups, i.e. how much an intervention is contributing to health equity; and respecting and promoting the
exercise of human rights.

The delivery of micronutrients to infants and children with micronutrient deficiency is in line with the right
to health of children and with the aforementioned ethical principles. For this reason, an assessment of the
ethical implications of implementing this intervention is pertinent in malaria-endemic settings, owing to the
possible interactions and potential adverse effects of increased iron intake by children affected by malaria.
Children who live in malaria-endemic settings should indeed receive adequate iron. However, the provision of
iron supplementation should be done in conjunction with public health measures to prevent, diagnose and treat
malaria. Otherwise, a nutrition programme working in isolation and not coordinated with a malaria-prevention
and treatment programme may lead to unintentional harm, absence of benefit and increased health inequities.

Coordination with public health measures to prevent, diagnose and treat malaria is not just a sound
implementation decision, but also an ethics-informed decision. Such coordination should comprise appropriate
training for health workers in public health nutrition, so they are knowledgeable of the particular requirements of
an iron-supplementation programme for infants and children that should be observed in malaria-endemic areas.
Such training should also be provided to education staff co-working in the implementation of this intervention
in school-age children and educational settings.

These considerations by no means imply that iron supplementation should not be provided to children in
malaria-endemic settings. On the contrary, children in these settings should receive iron supplementation,
inasmuch as they suffer greater vulnerability to ill-health, including malnutrition. It requires, however, that
appropriate coordination between nutrition and malaria programmes is in place, so the intervention can
actually produce health benefits.

Monitoring and evaluation of quideline implementation

A plan for monitoring and evaluation with appropriate indicators, including equity-oriented indicators, is
encouraged at all stages (95). The impact of this guideline can be evaluated within countries (i.e. monitoring and
evaluation of the programmes implemented at national or regional scale) and across countries (i.e. adoption
and adaptation of the guideline globally). The WHO Department of Nutrition for Health and Development,
Evidence and Programme Guidance Unit, jointly with the United States Centers for Disease Control and
Prevention (CDC) International Micronutrient Malnutrition Prevention and Control (IMMPaCt) programme, and
with input from international partners, has developed a generic logic model for micronutrient interventions in
public health (96), to depict the plausible relationships between inputs and expected SDGs, by applying the
micronutrient programme evaluation theory. Member States can adjust the model and use it in combination
with appropriate indicators, for designing, implementing, monitoring and evaluating the successful escalation
of nutrition actions in public health programmes. Additionally, the WHO/CDC eCatalogue of indicators for
micronutrient programmes (97), which utilizes the logic model, has been developed as a user-friendly and
non-comprehensive web resource for those actively engaged in providing technical assistance in monitoring,
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evaluation and surveillance of public health programmes implementing micronutrient interventions. Indicators
for iron supplementation are currently being developed and, once complete, will provide a list of potential
indicators with standard definitions that can be selected, downloaded and adapted to a local programme
context. The eCatalogue will serve as a repository of indicators to monitor and evaluate micronutrient
interventions. While it does not provide guidance for designing or implementing a monitoring or evaluation
system in public health, some key indicators may include useful references for that purpose.

Since 1991, WHO has hosted the VMNIS micronutrients database (7). Part of WHQO’s mandate is to assess
the micronutrient status of populations, monitor and evaluate the impact of strategies for the prevention
and control of micronutrient malnutrition, and track related trends over time. The Evidence and Programme
Guidance Unit of the Department of Nutrition for Health and Development manages the VMNIS micronutrient
database, through a network of regional and country offices, and in close collaboration with national health
authorities.

For evaluation at the global level, the WHO Department of Nutrition for Health and Development has
developed a centralized platform for sharing information on nutrition actions in public health practice
implemented around the world. By sharing programmatic details, specific country adaptations and
lessons learnt, this platform will provide examples of how guidelines are being translated into actions. The
Global database on the Implementation of Nutrition Action (GINA) (98) provides valuable information on the
implementation of numerous nutrition policies and interventions. The use of GINA has grown steadily since its
launch in November 2012.

An efficient system for the routine collection of relevant data, including relevant determinants of health,
therapeutic adherence, and measures of programme performance, is critical to ensure supplementation
programmes are effective and sustained, and drivers to the achievement of the right to health for all population
groups. Monitoring differences across groups in terms of accessibility, availability, acceptability and quality of
the interventions contributes to the design of better public health programmes. The creation of indicators
for monitoring can be informed by the approaches of social determinants of health (98), so inequities can be
identified and tackled. It is particularly important to design sound implementation strategies to serve as the
base for scaling up efforts. Appropriate monitoring requires suitable data, so efforts to collect and organize
information on the implementation are also fundamental.

GUIDELINE DEVELOPMENT PROCESS

This guideline was developed in accordance with the WHO evidence-informed guideline-development
procedures, as outlined in the WHO handbook for guideline development (4).

Advisory groups

The WHO Steering Committee for Nutrition Guidelines Development (see Annex 6), led by the Department
of Nutrition for Health and Development, was established in 2009 with representatives from all WHO
departments with an interest in the provision of scientific nutrition advice. The WHO Steering Committee for
Nutrition Guidelines Development meets twice yearly and both guided and provided overall supervision of
the guideline development process. Two additional groups were formed: a guideline development group and
an external review group.

Two guideline development groups participated in the development of this guideline (see Annex 7). Their
role was to advise WHO on the choice of important outcomes for decision-making and on interpretation
of the evidence. The WHO guideline development group — nutrition actions includes experts from various
WHO expert advisory panels and those identified through open calls for specialists, taking into consideration
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a balanced gender mix, multiple disciplinary areas of expertise, and representation from all WHO regions.
Efforts were made to include content experts, methodologists, representatives of potential stakeholders
(such as managers and other health professionals involved in the health-care process), and technical staff
from WHO and ministries of health from Member States. Representatives of commercial organizations may
not be members of a WHO guideline group.

The final draft guideline was peer-reviewed by three content experts, who provided technical feedback. These
peer-reviewers (see Annex 8) were identified through various expert panels within and outside WHO (5, 85,
86, 101).

Scope of the quideline, evidence appraisal and decision-making

An initial set of questions (and the components of the questions) to be addressed in the guideline formed the
critical starting point for formulating the recommendation. The questions were drafted by technical staff at
the Evidence and Programme Guidance Unit, Department of Nutrition for Health and Development, based on
the policy and programme guidance needs of Member States and their partners. The population, intervention,
control, outcomes (PICO) format was used (see Annex 11). The questions were discussed and reviewed by
the WHO Steering Committee for Nutrition Guidelines Development and the guideline development group —
nutrition actions, and were modified as needed.

A meeting of the guideline development group — nutrition actions was held on 14-16 March 2010, in Geneva,
Switzerland, to finalize the scope of the questions and rank the outcomes and populations of interest for the
recommendations on iron supplementation. The guideline development group discussed the relevance of the
questions and modified them as needed. The group scored the relative importance of each outcome from 1
to 9 (where 7-9 indicated that the outcome was critical for a decision, 4-6 indicated that it was important and
1-3 indicated that it was not important). The final key questions on this intervention, along with the outcomes
that were identified as critical for decision-making, are listed in PICO format in Annex 11.

Four systematic reviews (46, 81, 82, 83) were used to summarize and appraise the evidence, using the
Cochrane methodology (6) for randomized controlled trials and observational studies. Evidence summaries
were prepared according to the GRADE approach to assess the overall quality of the evidence (5, 85, 86, 101).
GRADE considers the study design; the limitations of the studies in terms of their conduct and analysis; the
consistency of the results across the available studies; the directness (or applicability and external validity) of
the evidence with respect to the populations, interventions and settings where the proposed intervention may
be used; and the precision of the summary estimate of the effect.

Both the systematic review and the GRADE evidence profiles for each of the critical outcomes were used for
drafting this guideline. The draft recommendation was discussed by the WHO Steering Committee for Nutrition
Guidelines Development and in consultations with the WHO guideline development group — nutrition actions,
held on 14-18 March 2011 and 23-26 June 2014 in Geneva, Switzerland.

The procedures for decision-making are established at the beginning of the meetings, including a minimal set
of rules for agreement and decision-making documentation. At least two thirds of the guideline development
group should be present for an initial discussion of the evidence and proposed recommendation and
remarks. The members of the guideline development group secretly noted the direction and strength of
the recommendation using a form designed for this purpose, which also included a section for documenting
their views on (i) the desirable and undesirable effects of the intervention; (ii) the quality of the available
evidence; (iii) values and preferences related to the intervention in different settings; and (iv) the cost of
options available to health-care workers in different settings (see Annex 2). Each member used one form,
if not advised otherwise after managing any potential conflict of interests. Abstentions were not allowed.
The process was improved with the availability of a predefined link to an online form prepared using survey
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software. Subsequent deliberations among the members of the guideline development group were of private
character. The WHO Secretariat collected the forms and disclosed a summary of the results to the guideline
development group. If there was no unanimous consensus (primary decision rule), more time was given for
deliberations and a second round of online voting took place. If no unanimous agreement was reached, a two-
thirds vote of the guideline development group was required for approval of the proposed recommendation
(secondary decision rule). Divergent opinions could be recorded in the guideline. The results from voting
forms are kept on file by WHO for up to 5 years. Although there was no unanimous consensus, more than 80%
of the guideline development group members decided that each recommendation was strong.

WHO staff present at the meeting, as well as other external technical experts involved in the collection and
grading of the evidence, were not allowed to participate in the decision-making process. Two co-chairs
with expertise in managing group processes and interpreting evidence were nominated at the opening of
the consultation, and the guideline development group approved the nomination. Members of the WHO
Secretariat were available at all times, to help guide the overall meeting process, but did not vote and did not
have veto power.

MANAGEMENT OF COMPETING INTERESTS

According to the rules in the WHO Basic documents (102) and the processes recommended in the WHO
handbook for quideline development (4), all experts participating in WHO meetings must declare any interest
relevant to the meeting, prior to their participation. The responsible technical officer and the relevant
departments reviewed the declarations-of-interest statements for all guideline development group members
before finalization of the group composition and invitation to attend a guideline development group meeting.
All members of the guideline development group, and participants of the guideline development meetings,
submitted a declaration of interests form, along with their curriculum vitae, before each meeting. Participants
of the guideline development group meetings participated in their individual capacity and not as institutional
representatives. In addition, they verbally declared potential conflicts of interest at the beginning of each
meeting. The procedures for management of competing interests strictly followed the WHO guidelines for
declaration of interests. The management of the perceived or real conflicts of interest declared by themembers
of the guideline group is summarized next.?

Dr Beverley-Ann Biggs declared that the University of Melbourne received funding from the National Health
and Medical Research Council and Australian Research Council for research on intermittent iron and folic
acid supplementation in pregnancy, conducted in collaboration with the Research and Training Center for
Community Development, the Key Centre for Women’s Health and the Murdoch Children’s Research Institute.
It was agreed that she could participate fully in the deliberations and decision-making on this guideline.

Dr Luz Maria De-Regil declared that her present employer is an international nongovernmental organization
devoted to the improvement of micronutrient status among infants, children and women. These activities are
primarily financed by the government of Canada. The Micronutrient Initiative (Ml) is a leading organization
working exclusively to eliminate vitamin and mineral deficiencies in the world’s most vulnerable populations.
It was decided that Dr De-Regil could be a member of the guideline development group and would disclose
her interests and the interests of her organization in the relevant guidelines related to micronutrient
interventions. She participated in the deliberations related to recommendations for iron supplementation
but recused herself from voting on this guideline.

1 A conflict-of-interest analysis must be performed whenever WHO relies on the independent advice of an expert in order to take a
decision or to provide recommendations to Member States or other stakeholders. The term “conflict of interest” means any interest
declared by an expert that may affect, or be reasonably perceived to affect, the expert’s objectivity and independence in providing
advice to WHO. WHO's conflict-of-interest rules are designed to avoid potentially compromising situations that could undermine or
otherwise affect the work of the expert, the committee or the activity in which the expert s involved, or WHO as a whole. Consequently,
the scope of the inquiry is any interest that could reasonably be perceived to affect the functions that the expert is performing.
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Dr Lynnette Neufeld declared that her current employer has received funding in the past 4 years for research
and programming related to iron supplementation. At the moment she is not leading any of these initiatives. In
a prior position she held with MI, she commissioned research related to iron supplementation. It was decided
that Dr Neufeld could be a member of the guideline development group and had to disclose her and her
organization’s interests in the relevant guidelines related to micronutrient interventions. She could participate
in the deliberations but she recused herself from the decision-making (voting) on recommendations related
to iron supplementation.

Dr Héctor Bourges Rodriguez declared being chair of the Board of Directors of the Danone Institute in Mexico
(DIM), a non-profit organization promoting research and dissemination of scientific knowledge in nutrition,
and receiving funds as chair honorarium from DIM. DIM is funded by Danone Mexico, a food company and
subsidiary of The Danone Company, Inc. The main products of Danone group worldwide are dairy, bottled
water and baby products. Because Danone does not manufacture products nor make claims related to
anaemia or iron supplementation, it was agreed that he could participate fully in the deliberations and
decision-making on this guideline.

External experts also declared their interest but did not participate in the deliberations or decision-making
process.

PLANS FOR UPDATING THE GUIDELINE

The WHO Secretariat will continue to follow the research development in the area of oral iron supplementation
in infants and children in malaria-endemic and non-malaria endemic settings, particularly for questions in
which the quality of evidence was found to be low or very low. If the guideline merits an update, or if there
are concerns about the validity of the guideline, the Department of Nutrition for Health and Development
will coordinate the guideline update, following the formal procedures of the WHO handbook for guideline

development (4).

As the guideline nears the 10-year review period agreed by the guideline development group, the Department
of Nutrition for Health and Development at the WHO headquarters in Geneva, Switzerland, along with its
internal partners, will be responsible for conducting a search for new evidence.


http://www.who.int/kms/handbook_2nd_ed.pdf

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

United Nations Department of Economic and Social Affairs. Sustainable Development Knowledge Platform. Sustainable De-
velopment Goals (https://sustainabledevelopment.un.org/topics, accessed 4 December 2015).

Resolution WHAG5.6. Comprehensive implementation plan on maternal, infant and young child nutrition. In: Sixty-fifth
World Health Assembly, Geneva, 21-26 May 2012. Resolutions and decisions, annexes. Geneva: World Health Organization;
2012:12-13 (http://www.who.int/nutrition/topics/WHA65.6_resolution_en.pdf?ua=1, accessed 4 December 2015).

Global strategy for women’s children’s and adolescents’ health (2016-2030). Survive,thrive, transform. Geneva: Every
Woman Every Child; 2015 (http://www.who.int/life-course/partners/global-strategy/globalstrategyreport2016-2030-lowres.
pdf?ua=1, accessed 4 December 2015).

WHO Handbook for guideline development, 2nd ed. Geneva: World Health Organization; 2014 (http://www.who.int/kms/
handbook_2nd_ed.pdf, accessed 4 December 2015).

GRADE Working Group (http://www.gradeworkinggroup.org/, accessed 4 December 2015).

Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of interventions. Version 5.1.0 (updated March
2011). London: The Cochrane Collaboration; 2011 (http://community.cochrane.org/handbook, accessed 4 December 2015).

World Health Organization. Vitamin and Mineral Nutrition Information System (VMNIS). Micronutrients database (http://
www.who.int/vmnis/en/, accessed 4 December 2015).

The global prevalence of anaemia in 2011. Geneva: World Health Organization; 2015 (http://www.who.int/nutrition/publica-
tions/micronutrients/global_prevalence_anaemia_2011/en/, accessed 4 December 2015).

Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F et al. Global, regional, and national trends in
haemoglobin concentration and prevalence of total and severe anaemia in children and pregnant and non-pregnant women
for 1995-2011: a systematic analysis of population-representative data. Lancet Glob Health. 2013;1(1):e16-25. doi:10.1016/
$2214-109X(13)70001-9.

De Benoist B, McLean E, Egli |, Cogswell M, editors. Worldwide prevalence of anaemia 1993-2005. WHO global database on
anaemia. Geneva: World Health Organization; 2008 (http://apps.who.int/iris/bitstream/10665/43894/1/9789241596657 _
eng.pdf, accessed 4 December 2015).

Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R et al. A systematic analysis of global anemia burden from
1990 to 2010. Blood. 2014;123(5):615-24. doi:10.1182/blood-2013-06-508325.

Assessing the iron status of populations: a report of a joint World Health Organization/Centers for Disease Control technical
consultation on the assessment of iron status at the population level, 2nd ed including literature reviews. Geneva: World
Health Organization; 2008 (http://apps.who.int/iris/bitstream/10665/75368/1/9789241596107_eng.pdf?ua=1&ua=1, ac-
cessed 4 December 2015).

Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Geneva: World Health Organization;
2011 (http://www.who.int/vmnis/indicators/haemoglobin/en/, accessed 4 December 2015).

Serum ferritin concentrations for the assessment of iron status and iron deficiency in populations. Geneva: World Health
Organization; 2011 (http://www.who.int/vmnis/indicators/serum_ferritin.pdf, accessed 4 December 2015).

Tolentino K, Friedman JF. An update on anemia in less developed countries. Am J Trop Med Hyg. 2007;77(1):44-51.

Stoltzfus RJ, Dreyfuss ML, Chwaya HM, Albonico M. Hookworm control as a strategy to prevent iron deficiency. Nutr Rev.
1997;55(6):223-32.

2]


https://sustainabledevelopment.un.org/topics, accessed 4 December 2015
http://www.who.int/nutrition/topics/WHA65.6_resolution_en.pdf?ua=1
http://www.who.int/life-course/partners/global-strategy/globalstrategyreport2016-2030-lowres.pdf?ua=
http://www.who.int/life-course/partners/global-strategy/globalstrategyreport2016-2030-lowres.pdf?ua=
http://www.who.int/kms/handbook_2nd_ed.pdf
http://www.who.int/kms/handbook_2nd_ed.pdf
http://www.gradeworkinggroup.org/
http://www.who.int/vmnis/en/
http://www.who.int/vmnis/en/
http://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
http://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
http://apps.who.int/iris/bitstream/10665/43894/1/9789241596657_eng.pdf
http://apps.who.int/iris/bitstream/10665/43894/1/9789241596657_eng.pdf
http://apps.who.int/iris/bitstream/10665/75368/1/9789241596107_eng.pdf?ua=1&ua=1
http://www.who.int/vmnis/indicators/haemoglobin/en/
http://www.who.int/vmnis/indicators/serum_ferritin.pdf

22

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

Beard JL. Iron biology in immune function, muscle metabolism and neuronal functioning. J Nutr. 2001;131(2s-2):5685-579S;
discussion 580S.

lannotti LL, Tielsch JM, Black MM, Black RE. Iron supplementation in early childhood: health benefits and risks. Am J Clin Nutr.
2006;84(6):261-76.

. Gera T, Sachdev HP, Nestel P, Sachdev SS. Effect of iron supplementation on haemoglobin response in children: systematic

review of randomised controlled trials. J Pediatr Gastroenterol Nutr. 2007;44(4):468-86.

