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ETEXT 1: Methods (detailed) 
 
Area and population 
We conducted the fieldwork from October 2011 to April 2013 in the administrative areas 
of Ojolla, Kanyawegi, Osiri and Rota Sub-Locations, Nyanza Province, Kenya. The area 
is located along the shores of Lake Victoria, at around 1,234 m above sea level. The 
population consists mainly of poor families from the Luo tribe who rely on subsistence 
farming, with a diet mostly based on corn and with low intake of animal products. 
Sorghum, millet, and cassava are also consumed albeit in lower quantities. Local people 
typically bring these grains regularly and in small quantities (0.5–2 kg) to village-based 
(posho) mills, where they are ground whole or de-hulled into flour. Malaria is highly 
endemic and transmission is perennial. Local residents are exposed to 30–100 infectious 
mosquito bites per year,1 although this rate has reduced in recent years.1,2 Anemia is 
highly prevalent among pregnant women (prevalence: 69%)3 while intestinal 
schistosomiasis is highly prevalent in school-aged children.4 Fewer than 5% of women in 
the area make their first visit to an antenatal clinic in the first trimester of pregnancy.5 In 
a representative survey of all deliveries in a rural area neighboring our study site, 
undertaken in 2002, it was found that 80% of deliveries took place at home and 3% en 
route to health facilities.6 
 
As per national and international guidelines,2,7 pregnant women should receive daily 
supplementation with iron (60 mg as ferrous sulfate from first month of pregnancy or first 
antenatal contact; if 6 months duration cannot be achieved in pregnancy, supplementation 
should continue during the postpartum period for 6 months, or the dose increased to 120 
mg iron; treatment of anemia also requires the dose to be increased to 120 mg iron) and 
intermittent preventive treatment for malaria with 2–3 single doses of sulfadoxine-
pyrimethamine (the first dose after quickening and subsequent doses at intervals of at 
least one month),2 with delivery for both free of charge through antenatal services. 
Although national coverage of iron supplementation increased notably between 2003 and 
2008, only 54% of women in Nyanza Province reported taking iron tablets or syrup for < 
60 days during their last pregnancy, whilst 33% did not take any iron supplements.5 
Despite reports of reduced in vivo efficacy of sulfadoxine-pyrimethamine,7 intermittent 
preventive treatment with this combination drug remains efficacious in preventing the 
adverse consequences of Plasmodium infection on maternal and neonatal outcomes.8 
Coverage nonetheless remains low: in 2008–2009, 17% of women in Nyanza Province 
received at least two doses of sulfadoxine-pyrimethamine during pregnancy, and 35% 
received at least one dose.5  

 
At the time of our study, Ober Kamoth and Rota dispensaries were the only health centers 
in the study area. We established Ober Kamoth as our study research clinic, upgraded the 
maternity ward to allow deliveries, installed an obstetric ultrasound instrument and 
trained local health staff in determination of gestational age. The study received clearance 
from ethical review committees in Kenya and England, and was registered at 
ClinicalTrials.gov (NCT01308112). There were no important changes to methods or 
outcomes after trial commencement. 
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Study type 
The study was a double-blind, randomized, placebo-controlled intervention trial with two 
parallel groups of pregnant women receiving daily supplementation with and without 
iron.  
 
Recruitment 
Based on community censuses that we conducted in April-May 2010 and February-
March 2011, and that was updated based on monthly reports by community health 
workers (henceforth referred to as volunteers), we listed all women aged 15–45 years in 
the study area. Meetings were held with local authorities, key persons and volunteers to 
discuss the aims and procedures of the study. As agreed in these meetings, the volunteers 
visited all homesteads to inform its members about the study aims and to enroll women 
in a pregnancy surveillance program. Women who were married or living together were 
asked to record their menstrual period on a calendar, and to voluntarily report to research 
staff when having missed their monthly period twice consecutively, or when otherwise 
suspecting that they were pregnant. In addition, the volunteers visited each woman 
monthly at her homestead to discuss their menstrual periods. Women who reported the 
start of their menstrual period to have occurred 10 weeks earlier were invited to the 
research clinic for pregnancy testing. Because we suspected that reports of menstrual 
period might be unreliable in women who had never been married, divorced, separated 
or widowed, we invited them to the research clinic for pregnancy testing every 12 weeks. 
Women who were pregnant or who had recently delivered were excluded from 
pregnancy monitoring for the first 3 months of the neonatal period. Pregnancy tests were 
subsequently administered at 12-weekly intervals until menstrual periods recurred; 
thereafter, pregnancy detection procedures were as described above. Volunteers reported 
monthly to the research team, and data were entered into a database for pregnancy 
monitoring and tracking. 
 
When women attended the research clinic for pregnancy testing, we informed them again 
about study aims and procedures, and asked them to sign an informed consent form. Vital 
data and obstetric history were recorded in a standard questionnaire, a medical 
examination carried out, and a rapid test (Clearblue, Swiss Precision Diagnostics, 
Bedford, UK) was administered to detect human chorionic gonadotropin as a pregnancy 
marker in urine. All women were examined by obstetric ultrasonography (Aloka SSD-
900, Hitachi Medical Systems, Reeuwijk, Netherlands) to confirm pregnancy; to estimate 
gestation age (counted from first day of last menstrual period) from fetal crown-rump 
length, biparietal diameter, and head circumference; and to assess multiplicity of 
pregnancy. Women were asked to produce a stool sample, which was processed and 
stored in liquid nitrogen immediately after production. Subsequently, as per 
recommendations of the World Health Organization (WHO),9,10 all eligible women 
received preventive chemotherapy with praziquantel  (3×20 mg/kg body weight as a 1-
day treatment) against Schistosoma infections, and albendazole (400 mg, single dose) 
against geohelminth infections. They were asked to return to research clinic within 14–21 
days to further assess eligibility. 
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Within 48 h of the screening visit described in the preceding paragraph, field staff visited 
the homestead of eligible women to inform homestead members about study aims and 
procedures, to ask the head of the household to sign a form on behalf of the entire 
homestead indicating consent for their flour to be fortified. From the moment that this 
consent had been obtained, we fortified flour with iron for the pregnant woman and all 
her household members at local posho mills, free of charge, until she left the study. 
 
We trained the operators of 45 posho mills in the study area on fortification procedures; 
three other mills in the area were excluded because they had porous sieves that prevented 
efficient homogenization of fortificant in the flour. Research staff diluted premix 
containing highly concentrated NaFeEDTA (Fortitech, Gadstrup, Denmark) with white 
corn flour using standardized protocols. The resulting preblend was packed in 10g 
sachets and given weekly to millers, who kept them in closed plastic, opaque containers. 
Millers were not given any financial incentives but they were visited weekly to ensure 
their adherence to standard procedures. Grain (mostly corn, but also other grains such as 
sorghum and millet) was brought to the mill by a registered member of a participating 
homestead. The mill operator sprinkled the contents of the sachets onto the grain in the 
feed hopper just before it was milled, at a target dose of one sachet (20mg elemental iron 
as NaFeEDTA) per kg flour, as per WHO recommendations for populations with an 
average per capita consumption of wholemeal flour of 150–300g/day.11 Arbitrarily 
selected samples of fortified flour were kept in sealed opaque containers for subsequent 
determination of fortificant iron content. Flour consumption was measured by weighed 
intake studies in 72 arbitrarily selected pregnant women.  
 
