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Abstract

Purpose: RECIPAL is an original pre-conceptional cohort designed to assess the
consequences of malaria during the first trimester of pregnancy, which is a poorly

investigated period in Africa and during which malaria may be detrimental to the fetus.

Participants: For this purpose, a total of 1214 women of reproductive age living in S6-Ava
and Akassato districts (south Benin) were followed-up monthly from June 2014 to December
2016 until 411 of them became pregnant. A large range of health determinants was collected
both before and during pregnancy from the first weeks of gestation to delivery. Five Doppler-
ultrasound scans were performed for early dating of the pregnancy and longitudinal fetal

growth assessment.

Findings to date: Pregnant women were identified at a mean of 6.9 weeks of gestation (wg).
Preliminary results confirmed the high prevalence of malaria in the first trimester of
pregnancy, with more than 25.4% of women presenting at least one microscopic malarial
infection during this period. Most infections occurred before 6 wg. The prevalence of low
birthweight, small-birthweight-for-gestational age (according to INTERGROWTH2I-st

charts) and preterm birth was 9.3%, 18.3%, and 12.6%, respectively.

Future plans: RECIPAL represents at this time a unique resource that will provide
information on multiple infectious (including malaria), biological, nutritional and
environmental determinants in relation to health outcomes in women of reproductive age,
pregnant women and their newborns. It will contribute to better define future
recommendations for the prevention of malaria in early pregnancy and maternal malnutrition
in Africa. It confirms that it is possible to constitute a pre-conceptional pregnancy cohort in

Africa and provides valuable information for researchers starting cohorts in the future.
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Strengths and limitations of this study

e A unique cohort combining highly detailed, high-quality health-

related information on the pregnancies of = 400 women recruited

©CoO~NOUITA,WNPE

in the pre-conception period, with a substantial related bio-bank

of plasmas, placental and other samples.

13 e Pre-conceptional design allowing the early identification and
follow-up of pregnant women: screening of women for both
16 microscopic and submicroscopic malaria from the first weeks of
pregnancy; accurate estimation of gestational age by using early
19 obstetrical ultrasound scan and collection of some important
factors influencing fetal growth such as pre-pregnancy nutritional

22 status and gestational hypertensive disorders.

e Collection of valuable information for the implementation of

26 future pre-conceptional cohorts in Africa.

28 e High attrition in the pre-conceptional cohort, with a possible

30 impact on the external validity of some findings.

32 e Reduced sample size at delivery due to a high proportion of
34 spontaneous abortion, with a possible lack of power for analyses

35 on birth outcomes.
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Introduction

Malaria in pregnancy is associated with a wide range of deleterious effects in women and
their offspring. In Sub-Sahara African (SSA) countries, preventive strategies are based on
long-lasting insecticide treated bed nets (LLITNs) and intermittent preventive treatment in
pregnancy (IPTp). IPTp consists in the administration of sulfadoxine-pyrimethamine (SP) at
each antenatal care (ANC) visit from the 2" trimester of pregnancy onwards [1]. LLITN are
distributed at the first ANC visit, which generally occurs around 4-5 months of pregnancy [2].
Therefore, pregnant women remain unprotected or insufficiently protected during the first
months of pregnancy, and particularly during the first trimester. However, this period may be
a high-risk period for the fetus if pregnancy-associated malaria parasites accumulate into the
placenta during trophoblast differentiation and vascular remodelling of the uterus [3,4].

Impaired placentation may then contribute to fetal growth restriction.

Few studies have investigated malaria in early pregnancy and while some have shown an
adverse effect on birth outcomes, this has not been consistent [5]. In Burkina Faso and in
Benin, malaria infection in the first trimester [6] or before 4-5 months of pregnancy [7,8] has
been associated with a higher risk of low birthweight (LBW) or a decrease in birthweight.
Conversely, such association was not reported in Uganda and Malawi [9,10] but the number
of women screened in the first trimester was low in these two studies. One of the problems in
interpreting this existing literature relates to the challenges of recruiting women early in
pregnancy; most of the studies were not designed to assess the consequences of malaria early
in pregnancy and therefore women were generally recruited late in the first trimester, which

may lead to misclassification errors and underestimation of exposure.

The RECIPAL study aimed to assess the effect of malaria (both microscopic and

submicroscopic) in the first trimester of pregnancy on both the mother and the fetus by
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following a cohort of pregnant women recruited before conception. In addition, it aimed to
assess the influence of the woman’s nutritional status in the relationship between malaria in

early pregnancy and birth outcomes.