Stoltzfus RJ, Mullany L, Black RE. Iron deficiency anaemia. In: Ezzati M, Lopez AD, Rodgers A, Murray CIL, editors. Compara-
tive quantification of health risks: global and regional burden of disease attributable to selected major risk factors. Geneva:
World Health Organization; 2004:163-209 (http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volumel.
pdf, accessed 4 December 2015).

Horton S, Ross J. The economics of iron deficiency. Food Policy. 2003;28(1):51-75.

Essential nutrition actions: improving maternal, newborn, infant and young child health and nutrition. Geneva: World Health
Organization; 2013 (http://apps.who.int/iris/bitstream/10665/84409/1/9789241505550_eng.pdf, accessed 4 December
2015).

Iron deficiency anaemia: assessment, prevention and control: a guide for programme managers. Geneva: World Health
Organization; 2001 (http://apps.who.int/iris/bitstream/10665/66914/1/WHO_NHD_01.3.pdf?ua=1, accessed 4 December
2015).

Bryan J, Osendarp S, Hughes D, Calvaresi E, Baghurst K, van Klinken JW. Nutrients for cognitive development in school-aged
children. Nutr Rev. 2004;62(8):295-306.

Fanjiang G, Kleinman RE. Nutrition and performance in children. Curr Opin Clin Nutr Metab Care. 2007;10(3):342-7.

Grantham-McGregor SM, Walker SP, Chang S. Nutritional deficiencies and later behavioural development. Proc Nutr Soc.
2000;59(1):47-54.

Kretchmer N, Beard JL, Carlson S. The role of nutrition in the development of normal cognition. AmJ Clin Nutr. 1996;63(6):997s—
1001s.

Tamura T, Goldenberg RL, Hou J, Johnston KE, Cliver SP, Ramey SL et al. Cord serum ferritin concentrations and mental and
psychomotor development of children at five years of age. J Pediatr. 2002;140(2):165-70.

Lozoff B. Iron deficiency and child development. Food Nutr Bull. 2007;28(4 Suppl.):S560-71.

Greisen G. Mild anaemia in African school children: effect on running performance and an intervention trial. Acta Paediatr
Scand. 1986;75(4):662-7

Gera T, Sachdev HP, Nestel P. Effect of iron supplementation on physical performance in children and adolescents: systematic
review of randomized controlled trials. Indian Pediatr. 2007;44(1):15-24.

Gewa CA, Weiss RE, Bwibo NO, Whaley S, Sigman M, Murphy SP et al. Dietary micronutrients are associated with high-
er cognitive function gains among primary school children in rural Kenya. Br J Nutr. 2009;101(9):1378-87. doi:10.1017/
$0007114508066804.

. Aukett MA, Parks YA, Scott PH, Wharton BA. Treatment with iron increases weight gain and psychomotor development. Arch

Dis Child. 1986;61(9):849-57.

Beard JL, Murray Kolb LE, Perez E, Berg A, Tomlinson M, Irlam J et al. Iron status alters cognitive and behavioral functoining in
women during reproductive years. In: Report of the 2003 International Nutritional Anemia Consultative Group Symposium.


http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf
http://apps.who.int/iris/bitstream/10665/42792/1/9241580348_eng_Volume1.pdf
http://apps.who.int/iris/bitstream/10665/84409/1/9789241505550_eng.pdf
http://apps.who.int/iris/bitstream/10665/66914/1/WHO_NHD_01.3.pdf?ua=1

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Integrating programs to move iron deficiency and anemia control forward. 6 February 2003. Washington DC: INACG; 2003:40
(http://www.ilsi.org/ResearchFoundation/Publications/INACGfinal.pdf, accessed 4 December 2015).

Grantham-McGregor S, Ani C. A review of studies on the effect of iron deficiency on cognitive development in children. J Nutr.
2001;131(2s-2):6495-666S; discussion 666S-668S.

Stoltzfus RJ, Dreyfus ML, WHO. Guidelines for the use of iron supplements to prevent and treat iron deficiency anemia.
Washington DC: ILSI Press; 1998.

de Silva A, Atukorala S, Weerasinghe |, Ahluwalia N. Iron supplementation improves iron status and reduces morbidity in
children with or without upper respiratory tract infections: a randomized controlled study in Colombo, Sri Lanka. Am J Clin
Nutr. 2003;77(1):234-41.

Mitra AK, Akramuzzaman SM, Fuchs GJ, Rahman MM, Mahalanabis D. Long-term oral supplementation with iron is not harm-
ful for young children in a poor community of Bangladesh. J Nutr. 1997;127(8):1451-5.

Richard SA, Zavaleta N, Caulfield LE, Black RE, Witzig RS, Shankar AH. Zinc and iron supplementation and malaria, diarrhea,
and respiratory infections in children in the Peruvian Amazon. Am J Trop Med Hyg. 2006;75(1):126-32.

Tielsch JM, Khatry SK, Stoltzfus RJ, Katz J, LeClerq SC, Adhikari R et al. Effect of routine prophylactic supplementation with
iron and folic acid on preschool child mortality in southern Nepal: community-based, cluster-randomised, placebo-controlled
trial. Lancet. 2006;367(9505):144-52.

Black MM. Micronutrient deficiencies and cognitive functioning. J Nutr. 2003;133(11 Suppl. 2):3927s-3931s.

Bhandari N, Bahl R, Taneja S. Effect of micronutrient supplementation on linear growth of children. Br J Nutr. 2001;
85(Suppl. 2):5131-7.

Ramakrishnan U, Aburto N, McCabe G, Martorell R. Multimicronutrient interventions but not vitamin a or iron interventions
alone improve child growth: results of 3 meta-analyses. J Nutr. 2004;134(10):2592-602.

Sachdev H, Gera T, Nestel P. Effect of iron supplementation on mental and motor development in children: systematic review
of randomised controlled trials. Public Health Nutr. 2005;8(2):117-32.

Sachdev H, Gera T, Nestel P. Effect of iron supplementation on physical growth in children: systematic review of randomised
controlled trials. Public Health Nutr. 2006;9(7):904-20.

Thompson J, Biggs BA, Pasricha SR. Effects of daily iron supplementation in 2- to 5-year-old children: systematic review and
meta-analysis. Pediatrics. 2013;131(4):739-53. d0i:10.1542/peds.2012-2256.

Wang B, Zhan S, Gong T, Lee L. Iron therapy for improving psychomotor development and cognitive function in children un-
der the age of three with iron deficiency anaemia. Cochrane Database Syst Rev. 2013;(6):CD001444. doi:10.1002/14651858.
CD001444.pub2.

Sazawal S, Black RE, Ramsan M, Chwaya HM, Stoltzfus RJ, Dutta A et al. Effects of routine prophylactic supplementation
with iron and folic acid on admission to hospital and mortality in preschool children in a high malaria transmission setting:
community-based, randomised, placebo-controlled trial. Lancet. 2006;367(9505):133-43.

Oppenheimer SJ. Iron and its relation to immunity and infectious disease. J Nutr. 2001;131(2s-2):6165-633S; discussion
6335-635S.

Oppenheimer SJ, Gibson FD, Macfarlane SB, Moody JB, Harrison C, Spencer A et al. Iron supplementation increases preva-
lence and effects of malaria: report on clinical studies in Papua New Guinea. Trans R Soc Trop Med Hyg. 1986;80(4):603-12.

23


http://www.ilsi.org/ResearchFoundation/Publications/INACGfinal.pdf

24

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Idjradinata P, Watkins WE, Pollitt E. Adverse effect of iron supplementation on weight gain of iron-replete young children.
Lancet. 1994. 343(8908):1252-4.

Soofi S, Cousens S, Igbal SP, Akhund T, Khan J, Ahmed | et al., Effect of provision of daily zinc and iron with several micronutri-
ents on growth and morbidity among young children in Pakistan: a cluster-randomised trial. Lancet. 2013;382(9886):29-40.
doi:10.1016/50140-6736(13)60437-7.

International Nutritional Anemia Consultative Group (INACG). Guidelines for the eradication of iron deficiency anaemia. A
report of the International Nutritional Anaemia Consultative Group. Washington DC: The Nutrition Foundation; 1977.

Beard JL. Why iron deficiency is important in infant development. J Nutr. 2008;138(12):2534-6.

Lozoff B, Brittenham GM, Viteri FE, Wolf AW, Urrutia JJ. The effects of short-term oral iron therapy on developmental deficits
in iron-deficient anemic infants. J Pediatr. 1982;100(3):351-7.

Chaparro CM. Setting the stage for child health and development: prevention of iron deficiency in early infancy. J Nutr.
2008;138(12):2529-33.

Vitamin and mineral requirements in human nutrition, 2nd ed. Geneva: World Health Organization and Food and Agricul-
ture Organization of the United Nations; 2004 (http://apps.who.int/iris/bitstream/10665/42716/1/9241546123.pdf?ua=1,
accessed 4 December 2015).

Pasricha S-R, Shet AS, Black JF, Sudarshan H, Prashanth NS, Biggs BA et al. Vitamin B-12, folate, iron, and vitamin A concentra-
tions in rural Indian children are associated with continued breastfeeding, complementary diet, and maternal nutrition. Am J
Clin Nutr. 2011;94(5): 1358-70. d0i:10.3945/ajcn.111.018580.

Stoltzfus RJ, Chway HM, Montresor A, Tielsch JM, Jape JK, Albonico M et al. Low dose daily iron supplementation improves
iron status and appetite but not anemia, whereas quarterly anthelminthic treatment improves growth, appetite and anemia
in Zanzibari preschool children. J Nutr. 2004;134(2):348-56.

Wharton BA. Iron deficiency in children: detection and prevention. Br J Haematol. 1999;106(2):270-80.

Hotez PJ, Brooker S, Bethony JM, Bottazzi ME, Loukas A, Xiao S. Hookworm infection. N Engl J Med. 2004;351(8):799-807.

Falkingham M, Abdelhamid A, Curtis P, Fairweather-Tait S, Dye L, Hooper L. The effects of oral iron supplementation on
cognition in older children and adults: a systematic review and meta-analysis. Nutr J. 2010;9:4. doi:10.1186/1475-2891-9-4.

Seshadri S, Gopaldas T. Impact of iron supplementation on cognitive functions in preschool and school-aged children: the
Indian experience. Am J Clin Nutr. 1989;50(3):675-86.

McCann JC, Ames BN. An overview of evidence for a causal relation between iron deficiency during development and deficits
in cognitive or behavioral function. Am J Clin Nutr. 2007;85(4):931-45.

Gera T, Sanchev HPS. Effect of iron supplementation on incidence of infectious illness in children. BMJ. 2002;325(7373):1142—-
51.

World malaria report 2014. Geneva: World Health Organization; 2014 (http://www.who.int/malaria/publications/world_ma-
laria_report_2014/wmr-2014-no-profiles.pdf, accessed 4 December 2014).

Korenromp EL, Armstrong-Schellenberg JR, Williams BG, Nahlen BL, Snow RW. Impact of malaria control on childhood anae-
mia in Africa — a quantitative review. Trop Med Int Health. 2004;9(10):1050-65.

Schellenberg D, Menendez C, Kahigwa E, Font F, Galindo C, Acosta C et al. African children with malaria in an area of intense
Plasmodium falciparum transmission: features on admission to the hospital and risk factors for death. Am J Trop Med Hyg.
1999;61(3):431-8.


http://apps.who.int/iris/bitstream/10665/42716/1/9241546123.pdf?ua=1
http://www.who.int/malaria/publications/world_malaria_report_2014/wmr-2014-no-profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2014/wmr-2014-no-profiles.pdf

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Riley EM, Wagner GE, Akanmori BD, Koram KA et al. Do maternally acquired antibodies protect infants from malaria infec-
tion? Parasite Immunol. 2001;23(2):51-9.

Sitali L, Chipeta J, Miller JM, Moonga HB, Kumar N, Moss W/ et al. Patterns of mixed Plasmodium species infections among
children six years and under in selected malaria hyper-endemic communities of Zambia: population-based survey observa-
tions. BMC Infect Dis. 2015;15:204. doi:10.1186/s12879-015-0935-7.

Menendez C, Fleming AF, Alonso PL. Malaria-related anaemia. Parasitol Today. 2000;16(11):469-76.

Ekvall H. Malaria and anemia. Curr Opin Hematol. 2003;10(2):108-14.

Kochan I. The role of iron in bacterial infections, with special consideration of host-tubercle bacillus interaction. Curr Top
Microbiol Immunol. 1973;60:1-30.

Nyakeriga AM, Troye-Blomberg M, Dorfman JR, Alexander ND, Back R, Kortok M et al. Iron deficiency and malaria among
children living on the coast of Kenya. J Infect Dis. 2004;190(3):439-47.

Report of the World Health Organization Technical Consultation on Prevention and Control of Iron Deficiency in Infants and
Young Children in Malaria-Endemic Areas, Lyon, France, 12—14 June 2006. Food Nutr Bull. 2007;28(4 Suppl.):5489-631.

Prentice AM, Cox SE. Iron and malaria interactions: research needs from basic science to global policy. Adv Nutr. Journal.
2012;3(4):583-91. doi:10.3945/an.111.001230.

Stoltzfus RJ. Iron and malaria interactions: programmatic ways forward. Adv Nutr. 2012;3(4):579-82. doi:10.3945/
an.111.000885.

Suchdev PS, Leeds IL, McFarland DA, Flores R. Is it time to change guidelines for iron supplementation in malarial areas? J
Nutr. 2010;140(4):875-6. d0i:10.3945/jn.109.118638.

Ojukwu JU, Okebe JU, Yahav D, Paul M. Oral iron supplementation for preventing or treating anaemia among children in
malaria-endemic areas. Cochrane Database Syst Rev. 2009;(3):CD006589. doi:10.1002/14651858.CD006589.pub?2.

World Health Organization Secretariat on behalf of the participants of the Consultation. Lyon, France 12-14 June 2006. Con-
clusions and recommendations of the WHO consultation on prevention and control of iron deficiency in infants and young
children in malaria-endemic areas. Food Nutr Bull. 2007;28(4 Suppl.):S621-5627.

Pasricha SR, Hayes E, Kalumba K, Biggs BA. Effect of daily iron supplementation on health in children aged 4-23 months: a
systematic review and meta-analysis of randomised controlled trials. Lancet Glob Health. 2013;1(2):e77-86. doi:10.1016/
$2214-109X(13)70046-9.

Low M, Farrell A, Biggs BA, Pasricha SR. Effects of daily iron supplementation in primary-school-aged children: systematic
review and meta-analysis of randomized controlled trials. CMAJ. 2013;185(17):E791-802. doi:10.1503/cmaj.130628.

Neuberger A, Okebe J, Yahav D, Paul M.Oral iron supplements for children inmalaria-endemic areas. Cochrane Database Syst
Rev. 2016;(2):CD006589. doi: 10.1002/14651858.CD006589.pub4.

Okebe JU, Yahav D, Shbita R, Paul M. Oral iron supplements for children in malaria-endemic areas. Cochrane Database Syst
Rev. 2011(10):CD006589. d0i:10.1002/14651858.CD006589.pub3.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al., GRADE Worknig Group. GRADE: an emerg-
ing consensus on rating quality of evidence and strength of recommendations. BMJ. 2008;336(7650):924—6. doi:10.1136/
bmj.39489.470347.AD.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and
summary of findings tables. J Clin Epidemiol. 2011;64(4):383-94. doi:10.1016/].jclinepi.2010.04.026.

25



26

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Guideline: intermittent iron supplementation in preschool and school-age children. Geneva: World Health Organization; 2011
(http://apps.who.int/iris/bitstream/10665/44648/1/9789241502009_eng.pdf, accessed 4 December 2015).

Global technical strategy for malaria 2016-2030. Geneva: World Health Organization; 2015 (http://www.who.int/malaria/
publications/atoz/9789241564991/en/, accessed 4 December 2015).

World Health Organization. Nutrition (http://www.who.int/nutrition/en/, accessed 4 December 2015).

World Health Organization, e-Library of Evidence for Nutrition Actions (eLENA) Guideline development process (http://www.
who.int/elena/about/guidelines_process/en/, accessed 4 December 2015).

The WHO Expert Committee on Specification for Pharmaceutical Preparations. Quality assurance of pharmaceuticals: meet-
ing a major public health challenge. Geneva: World Health Organization; 2014 (http://www.who.int/medicines/publications/
brochure_pharma.pdf, accessed 4 December 2015).

World Health Organization. Essential medicines and health products (http://www.who.int/medicines/services/essmedi-
cines_def/en/, accessed 4 December 2015).

World Health Organization (WHO) and Food and Agriculture Organization of the United Nations (FAO). Codex Alimentarius:
Guidelines for vitamin and mineral food supplements. Geneva: World Health Organization and the Food and Agriculture Or-
ganization; 2005 (CAC/GL 55; http://www.codexalimentarius.org/standards/list-of-standards/en/?provide=standards&order
Field=fullReference&sort=asc&num1=CAC/GL, accessed 4 December 2015).

Continuity and change. Implementing the third WHO Medicines Strategy 2008—-2013. Geneva: World Health Organization;
2010 (WHO/EMP/2010.2; http://apps.who.int/medicinedocs/documents/s16880e/s16880e.pdf, accessed 4 December
2015).

Evaluation of the Good Governance for Medicines programme (2004-2012). Brief summary of findings. Geneva: World
Health Organization; 2013 (WHO/EMP/MPC/2013.1; http://apps.who.int/medicinedocs/documents/s20188en/s20188en.
pdf, accessed 4 December 2015).

Centers for Disease Control and Prevention (CDC). Division of Nutrition, Physical Activity, and Obesity. International Micronu-
trient Malnutrition Prevention and Control (IMMPaCt) (http://www.cdc.gov/immpact/, accessed 4 December 2015).

World Health Organization. eCatalogue of indicators for micronutrient programmes (https://extranet.who.int/indcat/, ac-
cessed 4 December 2015).

World Health Organization. Global database on the Implementation of Nutrition Action (GINA) (http://www.who.int/nutri-
tion/gina/en/, accessed 4 December 2015).

Handbook on health inequality monitoring: with a special focus on low- and middle-income countries. Geneva: World Health
Organization; 2013 (http://apps.who.int/iris/bitstream/10665/85345/1/9789241548632_eng.pdf, accessed 4 December
2015).

100. United Nations System Standing Committee on Nutrition (SCN) (http://www.unscn.org, accessed 4 December 2015).

101. National Collaborating Centre for Methods and Tools. Critically appraising practice guidelines: The AGREE Il instrument

(updated 1 November, 2013). Hamilton: McMaster University; 2011 (http://www.nccmt.ca/registry/view/eng/100.html, ac-
cessed 4 December 2015).