At the second visit to the research clinic, women were counselled and asked for consent 
for HIV testing. They were medically examined and a venous blood sample was collected 
in a tube with K2EDTA (Becton Dickinson, Nairobi, Kenya; catalogue 367863). 
Hemoglobin concentration was measured by photometer (HemoCue 301, Ängelholm, 
Sweden). Thick and thin blood films were prepared for microscopic examination to 
detect Plasmodium parasites. The ratio of zinc protoporphyrin:heme (ZPP:H) was 
measured in whole blood and washed erythrocytes by hematofluorometer.  
 
Washed erythrocytes (120 µl) were stored in a DNA-stabilizing buffer (AS1, Qiagen, 
Valencia, CA, USA) with PBS, first at 2–8 °C and later at –80°C, for subsequent DNA 
extraction and detection of P. falciparum infection by PCR test. Plasma samples were 
stored for subsequent detection of Plasmodium antigens and HIV antibodies by rapid 
dipstick tests. Additional plasma samples were stored in liquid nitrogen (–196°C) in the 
field and at –80°C during transport and storage in The Netherlands for subsequent 
assessment of iron markers (concentrations of ferritin, soluble transferrin receptor), and 
inflammation markers (concentrations of C-reactive protein and α1-acid glycoprotein). 
 
Recruitment continued until the target sample size (450) had been attained. We 
considered sample size calculations and statistical power in advance to be exclusively 
pre-trial concepts that are irrelevant in the interpretation of study results, and based on 
assumptions that may not be met during trial implementation.12 
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Eligibility for randomization 
Women were included when aged 15–45 years; consent had been obtained; likely to be 
available for study until 1 month after delivery and planning to deliver in the pre-
designated health facility. They were excluded when having obvious intellectual 
disabilities or a metabolic disorder (e.g. diabetes), a medical history of sickle cell anemia, 
epilepsy, an obstetric history suggestive of eclampsia or pre-eclampsia; carrying 
multiples; gestational age at the second visit was below 13 weeks or exceeded 23 weeks; 
homestead members had not provided consent; no venous blood sample was collected, 
hemoglobin concentration was <90g/L. (Two women with twin pregnancies were 
nonetheless included during brief absences of staff trained to perform the 
ultrasonography.)  
 
Randomization and blinding 
To allow masking the organoleptic properties of supplemental iron, the supplements were 
pre-packed as opaque capsules that were identical in appearance except that the shell for 
each type (iron or placebo) was into two colors (blue and dark green for iron, white and 
buff for placebo). Color coding was used for practical reasons, to increase the probability 
of administering the correct type of supplement throughout the intervention period by 
research assistants, some of whom had received limited schooling. Two colors were used 
per arm to reduce the predictability of treatment assignments. The code linking each color 
to the type of supplement was kept in sealed envelopes and was not available to the 
research team until after the field work was completed, preliminary statistical analyses 
were done to describe baseline and end-of-intervention characteristics, and a statistical 
analysis plan was finalized.  
 
One of us (HV) not involved in the field work used tables of random numbers to produce 
a list of sequential numbers linked with each of these four colors. The numbers were 
individually written on sealed, opaque envelopes, and the corresponding color was 
written on a paper slip that was inserted in each envelope. Field workers who allocated 
treatment were not allowed to open these envelopes until it was formally established that 
the woman was eligible for randomization and registered in a central randomization log. 
Each participating pregnant woman was then allocated in order of enrolment to the color 
indicated in the next available envelope.  
 
The supplements were contained in blister packs of 10 capsules each. Each blister pack 
contained capsules of one of the four colors and had no other marks or writings on it. 
These procedures ensured that participants and field staff, including outcome assessors, 
were blinded to intervention throughout the trial until the data analysis. 
 
Interventions 
Women received daily supplements with either iron (60 mg as ferrous fumarate; Dr. Paul 
Lohmann, Emmertal, Germany; catalogue 500005025200) or placebo, with starch as 
filler. We used ferrous fumarate out of concerns that ferrous sulfate, because of its 
hygroscopic properties, could react with the gelatine shells of capsules, eventually 
making them brittle. Bioavailability of iron from ferrous fumarate and ferrous sulfate is 
similar.12 We did not included folic acid (or any other micronutrients) in the supplements 
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because a literature search indicated a lack of published evidence that folic acid 
supplementation leads to benefits in terms of increased hemoglobin concentrations as 
well as concerns that it may reduce the efficacy of IPT with the antifolates sulphadoxine-
pyrimethamine against malaria (Verhoef, unpublished). Although folic acid 
supplementation is known to reduce the risk of neural tube defects, we did not expect 
such effects in our trial because the development and closure of the neural tube is 
normally completed by 28 days post-conception. 
 
The field team ensured that women swallowed the first dose in the presence of a 
volunteer and research assistant who were assigned during follow-up to that woman. 
Thereafter, supplementation was supervised by these research assistants at the homestead 
of the women or a place nearby. These assistants daily observed that women swallowed 
their supplements. Participants did not receive catch-up supplements when missing visits. 
Assistants gave ‘take-away’ iron supplements to participants planning to be absent for a 
period not exceeding two weeks. Empty blister packs were then collected and capsules 
counted upon return of the participant.  
 
Women were advised not to take any other supplements during the remainder of the 
pregnancy. The research assistant recorded compliance and reasons for non-compliance 
on pre-designed forms and submitted these reports weekly to field research staff, who 
maintained these data into an electronic database and followed up immediately as needed. 
The volunteers helped to solve small problems such as tracking of women who were 
absent or missing. To prevent severe anemia during the intervention, all women were 
dewormed before the start of the intervention, and daily received a small dose of iron 
through flour fortification during the intervention. 
 
Follow-up 
As part of the consent procedure, participating women were advised to attend regular 
health services to receive antenatal care as usual, including IPT and antiretroviral therapy, 
or for medical care when becoming ill during the intervention period, except that they 
were instructed to not take supplements with iron and/or folic acid supplied by these 
services or from other sources. They were asked to ensure that all diagnoses, treatments 
and drugs administered were recorded in booklets that they were handed by the routine 
health services for antenatal care. As pre-agreed, we asked each woman for this booklet 
when she completed the intervention period, and entered relevant information into a 
study database. 
 