Cohort description

Study setting

The study cohort was conducted in the districts of S6-Ava and Abomey-Calavi, located in
Southern Benin (Figure 1). In the area, malaria is hyperendemic with a mean entomological
inoculation rate of 2.1 infected anopheles bites/person/100 nights [11]. The main mosquito
vectors of malaria are Anopheles gambiae ss and Anopheles funestus [12]. Four sub-districts
(So6-Ava, Vekky and Houedo in S6-Ava District, and Akassato in Abomey-Calavi District)
were selected for the study according to the population density and mean number of ANC
visits and deliveries per month in the main public maternity clinic. Thirty-five out of a total of

36 villages were selected for the study according to their proximity to the maternity clinics.
Study design, subject identification, recruitment and enrolment procedures

Briefly, women of reproductive age (WRA) were recruited at community-level and followed
monthly for a maximum period of 24 months until becoming pregnant, they constituted the
RECIPAL initial cohort. The sub-sample of women who became pregnant was then followed-
up monthly at the maternity clinic from early pregnancy to delivery; they constituted the

RECIPAL final cohort.

A sample size of 466 births was estimated sufficient to evidence a 2-fold odds ratio for the
association between malaria and poor birth outcomes [4], assuming a prevalence of 25% of
women with microscopic malaria in the 1% trimester of pregnancy and 30% of poor birth

outcomes (LBW, small-for-gestational age (SGA), preterm birth (PTB) or stillbirth) [8,13,14]
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with a 80% power and significant level at 0.05. We estimated that following 2,000 WRA
(initial cohort) would have allowed identifying 510 pregnant women (final cohort) during the
time of the study (based on a total fertility rate of 200/1,000/year in Benin

(http://esa.un.org/unpd/wpp/index.htm) and allowing 15% of loss to follow-up).

After explanation of the study to the local political and administrative authorities, three
concomitant procedures were used to recruit WRA. First, repeated sensitization events were
organized in each of the 35 selected villages for presenting the study to all inhabitants. If
interested, women were invited to register with the head of the community and were visited at
home the day after for their inclusion. That procedure constituted the main way of recruitment
throughout the study. Second, leaders of the community, religious authorities and mass-media
were involved in order to help us mobilizing women during public meetings (masses,
women’s association meetings, etc.). The last way of recruitment consisted of going door-to-
door to identify eligible and interested women with the assistance a network of community-

health workers.

To be included, women had met the following criteria: negative urinary pregnancy test, 18 to
45 years old, no current contraception, no previous fecundity issues, willingness to become
pregnant, no planned travel for more than 2 months within the next 18 months, acceptance of
RECIPAL protocol and signed written informed consent. Both oral and written
communication was used for providing information on the project to the women and their
husbands. The consent form was translated into the local language for women who were

illiterate.

From June 2014 to December 2016, 1302 WRA were willing to participate in the study.
Among them, 1214 (93.2%) met the inclusion criteria and were recruited, 88 (6.8%) were not

included mainly because of a positive urinary pregnancy test at inclusion (63.6%) or past
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infertility issues (14.8%). Based on both the 2013 national census and 2011 Demographic
Health Survey in Benin, we estimated that women included in the project represented 6% of

the total number of WRA living in the study area.

RECIPAL study was approved by the ethics committees of the Institut des Sciences
Biomédicales Appliquées (ISBA) in Benin and from the IRD in France as well as by the

Ministry of Health in Benin.

Cohort follow-up

Pre-conceptional follow-up

After enrolment, WRA were visited at home monthly by specifically trained-investigators
assisted by local community-health workers. Follow-up consisted mainly of recording the first
day of last menstrual period (LMP) and performing a urinary pregnancy test every month. To
minimize the risk of loss of confidentiality during the tracking of women for follow-up, the
study team was instructed to speak only to people—including family members—to whom
women have granted them permission to speak. After 12 months, women who were still
followed received medical advices to help conceive and they were invited to attend the
maternity clinic for a medical examination in case of symptoms of genital infection. After 24
months, the follow-up ended and women who did not conceive were invited to attend a

gynaecologist for fertility issues assessment.