102. Basic documents, 48th ed. Geneva: World Health Organization; 2014 (http://apps.who.int/gb/bd/, accessed 4 December

2015).


http://apps.who.int/iris/bitstream/10665/44648/1/9789241502009_eng.pdf
http://www.who.int/malaria/publications/atoz/9789241564991/en/
http://www.who.int/malaria/publications/atoz/9789241564991/en/
http://www.who.int/nutrition/en/
http://www.who.int/elena/about/guidelines_process/en/
http://www.who.int/elena/about/guidelines_process/en/
http://www.who.int/medicines/publications/brochure_pharma.pdf
http://www.who.int/medicines/publications/brochure_pharma.pdf
http://www.who.int/medicines/services/essmedicines_def/en/
http://www.who.int/medicines/services/essmedicines_def/en/
http://www.codexalimentarius.org/standards/list-of-standards/en/?provide=standards&orderField=fullRe
http://www.codexalimentarius.org/standards/list-of-standards/en/?provide=standards&orderField=fullRe
http://apps.who.int/medicinedocs/documents/s16880e/s16880e.pdf
http://apps.who.int/medicinedocs/documents/s20188en/s20188en.pdf
http://apps.who.int/medicinedocs/documents/s20188en/s20188en.pdf
http://www.cdc.gov/immpact/
http://www.who.int/nutrition/gina/en/
http://www.who.int/nutrition/gina/en/
http://apps.who.int/iris/bitstream/10665/85345/1/9789241548632_eng.pdf
http://www.unscn.org
http://www.nccmt.ca/registry/view/eng/100.html

*(T8) 92UB43424 935 ‘MSIAJ Y} Ul PIPN|OUI SSIPNIS JO S|1eIap 404
'selq uonealjgnd a|qissod pue uoisiIaIdWI U0 SUIBIUOI SNOLIDS 0} PIPERISUMOP SEM BWOIINO SIY3

10§ 92U3PINS JO Alljenb 3y "SIUBAI JO JaQINU [BI0} M3) B YIIM SWOIINO SIY} Uo paliodal saipnis omy AjuQ “wuey a8ie| 01 1yauaq [|ews wod) aSues 1ey) |eAI91Ul 9DUIPYUOD SPIM B SBY 9ZIS 109143 YL -
‘uoisipaldwl Uo SUIaIU0I SNOLIBS

AJ3A 1o} papeSuMOop Sem 9W0I1N0 SIY1 JOJ BDUIPIAD JO Alljenb ay] "SIUSAS JO Jaquinu |BI0} MO| SEM U3y "wJey d8Je| 03 Jyauaq a8Je| woly 98Ukl Jey) [BAISIUI SDUSPYUOD SPIM B SBY 9ZIS 109149 Y| -

‘uolsioaidwi 1oy papesSuUMOpP SeM SWOINO SIY3 JO) BDUIPIAD JO Ajljenb ay] "wuey |jews 01 1yauaq aSJe| wouy 8ued 1ey) [BAISIUI SDUSPLUOD IPIM B Sey dzIS 10942 3y -

*(sty1 4o) papes3dn jou sem 32uUaPIAD JO Alljenb Y1) Z'0 UeYl SS9 ¥Y 2yl Y1m ‘98.e| AJDA SBM 129)J9 JO apniuSew ay] ‘swod1no Siyl papn|dul 18yl salpnis oyl SUOWEe seiq JO SI4 SNOLISS OU SeM 3J3Y]
‘(uaas azis 109ye adJe| ay3 Joj papes3dn J0u sem 22uUapIAS Jo Alljenb Y1) Z'0 puUe G'0 USIMIDC] SI YY 9yl Yyum ‘©84e| sem 30949 Jo apnyudew ay| ‘Adusisisuodul

0} Suimo papesSumop sem DUIPIAS JO Ajljenb ayi ‘snyy sisAjeue ayy ul AllauaSosa1ay juedyiudis sem 13y ‘SWO0INO SIY} Papn|dul eyl salpnis Yy} Suowe seiq 4O SId SNOIIAS OU Sem dJay]

‘Aduajsisuodul
0} Suimo papesSumop sem 32uapIA3 Jo Aljenb Byl ‘sny] ‘sisAjeue ay3 ul AyauaSosalay juedyiusis Sem 243y] "dWO0IINO SIY} PapNdul 1ey3 SaIpNnls 9yl Suowe seiq JO YSII SNOLIBS OU SeM aJdY]

1099 JO 91WNSD Y3 WoJ) Jualaylp Ajjenueisqns aq 01 A|ay1| SI 19919 anJl 9y :91ewWNSa 19949 a3 Ul 3dusapyuod a1l Aiaa aney ap :Aujenb moj Asap

12949 9Y3 JO 91eWNSD Y1 WOJ) JUdJaYIp Aj[enueisqns ag Aew 109449 anJl sy :paliwi| SI 91BWNASS 199449 Sy Ul 92UapYU0d InQ :Ajenb moq

1uaJap Ajlenuelsqns si 31 1ey1 Ajjigissod e st syl Ing 109449 9Y1 JO 91BWNS 9Y] 01 3S0|2 9q 01 A|3Y|!| SI 19918 aNnJ1 Y| :91BWINSS 193)J9 dY1 Ul JUSPYU0I Aja1esapow ale 9\ :Aujenb ajesapoin
129)J9 9Y3 JO 91eWNSD 3Y] JO 1BY] 01 9502 $31| 19319 BNJ1 Y1 1ey] JUIpLUO0D A aie 9\ :Axjenb ySiH

92U3PIAD Jo sapesd dnouo Supliop 3AVYD

"OL1eJ YSIJ 1YY {|el4} P3[|04IU0D PIZIWOPUES 11Dy {[BAISIUI BIUSPYUOD :[D
"(ID %56 SH puB) UOLIUBAISIUL BY} JO 193D dANE|J 93 pue dnoJs uosledwod 3Y3 Ul Ysid PAWNSSEe 3y} Uo paseq si (1) %S6 S) pue) dnod uonuaAIBIUL BY] Ul HSM DY

‘POYIBW DIUBLIBA 3SIIAUL J14BUDT 5 MO1 (V€T 01 16°0)
Suisn onpes 9jes se panoday SIS Le) (s1oy €) 0T°T ones a1ey (elejew ‘edoyuielp ‘suoldajul Adorelidsal 91nde ‘asned ||e) AujeloN
s MOl (SLO¥E)  (¥9T0359°0)
SIS 08T €0'T ¥y (8unsem) saunseaw yimoldo
5 LV4IA0N (sLoY €) (z€'T 01 26°0)
SLeIe ) ¥0ST 0T'T ¥y (8ununis) saunsesw ymouo
£ HOIH (s10¥ 9) (zzoor01°0) (s1s1jew3 Aq pa3109]as SN31e1s uoJl JO J03edIpuUl Ue y3im pasoudelp
CODD SY1C vT'04Y ‘Adusipysp uodr snid elwseue Jo aduasaid syl Aq psuysp) elwaseue Aduaidysp uod|
7z 11VY43IAON (sLDY 6) (09°003ST°0) (uraiajsueuy Jo unlIy
@mwmwmw ¥9ve 0€°'0 ¥¥ Se yons snieis uodl Jo siojedipul uisn Ag sisijey Ag painsesw se) Aduaipysp uold|
13LV43a0N (sLOY £T) (v£'00305°0)
@@mwmw S8y T9°0 ¥y (s1s1/e143 3y Aq paulwialap anjeA Jo-1nd e mojaq uiqo|8owaey) ejwaeuy

(3avuo) (sa1pmas) (1> %S6)
SJUBWIWIO)  IIUIPIAD 3y} Jo Ajend sjuedpyaedd Jo s1aquinN +1991J3 anne|ay sawo2nQ

(sease ojwapua-eliejew 3uipnjaul) s8uss ||e :3umas

|043u02 40 ogade|d :uosiedwo)

uonejusawa|ddns uodi |eso Ajlep :uonuansau|

syuow £g—9 pasde uaip|iyd SunoA pue sjuejul :uonejndod Jo juaned

syyuow £€7—9 pasde uaip|iyd SunoA pue sjuejul Ul |0J3U0D JO 0gade|d 03 pasedwod uonejuawa|ddns uodi [eJo Ajieq

syuow gz—9 pabin uaipjy GunoA pun spunjur ur uoypjuawajddns o Ajiog y

ST19VL SONIANH 10 AYYWWNS 3AVYHI "L XINNY

27



‘(917) @2uUa19)94 995 ‘M3IAI Y1 Ul PIPN|IUI SIIPNIS JO S|1BIDP 404
'selq uonedljgnd pajdadsns

Aj8uoJ1s pue seiq 4O SIlI SNOLIAS 10} papelSumop Sem 2dUdPIAS JO Aljenb ay] JUaW|ESOUOD UOKEIO||E PUE UOLEISUSS 9oUSNDIS WOPUES UIBLIBOUN Pey SWO0JINO0 SIY) Jo) PazISaYuAs salpnis ayl
'selq uonedsljgnd pajdadsns

Aj8uosls pue seiq 4O SIJ SNOLIS 0O} papelSumop Sem 22UapIAd Jo Aljenb ay] JUSW|ESIUOD UOKEIO||E pue UOLEISUSS 9oUaNbaS WOoPUEeJ UIBLIBOUN PeY SWO0JINO0 SIY) Jo) pazIsayluAs salpnis ayl -

‘selq uonedljgnd pajdadsns pue (syjuow g 01 ZT wouy padues syuedpnied syl jo
a8e ay3) ssauldalipul ‘(Sunuodas 9A1D3|9S pue elep aWo02IN0 213|dWodul) Seiq JO ¥ SlJ SNOLI3S J0) papes3umop sem 22usplAe Jo Alljenb ay] "swo021no sy uo pariodal Apnis udisap JaA0-5s04d suo AjuQ

109449 JO 91EWINSD BY} WOJJ JUdJIBYIP Ajjeriueisgns ag 03 A|a31| S1 10943 aNJ} Y| :91eWSS 109449 Y3 Ul 9dUapLYuU0d 3|1| A1aA aney apn :Anjenb moj Asap

10943 3Y3 JO 91EWILIS Y} WO} JURI3HIP Ajjerauelsgns aq Aew 10818 anJl 8y :paiwWi| S| 93eWLSS 10943 3y} Ul 93uapyuod JnQ :Axjenb moq

1uaJa41p Ajjerueisqns si 31 3ey3 A)|iqissod e S| 24ay3 Ing ‘309442 3y} JO 33BWILSS Y3 03 950|2 3¢ 0} A|DY1| SI 30313 9NJ} Y| :9ILWNSI 109449 Y3 Ul JuUapyuod Aja1esapow aJe apn :Axjenb ajesapoin
109449 9Y3 JO 3}EWNSA BY3 4O 3By} 01 9SO|I $3I| 9244 dNJ} dY3 1yl Juapyuod Aian ase apn :Ayjenb ysiH

92UdpIND Jo sapesd dnouo Supliop IAVHED

‘oljed ¥SIJ 1YY ‘[e14} P3]|0JIUOD PAZIWOPUEI 1Y {[BAIDIUI BIUSPLUOD |
(1D %S6 S} pue) UOLUBAIIUI DY) JO 103Yd dALle|d4 3Y3 pue dnoud uosiiedwod Y3 Ul SId PaWNSsse 3y} uo pased si (1D %G6 S} pue) dnosS uoruanIUL BYI Ul HSM DY 4

"aW0231N0 Sy} Uo
pajiodal salpnis 8y} 0 SUON 3|qewnsa JoN Ajljerion

(43y81y 50°0 03

J3MO| ZT°0) 49MO| 3105-Z $0°0 Sem

£ MO1 (sLo¥ €) dnoJ3 uonuaialul 8y} Ul (94025-7
SISLH1S) bE9  1YS1am) saunsesw yamous ueaw ayL (21005-7 JYS13M) SINSEL YIMOID)

(43y81y 2170 03
J9MO| $T°'T) 49MO| 94005-Z TO'0 SEM

zMO1 (s10¥ €) dnou3 uonuaniaul 8y} Ul (94025-7
@@mwmw ¥€9  1Y3i9ay) saunsesaw yimous uesw ay (2402s-7 1y819y) saunseaw yimolo
'3W023N0 SIYy} uo (s3s1je143 Ag pa303]as SNIeIS UOJ] JO J03edIpUl Ue Ylm pasouselp ‘Adualoyap
payodal saipnis ay3 Jo aUoN 9|qewnsa joN uoul snjd ejwaeue jo aduasald ayl Aq pauyap) elwaeue Adualoyap uod|
*3W0d3N0 S|y} uo (urdu3)suell 4O UNIIIRY SB YINS
pajiodal sa1pnis ayl JO SUON 9|gewnsa J0N  SNieis uoll Jo sioledipul Suisn Aq sisijelsy Aq painseaw se) Aduaidyap uod|

1 MOT AYIA (104 1) (80°T 01 88°0)
@@@mw 6G€ 86°0 Y  (S1SI|eL1 9yl Aq paulwialap an|jeA JJo-1nd e mojaq uiqo|Sowaey) elwaeuy

(3avuo) (sa1pnas) (12 %S6)

sjuaWIWo) 32U3pIAS 3y} Jo Aljenp sjuedppued jo JaquinN «199443 dAneRY sawonQ

(sease olwapua-eliejew Suipnjoul) sSumas ||e :8umas
|043u02 40 ogade|d :uosuedwo)

uopeluawa|ddns uodl |eJo Ajlep :UOLIUBAIIU|
syluow gG—p¢ pasde uaJp|iyd :uonejndod Jo Juaned

Syuow G—¢ pade uaJp|iyd ul |043u0d J0 0gade|d 03 pasedwod uoneyusawa|ddns uodi [edo Ajleg

sypuow 45—z pabin uaipjyd ur uoyosuawayddns uou Aing g

28



"(28) 2uaiajal 935 ‘M3IABJ Y} Ul PIPN[IUL SIIPNIS JO S|IeISP 404

‘Adu@1sISsuodul pue seiq 4O }SId SNOLIS 10} papesSumop sny3
SeM 92UapIA9 Jo Alljenb ay] “sa1pnis ul Allsuadoualay Jueayiudis sem aiay] “(Suniodas 9AL1IS|9S 4O JUSW|EIIUOD UOLIEIO||e O UoLeIaUdd 9ouanbas wopues umousun) seiq O sl pey salpnis 8yl JO ISON

*(8unuodaJ 9ARD3[9S JO JUSWIEIIUOD UONEIO||E O UoLeIauas 92uanbas Wopues umouyun) seiq JO Js. Pey S3IPNIs ay3 JO ISON -,
*(s1y3 4o} papesSdn j0u sem 22UaPIAD JO Alljenb ay1) Z'0 ueyl s3] YY Y1 YUM ‘984e| AJan sem 199))9 Jo apniuSew ay|
'selq uonedljgnd pa1dadsns Aj3uouis 4oy papes3umop sem 3duapIiA3 Jo Alljenb ay] “seiq Jo ysu snoIas pey Apnis JsYlIaN ‘SIUSAS JO J3CUINU |B101 MO| B YIIM 3WO0IINO SIY) Uo paiodal salpnis oml AjuQ
*(s1y3 40y papesddn
10U SeM 22UdpIAS JO Alljenb ay1) 0 pue G0 UsaMIa( SI ¥Y Yl YuMm ‘931e| sem 12949 Jo apniudew ay] ‘seiq uonedlignd pardadsns AjSuouis pue Aduaisisuodul 01 SUIMO papesSUMOpP SeM IUIPIAS JO
Ajtjenb ay3 ‘sny] "s3nsaJ aARESaU YIIM SBIPNIS ||BWS OU 3JaM 3Jay] ‘SisAjeue ay) ul AjlsuaSolalay Juedyiusis sem aJay] "dWO0IIN0 SIY3 PaPN|IUl 1Byl S3IPN3S 9y} SUowe seiq JO SU SNOLISS OU SeM aJayl -,

*(uaas azIs 109}y 28.e| 3y} 404 papesddn Jou sem 32UIPIAS Jo AJljenb BY3) Z°0 PUB G'Q USAMIC SI YY AU} YHM ‘98.1e| SeM 10343 4O apniuew ay]
"Adua3sisuodUul 03 SuIMO papesSumop sem 2dU3PIAS Jo Aljenb ay3 ‘sny| ‘sisAjeue ay3 ul Ajlaua8ouaiay JUedYIUSIS SEM 949Y] "SWODINO SIY3 PAPN|IUl 1BY] SAIPNIS Y3 SUOWE SEeIq JO YSII SNOLI3S OU SeM 3IdY[ -

109)J9 JO 91eWISD YY) WO) JUIYIP Ajjerrueisqns aq 03 Ajay1| SI 10944 anJ} 8y :91eWnlSa 1033 9y} Ul 23uapyuod 31| AJan aney apn :Ayjenb moj Asap
10949 9Y3 JO 21BWILIS Y1 WOJ) JUIAYIP Ajjernuelsgns ag Aew 199 anJ1 8y :pa1iWI| S| 91_WNSS 19943 Y Ul 33uapyuod JnQ :Anjenb mo

1ss0d e S| 349y} Inq 10343 Y3 JO 1eWNSS Y} 03 3SO|D 3q 03 A|9YI| S| 199442 dNJ} DY :91BWILSS 10313 9Y3 Ul JUSPYUOI Ajalelapow ale 3\ :Adjenb ajesapoy
109449 9Y3 JO 31WNSI Y3 JO 1Y) 01 9SO|I S3I| 1994 dNJ} Y3 1Byl JuapyYuod AJaA ase ap\ :Aujenb ySiy

92U3pIAD Jo sapesd dnouo Supliop IAVHD

JuaJayip Ajlerueisgns si 3 3eyy Ay

‘ol YSI 1YY {|eld} P3J|0JIU0D PAZIWOPUEL :1JY ‘[BAISIUI SDUSPYUOD :[D
"(ID %56 SH puB) UOLIUBAIIUI B} JO 19343 dANE|a4 8y} pue dnoJs uosliedwod 3y} Ul Ysid PaWNSSe 8y} Uo paseq si (1) %56 S} pue) dnoas uoUBAIIUL DY) Ul YSH BY | 4

*3WO003N0 Sy}
uo payiodal saIpNnIs 3y} Jo BUON

(elejew ‘esoy.ielp
9|qewnsa jou  ‘suopodjul  Aojesidsas @nde  ‘asned  [je)  Ajjenon

(42y81y €2°0 01 49MO| £0°0) 42Y31Y 3103s-7
T°0 sem dnou8 uopuanIdul By} Ul (3100S-7
1yS1am) saunseaw Yyimous ueaw ay|

s MO1 (s1o¥ S)

SISISLe] 8TET

(24025-7 YB19M) saunseaw yimouo

(43y31y £T°0 03 43431y TO'0) 43Y81Y 3403s5-7

731V4IAON (s1o¥'S)  60°0 sem dnoud uonuaAialul BY) Ul (31005-7

S]] STET 1y8iay) sainseaw yimots uesw ay| (9402s-7 1yS19y) sainseaw ymoto
(s1s1je1a3 Aq pa129|as sniels uoJi Jo Jojedipul

£31V43IAON (s1o¥ 2) (99'00320°0) ue yum pasouselp ‘Aduspysp uodl snid ejwaeue jo
@mwmwmw yEE ZT'0YY 9douasaud ayy Aq pauysap) eiwseue Aduapysp uold|
zMO1 (sLo¥ g) (€9°0 01 £00) (ur1IB)SUBJ] JO URIIIRY SB YINS SNIL]S UOJ! JO SI03edIpUl
@@mwmw 0201 Tz0Y¥d Suisn Aq sisieny Agq pasnsesw se) Aduappysp uol|
rIlv¥3don (s10¥ £) (¥9°0 01 6€°0) (s3sie3 ay3 Aq
Sl lle) €9/1 0S°0 YY PauIWIIap aN|BA JO-1Nd B MO|3q Ulqo|Sowaky) elwaeuy