In preparation of deliveries that might take place before the woman reached the research 
clinic, we supplied the household of each participating women with coolers and ice 
packs, as well as delivery kits, approximately 3 weeks before she was due to deliver. 
Research assistants had been trained in advance in the collection and cold storage of 
blood samples and placentas. All participants were asked, however, to contact the 
volunteer or research assistant as soon as they went into labor, so that the field team 
could be alerted by mobile phone. An obstetric nurse was stand-by day and night to assist 
in the delivery and was dispatched immediately by ambulance to bring the woman to the 
research health center. Complicated cases were referred and brought to Kisumu 



© 2015 American Medical Association. All rights reserved. 

Provincial Teaching and Referral Hospital at a distance of 18km from the research clinic. 
A laboratory technician was stand-by to collect biological samples at delivery. In case of 
deliveries took place at home, samples were collected as soon as possible but at the latest 
within two hours after delivery. 
 
At delivery, we recorded date of birth, neonatal data (gender, anthropometric data) and 
place of delivery (home or hospital). At the research clinic, birthweight was measured 
immediately after delivery (Seca 354 scale; indication within 10g). Scales with similar 
accuracy were used in referral hospitals. Neonates born at home were weighed upon 
presentation in the clinic. Maternal blood (6 mL) was collected by venipuncture within 1 
hour after delivery. Maternal placental blood (3mL) was collected by puncturing the 
intervillous space of the placenta with a thick needle.13 Neonate blood (6mL) was 
obtained after careful cleaning of the umbilical cord and by direct sampling from the 
umbilical vein. All blood samples were collected in tubes with K2EDTA (Becton 
Dickinson). In addition, placental biopsies were collected and stored in 40% 
formaldehyde solution with PBS at pH 7.2 for subsequent histologic examination. 
 
At delivery, we also asked each woman for her clinic attendance booklet, and extracted 
information about the number of intermittent preventive treatment doses received against 
malaria, possession of mosquito nets, and whether or not they had received supplements 
with iron and/or folic acid during antenatal clinics. 
 
Clinical staff gave all participating women therapeutic courses of artemether-
lumefantrin,14 praziquantel and albendazole9,10 immediately after delivery to avoid 
inflammation-induced effects on plasma iron markers at one month post-partum. We 
preferred potential benefits of the intervention to be assessed at that time point rather than 
at delivery because plasma iron markers may change rapidly perinatally independently of 
iron status. Thus follow-up and daily supplementation continued for one month after 
delivery, using procedures as described in the preceding paragraphs, and then we 
collected maternal blood (6 mL) by venipuncture in a K2EDTA tube (Becton-Dickinson) 
and peripheral blood from neonates (400–600 µL) by heel puncture in a heparin tube 
(Becton Dickinson, catalogue 365986). Plasma specimens collected during follow-up 
were stored as described for the baseline survey. 
 
Laboratory measurements 
Plasmodium antigenemia was assayed by rapid dipstick tests (Access Bio Inc., Somerset, 
NJ, USA; CareStart, catalogue G0151 and G0171) that can detect P. falciparum-specific 
histidine-rich protein-2 (HRP2), Plasmodium lactate dehydrogenase (pLDH) specific to 
either P. falciparum or to non-falciparum species, i.e. P. ovale, P. malariae or P. vivax. 
Whereas HRP2-based tests detects current or recent P. falciparum infection, pLDH-based 
tests only indicate current infection.15–17 
 
DNA was extracted from erythrocytes (Qiagen whole blood DNA isolation protocol 
according to the manufacturer’s instructions except that DNA was eluted in 50µl 
nuclease-free water) and stored at –20°C until PCR analysis. P. falciparum-specific DNA 
was detected as per protocol18 with the following modifications: we added an internal 
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amplification control detecting the human household gene GAPDH (glyceraldehyde 3-
phosphate dehydrogenase), using a Texas Red-labelled probe and GAPDH-specific 
primers: Fwd: 5` GAA-GGT-GAA-GGT-CGG-AGT-C `3; Rev: 5` GAA-GAT-GGT-
GAT-GGG-ATT-TC `3; Probe: 5` Texas Red CAA-GCT-TCC-CGT-TCT-CAG-CC 
HBQ1 -`3. Amplification reactions were performed in a volume of 25 µl, a total of 2.5 µl 
1x Qiagen buffer, 6.5 mM MgCl2, 250 µM dNTPs, 400 nM of each P. falciparum 18S 
primer, 100 nM P. falciparum 18S probe, 40 nM of each GAPDH primer, 100 nM 
GAPDH probe, 0.625 U HotstarTaq polymerase (Qiagen), and 2.5µl sample DNA. 
Primers and probes were all provided by Biolegio (Nijmegen, The Netherlands). 
Amplification comprised of 10 minutes at 95°C, followed by 45 20-second cycles at 
95°C and 1 minute at 60°C. In each PCR run, water controls, no-template controls, high 
and low positive controls were all included in duplicate. The high and low positive 
controls contain a known amount of P. falciparum; thus, the cycle threshold (Ct) values 
of these controls were used to determine the PCR amplification efficacy. The Ct values of 
these controls have a range between 2SD (calculated by measuring the controls 12 times 
over several days) and the Ct values of the controls were required to fall within this 
range. 
Tissue sections of placental biopsies were examined histologically to detect Plasmodium 
infection.19,20 
 
Thick and thin blood films were examined by experienced laboratory technicians to 
detect asexual blood stages of Plasmodium parasites by species. Each blood slide was 
examined independently by three experienced laboratory technicians, who 
microscopically examined blood films until 200 leukocytes had been counted; if ≤ 9 
asexual forms were found, then examination continued until 500 leukocytes were 
counted. 
 
HIV infection was assessed by rapid antibody tests (Alere, Waltham, Massachusetts, 
USA); a positive result was confirmed using other antibody tests (Unigold; Trinity 
Biotech, Co Wicklow, Ireland and/or Bioline; Pantech, Umhlanga, Kwazulu-Natal, South 
Africa).  
 
For DNA extraction from fecal samples, approximately 100mg stool was suspended in 
PBS with 2% polyvinylpolypyrolidone (PVPP; Sigma, Steinheim, Germany). After 
overnight freezing, bead beating 30sec at 3000rpm (MagNa Lyser Green Beads, Roche), 
and lysis in sodium dodecylsulphate-proteinase K for 2 h at 55°C, DNA was extracted 
using the QIAsymphony DSP virus/pathogen midi kit and pathogen complex 400 
protocol of the QIAsymphony Sample Processing (SP) system (Qiagen, Hilden, 
Germany). 
 