Gestational follow-up

Once pregnant, women were followed-up at the maternity clinic for monthly ANC visits. In
addition, they were encouraged to attend the maternity clinic any time in case of any
symptoms. Both the maternity staft (for usual ANC follow-up and clinical examination) and

study investigators (for all specific issues related to RECIPAL) were involved in women’s
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follow-up. Throughout the study, women were offered free transport to the maternity clinic; in
S6-Ava District a free river shuttle was set up. At 37 weeks gestation, women were visited at

home weekly and transportation to the study maternity clinic was scheduled for delivery.

According to Beninese national recommendations, a kit including iron and folic acid tablets
for one month, mebendazole for deworming, the 1* dose of SP for IPTp and a LLITN was
given to each pregnant woman at the first ANC visit. The maternity staff was encouraged to
administer at least three doses of IPTp from the 2™ trimester onwards as recommended by the
Beninese National Malaria Control Program, as well as iron and folic acid supplementation
throughout the pregnancy. RECIPAL women benefited from free management of any diseases
related to the pregnancy—detected either as part of RECIPAL follow-up or during
unscheduled visits, free ANC visits and delivery. Women infected with malaria were treated
with quinine in the first trimester of pregnancy and arthemeter-lumefantrine from the o
trimester onwards. Management of preterm or growth-restricted newborns were also in charge

of the project.

Cohort attrition

Figure 2 presents the flowchart diagram of the study. Among the 1214 WRA enrolled in the
initial cohort, 411 (33.9%) became pregnant, 359 (29.6%) completed the 24 month-follow-up
without conceiving and 444 women (36.6%) did not complete the study mainly because of
informed consent withdrawal (272/444) or migration outside the study area (138/444) that

occurred after 5.2 and 6.3 months of follow-up in average, respectively.

Among the 411 pregnant women, 207 (50.4%) have already delivered, 16.5% (68/411) had a
spontaneous abortion (n=68) or a non-viable pregnancy (n=2), 52 did not complete the study
because of informed consent withdrawal (37/411, 9%) or migration (15/411, 3.6%), and 72

women are still followed (Figure 2). Spontaneous abortions, informed consent withdrawals
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and migrations occurred at 8.9 (+ 3.9), 13.2 (£ 8.1) and 14.2 (+ 8.6) weeks of gestation (wg)

in average (SD), respectively.
Data collection

Pre-conceptional data

Demographic, socioeconomic and household characteristics were collected at inclusion (Table
1). At this occasion, screening for malaria, urinary schistosomiasis, Chlamydia trachomatis
and Neisseria gonorrhoeae was performed. Haemoglobin (Hb) and markers of inflammation
levels were determined. The first day of LMP was recorded, and a urinary pregnancy test
(One-Step®, International Holding Corp, Germany) was performed each month.
Anthropometric measurements were collected every three months and dietary intakes were
assessed twice during follow-up (see below for details). After 12 months, for those women
who were still followed, they were screened for urinary schistosomiasis again in case of

macroscopic haematuria.

Gestational data

At each ANC visit, clinical, anthropometric and obstetrical data, as well as LLITN use, I[PTp
administration, alcohol consumption, and iron, folic acid and other micronutrient
supplementation intake were collected (Table 2). In addition, malaria screening was
performed, and proteinuria, glycosuria and urinary infection were detected using a urine
dipstick test (Combi-screen®, Analyticon, Germany). Dietary intakes were assessed once
every trimester. Five Doppler-ultrasound scans (US) were performed (see below for details).
A sample of venous blood was collected in the 1% and 3" trimesters for Hb, markers of

inflammation and lead levels determination.
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At delivery, newborns were weighed within 1 hour after birth on an electronic digital scale
with an accuracy of 2 grams (SECA 757, SECA Ltd., Germany). Newborn’s length (SECA
infantometer 416, Germany) and head circumference (SECA 201, Germany) were recorded to
the nearest millimetre. Malaria screening was performed on maternal venous blood, placental

and cord blood (Table 2). A placental biopsy was performed for malaria histopathology.

The types and origins of the biological samples collected before and during pregnancy are
listed in Table 3. Preparation and storage are performed by two laboratory technicians under
the supervision of a senior biologist. Total blood, serum, plasma urine samples are stored in -

20°C or -80°C freezers with a daily control of the temperature.