(3avyo) s2uspire

sjusaWWo) ays jo Aujenp

(sa1pnis)
sjuedpyaed jo saquiny

(1> %S6)
£1094J0 anne|ay

sawoannQo

(seaJe ojwapua-elejew Suipnjoul) sSupas ||e :8umas
|043u02 40 ogade|d :uostiedwo)
uoneluawa|ddns uodl |eJo Ajlep :UOLUBAIIU|

Jap|o pue syjuow 09 pade ualip|iyd :uonendod Jo jusaned

J3p|0 pue syuow g9 pasde ualp|iyd U |043U0d Jo ogade|d 01 pasedwod uoneuawa|ddns uodi [elo Ajleq

Japjo pun sysuow (9 palio uaipjiy> ur uolpjuswayddns uou Ajing )

29



T0'0>d ‘0L°ST = X :owwesSoud JuawieaJy pue uonuanald elejew jo Aljige|ieae Aq eliejew |ealul|d J0j ddualayip dnouSqns 1oy 3sal

€40 =d ‘T9°0 = /X :elwSeUE dUljdseq Ag eLie[ew [edlul]d 10} 9udIagIp dnoiSgns 10y 3s3L

‘(£8) @2u4a4. 935 ‘M3IABI BYL Ul PAPN|DUI SIIPNIS 4O S|1eISP JOH

‘selq uonedljgnd a|qissod Jo) speiSumop sem 3dUapIA3 Jo Alllenb syl 5

LT'0=d ‘95°€ = X :98e Aq eliejew [ea1ul]d Joj 9duasayip dnosdgns 4oj 159

wl

<l

ol

"UOI JO JNOABY Ul S3IPNIS SALISO [[BLUS OU 3JaM 3J3Y] "Selq uonedljgnd a|qissod 1o} papesSumop sem aduapIAa jo Ayljenb ayl

‘juswileal) |eliejewnue sawes ayl aAl9Jad swJie yjog se MCO_ Se jusawieaJ] |elejewnue apnjoul ur_m__.t swJe ylog

i

109}J9 JO 91BWIISA DY} WO.J JUBIHIP Aj|e1ruelsgns g 03 A|ay1| S1 10944 anJ3 3y :91BWIIS 1932 dY3 Ul 20UIPIU0D 331 AdA aney ap\ :Aujenb moj Asap

109}J9 9Y3 JO 91BWIISS BY} WO JUBIIP Aj[B1IUBISqNS 3G ABL 103)43 9NJ} BYL :pAUWI| S| S1BWIISS 19943 Y3 Ul 33U3puod JnQ :Axjenb moq

JuaJayIp Aj[eraueisgns si 31 1eyl Ajjigissod e s| a1ay3 3nq ‘1993 dY3 JO 91BWIISS BY3 0} 350[2 9 03 A|9y1] S| 109}J2 DN} Y] :9IBWIIS 10343 dY3 Ul JU3PIJU0d Ajaiesapow ale apn :Ayjenb ajesapoy
109}J2 3} JO S3BWIISA AU} JO 1y} 03 ISO|D S3I| 199443 N1 3y} 1y} JUSPIU0d AIaA e /N :Aujenb ysiH

92UdpIND Jo sapesd dnouo Suplop IAVHD

"013. 3S1J 1YY {|eld} P3[|0JIUOD PAZIWOPUES 11Dy {[BAJIUI IUSPHUOD :|D
*(ID %56 SH puB) UOIUSAIDIUI DY} JO 193443 dA1E|3] dY3 pue dnou uosiiedwod 3y Ul js pawnsse ay3} uo paseq si (1D %56 SH pue) dnois uoIUAAISIUL BY] Ul YSI Y] 4

s3Lv4300N (104 8T) (10'0 0100°0)
CSIEICIS] 9/SL 0070 udIaHIP Sy Ajepiow asnea-jly
HOH (s10¥ 9) (86'0 01 18°0)
ODDD Tere 06°0 ¥y (elwaeyiseled apeid-ysiy Yim eliejew |ed1UI|D) BlIB[EW DIIAIS
(s1o¥ 6) (t€'T0120°T) (4e3)2un Jo 3|ge|ieAe Jou swwelSoid
980 6T 9T'T ¥Y JuUSWIeaJ]) pue uoluaAaid-elejew) oN
sawwesdosd
(s10¥ £) (£6'0 01 ¥8°0) (3)9e|1ene sawwesdoud Judwieal) pue uoyuanaud-elejew
985S T6°0YY JuUdWIeaJ} pue uojuaAdId-elIR|RW) SAA 10 Ayljiqe|iene Aq elejew |edatuld
(s1o¥ §) (60T 0398°0)
986V £6°0 ¥y aul|aseq 1e dlwakeue-uoN
(sL0¥ 6) (00T 03 +8°0)
[4%4 26°0 ¥y Quljaseq je JlWdeUY  ElWBUE dUI|dseq Ag elie[ew [ea1ul))
(s10¥ 9) (0zT 01 160)
€€0C $0'T ¥y J43p|0 10 syjuow 09
(sLo¥ €) (9T 035L0)
STYT £6°0 ¥y Syuow 65—¢
(s10¥ §) (£6°0 03 28°0)
ocLe 68°0 ¥y syjuow €z-9 +93e Aq euejew |edulD
231v4300N (sLD¥ vT) (00'T 01 £8°0)
@mwmwmw 89TL €6°0 ¥ ||e ‘(elwaeyiseed Aue pue D, G'/E< J9AS)) BlIB|EW |BIIUID

(3avyo) (sa1pnas)

SjUBWIWO)  IIUIPIAS 3yl jo Ayjenp  sjuedidinie Jo Jdquuiny

(12 %S6)
109449 9A1lE|9Y

Sawo02no

seaJe djwapus-eliejew :Suyes
|043u02 40 ogade|d :uosiiedwo)
Tuonejuswsa|ddns uoJl :uouUIAIRU|

(s4eaA 8T 01 syluow 9 pade) uaip|iyd pue sjuejul :uoyejndod Jo Juayed

sSuLIas dlWapUS-BLIB[EW U] UDJP|IYD PUE SIUBJU] U] |0J3U0D 40 0gade|d 0} pasedwod uoyeluawalddns uodj |eso Ajleq

SDa.D JILAPUS-DLID[DL U UBIPJIYD puD spunjul ul uoynjuawajddns ol Aing q

o
Ly



ANNEX2.  SUMMARY OF THE CONSIDERATIONS OF THE MEMBERS OF THE GUIDELINE DEVELOPMENT
GROUP FOR DETERMINING THE STRENGTH OF THE RECOMMENDATION FOR DAILY [RON
SUPPLEMENTATION IN CHILDREN AGED 6—23 MONTHS

QUALITY OF EVIDENCE:

VALUES AND PREFERENCES:

TRADE-OFF BETWEEN BENEFITS AND HARMS:

COSTS AND FEASIBILITY:

Iron deficiency anaemia had high-quality evidence. The
recommendation addresses the outcomes targeted for
improvement and for these outcomes the evidence is high,
based on several randomized controlled trials. Heterogeneity
was noted but was related to different beneficial effect sizes
rather than different effects. The effect sizes of the intervention
on the outcomes were large. The evidence for morbidity and
developmental outcomes is weak but the recommendation
does not directly address these outcomes.

In cases where the population prevalence of anaemia is greater
than 40%, the causes of anaemia are multifactorial and unlikely
to be exclusively caused by iron deficiency. Even taking this
into account, most children in most cases will benefit from
intermittent iron supplementation or daily supplementation.

Iron-replete children might not gain from the intervention.
Acceptability might be an issue given associated side-effects
(gastrointestinal) and compliance may be difficult.

Where access to health facilities is limited, as in many rural
areas, the problem may be more prevalent. Inequities in access
may thus negatively affect successful implementation.

Benefits include improved haemoglobin and lower risk of
anaemia, which have functional consequences. Potential
harms include diarrhoea, but evidence is low or very low or not
thoroughly evaluated for potential harms.

Not enough data are available on long-term harm, for instance
on overdose, specifically for children who are iron replete.

Cost information was not presented but the cost of iron
supplements is generally minor compared to the cost of the
delivery platform and the need for strong behaviour change
and monitoring. Supplements are generally cheaper lipid-based
nutrient supplements.
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— ANNEX'3.  SUMMARY OF THE CONSIDERATIONS OF THE MEMBERS OF THE GUIDELINE DEVELOPMENT

GROUP FOR DETERMINING THE STRENGTH OF THE RECOMMENDATION FOR DAILY IRON
SUPPLEMENTATION IN CHILDREN AGED 24—59 MONTHS

QUALITY OF EVIDENCE:

VALUES AND PREFERENCES:

TRADE-OFF BETWEEN BENEFITS AND HARMS:

COSTS AND FEASIBILITY:

The evidence provided is based on studies from different
time periods, with small sample sizes and where allocation
concealment and random selection were not always evident.
Studies varied in terms of dose and duration of treatment.

Only one study reported on anaemia; none of the studies
reported on iron deficiency or iron deficiency anaemia. Studies
that reported on ferritin and haemoglobin had high or moderate
quality.

It is important to consider the ability to reach children in need,
a child’s acceptance of supplementation, family adherence and
health-systems issues in the implementation.

The intervention improves haemoglobin and ferritin
concentrations and prevents anaemia. There is no clear
evidence regarding harms at proposed doses for diarrhoea and
other gastrointestinal effects, liver damage, insulin resistance
or iron overload

In  well-established and well-functioning health-systems
settings, the costs may be low. This may not be the case in low-
resource settings. Therefore, reaching the children in need and
ensuring a high coverage merits consideration.

The drug cost might be acceptable, but operational costs need
to be accounted for, in order to ensure a continuous supply,
proper supervision and optimal monitoring, as the target group
is very large.




ANNEX 4. SUMMARY OF THE CONSIDERATIONS OF THE MEMBERS OF THE GUIDELINE
DEVELOPMENT GROUP FOR DETERMINING THE STRENGTH OF THE RECOMMENDATION
FOR DAILY IRON SUPPLEMENTATION IN CHILDREN AGED 60 MONTHS AND OLDER

QUALITY OF EVIDENCE:

VALUES AND PREFERENCES:

TRADE-OFF BETWEEN BENEFITS AND HARMS:

COSTS AND FEASIBILITY:

The evidence is of high quality for priority outcomes (anaemia,
iron deficiency, iron deficiency anaemia). Cognition and growth
may be as important as haemoglobin and anaemia in this
age group and the quality of evidence for these outcomes is
moderate.

The main challenge may be in reaching this age group. Lack of
awareness on the importance of prevention and treatment of
anaemia may reduce acceptability and compliance.

The intervention improves anaemia, iron deficiency anaemia
and iron deficiency. No major harms were identified in this age
group, though there is not enough evidence on gastrointestinal
effects, potential toxic endpoints and the impact of iron
overload.

Schools may be an appropriate delivery platform for this age
group and thus should be considered. The school infrastructure
is usually conducive for implementing this intervention.
However, success may then depend on the school systems and
the attendance rates. Some consideration might need to be
made for children outside of school.
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— ANNEX'5.  SUMMARY OF THE CONSIDERATIONS OF THE MEMBERS OF THE GUIDELINE DEVELOPMENT

GROUP FOR DETERMINING THE STRENGTH OF THE RECOMMENDATION FOR DAILY IRON
SUPPLEMENTATION IN MALARIA— ENDEMIC AREAS

QUALITY OF EVIDENCE:

VALUES AND PREFERENCES:

TRADE-OFF BETWEEN BENEFITS AND HARMS:

COSTS AND FEASIBILITY:

The quality of evidence that iron supplementation does not
increase the risk of clinical malaria is moderate overall. It was
noted that the questions for which the quality of evidence was
low or very low may not necessarily be of high priority, for
various reasons. Research questions that may be considered as
high priority were discussed and listed in this guideline.

Since malaria infection occurs in early infancy and is especially
dangerous at this age, in malaria-endemic areas, iron
supplements should only be given to infants who sleep under
insecticide-treated bednets, and where all episodes of malaria
illness can be promptly treated with effective antimalarial drug
therapy according to national guidelines.

In malaria-endemic areas, where there is limited malaria
prevention and clinical care, universal iron supplementation
may be associated with an increased risk of malaria. Control
of infectious diseases and malaria with insecticide-treated
bednets and vector control, and treatment of malaria episodes
with effective antimalarial therapy, are critical components of
health care and should be instituted, together with promotion
of exclusive breastfeeding up to the age of 6 months, followed
by high-quality complementary feeding.

In the presence of comprehensive surveillance and prompt
diagnosis and treatment of malaria, there was no compelling
evidence of increased risk of adverse events from iron
supplementation. Insufficient and inequitable health-care
services are associated with an increase in risks in general.
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— ANNEX'11. QUESTIONS IN POPULATION, INTERVENTION, CONTROL, OUTCOMES (PICO) FORMAT

A. Effects and safety of daily iron supplementation in infants and young children aged 6—23 months
Could iron supplements given to infants and young children aged 6—23 months improve health outcomes?
If so, (a) at what dose, frequency and duration of the intervention? (b) in which settings?

POPULATION: Children aged 6-23 months
Subpopulations:

— By early exposure to iron: infants who regularly received an iron supplement
within the first 6 months of life versus no iron

— By feeding practices: exclusively breastfed versus iron-fortified formula versus
mixed (breast milk plus iron-fortified formula with or without complementary
food, multiple micronutrient powders)

— By malaria (no transmission or elimination achieved, susceptibility to epidemic
malaria, year-round transmission with marked seasonal fluctuations, year-
round transmission; with consideration of Plasmodium falciparum and/or
Plasmodium vivax)

— By use of concurrent antimalarial measures introduced in the study: yes versus
no

— By antimalarial measures implemented by the health system: yes versus no

— By infant’s anaemia status: anaemic versus non-anaemic

INTERVENTION: Iron supplementation
Subgroup analyses:
— By dose: 2 mg/kg/day versus other
— By frequency: daily versus weekly versus flexible
— By duration: 3 months or less versus >3 months
— By additional nutrient: in combination with other micronutrients or not
— By targeting: universal versus prescribed

CONTROL: No iron supplementation
Placebo
Same supplement without iron

OUTCOMES: Short-term outcomes (age 6-23 months)
— Anaemia
— lron deficiency anaemia
— lron deficiency
— Morbidity
— Malaria incidence and severity (parasitaemia with or without symptoms)
— Growth measures: underweight, stunting status, head circumference
— Mortality
— All cause
— Acute respiratory infections
— Diarrhoea
— Malaria

SETTING: All countries




B. Effects and safety of daily iron supplementation in children aged 24—59 months
Could iron supplements given to children aged 24-59 months improve health outcomes? If so, (a) at what
dose, frequency and duration of the intervention? (b) in which settings?

POPULATION: Children aged 24-59 months
Subpopulations:
— By previous exposure toiron: infants who regularly received an iron supplement
within the first 23 months of life versus no iron
— By malaria (no transmission or elimination achieved, susceptibility to epidemic
malaria, year-round transmission with marked seasonal fluctuations, year-
round transmission; with consideration of Plasmodium falciparum and/or
Plasmodium vivax)
— By use of concurrent antimalarial measures introduced in the study: yes versus
no
— By antimalarial measures implemented by the health system: yes versus no
— By anaemia status of population: >40% versus 40% or less

INTERVENTION: Iron supplementation
Subgroup analyses:
— By dose: 2 mg/kg/day versus other
— By frequency: daily versus weekly versus flexible
— By duration: 3 months or less versus >3 months
— By additional nutrient: in combination with other micronutrients or not
— By targeting: universal versus prescribed

CONTROL: No iron supplementation
Placebo
Same supplement without iron

OUTCOMES: Short-term outcomes (age 24—59 months)
— Anaemia
— Iron deficiency anaemia
— Iron deficiency
— Morbidity
— Malaria incidence and severity (parasitaemia with or without symptoms)
— Growth measures: underweight, stunting status, head circumference
— Mortality
— All cause
— Malaria

SETTING: All countries
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C. Effects and safety of daily iron supplementation in children aged 60 months and older
Could iron supplements given to children aged 60 months and older improve health outcomes? If so, (a) at
what dose, frequency and duration of the intervention? (b) in which settings?

POPULATION: Children aged 60 months and older
Subpopulations:
— By previous exposure to iron: infants who regularly received an iron supplement
within the first 59 months of life versus no iron
— By malaria (no transmission or elimination achieved, susceptibility to epidemic
malaria, year-round transmission with marked seasonal fluctuations, year-
round transmission; with consideration of Plasmodium falciparum and/or
Plasmodium vivax)
— By use of concurrent antimalarial measures introduced in the study: yes versus
no
— By antimalarial measures implemented by the health system: yes versus no
— By anaemia status of population: >40% versus 40% or less
— By individual’s anaemia status: anaemic versus non anaemic

INTERVENTION: Iron supplementation
Subgroup analyses:
— By dose: 2 mg/kg/day versus other
— By frequency: daily versus weekly versus flexible
— By duration: 3 months or less versus >3 months
— By additional nutrient: in combination with other micronutrients or not
— By targeting: universal versus prescribed

CONTROL: No iron supplementation
Placebo
Same supplement without iron

OUTCOMES: Short-term outcomes (age 6-18 years)
— Anaemia
— lron deficiency anaemia
— lron deficiency
— Morbidity
— Malaria incidence and severity (parasitaemia with or without symptoms)
— Mortality
— All cause
— Acute respiratory infections
— Diarrhoea
— Malaria

All countries
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ACT artemisinin-based combination therapy

AL artemether—lumefantrine

AQ+SP amodiaquine + sulfadoxine—pyrimethamine
ASAQ artesunate—amodiaquine

ASMQ artesunate—mefloquine

ASPY artesunate—pyronaridine

AS+SP artesunate + sulfadoxine—pyrimethamine

DER Drug Efficacy and Response Unit (part of GMP)
DP dihydroartemisinin—piperaquine

ERG evidence review group

GMP Global Malaria Programme

GMS Greater Mekong subregion

IPTp intermittent preventive treatment in pregnancy
iRBC infected red blood cell

K13 P. falciparum Kelch 13

KARMA K13 Artemisinin Resistance Multicenter Assessment
LBW low birth weight

MDA mass drug administration

MDR multidrug resistant

MFLT multiple first-line treatments

NMCP national malaria control programme

NS non-synonymaous

OUCRU Oxford University Clinical Research Unit

PCR polymerase chain reaction

Pfcrt P. falciparum chloroquine resistance transporter
Pfdhfr P. falciparum dihydrofolate reductase

Pfdhps P. falciparum dihydropteroate synthase
Pfmadr1 P. falciparum multidrug resistance protein 1
qPCR quantitative PCR

RSAo-3n ring-stage survival assay

SEA South-East Asia

SMC seasonal malaria chemoprevention

SP sulfadoxine—pyrimethamine
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Summary and recommendations

The format of the summary and recommendations are similar to those of the previous Technical
Expert Group (TEG) (1). The TEG’s recommendations are made specifically in response to
guestions directed to the TEG from WHO (Annex 3).