Amplification reactions were performed in a volume of 25μL with PCR buffer 
(QuantiTect Multiplex PCR NoROX Kit, QIAgen), 2.5μg Bovine Serum Albumin 
(Roche Diagnostics, Almere, The Netherlands), and 10μL DNA sample. Sequences of 
helminth-specific primers and probes were used as described previously,21–23 with some 
modifications in fluorophore- and quencher-chemistry to accommodate the specific 
fluorophores combination of the Rotor-gene real-time detection system (Qiagen). For the 
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amplification of A. duodenale and N. americanus, the reaction was performed using 
200nM of each A. duodenale-specific primer, 300nM of each N. americanus-specific 
primer, and 100nM of each PhHV-1-specific primer, 300nM of N. americanus-specific 
XS-probe, 200nM of the A. duodenale-specific XS-probe, and 100 nM of each PhHV-1-
specific double-labelled probe. Amplification of Schistosoma and T. trichiura was 
performed using 200 nM of each Schistosoma-specific primers, 300 nM of each T. 
trichiura-specific primers, 100 nM of each PhHV-1-specific primer, and 100 nM of each 
Schistosoma double-labelled probe, T. trichiura double-labelled probe, and PhHV 
double-labelled probe. 
 
Amplification consisted of 15min at 95°C followed by 45 cycles of 15sec at 95°C, 30sec 
at 60°C, and 30sec at 72°C. Amplification, detection, and analysis were performed with 
the Rotor-gene real-time detection system (Qiagen). Negative and positive control 
samples were included in each amplification run. PCR output from this system consists of 
a Ct value, representing the amplification cycle in which the level of fluorescent signal 
exceeds the background fluorescence, and reflecting the parasite-specific DNA load in 
the sample tested. Amplification was considered to be hampered by fecal inhibitory 
factors if the expected Ct value of 33 in the PhHV-specific PCR was increased by more 
than 3.3 cycles. 
 
The ZPP:H ratio was measured for each sample in duplicate using a hematofluorometer 
(Model ZPP 206D, Aviv Biomedical, Lakewood NJ, USA). Control samples at low, 
medium, and high levels (AVIV, catalogue 9999-40839) were run after every 30 readings 
while two level (low, high) calibration samples (AVIV, catalogue 9999-112562) were run 
twice yearly.  
 
Plasma concentrations of ferritin, soluble transferrin receptor, transferrin, C-reactive 
protein, and α1-acid glycoprotein were measured on a Beckman Coulter UniCel DxC 880i 
analyzer as per manufacturer’s instructions.  
 
Fortificant iron content in flour samples were analyzed in duplicate, based on the 
principle that solubilized ferrous iron reacts with orthophenanthroline, a chromogenic 
reagent, in the presence of hydroxylamine hydrochloride (reducing agent), resulting in a 
pink-colored complex. Flour samples (10g) were mixed with 30mL water to dissolve 
organic constituents. After shaking, centrifugation and filtration (Acrodisc LC-13mm 
syringe filter, 0.45μm PVDF membrane), we added solutions of 0.5 mL 
hydroxylammonium chloride (500g/L), 5mL sodium acetate (4M) and 2.5mL ortho-
phenthroline (2.5g/L) to 15g of the supernatant, and made up to 50mL with water. Iron 
concentrations were determined spectrophotometrically at an absorbance of 510nm. 
 
Outcomes 
The primary outcome was defined as past or present maternal Plasmodium infection 
assessed at parturition, regardless of species, as indicated by one or more positive results 
for rapid tests to detect the presence of pLDH or HRP2 in plasma; by histopathologic 
examination of placental biopsies; or PCR tests to detect the presence of P. falciparum 
DNA in maternal erythrocytes from venous or placental blood. We excluded the results 
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of microscopy from this case definition because we would consider these results to be 
incorrect if discordant with results from PCR tests.  
 
Secondary outcomes were: patent Plasmodium infection (similarly defined as primary 
outcome, but restricted to at least one positive result from dipstick tests and placental 
histopathology); sub-patent Plasmodium infection (as primary outcome but restricted to 
at least one positive result for PCR tests); current or recent Plasmodium infection (as 
primary outcome but restricted to at least one positive result from dipstick tests or PCR 
tests); birthweight; gestational age at delivery; newborn weight-for-gestational age z-
score; and maternal and neonatal iron status at one month after delivery (as assessed by 
hemoglobin concentrations and plasma concentrations of ferritin and soluble transferrin 
receptor). 
 
Statistical analysis  
Data cleaning and analysis was done using SPSS 21 (IBM, Armonk, NY) and CIA 2.2.0 
(http://www.som.soton.ac.uk/research/sites/cia/). Analyses were done according to a 
statistical analysis plan that was finalized before the treatment allocation code was 
broken. We estimated effects when possible; P-values, where reported, are 2-sided. 
 
Hemoglobin concentration was calculated as the mean of duplicate measurements or 
median values if more than two recordings were available. The presence of asexual stages 
of Plasmodium parasites was determined by three laboratory technicians who 
independently examined thick blood films by microscope. Newborn weight-for-
gestational-age z-scores were derived using estimated mean birthweight at 40 weeks of 
gestation for Kenyan children as a reference,24 and with a corresponding CV of 12.8% 
(estimate obtained from the population presented in this paper). 
 
We used the following definitions: anemia: hemoglobin concentration <110 g/L;25 iron 
deficiency: plasma ferritin concentration <15 μg/L;26 iron-replete: plasma ferritin 
concentration ≥15 μg/L in the absence of inflammation; iron status uncertain: plasma 
ferritin concentration ≥15 μg/L in the presence of inflammation; iron deficiency anemia: 
anemia co-existing with iron deficiency; inflammation: plasma concentrations of C-
reactive protein (CRP) >10 mg/L27 and/or α1-acid glycoprotein >1 mg/L;28 gravidity: the 
number of times a woman reported to have been pregnant, regardless of the outcome of 
these pregnancies, with twins and other multiple births counted as 1, and including the 
current pregnancy; fetal death: occurred before birth; neonatal death: death of a live-born 
infant within the first 7 days of life (early neonatal death),  at 7–28 days of life (late 
neonatal death). 
 
The preplanned primary analysis was per protocol. It included all individuals with 
singleton pregnancies who complied with intervention (i.e. consumed >90% of scheduled 
supplements) and for whom outcomes were available. For binary outcomes, effects are 
reported as the difference in proportions, with associated 95% CIs calculated by 
Newcombe’s method using CIA software. Continuous outcomes were log-transformed as 
needed to normalize distributions; effects and corresponding confidence interval limits 
were exponentiated and expressed as proportional differences in geometric means. The 
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average number of women who needed to be supplemented to prevent one case of low 
birthweight was calculated as the inverse of the absolute risk reduction. 
 
We used multiple linear regression and multiple logistic regression to compare effect 
estimates with and without adjustment for baseline factors known (gravidity 
[primigravida, secundigravida, multigravida];29 maternal age [< 20 years and ≥ 20 
years];29,30 HIV infection31) or suspected (Plasmodium infection status; iron status, 
entered as hemoglobin concentration [continuous] and iron deficiency [binary]; 
gestational age [continuous]) to be prognostic for the primary outcome. In this analysis, 
categorical variables were dummy-coded. For complete accounting, we report the 
adjusted effect for the primary outcome, with the odds ratio re-expressed as a risk 
difference; for secondary outcomes (birthweight, gestational age at delivery, and maternal 
and infant hemoglobin concentration at 30days after birth), adjusted results are not 
reported because adjustment did not markedly affect the magnitude of the intervention 
effects. 
 