Specifics components

Malaria diagnosis. Before conception and during pregnancy, malaria screening was
performed using both microscopy (thick blood smear) and polymerase chain reaction (PCR).
Blood smears were stained with Giemsa and parasitaemia was quantified by the Lambaréné
method [15]. A molecular diagnostic approach using a combination of real-time PCR assays
comprising genus-specific primers and probes for the gene encoding the small (18S) of
Plasmodiumr RNA and an ultra-sensitive P. falciparum-specific detection system [16] were
used to screen samples containing Plasmodium parasites. In addition, any time during
pregnancy, a rapid diagnostic test (Pf + pan rapid test SD Bioline Ag®, IDA Foundation,
Netherlands; BioSynex®, France) was performed in case of symptoms suggestive of malaria

for immediate diagnosis and treatment.

Ultrasound follow-up. The first US for dating the pregnancy was performed between 9 and
13 wg based on LMP recorded during the pre-conceptional follow-up (supplementary file S1).
The gestational age (GA) was estimated in days based on crown-rump length measurement

using the Robinson’s chart [17]. At the end, GA estimation was based either on LMP if the
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difference between the two measurements (LMP/US) was less than 7 days or on US if the
difference is > 7 days. Following INTERGROWTH-21st methodology, four additional scans
were performed for fetal biometry assessment, and uterine and umbilical blood flow
measurements [18]. Each parameter was measured twice and then averaged; a third measure
was performed in case of discrepancy between the two first measurements. A quality control

was performed on 10% of the pictures.

Anthropometric ~measurements and dietary intake assessment. Anthropometric
measurements were collected using standard procedures (Tables 1 and 2) [19]. During
household visits, women’s body weight was measured with a 200 g precision with calibrated
electronic scales (Tefal, France). At the facility-level, women were weighed with a Tanita
MC-780 body composition device (Tanita Corporation, Tokyo, Japan). Height was measured
to the nearest millimeter with a SECA 206 (Hamburg, Germany) gauge. The left mid-upper-
arm-circumference (MUAC) was measured with a SECA 201 (Hamburg, Germany)
ergonomic circumference measuring tape. Skinfold thickness measurements were made to the
nearest millimeter at the triceps and biceps sites using a Holtain (Crymyeh, UK) skinfold
caliper. The set of measurements was repeated twice and then the measurements were
averaged. Body composition, assessed by bioelectrical impedance analysis method, was
measured by the multi-frequency body composition analyser Tanita MC-780 with a four-

electrode arrangement paired on hands and feet.

Dietary intakes were assessed by 24h-recalls using the standard multiple-pass methodology. A
comprehensive list of the most common food items and recipes was developed from a
preliminary study of the diet habits of the study area. This list was used to identify foods
mentioned by the women as consumed during the interview. Amounts of food consumed were
estimated by household measures consisted of pre-calibrated utensils, food pictures of

different portion sizes, monetary value of known food portions sold on the study area markets.
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A food composition table and recipes database are under construction for conversion of

household units to gram, and to determine macro- and micro-nutrients intake by the women.
Characteristics of the study populations

At enrolment, WRA were 27 years old in average (Table 4). Nulligravidae represented 8.8%
of the cohort. More than half of the women were anaemic, one quarter was infected with
schistosomiasis and 38% had an abnormal BMI. The prevalence of microscopic malaria was
5.7%, with two geographical clusters in S6-Ava and Vekky sub-districts (Figure 3). The
median duration of follow-up in the initial cohort was 5.9 months (mean=7.1, range: 0.49—
23.7). Compared to women included in the initial cohort, women who did not complete the
24-month follow-up were significantly different in terms of residence area, ethnicity,

household density and schistosomiasis status (Table 4).

Pregnant women were identified at a mean of 6.9 wg and benefited from 7.5 scheduled ANC
visits in average (Table 4). The prevalence of microscopic malaria infection was 25.4%,
19.4% and 16.1% during the 1%, 2™ and 3™ trimester of pregnancy, respectively. The
prevalence of SGA was 11.5% and 18.3% using Schmiegelow’s and INTERGROWTH 21st
charts, respectively (Table 5). The proportion of PTB and LBW was 12.6% and 9.3%,
respectively. Overall, 29.5% (61/207) of newborns presented at least one poor birth outcome

defined as LBW, PTB, SGA or stillbirth.