Session 1 Update on artemisinin resistance

Definitions of confirmed and associated K13 mutations are required. The criteria for
determining whether a K13 propeller mutation is confirmed or associated still follow the criteria
suggested by the ERG on K13 2014; that is, one of the following:

e a statistically significant association (p <0.05) between a K13 mutation and either a
half-life of the parasite clearance slope of 25 hours or positive parasitaemia at 72 hours
(2 hours) via a chi-squared test or appropriate multivariable regression model on a
sample of at least 20 clinical cases; or

e >1% survival using the RSAg 3y, (or >2 standard deviations above the mean value for K13
wild-type parasites from the same area) in at least five individual isolates with a given
mutation; or a statistically significant difference (p <0.05) in the RSAy_3, assay between
culture-adapted recombinant isogenic parasite lines, produced using transfection and
gene-editing techniques, which express a variant allele of K13 as compared to the wild-
type allele.

A K13 mutation is confirmed when both of these requirements are met, and associated when
only one of these requirements is met. However, the RSAy 3, and thresholds for in vivo tests are
currently only validated for South-East Asian parasites and patients.

The list of associated, confirmed and not associated mutations has been updated as shown in
the table below.

K13 mutation Classification
P441L Associated
F446l Associated
G449A Associated
N458Y Associated
Y493H Confirmed
R539T Confirmed
1543T Confirmed
P553L Associated
R561H Confirmed
V568G Associated
P574L Associated
C580Y Confirmed
A675V Associated

1. Other rare variants were reported associated with in vivo or in vitro tests, or both: M476l1; C469Y; A481V;
S522C; N5371; N537D; G538V; M579I; D584V; H719N.
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Investigation of associated mutations should be prioritized based on their prevalence, clinical
evidence of resistance and the results of the RSAq_3;, triggering subsequent transfection studies,
if feasible.

A confirmed single K13 propeller mutation at a threshold prevalence of 5% probably signifies
selection of the genotype in the parasite population, which is an appropriate indirect measure
of the partial artemisinin resistance phenotype. Current research focuses on identifying other
possible parasite genetic variants that may facilitate the successful selection of K13 mutants;
however, at present, these possible permissive or compensatory background mutations are
insufficiently defined or established.

Currently available tools are sufficient for the detection of artemisinin resistance in an area. The
percentage of patients with positive parasitaemia at day 3 is a relevant and practical measure
for routine surveillance. Blood filter papers should be routinely collected at day 0 in all studies
for identification of K13 mutations. In the research setting, the parasite clearance slope is
currently most appropriate, but other tool including lag phase and tail should not be ruled out.
In the context of potential drug resistance, tools to evaluate residual parasitaemia should be
considered.

The definition of partial artemisinin resistance has not been amended from TEG 2014 except for
the specification of day 3 being 72 hours (2 hours) after the start of a full artemisinin-based
treatment course. At this time, there should be a single global definition of artemisinin
resistance.

Suspected endemic artemisinin resistance is defined as:
e >5% of patients carrying K13 resistance-confirmed mutations; or

e >10% of patients with persistent parasitaemia by microscopy at 72 hours (£2 hours; i.e.
day 3) after treatment with ACT or artesunate monotherapy; or

e >10% of patients with a half-life of the parasite clearance slope >5 hours after
treatment with ACT or artesunate monotherapy.

Confirmed endemic artemisinin resistance is defined as:

e > 5% of patients carrying K13 resistance-confirmed mutations, all of whom have been
found, after treatment with ACT or artesunate monotherapy, to have either persistent
parasitaemia by microscopy on day 3, or a half-life of the parasite clearance slope 2 5
hours.

The detection of artemisinin resistance signifies an epidemiological threat, but does not
necessarily signify reduced ACT efficacy as a manifest public health problem. The immediate
consequences should be the investigation of possible causes, such as irrational drug use,
substandard antimalarial drugs or the importation of resistant genotypes. Detection of
resistance must also prompt surveillance and evaluation of ACT efficacy, to assess potential
concomitant partner drug resistance (for some partner drugs, molecular markers are available).
The priority in such areas is to ensure that antimalarial treatment is based on a definitive
diagnosis, that drugs are of good quality, and that there is a good clinical provider and patient
adherence. Based on the local epidemiological situation, capacity for intensifying vector-control
efforts to interrupt transmission should be investigated, including the potential for malaria
elimination. In countries where targeting of malaria control and treatment interventions is
directed by risk stratification, the presence of artemisinin resistance is clearly a criterion for
upgrading risk.
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Session 2 Intermittent preventive treatment in pregnancy (IPTp-SP)

At a population level, IPTp-SP is associated with improved birth outcomes (fewer LBW),
irrespective of SP’s failure to clear or prevent parasitaemia, in all settings where the prevalence
of sextuple mutant haplotype containing Pfdhps A581G is below 5%. The presence of parasites
bearing the sextuple mutant haplotype containing Pfdhps A581G at a prevalence of >35%
appears to negate the benefits of IPTp-SP on birth outcomes. Overall, the evidence suggests
that IPTp-SP given to women with the sextuple mutant is not harmful. This concern was
suggested in a single study, but was not confirmed by later studies. There are no data at present
on the effectiveness of IPTp-SP at the prevalence of sextuple mutant haplotype containing
Pfdhps A581G of 5-35%.

For national malaria control programme (NMCP) settings, molecular surveillance should be used
to guide routine assessment of IPTp-SP effectiveness. IPTp-SP should be continued or
implemented in areas of unknown, low or moderate SP resistance. In areas of high SP
resistance, IPTp-SP may be of more limited benefit, and this benefit is primarily associated with
the specific prevalence of the Pfdhps A581G sextuple mutation. The threshold of A581G
prevalence at which IPTp-SP is no longer of benefit is unclear, but the evidence suggests that
there will be no benefit of IPTp-SP at >35% A581G prevalence. However, IPTp in areas with a
high prevalence of A581G is not thought to cause harm. Therefore, even in settings of high SP
resistance, molecular monitoring of the prevalence of A581G mutations can be used as a proxy
for IPTp-SP effectiveness. Molecular surveillance should focus on the Pfdhps gene, and in
particular on the mutations occurring at codons S436A/F, A437G, K540E, A581G and A613S/T.
Methods include aggregate genotyping by sequencing of pooled samples (frequency) or
individual-level genotyping by polymerase chain reaction (PCR) and sequencing, or through
allele-specific assays such as PCR-RFLP (restriction fragment length polymorphism), PCR-SSOP
(sequence specific oligonucleotide probe) and real-time PCR (prevalence). Genotyping may be
carried out on parasite samples if collected from a population that has not recently (i.e. in the
previous 6 weeks) been treated with antifolates. Sampling should take place every 3 years in
areas of low SP resistance, every 2 years in moderate areas, and every year in high areas.
Quality control of genotyping should be implemented whether molecular data are generated in-
country, in regional laboratories or with international partners.

In research settings, additional considerations are mutations in Pfdhfr and the sequencing of
each locus, which may identify new mutations in the gene targets of interest. The impact of
1431V, which is emerging in Nigeria, needs to be investigated. Although there are sufficient data
from areas with low, moderate and high SP resistance, more information is needed from areas
with the highest levels of SP resistance, defined by the presence of Pfdhps A581G mutants;
when these data become available, they will help to define the thresholds at which alternative
strategies are needed. In these areas with the highest levels of SP resistance, priority research
themes include:

e ecological studies of the impact of IPTp-SP on birth outcome (birth weight), maternal
anaemia, and maternal and placental malaria measured at the time of delivery;

e individual-level studies of the impact of Pfdhps A581G-bearing parasites on birth
outcomes, and of whether this relationship is modified by IPT-SP; and

o effective, well-tolerated, feasible alternatives for prevention.

Session 2 Seasonal malaria chemoprevention (SMC)

The ongoing ACCESS-SMC study will provide more robust information about which SMC
measures will be most appropriate — an issue that will need to be revisited by the TEG once the
data are available. Both molecular markers and efficacy evaluation are required and, ideally,
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some measure of transmission intensity. In addition to the protocol for monitoring drug
resistance of the ACCESS-SMC study presented at the TEG meeting, the following parameters
should be explored:

e Efficacy evaluation — the ratio of malaria cases in children aged under 5 years versus
those aged over 10 years; the occurrence of clinical malaria relative to the time of the
previous SMC dose; the incidence of severe malaria at sentinel sites; case—control
sampling before each dose for microscopy, gametocytaemia and PCR positivity relative
to the time of previous SMC dose.

e Molecular markers — at least Pfcrt K76T and Pfmdrl N86Y, Y184F and D1246Y (still rare
in west Africa) should be determined routinely to track any changes in their prevalence,
as an indicator of changes in amodiaquine efficacy. In particular, the prevalence of the
Pfcrt codon 72 to 76 haplotype SVMNT (Ser-Val-Met-Asn-Thr) should be determined.
Also Pfdhfr and Pfdhps should be included in the molecular markers to be tested.

e  Capacity-building — local capacity-building for the monitoring of molecular markers is
needed.

e Impact on transmission — assessed through standard membrane feeding assay, if
feasible, and parasite genetic indicators of complexity of infection and overall changes
in parasite diversity levels, where possible.

e Drug policy effects — the impact of SMC on first-line ACT diversity (and thus drug
pressure) should be monitored.

Session 3 Safe and effective treatment in areas of confirmed multidrug
resistance (MDR) malaria

Rotational first-line treatment (where the first-line treatment is changed based on updated
surveillance data, which can include molecular markers) is already being implemented in
Cambodia. However, operational issues in switching therapies are challenging. At present, there
is no alternative in Cambodia other than to be flexible, and use rotational first-line treatment.

Information is limited on the efficacy and safety of prolonged treatment with an ACT, triple
combination treatment containing an artemisinin and two partner drugs, or sequential ACTs.
Once more data are available, it is recommended that the DER TEG should hold a joint session
with the Chemotherapy TEG to evaluate the information emerging from these studies.

ASAQ may have a role to play in Cambodia. As a first step, resistance markers for amodiaquine
(single nucleotide polymorphism alleles Pfcrt 72-76, Pfmdrl N86Y, Y184F and D1246Y) and in
vitro susceptibility should be examined in GMS isolates. This should be followed by a
therapeutic efficacy study of a fixed-dose ASAQ combination in Cambodia in 2016, if molecular
marker data suggest reasonable amodiaquine efficacy.

Session 3 Prevention or delay of MDR where it has not been identified

In areas where there is no established MDR, simultaneous deployment of multiple effective ACT
first-line treatments (MFLT) is unlikely to hasten, and may actually delay, the emergence of drug
resistance, according to modelling studies. Therefore:

e countries that presently have multiple approved ACT first-line treatments should
continue to use them; and

e countries that rely on a single ACT first-line treatment are encouraged to add additional
effective ACT treatments to the national treatment guidelines, both to potentially delay
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the onset of resistance and to be better prepared to respond to failure (or stock-outs)
of the current first-line treatment.

Because modelling is the only means of evaluating the impact of MFLT on delaying resistance,
the TEG recommends that the Malaria Modelling Consortium be asked to further develop these
modelling approaches. Implementation issues should also be considered. The DER TEG is ready
to examine outputs from the Malaria Modelling Consortium and any supporting clinical data.

1 Welcome and introduction of guest speakers

The list of participants is provided in Annex 1. All members except J. Thwing and N. Q. Thieu
attended the meeting. Organizations invited as observers were the Bill & Melinda Gates
Foundation; the Global Fund to Fight AIDS, Tuberculosis and Malaria; the United Kingdom of
Great Britain and Northern Ireland (United Kingdom) Department for International
Development; the Medicines for Malaria Venture; and the United States (US) Agency for
International Development. The meeting agenda is provided in Annex 2.

Membership of the Technical Expert Group (TEG) is rotated every 3 years. Thanks were
extended to L. Conteh, C. Karema, C. Rogier and S. Vreden, who have left the TEG; D. Ménard
and S. Volkman were welcomed as new members. A further five TEG members will rotate out
next year, to maintain a core membership of 15.

The remit of this TEG has changed from “drug resistance and containment” to “drug efficacy
and response”, to reflect reorganization within the Global Malaria Programme (GMP). The role
of this TEG is to advise the GMP’s Drug Efficacy and Response Unit (DER) on policy and
recommendations regarding drug efficacy and response. Questions directed to the TEG from
DER are listed in Annex 3.

2 Declarations of interest

All TEG members participating in the meeting submitted a declaration of interest, which was
assessed by DER at GMP and by the Legal department at WHO. WHO policy on how to report
conflicts of interest has changed. In the future, TEG member biographies and conflict of interest
forms will be placed on the GMP website 2 weeks before the meeting, to comply with the public
notice and comment requirements set by WHO.

3 Minutes and action points of TEG 2014

The minutes of the TEG 2014 were accepted (1). The chair also summarized the key
recommendations of the evidence review group (ERG) on K13 held in September 2015 in
Geneva (Annex 4).

4 Update on drug resistance and new WHO policies

4.1 WHO policies

Presentation

The Global technical strategy for malaria 2016-2030 (2) was adopted by the World Health
Assembly in May 2015.
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The Strategy for malaria elimination in the Greater Mekong subregion (2015-2030) (3) was
developed in collaboration with six countries, WHO and multiple development partners, and
was launched during a side event at the World Health Assembly in May 2015.

Based on available clinical trial data and input from the Malaria Modelling Consortium, the
Malaria Policy Advisory Committee (MPAC) made recommendations on mass drug
administration (MDA). A policy brief is available on the GMP website (4).

Discussion

The highlighting of the Greater Mekong subregion (GMS) as a special situation where MDA is
warranted was welcomed; WHO is meeting with GMS partners to reinforce the
recommendations for MDA in the region. The implications for MDA of the rapid emergence of
resistance to dihydroartemisinin—piperaquine (DP) in Cambodia need to be considered. The TEG
commented that MDA should not be used as a general tool to reduce malaria prevalence, and
that the focus on areas approaching elimination, epidemics and complex emergencies is
appropriate, although “approaching elimination” requires more specific guidance.

4.2 Drug resistance

Presentation

Following detection of the Plasmodium falciparum Kelch 13 (K13) C580Y mutant in Guyana in
2010, a 7-day artesunate and single-dose primaquine clinical trial found no evidence of
artemisinin resistance. The next step is a survey comprising 800 samples. No C580Y has been
reported from elsewhere in the region.

Artemether—-lumefantrine (AL) and artesunate—amodiaquine (ASAQ) remain efficacious in
Africa.

Currently, nine countries in the Middle East, eastern Africa and India have recommended
artesunate+sulfadoxine—pyrimethamine (AS+SP) as their first-line treatment. However, studies
with elevated treatment failure rates have been observed in Somalia, Sudan and north-east
India near the Myanmar border, leading to a treatment policy change to AL in this region of
India. AS+SP treatment failures are associated with Pfdhfr and Pfdhps quadruple and quintuple
mutants, in the absence of artemisinin resistance. In India, only four isolates with K13 mutations
have been identified so far.

In the GMS, high rates of treatment failure have been reported for DP in western, northern and
eastern Cambodia. Artesunate—-mefloquine (ASMQ) is 100% efficacious in areas where DP
treatment failure is common. Artesunate—pyronaridine (ASPY) failure rates are about 10-15% in
western Cambodia. Preliminary results report treatment failures with AL in southern Laos and
with DP in Binh Phuoc province of Viet Nam. Investigations are ongoing.

5 Session 1: Update on artemisinin resistance

5.1 Current definition of artemisinin resistance and tools to monitor

Presentation

The current definition of partial artemisinin resistance developed from the TEG 2014 and ERG
K13 2014 is complex. The list of associated and confirmed K13 resistance mutations may require
expansion, and additional mutations outside K13 may also be relevant. On average, the
parasitaemia at day 3 represents 1-2% of the initial parasitaemia, and the trend does not vary
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over time. There is no evidence for the recent emergence of a higher level of artemisinin
resistance. The phenotype is confined to a delay in parasite clearance that results from a
reduction in ring-stage sensitivity, which seems to be associated with decelerated parasite ring-
stage development. Slow parasite clearance in patients treated with an artemisinin-based
combination therapy (ACT) causes more parasites to be exposed to the partner medicine alone,
increasing the risk of de novo resistance to the partner medicine. Selection of resistance to the
partner drug is correlated with the half-life of the partner drug, prolonging the period of
subtherapeutic drug levels. In two comparative studies (one in Democratic Republic of Congo
and one in Viet Nam), the ACT partner did not affect the clearance time compared to the
artesunate monotherapy. The tools used to define artemisinin resistance all have strengths and
limitations. Day-3 parasitaemia is highly dependent on the initial parasitaemia, immunity of the
patient, skill of the microscopist and method used for slide reading. Although the half-life of the
parasite clearance slope is not influenced by the initial parasitaemia, it does not take into
consideration the lag phase and the tail, cannot be used for low parasitaemia levels (i.e. it
requires at least 1000 parasites/uL) and is difficult to implement in a routine surveillance. In
addition, the half-life of the parasite clearance slope also depends on the skill of the
microscopist and the method used for slide reading.

Discussion

There should be a single global definition of artemisinin resistance; it should not depend on the
region. Although the ring-stage survival assay (RSAq_3,) and thresholds for in vivo tests are
currently only validated for parasites and patients in South-East Asia (SEA), there are not
enough data from other regions to justify the additional complexity of regional definitions of
artemisinin resistance.

By focusing the criteria for confirmed artemisinin resistance on K13 mutations, there was
concern that K13-independent resistance mutations may be overlooked. It was also noted that
the RSAq3, will only detect changes in drug susceptibility in ring-stage parasites, and that
additional in vitro testing may be needed if there are discrepancies between RSAq s}, findings,
molecular data and clinical observations. However, these two tools remain fully effective to
detect the spread of South-East Asian parasites outside SEA.

As a general recommendation, sample sizes should be sufficient to reliably determine the
prevalence of K13 mutations in a population. However, there may be cases where the
identification of a K13 mutation at a low frequency will require further investigation.

It needs to be explicit that parasite positivity at day 3 means at 72 hours post-treatment
(x2 hours). If sampling at this time is not feasible, then the actual sampling time should be
recorded. The positivity at day 3 should be corrected for parasitaemia of >1000 to <100 000
parasites/uL if patients with lower or higher parasitaemia levels are included in a study.