We also conducted intention-to-treat analysis. Such analysis generally leads to 
intervention effects being underestimated, which we consider undesirable to assess 
effects on adverse events. We replaced missing data under a missing-at-random 
assumption by multiple imputation (SPSS, ‘automatic’ imputation method; 20 iterations), 
with log-transformed variables as necessary to normalize distributions. We split the 
dataset by intervention group, replaced missing data using an identical multiple 
imputation model within each group, and combined the imputed datasets for subsequent 
analysis. A list of variables used in the imputation model is given below (eTable 1). For 
binary outcomes, multiple imputations yields an integer number of cases per iteration, but 
pooled estimates from multiple iterations may result in these numbers to be estimated in 
non-integer values. Because this precludes computation of confidence intervals for 
differences in proportions, we instead calculated the differences in means under the 
assumption that binary outcome variables had a Bernoulli distribution. Pooled chi-
squared statistics for cross-tabulated data and associated p-values were calculated as 
described elsewhere;32,33 it should be noted, however, that p-values thus obtained are only 
crude estimates of the true values.32 In the analysis of birthweight, infants born at referral 
facilities and those born at home whose weight was measured more than 24h postpartum 
were included in the intention-to-treat analysis but excluded in the per protocol analysis. 
 
We used stratified analyses and multiple linear regression and multiple logistic regression 
(with main terms and product terms) to assess modification of intervention effects on 
secondary outcomes (Plasmodium infection, birth weight and maternal hemoglobin 
concentration at 1 month after birth) by predefined baseline factors (gravidity;34,35 
maternal age;36–40 HIV infection;30 iron status, indicated by anemia and iron deficiency). 
We similarly assessed to what extent the intervention effect was influenced by 
intermittent preventive treatment during the intervention period. 
 
Results reported below were obtained by per protocol analysis unless indicated otherwise. 
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eTable 1. List of variables included in the multiple imputation model 
Variable 
At baseline (randomization): 

Height, cm 
Weight, kg 
Marital status 
Maternal age 
Gestational age 
Gravidity 
Rapid test for HRP2 and pLDH specific for Plasmodium spp. other than P. falciparum
Rapid test for P. falciparum-specific pLDH 
P. falciparum-specific DNA in erythrocytes by PCR test 
HIV infection 
Plasma C-reactive protein concentration (log-transformed) 
Plasma α1-acid glycoprotein concentration (log-transformed) 
Hemoglobin concentration 
Plasma ferritin concentration (log-transformed) 
Plasma soluble transferrin receptor concentration (log-transformed) 
Plasma transferrin concentration 
Whole blood ZPP:heme ratio, μmol/mol (log-transformed) 
Erythrocyte ZPP:heme ratio, μmol/mol (log-transformed) 
Schistosoma DNA (categorical) 
Trichuris trichiura DNA (categorical) 
Necator americanus DNA (categorical) 
Ancylostoma DNA (categorical) 
Ascaris DNA (categorical) 
Stercoralis DNA (categorical) 
Cryptosporidium DNA (categorical) 
Entamoeba DNA (categorical) 
Giardia DNA (categorical) 

At delivery, maternal markers: 
Any evidence of Plasmodium infection (primary outcome) a 
Patent Plasmodium infection a 
Presence of P. falciparum DNA a 
Current or recent Plasmodium infection a 
Hemoglobin concentration 
Whole blood ZPP:heme ratio, μmol/mol (log-transformed) 
Erythrocyte ZPP:heme ratio, μmol/mol (log-transformed) 
Intermittent preventive treatment (categorical) 

At delivery, neonatal markers: 
Birth weight b 
Sex 
Gestational age 
Length 
Head circumference 
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Cord blood hemoglobin concentration 
Cord blood ZPP:heme ratio, μmol/mol (log-transformed) 
Cord erythrocyte ZPP:heme ratio, μmol/mol (log-transformed) 

At 1 month after birth, maternal markers: 
Plasma C-reactive protein concentration (log-transformed) 
Plasma α1-acid glycoprotein concentration (log-transformed) 
Hemoglobin concentration 
Plasma ferritin concentration (log-transformed) 
Plasma soluble transferrin receptor concentration (log-transformed) 
Plasma transferrin concentration 
Whole blood ZPP:heme ratio, μmol/mol (log-transformed) 
Erythrocyte ZPP:heme ratio, μmol/mol (log-transformed) 

At 1 month postpartum, neonatal markers: 
Plasma C-reactive protein concentration (log-transformed) 
Plasma α1-acid glycoprotein concentration (log-transformed) 
Hemoglobin concentration 
Plasma ferritin concentration (log-transformed) 
Plasma soluble transferrin receptor concentration (log-transformed) 

a Any evidence of infection: past or present maternal Plasmodium infection assessed at 
parturition, regardless of species, as indicated by one or more positive results for the 
presence of pLDH or HRP2 in plasma; by placental histopathology; or P. falciparum 
DNA in maternal erythrocytes from venous or placental blood, by PCR test; patent 
Plasmodium infection: similarly defined as primary outcome, but restricted to at least 
one positive result from dipstick tests or placental histopathlogy; presence of P. 
falciparum DNA: as primary outcome, but restricted to at least one positive result for 
PCR tests; current or recent Plasmodium infection: as primary outcome, but restricted 
to at least one positive result for dipstick tests or PCR tests. b Including measurements for 
births at referral hospital and all births at home 
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ETABLE 2. Frequency of serious adverse events in mothers and children a 
Adverse events Iron Placebo 
Maternal events   

Maternal death 0 2 b 
Hospital admission 1 4 
Eclampsia 0 1 
Atonic uterine contraction 0 1 
General sickness c 4 3 
Malaria d 1 1 
Pneumonia 1 0 
Meningitis 1 0 
Breech delivery 1 0 
Total 9 12 

Fetal and neonatal events   
Fetal death 3 3 
Early neonatal death e 2 2 
Late neonatal death f 2 2 
Infant death after 28 days of 
life 

1 1 

Neural tube defect 0 2 
Neonatal sepsis 1 1 
Total 9 11 

a As reported in Serious Adverse Events forms; b One woman died due to postpartum 
hemorrhage, and another at 2weeks postpartum due to pneumonia and cardiac arrest; c 

These cases concerned women who reported to have been sick during the intervention 
period but who had not been medically examined at that time by field staff, and for whom 
erroneously a Severe Adverse Event form was filled out; d These cases concerned women 
with uncomplicated, dipstick-confirmed malaria who had reported to the research clinic 
instead of the regular health services, and for whom erroneously a Severe Adverse Event 
form was filled out; e Early neonatal death: death of a live-born infant within the first 
week of life; f Late neonatal death: death of a live-born infant at 7–28 days of life. 
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eTABLE 3. Baseline characteristics of study participants, by intervention group 