Findings to date

Fertility and time-to-pregnancy

The median time-to-pregnancy was 12.3 months (Figure 4). The fertility rate was 5.4
pregnancies/100 persons-month (95% confidence interval [CI] = 4.9-5.9). The probability

(95% CI) of conceiving after 5, 10, 15 and 20 months of follow-up were 24.5% (21.9-27.4),
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42.1% (38.6-45.9), 56.6% (52.1-61.1) and 62.8% (57.6-68), respectively. Using multivariate
survival analysis, factors associated with a lower risk of conceiving were maternal age more
than 35 years, a low education level, being polygamous, living in Vekky sub-district, long-
term couple (> 8 years), infrequent sexual activity, overweight and urinary schistosomiasis

infection (Yovo, personal communication).

Malaria in the first trimester of pregnancy

The incidence rate of malaria infection during the first trimester was 27.5 cases per 100
persons-month. Using a multi-level logistic regression, we showed that women infected with
malaria before pregnancy were significantly more likely to be infected with malaria during the
Ist trimester of pregnancy (adjusted relative risk (aRR)= 2.72, 95% CI: 1.26-5.85). Besides,
malaria was significantly more frequent in the first weeks of pregnancy (< 6 wg) than later in

the first trimester (aRR=1.77, 95% CI: 1.07-2.94) (Accrombessi, personal communication).

Strengths and limitations

The pre-conceptional design—and early identification of pregnant women—allowed (i) the
screening of women for malaria from the very beginning of pregnancy; (ii) the accurate
estimation of GA by using US before 14 wg; (iii) the determination of pre-pregnancy
nutritional status[20] and hypertensive disorders screening [21], which highly influence fetal
growth; and (iv) the minimization of selection bias embedded in the design of women
recruited at facility-level. Besides, PTB and IUGR could be accurately assessed thanks to the

precise estimation of GA and longitudinal fetal growth assessment.

In addition to malaria, RECIPAL will provide valuable information on WRA in Africa in

terms of fertility and nutrition, which are seldom evaluated and may help to define new pre-

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Aq parosiold 1senb Ag £20z ‘8 |dy uo jwod g uadolwaq//:dny woiy papeojumoq "8T0Z Arenuer g uo +TO6TO-.T0Z-uadolwag/9eTT 0T Sk paysignd 1siy :uado CING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

conceptional interventions for improving maternal and child health [22]. Also, it yields

logistical and ethical information for the implementation of future pre-conceptional cohorts.

Because of constraints related to the study design (long duration of the pre-conceptional
follow-up and weariness of the women) and African socio-cultural realities (rumour about
blood collection, suspicion regarding medical care provided free of charge, etc.), a noticeable
proportion (22%) of women withdrew their informed consent before the end of the 24 month-
follow-up. Overall, the initial cohort attrition was 37%. Since some baseline characteristics in
women who completed the pre-conceptional follow-up and those who did not were different,
this might impact the external validity of some of results. During pregnancy, there was a high
proportion (16.5%) of spontaneous abortions, which contributed to the final cohort attrition.
At the end, birth outcomes could be evaluated in only 68% of women, with a possible lack of

power for some upcoming analyses.

Conclusion

If the deleterious effects of malaria in the first trimester of pregnancy are confirmed, our
results may argue in favor of starting preventive measures from the very beginning of
pregnancy or even before pregnancy. Dihydroartemisinin-piperaquine has been shown to be
safe during the first trimester of pregnancy and, therefore, may be a good option for the
replacement of SP [23]. Besides, a vaccine against pregnancy-associated malaria parasites,
which could elicit protective immunity prior to pregnancy to best protect pregnant women
during early pregnancy may be proposed as a complementary strategy. Such a vaccine is

currently under evaluation [24].

Collaboration
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The “Mother and child face to tropical infections” research unit (MERIT), French National
Research Institute for Sustainable Development (IRD)/Paris Descartes University was the
promoter of the study. RECIPAL was a collaborative project between MERIT, another IRD
research unit (Nutripass, Montpellier), EPOP¢ research team (Inserm), the Ecole des Hautes
Etudes en Santé Publique (EHESP) and two Beninese collaborators from Abomey-Calavi

University (the Faculty of Health Sciences and the Faculty of Agronomy Sciences).