5.2 KARMA project

Presentation

The K13 Artemisinin Resistance Multicenter Assessment (KARMA) project aims to construct a
global map of K13 propeller sequence polymorphisms. Over 14 000 samples from 59 countries
(163 sites) have been analysed, yielding 108 non-synonymous (NS) mutations, among which 70
had never been described before and nine had been reported with >1% frequency. In SEA and
China, K13 mutants have reached intermediate frequency to fixation. There was no overlap
between the sets of mutations and haplotypes in the Cambodia—Viet Nam region versus the
China—Myanmar region. Eight NS mutations observed in SEA and China were associated with
day-3 positivity cases (F446l, N458Y, N537D, R539T, 1543T, P553L, P574L and C580Y).
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South America, Oceania, the Philippines and central and south Asia are free of NS mutations. In
Africa, NS mutations are generally uncommon, except in the Central African Republic, Chad,
Comoros, Gambia, Guinea, Kenya and Zambia (>3%), where the mutation is mainly A578S.
However, the A578S allele does not spread and does not confer in vitro artemisinin resistance;
there is no evidence of resistance-conferring alleles in Africa.

Discussion

Not all K13 mutations are relevant to artemisinin resistance; a signal for selection (e.g.
frequency or evidence of spreading) is also required. A prevalence of at least 5% can be
considered evidence of selection for a confirmed K13 mutation. The inclusion of additional data
in KARMA from areas of low transmission in Africa would be desirable.

The K13 F446] mutation has been much more refractory to gene editing. This mutation was
engineered into a K13 donor plasmids for gene editing, and two to three independent
transfections were attempted with different parasite strains; no edited parasites were
observed. This mutation may carry a fitness cost that precludes it from being readily introduced
into a wild-type parasite. RSAg_3;, will be conducted by Institut Pasteur and the University of
Maryland on culture-adapted strains carrying this specific mutation.

5.3 Slope versus day-3 positivity rate

Presentation

The log-linear section of the parasite clearance slope is the most robust part of the curve for
measuring changes in the pharmacodynamic properties of the artemisinins. However, there is
significant variation and confounders, such as immunity and splenic clearance rates for infected
red blood cells (iRBCs). The half-life cut-off of at least 5 hours performs well for SEA, but it is
somewhat arbitrary and depends on the underlying proportions of resistant versus sensitive
parasite strains. Immunity can affect the half-life of the parasite clearance slope (by 0.3-1.0
hour).

It was reiterated that the parasite positivity rate at day 3 is a useful screening tool, although it is
dependent upon the initial parasitaemia. Hence, a better phenotype for artemisinin resistance
(or partial resistance) is needed.

Discussion

In areas of high transmission, demonstrating phenotypic artemisinin resistance using a day-3
positivity rate or the parasite clearance slope may be confounded by high levels of immunity,
justifying screening in nonimmune populations, as with the therapeutic efficacy assessments.
Also, the impact of artemisinin resistance on the dynamics of parasite clearance outside SEA is
unknown. Thus, thresholds for defining the in vivo phenotype for artemisinin resistance may
require amendment for other regions.

It is important to include a measure describing residual parasitaemia (the tail end of the
parasite clearance curve), because this is relevant for the development and spread of
resistance. The day-3 parasite positivity is a pragmatic approach to this. In addition, the log-
linear portion of the parasite clearance slope provides robust information for evaluating the
delay in parasite clearance caused by artemisinin resistance. Thus, the two measures are
complementary.
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5.4 Slope and artemisinin resistance

Presentation

The presented model of parasite clearance rates suggests that host immunity dominates the
dynamics of parasite clearance unless drug resistance is high. Hence, the model indicates that
parasite clearance rates have a poor sensitivity for detecting decreases in drug efficacy.
Declining immunity is also predicted to increase parasite clearance times in the absence of
resistance. The same model indicates that twice-daily dosing of artemisinin may be more
appropriate than once-daily dosing, and has the potential to increase drug efficacy.

Discussion

There is no straightforward method in clinical studies for differentiating between dead and live
parasites in iRBCs. Thus, the parasite clearance rate is a “noisy” measure of parasite killing. The
log-linear section of the parasite clearance slope is the most robust, and has been shown to
correlate closely with the in vitro artemisinin resistant phenotype (RSAq-sn), and the K13
genetically defined resistant parasites. Quantification of the effect of immunity (measured as
the presence of P. falciparum antibodies) shows that the effect on parasite half-life is about 0.5
hours (up to 1 hour).

The fact that a flattening of the parasite clearance slope can be observed for parasites
harbouring K13 propeller mutations indicates that these mutations have a highly significant
effect on the survival of ring-stage parasites following artemisinin therapy. However, this may
not result in treatment failure if efficacy of the partner drug is maintained.

Confirmation of artemisinin resistance requires an artesunate monotherapy study. Artesunate
for 3 days followed by ACT will provide the parasite clearance slope and day-3 positivity rate,
but is no longer recommended as a standard design. A 7-day artesunate monotherapy study will
provide additional information on changes in treatment efficacy (recrudescence); this is better
aligned with the conventional definitions of antimalarial drug resistance and will detect
emergence of higher level of artemisinin resistance.

On its own, the parasite clearance slope is not an appropriate metric for the development of
new drugs. Efficacy at day 28 or day 42 remains the gold standard for evaluating the efficacy of
new therapies. New combinations should contain active ingredients at dosage regimens that
provide high efficacy for each compound if given alone.

Recommendations: Session 1

Definitions of confirmed and associated K13 mutations are required. The criteria for
determining whether a K13 propeller mutation is confirmed or associated still follow the criteria
suggested by the ERG on K13 2014; that is, one of the following:

e a statistically significant association (p <0.05) between a K13 mutation and either a
half-life of the parasite clearance slope of 25 hours or positive parasitaemia at 72 hours
(2 hours) via a chi-squared test or appropriate multivariable regression model on a
sample of at least 20 clinical cases; or

e >1% survival using the RSAg_sy, (or >2 standard deviations above the mean value for K13
wild-type parasites from the same area) in at least five individual isolates with a given
mutation; or a statistically significant difference (p <0.05) in the RSAq_3, assay between
culture-adapted recombinant isogenic parasite lines, produced using transfection and
gene-editing techniques, which express a variant allele of K13 as compared to the wild-
type allele.
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A K13 mutation is confirmed when both of these requirements are met, and associated when
only one of these requirements is met. However, the RSAy_3, and thresholds for in vivo tests are
currently only validated for South-East Asian parasites and patients.

The list of associated, confirmed and not associated mutations has been updated as shown in
the table below.’

K13 mutation Classification
P441L Associated
F446I Associated
G449A Associated
N458Y Associated
Y493H Confirmed
R539T Confirmed
1543T Confirmed
P553L Associated
R561H Confirmed
V568G Associated
P574L Associated
C580Y Confirmed
A675V Associated

Investigation of associated mutations should be prioritized based on their prevalence, clinical
evidence of resistance and the results of the RSAq_sp, triggering subsequent transfection studies,
if feasible.

A confirmed single K13 propeller mutation at a threshold prevalence of 25% probably signifies
selection of the genotype in the parasite population, which is an appropriate indirect measure
of the partial artemisinin resistance phenotype. Current research focuses on identifying other
possible parasite genetic variants that may facilitate the successful selection of K13 mutants;
however, at present, these possible permissive or compensatory background mutations are
insufficiently defined or established.

Currently available tools are sufficient for the detection of artemisinin resistance in an area. The
percentage of patients with positive parasitaemia at day 3 is a relevant and practical measure
for routine surveillance. Blood filter papers should be routinely collected at day 0 in all studies
for identification of K13 mutations. In the research setting, the parasite clearance slope is
currently most appropriate, but other tool including lag phase and tail should not be ruled out.
In the context of potential drug resistance, tools to evaluate residual parasitaemia should be
considered.

The definition of partial artemisinin resistance has not been amended from TEG 2014 except for
the specification of day 3 being 72 hours (2 hours) after the start of a full artemisinin-based
treatment course. At this time, there should be a single global definition of artemisinin
resistance.

Suspected endemic artemisinin resistance is defined as:

2. Other rare variants were reported associated with in vivo or in vitro tests, or both: M476l; C469Y; A481V;
S522C; N5371; N537D; G538V; M579I; D584V; H719N.
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e >5% of patients carrying K13 resistance-confirmed mutations; or

e >10% of patients with persistent parasitaemia by microscopy at 72 hours (+2 hours; i.e.
day 3) after treatment with ACT or artesunate monotherapy; or

e >10% of patients with a half-life of the parasite clearance slope =5 hours after
treatment with ACT or artesunate monotherapy.

Confirmed endemic artemisinin resistance is defined as:

e > 5% of patients carrying K13 resistance-confirmed mutations, all of whom have been
found, after treatment with ACT or artesunate monotherapy, to have either persistent
parasitaemia by microscopy on day 3, or a half-life of the parasite clearance slope 2 5
hours.

The detection of artemisinin resistance signifies an epidemiological threat, but does not
necessarily signify reduced ACT efficacy as a manifest public health problem. The immediate
consequences should be the investigation of possible causes, such as irrational drug use,
substandard antimalarial drugs or the importation of resistant genotypes. Detection of
resistance must also prompt surveillance and evaluation of ACT efficacy, to assess potential
concomitant partner drug resistance (for some partner drugs, molecular markers are available).
The priority in such areas is to ensure that antimalarial treatment is based on a definitive
diagnosis, that drugs are of good quality, and that there is a good clinical provider and patient
adherence. Based on the local epidemiological situation, capacity for intensifying vector-control
efforts to interrupt transmission should be investigated, including the potential for malaria
elimination. In countries where targeting of malaria control and treatment interventions is
directed by risk stratification, the presence of artemisinin resistance is clearly a criterion for
upgrading risk.

6 Session 2: Monitoring efficacy and effectiveness of
preventive treatment

6.1 Intermittent preventive treatment in pregnancy

6.1.1 IPTp-SP efficacy and molecular marker for SP resistance

The quadruple mutant (Pfdhfr S108N, C59R, N51I; Pfdhps A437G) is present in >50% of isolates
in central and west Africa. The quintuple mutant (+ Pfdhps K540E) is present in >50% of isolates
from east Africa. The sextuple mutant (+ Pfdhps A581G) is mainly confined to a few areas of
east Africa and does not appear to be accelerating towards fixation. Although the impact of SP
resistance on the efficacy of intermittent preventive treatment in pregnancy (IPTp)-SP is of
concern, there are currently no approved alternatives in Africa.

Low birth weight (LBW) is influenced by many factors. Hence, determining the effect of
molecular resistance markers on this outcome in small clinical studies is problematic.

A meta-analysis of individual-level participant data derived from observational studies, including
>200 000 pregnancies, indicated that even in areas with >95% prevalence of Pfdhps K540E,
there was a statistically significant dose—response for a lower risk for LBW associated with each
incremental dose of SP, provided the additional (sextuple) Pfdhps A581G mutation was still rare
(<5% prevalence). There was no association between the administration of SP and a lower risk
of LBW in areas where Pfdhps A581G was prevalent at >35%, suggesting that the effectiveness
of IPTp-SP to reduce LBW is nearly fully compromised in these areas. However, data are lacking
for birth outcomes associated with Pfdhps A581G sextuple mutation prevalence of 5-35%.

Minutes of the Technical Expert Group (TEG) on Drug Efficacy and Response — 10-11 December 2015 | 14



Efficacy is probably not compromised by the presence of the A581G mutation where K540E is
absent.

Although one study suggested that IPTp-SP in women with the sextuple mutant was harmful,
this has not been confirmed in five additional studies (two of quintuple, three of sextuple
mutants). However, Pfdhps A581G does appear to be associated with higher parasite densities
and malaria-associated reduction in birth weights, possibly reflecting the lack of protective
efficacy in women infected with these highly resistant parasites.

Discussion

In the individual-level meta-analysis, the prevalence of Pfdhps A581G as sextuple mutation was
either <5% or >35%. Although data are lacking and more information is needed to understand
the impact at prevalence of Pfdhps A581G sextuple mutations between 5% and 35%, the
current analysis indicates that at >35% prevalence the impact of IPTp-SP on reduction of LBW is
lost.

The positive effect of IPTp-SP on birth weight, despite failure to prevent parasitaemia and
reduced efficacy at clearing antenatal parasites, could be due to a combination of its
antimicrobial effects, the provision of partial antimalarial protection through suppression of
parasite densities in the placenta (rather than clearance) reducing placental pathology, or other
off-target effects of SP.

6.1.2 Draft protocol to monitor efficacy of IPTp-SP

Presentation
Three observational protocol modules were considered:

e Molecular module — this is a temporal and spatial distribution of molecular markers of
SP resistance. In a meta-analysis of aggregated data from 48 published studies
reporting more than 54 000 births, the relative risk reduction of LBW associated with
IPTp-SP was stratified based on molecular markers in Pfdhps with:

o low defined as A437G <50%;

o moderate defined as A437G >50% plus K540E <10%, or K540E >10% plus <1%
A581G; and

o high defined as K540E 210% plus A581G 21%.

The relative risk reduction of LBW associated with the receipt of antenatal SP was 28%
in low resistance settings, 20% in moderate settings, and 9% in high settings.

e In vivo module — this includes the efficacy of SP to clear peripheral parasitaemia in
asymptomatic pregnant women and the assessment of post-treatment prophylaxis.
Although there is a strong correlation at population level between SP parasite
resistance and the efficacy of IPTp with SP to clear existing infections or prevent new
infections from occurring, the correlation between the parasite clearance and maternal
anaemia, birth weight or other outcomes is weak. These studies are also labour
intensive and difficult to conduct, and follow-up is limited to 28 days.

e Delivery module — determination of the effects of varying doses of IPTp-SP on malaria
infection, maternal anaemia, placental malaria and birth outcomes (LBW). These
studies require large sample sizes to detect effects on birth outcomes. They are subject
to selection bias because the participant, not the investigator, determines exposure to
SP, and pregnant women taking multiple doses of IPTp-SP are different from those
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taking one or a few doses. Previous studies have shown only a weak correlation
between the level of SP parasite resistance in the population and pregnancy outcomes,
and there is considerable variation in the SP protective efficacy in areas of high
resistance.

Discussion

Clinical studies are difficult to conduct and interpret, and in vivo studies may lead to premature
withdrawing of IPTp-SP, because IPTp-SP continues to be associated with a reduced prevalence
of LBW, despite poor efficacy in clearing antenatal parasites.

There is now evidence that molecular markers for SP resistance can be used to evaluate the
effectiveness of IPTp-SP.

In the consideration of potential alternative drugs for IPTp, such as DP, the risk of jeopardizing
first-line antimalarial drug treatment should also be taken into account.

Recommendations: Session 2 IPTp-SP

At a population level, IPTp-SP is associated with improved birth outcomes (fewer LBW),
irrespective of SP’s failure to clear or prevent parasitaemia, in all settings where the prevalence
of sextuple mutant haplotype containing Pfdhps A581G is below 5%. The presence of parasites
bearing the sextuple mutant haplotype containing Pfdhps A581G at a prevalence of >35%
appears to negate the benefits of IPTp-SP on birth outcomes. Overall, the evidence suggests
that IPTp-SP given to women with the sextuple mutant is not harmful. This concern was
suggested in a single study, but was not confirmed by later studies. There are no data at present
on the effectiveness of IPTp-SP at the prevalence of sextuple mutant haplotype containing
Pfdhps A581G of 5-35%.

For national malaria control programme (NMCP) settings, molecular surveillance should be used
to guide routine assessment of IPTp-SP effectiveness. IPTp-SP should be continued or
implemented in areas of unknown, low or moderate SP resistance. In areas of high SP
resistance, IPTp-SP may be of more limited benefit, and this benefit is primarily associated with
the specific prevalence of the Pfdhps A581G sextuple mutation. The threshold of A581G
prevalence at which IPTp-SP is no longer of benefit is unclear, but the evidence suggests that
there will be no benefit of IPTp-SP at >35% A581G prevalence. However, IPTp in areas with a
high prevalence of A581G is not thought to cause harm. Therefore, even in settings of high SP
resistance, molecular monitoring of the prevalence of A581G mutations can be used as a proxy
for IPTp-SP effectiveness. Molecular surveillance should focus on the Pfdhps gene, and in
particular on the mutations occurring at codons S436A/F, A437G, K540E, A581G and A613S/T.
Methods include aggregate genotyping by sequencing of pooled samples (frequency) or
individual-level genotyping by polymerase chain reaction (PCR) and sequencing, or through
allele-specific assays such as PCR-RFLP (restriction fragment length polymorphism), PCR-SSOP
(sequence specific oligonucleotide probe) and real-time PCR (prevalence). Genotyping may be
carried out on parasite samples if collected from a population that has not recently (i.e. in the
previous 6 weeks) been treated with antifolates. Sampling should take place every 3 years in
areas of low SP resistance, every 2 years in moderate areas, and every year in high areas.
Quality control of genotyping should be implemented whether molecular data are generated in-
country, in regional laboratories or with international partners.

In research settings, additional considerations are mutations in Pfdhfr and the sequencing of
each locus, which may identify new mutations in the gene targets of interest. The impact of
1431V, which is emerging in Nigeria, needs to be investigated. Although there are sufficient data
from areas with low, moderate and high SP resistance, more information is needed from areas
with the highest levels of SP resistance, defined by the presence of Pfdhps A581G mutants;
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when these data become available, they will help to define the thresholds at which alternative
strategies are needed. In these areas with the highest levels of SP resistance, priority research
themes include:

e ecological studies of the impact of IPTp-SP on birth outcome (birth weight), maternal
anaemia, and maternal and placental malaria measured at the time of delivery;

e individual-level studies of the impact of Pfdhps A581G-bearing parasites on birth
outcomes, and of whether this relationship is modified by IPT-SP; and

o effective, well-tolerated, feasible alternatives for prevention.

6.2 Seasonal malaria chemoprevention
6.2.1 Monitoring efficacy of SMC

Presentation

The ACCESS-SMC project aims to provide seasonal malaria chemoprevention (SMC) for 8 million
children in seven countries in the Sahel over 2 years. The London School of Tropical Medicine
and Hygiene is working with research groups in each country to measure SMC coverage and the
impact of SMC on malaria, to support pharmacovigilance and to monitor the efficacy of SMC
drugs (AQ+SP). Children aged under 5 years are included, except in Senegal where children aged
under 10 years are also treated. The study includes 30 sentinel sites, but is limited to 2 years. A
system is needed for collecting surveillance and efficacy data in the future.

Monitoring will provide reassurance about efficacy after 2 years, establish a baseline for future
monitoring and indicate factors that may limit the selection of resistance.

The objectives of the protocols are to:

e measure the prevalence of molecular markers associated with resistance to SP and
amodiaquine before SMC in the community in children aged under 5 years and in age
groups that are too old for SMC;

e measure the change in the prevalence of these markers after 2 years of SMC;

e measure the prevalence of markers in samples from clinical cases (children and adults)
in selected clinics before and after SMC;

e monitor the prevalence of markers in cases in adjacent non-SMC areas;
e measure the protective efficacy of SMC treatments (using case—control studies);

e assess the utility of the screening method for monitoring efficacy (from dates of any
SMC doses in malaria cases in children in sentinel surveillance clinics);

e monitor coverage and adherence through surveys at the end of each cycle and at the
end of each season; and

e if possible, measure clearance of parasitaemia after AQ+SP treatment.

There is still an opportunity to make limited amendments to the protocol.