Characteristics Iron Placebo 
 Per 

protocol 
analysis 

set 

Lost to 
follow-up 

or 
excluded 

Per 
protocol 
analysis 

set 

Lost to 
follow-up 

or 
excluded 

n 215 22 215 18 
Height, cm 162.5 

(5.9) 
161.7 
(3.9) 

162.4 
(6.7) 

162.0 
(6.4) 

Weight, kg 58.0 (7.5) 59.8 (8.7) 57.4 (7.4) 58.7 (8.7) 
Body mass index, kg/m2 22.0 (2.7) 22.9 (3.2) 21.8 (2.6) 22.3 (2.8) 
Marital status     

Married or living together 190 
[88.4%] 

14 
[63.6%] 

174 
[80.9%] 

10 
[55.6%] 

Divorced or separated 7 [3.3%] 1 [4.5%] 9 [4.2%]  1 [5.6%] 
Never married 18 [8.4%] 7 [31.8%] 32 

[14.9%]  
7 [38.9%] 

Age, years 24.0 
[20.0, 
29.0] 

20.5 
[19.0, 
26.3] 

24.0 
[20.0, 
29.0] 

21.0 
[18.0, 
27.3] 

Gestational age, weeks a 17.6 
[15.7, 
19.6] 

18.0 
[15.5, 
19.6] 

17.3 
[15.6, 
19.6] 

18.1 
[15.9, 
20.7] 

Gravidity     
Primigravida 27 

[12.6%] 
10 

[45.5%] 
40 

[18.6%]  
8 [44.4%] 

Secundigravida 53 
[24.7%] 

4 [18.2%] 32 
[14.9%]  

3 [16.7%] 

Multigravida 135 
[62.8%] 

8 [36.4%] 143 
[66.5%]  

7 [38.9%] 

Plasmodium infection     
Any Plasmodium spp., b by any 
dipstick or PCR 

78 
[36.3%] 

11 
[50.0%] 

81 
[37.7%] 

5 [27.8%] 

P. falciparum, by HRP2- or 
LDH-based dipstick, or PCR 

77 
[35.8%] 

11 
[50.0%] 

81 
[37.7%] 

5 [27.8%] 

Current or recent P. falciparum 
infection, by either HRP2- or 
LDH-based dipstick 

39 
[18.1%] 

8 [36.4%] 43 
[20.0%] 

1 [5.6%] 

P. falciparum, by PCR 70 
[32.6%] 

11 
[50.0%] 

75 
[35.8%] 

5 [28.6%] 

HIV infection 46 
[21.4%] 

1 [5.0%] c 47 
[21.9%] 

4 [22.2%] 

Plasma CRP concentration, mg/L 4.0 [2.1, 
9.4] 

9.8 [4.1, 
29.7] 

4.2 [2.1, 
10.6] 

5.5 [1.7, 
13.7] 

Plasma AGP concentration, g/L 0.7 (0.3) 0.9 (0.7) 0.7 (0.3) 0.7 (0.4) 
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Inflammation d     
Plasma CRP concentration ≥10 
mg/L 

50 
[23.3%] 

11 
[50.0%] 

58 
[27.0%] 

7 [38.9%] 

Plasma AGP concentration ≥1.0 
g/L 

35 
[16.3%] 

8 [36.4%] 38 
[17.7%] 

4 [22.2%] 

Plasma CRP concentration ≥10 
mg/L or AGP ≥1.0 g/L 

63 
[29.3%] 

13 
[59.1%] 

69 
[32.1%] 

7 [38.9%] 

Hemoglobin concentration, g/L 113.4 
(10.7) 

118.2 
(11.7) 

112.4 
(11.9) 

113.9 
(12.6) 

Anemia, hemoglobin concentration 
<110g/L 

77 
[35.8%] 

5 [22.7%] 87 
[40.5%]  

6 [33.3%] 

Plasma ferritin concentration, µg/L 13.7 [8.1, 
29.1] 

15.7 [9.1, 
50.2] 

13.3 [8.0, 
28,3]  

22.1 
[11.7, 
33.4] 

Plasma sTfR concentration, mg/L 1.8 [1.4, 
2.5] 

2.3 [1.9, 
2.7] 

2.0 [1.6, 
2.8]  

1.8 [1.3, 
2.3] 

Plasma transferrin concentration, g/L 3.1 (0.9) 3.0 (0.8) 3.1 (0.8) 3.0 (0.8) 
Iron deficiency, plasma ferritin 

concentration <15µg/L 
    

All women 115 
[53.5%] 

11 
[50.0%] 

115 
[53.5%]  

7 [38.9%] 

Those with CRP concentration 
<10 mg/L 

94/165 
[57.0%] 

7/11 
[63.6%] 

90/157 
[57.3%]  

6/11 
[54.5%] 

Those with AGP concentration 
<1.0g/L 

105/180 
[58.3%] 

10/14 
[71.4%] 

100/177 
[56.5%]  

6/14 
42.9%] 

Those with concentrations of CRP 
<10mg/L or AGP <1.0 g/L 

90/152 
[59.2%] 

7/9 
[77.8%] 

87/146 
[59.6%]  

6/11 
[54.5%] 

Whole blood ZPP:heme ratio, 
µmol/mol 

89.5 
[66.5, 
119.5] 

86.5 
[71.8, 
105.0] 

91.0 
[68.5, 
129.0]  

86.0 
[54.5, 
100.0] 

Erythrocyte ZPP:heme ratio, 
µmol/mol 

37.5 
[20.0, 
64.5] 

32.0 
[17.5, 
53.5] 

36.0 
[20.0, 
78.0] 

31.5 
[20.0, 
45,0] 

Intestinal helminth infections e     
Schistosoma spp.     

Absent (Ct=45) 148/200 
[74%] 

13/18 
[72.2%] 

136/204 
[66.7%] 

11/17 
[64.7%] 

Low (35<Ct<45) 5/200 
[2.5%] 

0/18 
[0.0%] 

6/204 
[2.9%] 

0/17 
[0.0%] 

Moderate (30≤Ct≤35) 14/200 
[7.0%] 

4/18 
[22.2%] 

13/204 
[6.4%] 

2/17 
[11.8%] 

High (Ct<30) 33/200 
[16.5%] 

1/18 
[5.6%] 

49/204 
[24.0%] 

4/17 
[23.5%] 

Trichuris trichiura     
Absent (Ct=45) 166/200 

[83.0%] 
15/18 

[83.3%] 
180/204 
[88.2%] 

15/17 
[88.2%] 
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Low (35<Ct<45) 2/200 
[1.0%] 

0/18 
[0.0%] 

5/204 
[2.5%] 

0/17 
[0.0%] 

Moderate (30≤Ct≤35) 6/200 
[3.0%] 

1/18 
[5.6%] 

8/204 
[3.9%] 

2/17 
[11.8%] 

High (Ct<30) 26/200 
[13.0%] 

2/18 
[11.1%] 

11/204 
[5.4%] 

0/17 
[0.0%] 

Necator americanus     
Absent (Ct=45) 190/200 

[95%] 
17/18 

[94.4%] 
190/204 
[93.1%] 

16/17 
[94.1%] 

Low (35<Ct<45) 3/200 
[1.5%] 

1/18 
[5.6%] 

6/204 
[2.9%] 

1/17 
[5.9%] 

Moderate (30≤Ct≤35) 5/200 
[2.5%] 

0/18 
[0.0%] 

6/204 
[2.9%] 

0/17 
[0.0%] 

High (Ct<30) 2/200 
[1.0%] 

0/18 
[0.0%] 

2/204 
[1.0%] 

0/17 
[0.0%] 

Mean (SD), median [25th-, 75th-percentile], n [%] or n/n [%] 
AGP: α1-acid glycoprotein; CRP: C-reactive protein; HRP2: P. falciparum-specific 
histidine-rich protein-2); LDH: P. falciparum-specific lactate dehydrogenase; sTfR: 
soluble transferrin receptor; ZPP: zinc protoporphyrin 
 
a All women except one were in the 2nd trimester of pregnancy; b Only one participant 
(iron group) had infection by a Plasmodium species other than P. falciparum; c HIV 
status of two participants was not determined; d Only one participant (iron group) had 
current fever defined as axillary temperature ≥ 37.5 °C; e Missing values occurred 
because stool samples could not be collected for some women. Ct (cycle threshold) 
values are inversely proportional to the amount of target DNA in the sample. Ct=45: no 
detectable levels of target nucleic acid; 35<Ct<45: weak reactions indicative of marginal 
amounts of target nucleic acid; 30≤Ct≤35: positive reactions indicative of moderate 
amounts of target nucleic acid, compatible with low parasite load that is unlikely to be 
detectable by microscopy; Ct<30: strong positive reactions indicative of abundant target 
nucleic acid compatible with a parasite load that probably detectable by microscopy. 
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ETABLE 4. Effect of iron on maternal and neonatal outcomes, per protocol analysis 
Indicator a  Iron  Placebo Effect (95% 

CI) 
P 

value 
 n Estimate n Estimate   
Maternal outcomes, at 
delivery 

      

Plasmodium infection       
Any evidence of 
infection (primary 
outcome) b 

182 96 
[52.7%] 

181 95 
[52.5%] 

0.3% (–9.9% 
to 10.4%) 

0.96 

Patent infection c 180 84 
[46.7%] 

174 80 
[46.0%] 

0.7% (–9.8% 
to 11.1%) 

0.90 

Presence of P. 
falciparum DNA d 

215 49 
[22.8%] 

212 53 
[25.0%] 

–2.2% (–
10.3% to 

5.9%) 

0.59 

Current or recent 
infection e 

181 62 
[34.3%] 

181 67 
[37.0%] 

–2.8% (–
12.7% to 

7.2%) 

0.58 

Hemoglobin concentration, 
g/L 

215 120.7 
(16.4) 

214 111.6 
(19.0) 

9.1 (5.7 to 
12.4) 

<0.001

Anemia (hemoglobin 
concentration <110 g/L) 

215 46 
[21.4%] 

214 108
[50.5%] 

– 29.1% (–
37.3% to –

20.1%) 

<0.001

Severe anemia 
(hemoglobin concentration 
<70 g/L) 

214 3 [1.4%] 214 1 [0.5%] 0.9% (–1.4% 
to 3.6%) 

0.62 

Hemoglobin concentration 
>130 g/L 

215 66 
[30.7%] 

214 37 
[17.3%] 

13.4% (5.3% 
to 21.3%) 

0.001 

Whole blood ZPP:heme 
ratio, µmol/mol 

215 106.9 
[74.5, 
141.5] 

214 159.0 
[103.3, 
233.8] 

–32.8% (–
39.0% to –

25.9%) f 

<0.001

Erythrocyte ZPP:heme 
ratio, µmol/mol 

213 29.6 
[17.0, 
51.3] 

214 67.5 
[39.9, 
131.4] 

–56.1% (–
62.8% to –

48.1%) f 

<0.001

Neonatal outcomes, at 
delivery 

      

Birthweight, g g 194 3,191 
(441) 

196 3,048 
(410) 

143 (58 to 
228) 

0.001 

Low birthweight (<2,500 g) 194 6 [3.1%] 196 17 
[8.7%] 

–5.6% (–
10.6% to –

0.9%) 

0.03 

Gestational age at delivery, 
days 

215 273.9 
(13.1) 

215 270.8 
(13.1) 

3.1 (0.7 to 
5.6) 

0.01 

Premature birth (< 37 
weeks gestation) 

215 21 
[9.8%] 

215 36 
[16.7%] 

–7.0% (–
13.4% to –

0.5%) 

0.05 
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Birthweight-for-gestational 
age z-score, SD 

195 0.39 
(1.26) 

197 0.27 
(1.03) 

0.12 (–0.11 
to 0.35) 

0.29 

Length, cm 197 50.6 
(4.2) 

194 49.6 
(4.3) 

0.9 (0.1 to 
1.8) 

0.03 

Head circumference, cm 197 35.0 
(1.7) 

194 34.7 
(2.0) 

0.3 (–0.1 to 
0.7%) 

0.11 

Hemoglobin concentration 
in cord blood, g/L 

205 153.6 
(21.5) 

206 150.5 
(21.1) 

3.1 (–1.0 to 
7.2) 

0.14 

Cord blood ZPP:heme 
ratio, µmol:mol 

205 137.4 
[113.0, 
162.5] 

205 139.5 
[110.5, 
170.0] 

–1.5% (–
7.4% to 
4.7%) f 

0.63 

Cord erythrocyte 
ZPP:heme ratio, µmol:mol 

205 55.0 
[42.0, 
75.0] 

205 55.7 
[37.0, 
79.5] 

–1.3% (–
10.5% to 
8.9%) f 

0.79 

Maternal outcomes, at 1 
month after birth 

      

Hemoglobin concentration, 
g/L 

210 128.9 
(13.9) 

208 120.1 
(16.5) 

8.8 (5.9 to 
11.8) 

<0.001

Anemia (hemoglobin 
concentration <120 g/L) 

210 51 
[24.3%] 

208 95 
[45.1%] 

–21.4% (–
30.0% to –

12.3%) 

<0.001

Plasma ferritin 
concentration, µg/L 

210 32.7 
[19.5, 
58.8] 

208 14.6 
[6.9, 
32.6] 

124.5% 
(87.4% to 
168.8%) f 

<0.001

Iron deficiency (plasma 
ferritin concentration <15 
µg/L) 

      

All persons 210 39 
[18.6%] 

208 116 
[55.8%] 

–37.2% (–
45.3% to –

28.3%) 