Discussion

Based on the ACCESS-SMC protocol, recommendations are needed as to what studies should be
continued following the 2-year scope of the study. The studies need to be practical, affordable
and sustainable for implementation within NMCPs. SMC is a new tool, and data upon which to
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base recommendations are sparse. However, there is a need for systems that can be activated
at the end of the 2-year ACCESS-SMC study. Thus, general recommendations should be made at
this time and re-examined once data are available.

Resources for high-throughput molecular evaluation are currently absent in the region.
Coordination and standardization between laboratories needs to be established. It may be
possible to leverage existing networks in the region to enhance capacity.

Signals for an effect on transmission should be examined, particularly in Senegal where children
aged up to 10 years are being treated.

Reserving amodiaquine for SMC may deter the use of ASAQ and drive the increased use of AL in
Africa. AL is already heavily used in Africa, whereas greater ACT diversity should be encouraged.

The use of SP in SMC may influence how it is used in IPTp, for example. In turn, this may affect
the type of monitoring necessary.

6.2.2 Modelling prophylactic effect of antimalarial medicines

Presentation

Pharmacokinetic and pharmacodynamic modelling can provide information on the prophylactic
potential of antimalarial drugs. As parasite susceptibility decreases, the duration of prophylaxis
decreases. Models for AL, ASMQ and DP are well developed and published. Models for ASAQ
and IPTp-SP require further development.

Modelling indicates that DP efficacy is extremely vulnerable to decreases in parasite
susceptibility to piperaquine, because of its long flat terminal elimination. A small increase in
piperaquine resistance can also substantially reduce the period of prophylaxis, which could
jeopardize its use in MDA.

Discussion

The drug concentration-parasite clearance relationship is poorly defined, particularly for the
artemisinins. It is not clear how the period of prophylaxis for long-acting medicines relates to
the window of selection of resistance. However, the models can be used to look at this.

Recommendations: Session 2 SMC

The ongoing ACCESS-SMC study will provide more robust information about which SMC
measures will be most appropriate — an issue that will need to be revisited by the TEG once the
data are available. Both molecular markers and efficacy evaluation are required and, ideally,
some measure of transmission intensity. In addition to the protocol for monitoring drug
resistance of the ACCESS-SMC study presented at the TEG meeting, the following parameters
should be explored:

e Efficacy evaluation — the ratio of malaria cases in children aged under 5 years versus
those aged over 10 years; the occurrence of clinical malaria relative to the time of the
previous SMC dose; the incidence of severe malaria at sentinel sites; case—control
sampling before each dose for microscopy, gametocytaemia and PCR positivity relative
to the time of previous SMC dose.

e  Molecular markers — at least Pfcrt K76T and Pfmdrl N86Y, Y184F and D1246Y (still rare
in west Africa) should be determined routinely to track any changes in their prevalence,
as an indicator of changes in amodiaquine efficacy. In particular, the prevalence of the
Pfcrt codon 72 to 76 haplotype SVMNT (Ser-Val-Met-Asn-Thr) should be determined.
Also Pfdhfr and Pfdhps should be included in the molecular markers to be tested.
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e Capacity-building — local capacity-building for the monitoring of molecular markers is
needed.

e Impact on transmission — assessed through standard membrane feeding assay, if
feasible, and parasite genetic indicators of complexity of infection and overall changes
in parasite diversity levels, where possible.

e Drug policy effects — the impact of SMC on first-line ACT diversity (and thus drug
pressure) should be monitored.

7 Session 3: Prevention and treatment of multidrug resistant
malaria

7.1 Definition of multidrug resistant malaria and rotational first line: the example
of Cambodia

Presentation

In Cambodia, resistance to DP has spread rapidly. In areas of DP resistance, efficacy of ASMQ
was restored to 100%, leading to the recommendation that ASMQ be reintroduced as the first-
line ACT in these areas. However, switching to ASMQ has been delayed by complications in
procuring the medicine and by issues in the supply chain. The efficacy of ASAQ in Cambodia is
unknown, but data from Myanmar and Viet Nam suggest that this drug may have efficacy in the
region.

Discussion

Artemisinin delayed clearance does not meet the current conventional WHO 1973 definition of
antimalarial drug resistance’, though a limited number of cases were described as potentially
fully resistant to artemisinin.

The definition of multidrug resistance (MDR), which is still valid, requires resistance to more
than two operational antimalarial compounds of different chemical classes.

In reporting the findings of therapeutic efficacy tests, ACT resistance is imprecise. ACT
treatment failure is a more appropriate term that notes the specific ACT and the nature of the
resistance (i.e. artemisinin partial resistance or partner drug resistance, or both).

The restoration of ASMQ efficacy in areas of DP resistance is probably a combination of
competing resistance mechanisms and the removal of mefloquine drug pressure.

ASAQ may have a role to play in Cambodia. There is no evidence of cross-resistance between
piperaquine and amodiaquine in South-East Asian parasites. Although ASPY does not meet
WHO criteria to be introduced as a first-line treatment in western Cambodia, it may be an
option in other regions of Cambodia and in the GMS. Cross-resistance between piperaquine and
pyronaridine needs to be urgently explored.

Until trials on alternative regimes provide results, there is no alternative in Cambodia other
than to be flexible and rotate the first-line ACT based on surveillance data. However, the
operational issues involved in changing drug regimens are challenging.

3. Ability of a parasite strain to survive and/or multiply despite the administration and absorption of a drug
given in doses equal to or higher than those usually recommended but within tolerance of the subject.
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7.2 Prolonged duration of treatment

Presentation

In a study conducted in the Myanmar-Thailand border area comparing 3-day and 5-day AL
therapy, efficacy was 100% and 97%, respectively. There was no difference in quantitative PCR
(qPCR) positivity between arms; about 40% of patients were gPCR positive at day 21. Both
regimens were well tolerated.

Discussion

There is no efficacy argument to extend AL therapy from 3 days to 5 days in Myanmar, where AL
is still highly efficacious. However, extended therapy could theoretically reduce the potential for
resistance to develop. Extension of the artemisinin dose to 5 days is closer to the fully effective
dose of artemisinin (as a single agent).

7.3 Triple combination

Presentation: TRAC II

TRAC Il is testing several different drug regimens in regions with failing ACTs:
e triple ACTs: AL versus AL+AQ, and DP versus DP+mefloquine (currently recruiting);
e arterolane—piperaquine;
e extended course AL (see above); and

e extended course DP (planned, no funding).

Presentation: combined ACTs

An additional short-to-medium solution to a decline in ACT efficacy may be to administer
sequential courses of two different ACT regimens, giving a full 6 days of artemisinin. A protocol
has been developed using AL followed by DP in Kenya and Tanzania, and ASAQ followed by AL in
Burkina Faso. The primary outcomes are parasitological cure, incidence of severe adverse
events, laboratory assessment, gametocyte clearance, selection of marker of drug resistance,
and acceptability of and adherence to the proposed treatment schemes. This study is powered
to detect the effect of submicroscopic residual parasitaemia on late recrudescence.

Discussion

Implementing triple combination therapy or a sequential ACT regimen requires drug interaction
data and rigorous safety monitoring. Cardiotoxicity must be assessed particularly, but not only,
for piperaquine and mefloquine. A study in Cambodia reported that 30% of care-seeking
patients have residual levels of piperaquine in their blood. Higher cumulative artemisinin doses
can cause bone marrow suppression at 10-14 days post-therapy; thus, monitoring should be
included in any protocol evaluating increased dose or duration of artemisinin.

For triple therapy, it is unlikely that pharmaceutical partners will develop a co-formulated triple
combination therapy quickly; hence, a co-blister pack would be necessary. However, the 3-day
therapy duration is retained, aiding adherence. The TRAC Il protocol was developed before the
rapid spread of piperaquine resistance in Cambodia. The efficacy of the triple combination thus
requires fast and careful evaluation, because all possible options need to be considered in this
region.
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For sequential ACT regimens, the drug formulations concerned are already available. In Africa,
where standard ACTs are still working, there is the benefit of time, meaning that safety can be
assessed rigorously in clinical trials including roll-out to large community trials. Adherence may
be problematic with 6-day therapy, although education may improve this situation. A 6-day
regimen may be more acceptable in areas with high ACT failure rates. If AL is a component, the
switch between once-daily to twice-daily ACT is perhaps a more challenging adherence issue.
Ensuring adequate stocks of both components may also be problematic.

In addition to addressing the issue of ACT failures, enhanced ACT regimens (e.g. triple,
sequential and extended) should be evaluated for their potential to prevent the emergence and
spread of resistance; for example, by computer modelling or the effect on submicroscopic
residual parasitaemia. Cost implications for using enhanced ACT regimens should also be taken
into consideration.

7.4 Multiple first-line treatments

Presentation

Multiple first-line treatments (MFLT) is the simultaneous distribution of multiple, different first-
line treatments against uncomplicated malaria. Thus, with MFLT, different patients receive
different treatments. The effect of this approach on delaying resistance development cannot be
evaluated in clinical trials because resistance may not emerge for many years. Thus, computer
modelling is the only method available to predict whether MFLT is a better approach than the
alternative (i.e. cycling of first-line therapies). Two modelling groups had previously presented
data to address this question but results differed between the two groups.

The results of a revised model from Oxford University Clinical Research Unit (OUCRU) were
presented, indicating that MFLT delays the emergence of resistance to a greater extent than
cycling first-line therapies. It also indicated that including a non-ACT drug with >85% efficacy
plus two ACTs may be preferable to the deployment of three ACTs.

Implementation of MFLT requires consideration. For example, can therapy distribution be
achieved by sector, location, age, or type of clinic or pharmacy? Day-of-the-week randomization
requires a lot of infrastructure and education, but allows long-term flexibility.

Discussion

MFLT is not analogous to combination therapy at a population level because simultaneous
resistance development to all deployed regimens is not required for parasite survival, only
resistance to each individual treatment regimen.

The two published models diverge mainly at high MFLT drug coverage levels (>60%), but not
greatly, with one showing a 10% increase and the other a 10% decrease in treatment failures. In
the OUCRU model presented, this translates into a longer useful therapeutic life, with resistance
emerging after 11 years with MFLT versus 7 years with cycling of first-line therapies. The
modelling uses conservative assumptions; in particular, it tests scenarios, which are potentially
averse to yielding a benefit, and it includes all reasons for treatment failure rather than just
drug resistance. Consequently, the benefit of MFLT is probably underestimated in the OUCRU
model.

The model does not allow for pre-existing resistance in the population, only de novo mutations.
Thus, in areas such as Cambodia, where resistance is already established and drug therapies are
limited, MFLT would probably not be appropriate. The model suggests that MFLT is appropriate
for areas where resistance mutations are absent or at a prevalence of about 0.1%.
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Modelling how drug resistance mutations appear in a population is complex. For some drugs
(e.g. chloroquine), the mutations arise rarely and spread, but for others (e.g. mefloquine),
resistance may arise much more frequently. Thus, constructing a model based on how
mutations arise is contentious.

The current models are not sufficient to make a clear recommendation for MFLT. Multiple
models need to be evaluated, and the Malaria Modelling Consortium should be consulted.
However, other existing models of drug resistance may be limited and require further
development.

An advantage of having MFLT available is that failing therapies can be discontinued without
affecting malaria treatment provision. MFLT can also help to limit drug stock-outs.

Recommendations for MFLT should include pragmatic implementation methods (e.g. using
paediatric formulations in children and tablets in adults).

In many countries, MFLT is already a reality. Public and private sector prescribing can vary
greatly, with data on private sector prescribing being largely ignored, even though it may
account for 80% of treatments in some regions.

Recommendations: Session 3
Safe and effective treatment in areas of confirmed MDR malaria

Rotational first-line treatment (where the first-line treatment is changed based on updated
surveillance data, which can include molecular markers) is already being implemented in
Cambodia. However, operational issues in switching therapies are challenging. At present, there
is no alternative in Cambodia other than to be flexible, and use rotational first-line treatment.

Information is limited on the efficacy and safety of prolonged treatment with an ACT, triple
combination treatment containing an artemisinin and two partner drugs, or sequential ACTs.
Once more data are available, it is recommended that the DER TEG should hold a joint session
with the Chemotherapy TEG to evaluate the information emerging from these studies.

ASAQ may have a role to play in Cambodia. As a first step, resistance markers for amodiaquine
(single nucleotide polymorphism alleles Pfcrt 72-76, Pfmdrl N86Y, Y184F and D1246Y) and in
vitro susceptibility should be examined in GMS isolates. This should be followed by a
therapeutic efficacy study of a fixed-dose ASAQ combination in Cambodia in 2016, if molecular
marker data suggest reasonable amodiaquine efficacy.

Prevention or delay of MDR where it has not been identified

In areas where there is no established MDR, simultaneous deployment of multiple effective ACT
first-line treatments (MFLT) is unlikely to hasten, and may actually delay, the emergence of drug
resistance, according to modelling studies. Therefore:

e countries that presently have multiple approved ACT first-line treatments should
continue to use them; and

e countries that rely on a single ACT first-line treatment are encouraged to add additional
effective ACT treatments to the national treatment guidelines, both to potentially delay
the onset of resistance and to be better prepared to respond to failure (or stock-outs)
of the current first-line treatment.

Because modelling is the only means of evaluating the impact of MFLT on delaying resistance,
the TEG recommends that the Malaria Modelling Consortium be asked to further develop these
modelling approaches. Implementation issues should also be considered. The DER TEG is ready
to examine outputs from the Malaria Modelling Consortium and any supporting clinical data.
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Annex 2: Meeting agenda

Technical Expert Group on Drug Efficacy and Response, 10-11 December — Crowe Plaza,
Geneva, Switzerland

Thursday 10 December 2015

09:00-09:15 Welcome
P. Alonso — Director GMP
A. Dondorp - Chair TEG DER

09:15-09:20 Declaration of interest
P. Ringwald

09:20-10:00 Minutes and action points of the last TEG meeting  -> For information
and ERG on K13
A. Dondorp

10:00-10:30 Update on drug resistance and new WHO policies - For information
P. Ringwald

10:30-11:00 Coffee/tea break

Session 1: Update on artemisinin resistance

11:00-12:30

i) Current definition of artemisinin resistance and
tools to monitor

P. Ringwald 20’ + 10’

ii) KARMA project

D. Ménard 20’ + 10’

iii) Slope versus day 3 positivity rate

A. Dondorp 20’ + 10’

- For information and
decision

12:30-13:30

Lunch

13:30-15:30

iv) Slope and artemisinin resistance
I. Hastings 20’ + 10’
Discussion 90’

15.30-16.00

Coffee/tea break

Session 2: Monitoring efficacy/effectiveness of preventive treatment

16:00-18:00

i) IPTp-SP efficacy and molecular marker for SP
resistance

S. Taylor invited speaker 20’ + 10’

ii) Draft protocol to monitor efficacy of IPTp-SP
F. ter Kuile invited speaker 20’ + 10’
Discussion 60’

- For information and
decision

18:30-20:00

Reception
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Friday 11 December 2015

Session 2: Monitoring prophylactic effect of preventive treatment

8:00-9:45 iii) Monitoring efficacy of SMC -> For information and
P. Milligan invited speaker 20’ + 10’ decision
iv) Modelling prophylactic effect of
antimalarial medicines
I. Hastings 20’ + 10’
Discussion 45’

9:45-10:15 Coffee/tea break

Session 3: Prevention and treatment of MDR malaria

10:15-13:15 i) Definition of MDR malaria and rotational first - For information and
line: the example of Cambodia decision
P. Ringwald & S. Sovannaroath 15’ + 10’
ii) Prolonged duration of treatment
A. Dondorp & F. Smithuis 15’ + 10’
i) Triple combination
TRAC 2 A. Dondorp 15’
Combined ACTs C. Sutherland invited speaker
15’ + 10’
iv) Multiple first-line treatments
M. Boni invited speaker 15’ + 10’
Discussion 60’

13:15-14:00 Lunch

14:00-17:00 Adoption of TEG recommendations Closed session
A. Dondorp

17:00 Closing remarks Closed session

A. Dondorp/P. Ringwald
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Annex 3: List of questions

Session 1: Update on artemisinin resistance

K13

Are both definitions of confirmed and associated K13 mutation necessary and should
the list be updated?

Are confirmed K13 mutations necessary and sufficient to determine the presence of
artemisinin resistance?

Tools for detection of artemisinin resistance

3.

Are the current tools used for the early detection and monitoring of artemisinin
resistance (i.e. percentage of patients positive on day 3, parasite clearance slope,
presence of K13 mutation) adequate?

Are there additional or better parameters that could ensure timely detection of AR (e.g.
PC90, PCT, ...)?

Definition of artemisinin resistance

5.

Does the current definition of artemisinin resistance require modification? If so, which
ones?

Based on the modification of the definition, when is action needed to respond to the
presence of artemisinin resistance?

What type of programmatic action is needed to respond to confirmed artemisinin
resistance?

Session 2: Monitoring efficacy/effectiveness of preventive treatment

Intermittent preventive treatment in pregnancy (IPTp-SP)

8.

10.

In asymptomatic pregnant women, is SP failure in clearance and prevention of
parasitaemia associated with low birth weight (LBW), maternal anaemia at delivery or
placental malaria infection?

In pregnant women on IPTp-SP, are infections with P. falciparum carrying specific
sextuple mutations associated with LBW, increased incidence of maternal parasitaemia,
maternal anaemia at delivery or placental malaria compared to falciparum infections
not carrying these mutations?

Propose the outline protocol of a prospective study to monitor IPTp-SP effectiveness, in
particular should the protocol be based on SP parasite clearance, molecular markers of
resistance, and/or delivery outcomes (LBW, maternal parasitaemia, maternal anaemia
and/or placental malaria)?

Seasonal malarial chemoprevention (SMC)

11.

Propose an outline protocol of a prospective study to monitor amodiaquine-SP
effectiveness in the context of SMC.
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Session 3: Prevention and treatment of multidrug resistant (MDR) malaria

Safe and effective treatment in areas of confirmed MDR malaria

12. In areas with high treatment failures to more than one recommended ACTs, should
rotational first-line treatment (where the first-line treatment is changed based on
updated surveillance data) be implemented and how?

13. Compared to currently recommended 3-day treatment, will patients diagnosed with
falciparum malaria in areas with confirmed MDR, be provided with a more efficacious
and safe cure?

a. when given a prolonged treatment with an ACT?
b. when given a triple combination treatment containing an artemisinin and two
partner drugs?

14. Is there a role for artesunate—amodiaquine in the GMS?

Prevention/delay of multidrug resistance where it has not been identified

15. What is the evidence that multiple first-line treatment (MFLT) will delay or prevent the
development of MDR?
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Outline

- Update on artemisinin resistance

» Monitoring efficacy and effectiveness of
preventive treatment
* IPTp-SP
« Seasonal Malaria Chemoprevention

* Prevention and treatment of multidrug
resistant malaria
 Rotational first line

 Prolonged duration
* “Triple” combination or sequential ACT
 Multiple first line treatments
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RESULT ->

Stepniewska et al. (2010) analysis of
recrudescence probability leads to the
WHO definition of potential artemisinin
resistance if >10% of patients are still
parasitaemic by microscopy on day-3.