<0.001

Those without 
inflammation h 

131 25 
[19.5%] 

133 79 
[59.3%] 

–40.3% (–
50.2% to –

28.9%) 

<0.001

Iron deficiency anemia i 210 10 
[4.8%] 

208 45 
[21.6%] 

–16.9% (–
23.3% to –

10.6%) 

<0.001

Plasma transferrin 
concentration, g/L 

209 2.65 
(0.50) 

208 3.07 
(0.52) 

–0.42 (–0.52 
to –0.32) 

<0.001

Plasma transferrin receptor 
concentration, mg/L 

210 1.78 
[1.24, 
2.32] 

208 2.52 
[1.72, 
3.64] 

–29.4% (–
36.1% to –

22.0%) f 

<0.001

Whole blood ZPP:heme 
ratio, µmol/mol 

210 99.5 
[74.5, 
141.5] 

208 150.9 
[103.3, 
233.8] 

–34.1% (–
40.4% to –

27.1%) f 

<0.001

Erythrocyte ZPP:heme 
ratio, µmol/mol 

208 31.6 
[18.5, 

208 74.6 
[42.1, 

–57.6% 
(64.1% to –

<0.001
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54.5] 137.9] 50.0%) f 
Neonatal outcomes, at 1 
month after birth 

      

Hemoglobin concentration, 
g/L 

200 134.9 
(29.7) 

201 132.5 
(31.5) 

2.3 (–3.7 to 
8.3) 

0.45

Plasma ferritin 
concentration, µg/L 

198 164.2 
[110.0, 
268.9] 

200 139.2 
[93.2, 
212.0] 

17.1% (2.1% 
to 34.3%) f 

0.01

Plasma transferrin receptor 
concentration, mg/L 

197 1.20 
[0.96, 
1.35] 

200 1.27 
[0.99, 
1.51] 

–5.4% (–
12.0% to 
1.6%) f 

0.13

Current or recent 
Plasmodium infection 

200 3 [1.5%] 200 3 [1.5%] 0.0% j  

Mean (SD), geometric mean [25th-, 75th-percentiles], n [%] or n/n [%]; effects are 
indicated as absolute difference in means or prevalence unless indicated otherwise 
 
ZPP: zinc protoporphyrin 
 
a Definitions: see text; b At least one positive result for dipstick tests (HRP2, or pLDH 
for any human Plasmodium species) in maternal venous or placental blood, by P. 
falciparum-specific PCR tests in maternal venous or placental blood; or presence of 
parasites or pigment in placental biopsies, by histopathology; c At least one positive 
result for dipstick tests (HRP2, or pLDH for any human Plasmodium species) in 
maternal venous or placental blood; or presence of parasites or pigment in placental 
biopsies, by histopathology; d) Presence of P. falciparum-specific DNA in maternal 
erythrocytes from venous or placental blood, by PCR test; e At least one positive result 
for dipstick tests (HRP2, or pLDH for any human Plasmodium species) in maternal 
venous or placental blood; or presence of parasites in maternal erythrocytes or pigment 
in erythrocytes/monocytes in intervillous space, by placental histopathology; f Relative 
differences in geometric means, with placebo as the reference group; g With exclusion of 
neonates for whom birthweight could not be accurately measured because they were 
born in hospital, or for whom weight was not measured within 24h postpartum; h 

Concentrations of C-reactive protein <10 mg/L or α1-acid glycoprotein <1.0 g/L; i 

Presence of both anemia and iron deficiency; j No analysis was conducted because of the 
low number of infected children in each group. 
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ETABLE 5. Effect of iron supplementation on Plasmodium infection risk, various case 
definitions, per protocol analysis 
 Iron Placebo Risk 

difference 
(95% CI) 

P 
Value

 n No. with 
positive 

test 
result 
(%) 

n No. with 
positive 

test 
result 
(%) 

  

Rapid diagnostic tests, 
maternal venous blood 

      

      HRP2 212 30 
(14.2%) 

209 29 
(13.9%) 

0.3% (–6.4% 
to 7.0%) 

0.94 

      P. falciparum-specific 
pLDH 

212 11 
(5.2%) 

209 11 
(5.3%) 

–0.1% (–
4.6% to 
4.4%) 

0.97 

PCR for P. falciparum-
specific DNA 

      

In erythrocytes from 
maternal venous blood 

215 45 
(20.9%) 

212 42 
(19.5%) 

1.1% (–6.5% 
to 8.8%) 

0.81 

In erythrocytes from 
maternal placental blood 

215 42 
(19.5%) 

212 45 
(21.2%) 

–1.7% (–
9.3% to 
6.0%) 

0.72 

Placental biopsies a 179  167   0.58 
Not infected  105 

(58.7%) 
 104 

(62.3%) 
–3.6% (–
13.7% to 

6.7%) 

 

Active infection  6 (3.4%)  6 (3.6%) –0.2% (–
4.7% to 
4.0%) 

 

Active-chronic infection  13 
(7.3%) 

 16 
(9.6%) 

–2.3% (–
8.5% to 
3.7%) 

 

Past-chronic infection  55 
(30.7%) 

 41 
(24.6%) 

6.2% (–3.3% 
to 15.4%) 

 

Microscopic examination of 
blood films b 

      

      Laboratory technician #1 215 25 
(11.6%) 

215 23 
(10.7%) 

0.9% (–5.1% 
to 7.0%) 

0.98 

      Laboratory technician #2 215 23 
(10.7%) 

215 24 
(11.2%) 

–0.5% (–
6.5% to 
5.5%) 

0.99 

      Laboratory technician #3 215 29 
(13.5%) 

215 27 
(12.6%) 

0.9% (–5.5% 
to 7.4%) 

0.98 
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pLDH: parasite lactate dehydrogenase; HRP2: histidine-rich protein-2 (produced 
exclusively by P. falciparum) 
 
a Active infection: parasites are present in maternal erythrocytes and in the intervillous 
spaces with or without pigment in intervillous erythrocytes or monocytes; active-chronic 
infection: parasites are present in the intervillous spaces along with pigment as deposits 
in fibrin or in macrophages within fibrin; past infection: pigment is present in fibrin or in 
macrophages within fibrin but not in parasites; b Presence or density of asexual 
Plasmodium parasites; none of the laboratory technicians reported any Plasmodium 
species other than P. falciparum 
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eFigure 1. Effect of iron supplementation on selected outcomes, by subgroups (per protocol 
analysis) 

 
P-values indicate the 2-sided probability that group effects are as different as observed or more 
extreme when assuming that they are identical. Red vertical lines indicate overall effect; dotted lines 
indicate no effect. 
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eFigure 2. Effect of iron supplementation on selected outcomes, by IPT use (per protocol 
analysis) 

 
 
 
P-values indicate the 2-sided probability that group effects are as different as observed or more 
extreme when assuming that they are identical. Red vertical lines indicate overall effect; dotted lines 
indicate no effect. 
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