Flegg et al. (2011) propose the peripheral
blood parasite half-life derived from the log-
linear parasite clearance curve which is
robust to initial parasitaemia and lag-phase.

White et al. (2014) propose a
population-level definition of resistance
which is robust to uncertainty of
resistance status of individual
infections.

CAVEAT->

This definition may not be suitable for
populations with high or low
parasitaemia on admission.

Global Malaria Programme

This definition leads to distributions of half-
lives which appear to overlap.

Generalisation to a high transmission
setting as in regions of Sub-Saharan
Africa will need additional evaluation.
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Day 3 vs slope

Day 3

The proportion of patients who
are parasitaemic after 3 days of
treatment is highly dependent

« on the initial parasitemia;

« immunity of the patients;

« the skills of the
MICroScopists;

« the methodology used for
slide reading;

« D3#72hours (day 3
overestimates positivity
rate).

Global Malaria Programme

Slope

Slope half-life is not influenced by
initial parasitemia but still by the
skills of the microscopists and the
methodology used for slide reading;

Highly dependent on immunity
(variation up to 1 h);

Limitations of the tool in real life:

* low parasitemia
* rapid clearance

Does not take into consideration the
lag phase or the the talil;

|Ideal samplings are too complicated
for routine surveillance and 12-
hourly sampling overestimates slope
half-life.
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Currently available tools are sufficient for the
detection of artemisinin resistance in an area;

The percentage of patients with positive
parasitaemia at day 3 is a relevant and practical
measure for routine surveillance. Blood filter papers
should be routinely collected at day O in all studies
for identification of K13 mutations,

In the research setting, the parasite clearance slope
IS currently most appropriate, but other tool including
lag phase and tail should not be ruled out. In the
context of potential drug resistance, tools to evaluate
residual parasitaemia should be considered.
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The detection of artemisinin resistance signifies an
epidemiological threat, but does not necessarily signify reduced
ACT efficacy as a manifest public health problem;

The immediate consequences should be the investigation of
possible causes and to to ensure that antimalarial treatment is
based on a definitive diagnosis, that drugs are of good quality, and
that there is a good clinical provider and patient adherence;

Based on the local epidemiological situation, capacity for
Intensifying vector-control efforts to interrupt transmission should
be investigated, including the potential for malaria elimination;

In countries where targeting of malaria control and treatment
Interventions is directed by risk stratification, the presence of
artemisinin resistance is clearly a criterion for upgrading risk.
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Artemisinin resistance definition

« Suspected endemic artemisinin resistance is defined as:

« 2 5% of patients carrying K13 resistance-confirmed
mutations; or

« = 10% of patients with persistent parasitaemia by
microscopy at 72 hours (£ 2 hours, i.e. day 3) after
treatment with ACT or artesunate monotherapy; or

* 2 10% of patients with a parasite clearance half-life of
= 5 hours after treatment with ACT or artesunate
monotherapy.

« Confirmed endemic artemisinin resistance is defined as = 5%
of patients fulfil both of the following criteria:

« = 5% of patients carrying K13 resistance-associated
mutations, all of whom have been found, after
treatment with ACT or artesunate monotherapy, to
have either persistent parasitaemia by microscopy on
day 3, or a parasite clearance half-life of = 5 hours.
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Definitions of ‘confirmed’ and ‘associated’ K13 mutations

« The criteria for determining whether a K13 propeller mutation is
‘confirmed’ or ‘associated’ remain as per the suggestion of the
ERG on K13 2014:

a statistically significant association (p < 0.05) between a
K13 mutation and either a parasite clearance half-life = 5
hours or parasitaemia at 72 hours (x 2 hours) via a chi-
squared test or appropriate multivariable regression model
on a sample of at least 20 clinical cases; or

> 1% survival using the RSA,_, (or > + 2 standard
deviations of the mean value for K13 wild type parasites
from the same area) in at least five individual isolates with
a given mutation; or a statistically significant difference (p <
0.05) in the RSA,_, assay between culture-adapted
recombinant isogenic parasite lines, produced using
transfection and gene editing techniques, which express a
variant allele of K13 as compared to the wild-type allele.

« A K13 mutation is ‘confirmed’ when both requirements 1 and 2
are met, ‘associated’ when either 1 or 2 are met.

Global Malaria Programme R
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Assocliated and validated K13 resistance mutations 2014

K13 mutation | Classification

Not associated
Associated

Associated
Associated

Associated
Associated
Associated

Not associated

Associated

Other rare variants were reported associated with in vivo, in vitro or both:

M476l; C469Y; AA81V; S522C; N5371; N537D; G538V; M579I; D584V, H719N
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Monitoring efficacy and effectiveness of

preventive treatment
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Protocol to monitor efficacy of IPTp-SP

Three observational protocol modules were
considered:

» Molecular module

- temporal and spatial distribution of molecular markers of SP
resistance;

* in a meta-analysis of aggregated data from 48 published studies
reporting more than 54 000 births, the relative risk reduction of
LBW associated with IPTp-SP was stratified based on molecular
markers in Pfdhps with:

low defined as A437G <50%:

moderate defined as A437G 250% plus K540E <10%, or KS540E
=10% plus <1% A581G; and
high defined as K540E =210% plus A581G 21%;

* the relative risk reduction of LBW associated with the receipt of
antenatal SP was 28% in low resistance settings, 20% in
moderate settings, and 9% in high settings.
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Protocol to monitor efficacy of IPTp-SP

* In vivo module

* Includes the efficacy of SP to clear peripheral
parasitaemia in asymptomatic pregnant women and
the assessment of post-treatment prophylaxis;

- although there is a strong correlation at population
level between SP parasite resistance and the efficacy
of IPTp-SP to clear existing infections or prevent new
Infections from occurring, the correlation between the
parasite clearance and maternal anaemia, birth weight
or other outcomes is weak;

* these studies are also labour intensive and difficult to
conduct, and follow-up is limited to 28 days.
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Protocol to monitor efficacy of IPTp-SP

* Delivery module

« determination of the effects of varying doses of IPTp-
SP on malaria infection, maternal anaemia, placental
malaria and birth outcomes (LBW);

 these studies require large sample sizes to detect
effects on birth outcomes. They are subject to selection
bias in particular because the participant, not the
Investigator, determines exposure to SP;

 previous studies have shown only a weak correlation
between the level of SP parasite resistance in the
population and pregnancy outcomes, and there is
considerable variation in the SP protective efficacy Iin
areas of high resistance.
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Important confounders to consider

Module |Potential confounders

Molecular markers

In vivo efficacy

Delivery
W16y [=5 Birth weight

Hemoglobin

Global Malaria Programme

Use of IPTp-SP, CTX, other sulfa drugs

Gravidity, ITN use

Malaria infection Timing of the last SP dose, age, gravidity, ITN

Maternal age, gravidity, nutritional status, number
of ANC visits, timing of 15t ANC visit, HIV infection,
multiple gestations (twins)

Gravidity, nutritional status, number of ANC visits,
HIV infection, timing of collection with regards to
delivery (pre or post-delivery)
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At a population level, IPTp-SP is associated with improved birth
outcomes (fewer LBW), irrespective of SP’s failure to clear or
prevent parasitaemia, in all settings where the prevalence of
sextuple mutant haplotype containing Pfdhps A581G is below 5%;

The presence of parasites bearing the sextuple mutant haplotype
containing Pfdhps A581G at a prevalence of >35% appears to
negate the benefits of IPTp-SP on birth outcomes;

Overall, the evidence suggests that IPTp-SP given to women with
the sextuple mutant is not harmful. This concern was suggested in
a single study, but was not confirmed by later studies;

There are no data at present on the effectiveness of IPTp-SP at
the prevalence of sextuple mutant haplotype containing Pfdhps
A581G of 5-35%.
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For national malaria control programme (NMCP) settings,
molecular surveillance should be used to guide routine
assessment of IPTp-SP effectiveness.

The threshold of A581G prevalence at which IPTp-SP is no longer
of benefit is unclear, but the evidence suggests that there will be
no benefit of IPTp-SP at >35% A581G prevalence;

Molecular surveillance should focus on the Pfdhps gene,;
genotyping may be carried out on parasite samples if collected
from a population that has not recently (i.e. in the previous 6
weeks) been treated with antifolates;

Sampling should take place every 3 years in areas of low SP
resistance, every 2 years in moderate areas, and every year in
high areas.

. (73RN, World Health
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Guidelines for the treatment of malaria

IPTp-SP remains effective in preventing the
adverse consequences of malaria on
maternal and fetal outcomes in areas where
a high proportion (> 90%) of P. falciparum
parasites carry these quintuple mutations.
Therefore, IPTp-SP should still be
administered to women in these areas. In
areas where P. falciparum carrying six
GUIDELINES mutations (either Pfdhfr 164 or Pfdhps 581)
FOR THE TREATMENT are prevalent, the efficacy of IPTp-SP may
Sntlermesero be compromised. It is unclear by how much.

In summary:
- Threshold of 35% Pfdhps 581

- Not necessarily a stopping rule but
clearly reduced effectiveness

- In area of high SP resistance, good place
to study alternative regimens

. 7R\, World Health
Global Malaria Programme "g@ Organization

e



WD  ACCESS-SMC ACCESS :: SMC

Achieving catalytic expansion of seasonal
malaria chemoprevention in the Sahel

ACCESS-SMC is a UNITAID-supported
project, led by Malaria Consortium in

partnership with CRS, which is
supporting NMCP-led scale-up of SMC Mali

across the Sahel to save children’s lives. Th .

eGambla\
This 3-year project is supported by ‘
LSHTM, CSSI, MSH, MMV and SUA. Guinea
ACCESS-SMC provided more than 14M
SMC treatments in 2015 to over 3.2M

children aged 3 to 59 months in Burkina

Burkina Faso

Faso, Chad, Guinea, Mali, Niger, Nigeria, Nigeria/"/ Chad" |
and The Gambia, and will provide 30M '
SMC treatments in 2016 to
approximately 6.5M children
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Monitoring efficacy of SMC drugs

» Monitoring will provide reassurance about efficacy after 2 years, establish a baseline
for future monitoring and indicate factors that may limit the selection of resistance.

* The objectives of the protocols are to:

* measure the prevalence of molecular markers associated with resistance to SP and
amodiaquine before SMC in the community in children aged under 5 years and in age
groups that are too old for SMC,;

« measure the change in the prevalence of these markers after 2 years of SMC;

» measure the prevalence of markers in samples from clinical cases (children and
adults) in selected clinics before and after SMC;

« monitor the prevalence of markers in cases in adjacent non-SMC areas;
« measure the protective efficacy of SMC treatments (using case—control studies);

« assess the utility of the screening method for monitoring efficacy (from dates of any
SMC doses in malaria cases in children in sentinel surveillance clinics);

« monitor coverage and adherence through surveys at the end of each cycle and at the
end of each season; and

* if possible, measure clearance of parasitaemia after AQ+SP treatment.
i;
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In addition to the protocol for monitoring drug resistance of the
ACCESS-SMC study presented at the TEG meeting, the
following parameters should be explored:

Efficacy evaluation — the ratio of malaria cases in children aged under 5
years versus those aged over 10 years; the occurrence of clinical malaria
relative to the time of the previous SMC dose; the incidence of severe
malaria at sentinel sites; case—control sampling before each dose for
microscopy, gametocytaemia and PCR positivity relative to the time of
previous SMC dose;

Impact on transmission — assessed through standard membrane feeding
assay, if feasible, and parasite genetic indicators of complexity of
infection and overall changes in parasite diversity levels, where possible;

Drug policy effects — the impact of SMC on first-line ACT diversity (and
thus drug pressure) should be monitored.

. (73RN, World Health
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Prevention and treatment of multidrug

resistant malaria
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Definitions

- Artemisinin delayed clearance does not meet the current
conventional WHO 1973 definition of antimalarial drug
resistance, though a limited number of cases were described
as potentially fully resistant to artemisinin:

« Ability of a parasite strain to survive and/or multiply
despite the administration and absorption of a drug
given in doses equal to or higher than those usually
recommended but within tolerance of the subject.

« The definition of multidrug resistance (MDR), which is still
valid, requires resistance to more than two operational
antimalarial compounds of different chemical classes.

* In reporting the findings of therapeutic efficacy tests, ACT
resistance is imprecise. ACT treatment failure is a more
appropriate term that notes the specific ACT and the nature of
the resistance (i.e. artemisinin partial resistance or partner
drug resistance, or both).

Global Malaria Programme Vlﬁ 3
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Situation of ACT efficacy/resistance

Resistance
AS-AQ ?
AS-MQ Effective after
reversal of
mefloquine R
AS-Pyro Treatment
failures in
Western
AS-SP Likely
resistance
DHA-PIP Resistance

Global Malaria Programme

Treatment
failure = 10%

?

?

Likely
resistance

Effective

Effective

Effective

Effective

Likely
resistance

Effective

Treatment
failure = 10%
? Effective
Resistance Effective
most part of
the country
Effective Effective
Likely Likely
resistance resistance
Treatment Treatment
failures? failures?
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Clinical outcome after ACT treatment according to
sensitivity pattern of each component

S S TS (ACPR)
R (Delayed clearance) S TS (ACPR)
China, Laos, Myanmar, Viet
Nam
S (3-day AS =50% TS) R TS ‘ TF (ASSP, India)*
R R TF Cambodia (DP), Thailand
(ASMQ)

* If resistance to partner drug increases: > 20-30% for AQ or SP
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Safe and effective treatment in areas of confirmed

MDR malaria

- Rotational first-line treatment is already being implemented in
Cambodia. At present, there is no alternative in Cambodia other
than to be flexible, and use rotational first-line treatment.

* Information is limited on the efficacy and safety of:
* prolonged treatment with an ACT;

* “triple” combination treatment containing an artemisinin and two
partner drugs;

» or sequential ACTs.

« ASAQ may have a role to play in Cambodia:

« as a first step, analysis of resistance markers for amodiaguine
(single nucleotide polymorphism alleles Pfcrt 72-76, Pfmdrl
N86Y, Y184F and D1246Y);

» followed by a therapeutic efficacy study of a fixed-dose ASAQ
combination in Cambodia in 2016, if molecular marker data
suggest reasonable amodiaquine efficacy.

g”@ World Health
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Summary of treatment failure rates with

artesunate-amodiaquine
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°revention or delay or MDR where It has not

been identified

* |In areas where there is no established MDR, simultaneous
deployment of multiple effective ACT first-line treatments (MFLT) is
unlikely to hasten, and may actually delay, the emergence of drug
resistance, according to modelling studies. Therefore:

 countries that presently have multiple approved ACT first-line
treatments should continue to use them: and

* countries that rely on a single ACT first-line treatment are
encouraged to add additional effective ACT treatments to the
national treatment guidelines, both to potentially delay the
onset of resistance and to be better prepared to respond to
failure (or stock-outs) of the current first-line treatment.

- Because modelling is the only means of evaluating the impact of
MFLT on delaying resistance, the TEG recommends that the Malaria
Modelling Consortium be asked to further develop these modelling
approaches. Implementation issues should also be considered.

v@ World Health
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-liIne antimalaria treatment policies In ol
countries with CO-resistant falciparum malaria

DHA-PQP 1st-line Rx:

China (or AS-AQ or other) ' ¢
Cambodia (specific areas
Ghana (or ;&Lpor AS-AQ) ) B Artemether-lumefantrine (AL) .
Nigeria (or AL or AS-AQ) B Artesunate-amodiaquine (AS-AQ)
. [ 1 Artesunate-mefloquine (AS-MQ)
Indonesia

Myanmar (or AL or AS-MQ)

[ Artesunate sulfadoxine-pyrimethamine (AS-SP
Viet Nam &

(1 Dihydroartemisinin-piperaquine (DHA-PPQ) 7

-
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Strategic Advisory Group on
Malaria Eradication

Assessing the feasibility of Malaria Eradication

OXORORORORORORCRONC)

Dr Pedro L. Alonso, Director
Malaria Policy Advisory Committee, Geneva, Switzerland, 16 March 2016
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Terminology

 Malaria Control

* Reduction of disease incidence, prevalence, morbidity, or mortality to a locally
acceptable level as a result of deliberate efforts. Continued intervention efforts
are required to sustain control.

 Malaria elimination

* Interruption of local transmission (reduction to zero incidence) of a specified
malaria parasite in a defined geographic area as a result of deliberate
efforts. Continued measures to prevent re-establishment of transmission are
required.

 Malaria eradication

* Permanent reduction to zero of the worldwide incidence of infection caused by
human malaria parasites as a result of deliberate efforts. Intervention measures
are no longer needed once eradication has been achieved.

Revised “WHO Terminology of Malaria”, 2016 A. Bosman and R. Steketee Glossary
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Background

* Understand and incorporate lessons from the past
* First Global Malaria Eradication Programme (GMEP)
* Smallpox eradication

* Reassess the impact of malaria control interventions (vs. other
factors) in burden reduction these past 15 years

* Analyse ongoing eradication efforts: polio and dracunculiasis

* Recognise the multiplicity of factors that impact on the past
and future evolution of the distribution and burden of malaria

* Poverty, economic development, health systems and policies,
agricultural patterns, electrification, urbanization, human mobility

 Malaria specific financing and access to effective prevention and
treatment tools and strategies

) (7N World Health
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Strategic Advisory Group on Malaria

Eradication: OBJECTIVE

* Perform analysis of future malaria trends taking into consideration the
broad and comprehensive set of determinants (exploratory work)

* Deliver a report that advises WHO GMP on feasibility, expected cost
and potential strategies of malaria eradication over the next decades.
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Functions of WHO Strategic Advisory Group on Malaria Eradication

e To commission a set of studies, analyses and position papers that wi
help define the likely scenarios of the world’s malaria situation over the
next decades.

Building on the recognition that a number of determinants impact
on malaria trends, e.g. malaria control and elimination activities, policy
and finance, socio-economic development, population growth and
movement, agricultural patterns, urbanization and potential products of
innovation. /

~

eTo provide advice to WHO on the feasibility, expected cost,
potential strategies and to accelerate regional elimination
strategies or launch full eradication efforts.

J
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* This will be an ad hoc committee convened by the WHO and
composed of about 15 members that will represent a wide
range of expertise, including:

* Malariology and public health, including experience in previous or
ongoing eradication efforts

* Development economists
* Demographers and population movement
* Health systems and health policy
e Agricultural planning and land use
* The group will ensure adequate regional representation and

gender balance. It will meet not more than twice per year and
will be supported by the WHO/GMP Secretariat.

* The group will also draw on support to be provided by WHO
collaborating centres, GMP Coordinators and other relevant
groups and partners.
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Duration

2016 2017 - 2019

Phase 1 Phase 2

JUNE DEC JAN

WHO agrees on set- First SAG-ME
up of the Strategic Meeting
Advisory Group on (TBD)
Malaria Eradication

(SAG-ME) 24 TO 42 MOTNHS

*  Work stream on determinants

* Further analyses
March - MPAC * Exploratory work
Presentation * Assess the impact of malaria control

interactions up until now

Finalization of * Development of a report on feasibility, expected
Group Composition cost and potential strategies of malaria
eradication based on the analyses and
exploratory work
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