The researchers associated with this study are open for the sharing and reuse of the data but an
end user data use agreement will be required for accessing the data. Collaborations are
encouraged, although data sets are not currently publicly available. Any researcher interested
in exploring RECIPAL data should contact directly the principal investigator, Valerie Briand

(e-mail: valerie.briand@ird. fr).
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Table 1. Clinical, nutritional and biological data collected during the pre-conceptional follow-up. The RECIPAL study, 2014-2017.
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Inclusion

D1

M1

M2,M3

M4

MS5,M6

M7 MS8M9

M10 M11,M12 M13 Mi14,M15 Ml16 MI17,M18 M19 M20,M21 M22

General characteristics

Place of visit

Eligibility criteria

Informed consent

GPS location

Socio-demographic characteristics
Housing characteristics

Economic characteristics

Clinical and nutritional data
Obstetrical history

Height

Weight, MUAC, skinfold thickness
Body composition (BIA)

Dietary 24-h recall
Amenorrhea/LMP

Biological data

Urinary pregnancy test
Malaria screening (TBS, PCR)
Hb, ferritin, folic acid levels
CRP, AGP, sT1fR levels
Chlamydia trachomatis*
Neisseria gonorrhoeae™
Urinary schistosomiasis*
Urine storage**

1 = — —f ek

— = =+

— b b =

e e

—~ 1 —k

[

.'.
.'.

i

.;.

o k1

—

.;.

.;.

i

i

() Visit performed at the study maternity clinic; (1) Household visit; Information collected/assessed (1) or not (-) at each specific time-point.
* C. trachomatis and N. gonorrhoeae screening (using PCR and serology), as well as schistosomiasis screening (Nytrel® filter) started 9 and 12 months after study initiation, respectively.

** Urine storage for further analysis

Abbreviations: D: day; M: Months; MUAC: Mid-Upper-Arm-Circumference; BIA: Bio impedance analysis; LMP: Last menstrual period; TBS: Thick blood smear; PCR: polymerase chain reaction; sTfR: Soluble

Transferrin Receptor; CRP: C-Reactive protein; AGP: alphal-Acid Glycoprotein; Hb: Haemoglobin.
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1

2

3

4

g Table 2. Clinical, nutritional and biological data collected during pregnancy. The RECIPAL study, 2014-2017.

7 ANCv1 ANCv 2 ANCv 3 ANCv 4 ANCv 5 ANCv 6 ANCv 7 ANCVS Delivery

8 Clinical and nutritional data

20 Gestational age (weeks), mean (SD) 6.8+2.5 11.6+2.9 16.7 £2.9 22.1+3.7 27.6+3.8 32.7+3.5 36.2+25 384+14 39.1+3.0
Past medical and obstetrical history* ¥ - - - - - - - -

i;‘ Alcohol consumption in the last 24 hours i i + + + + + t -

13 Iron and folate intake in the last 24 hours - ¥ + + + + + + -

14 Use of ITN the night before the visit i i + + + + + t -

15 Axillary temperature ¥ + + + + + + + +

16 Blood pressure + t t + + + + + +

17 Gestational age (based on LMP or first US) + + + + + + + + +

18 Anthropometric measurements

1o - Weight i f f i f i f f f

20 - Mid-Upper-Arm-Circumference + - - + - t - - -

21 - Skinfold thickness (bicipitalandtricipital) ¥ - - + - + - - -

22 Body composition (Bio impendance analysis) ¥ ¥ + + + + + + -

23 Dietary 24-h recall - + - - + - + - -

24

o5 Biological data

26 Blood and rhesus group i - - = - - - - -

27 HIV 1 screening + - - - - - - - -

28 Peripheral malaria (TBS, PCR) ¥ + + + + + + + +

29  Placental malaria (TBS, PCR, histology) - - - = - t

30  Cord blood malaria (TBS, PCR) - - - - - - - - +

31 Hblevel - + - - - + - - -

32 Serum ferritin, sTfR, CRP, AGP, folic acid levels - ¥ - - - + - - -

33 Lead level - + - - - + - - -

34 Urinary infection and proteinuria (dipstick test) i + + t + + + + -

35 Helminthic intestinal infection (PCR) + - - - - - - - -

36 Urinary schistosomiasis - - - - - - + - -

37 * Sickle cell disease, diabetes or other chronic medical affection; history of preterm delivery or hypertensive disorders.

38 FHistory of cigarette smoking during pregnancy collected at delivery.

39 Information collected/assessed (1) or not (-) at each specific time-point.

40 Abbreviations: ANCv: Antenatal care visit; ITN: Insecticide-treated bed net; IPTp: Intermittent preventive treatment in pregnancy; LMP: Last menstrual period; TBS: Thick blood smear; PCR: polymerase chain
41 reaction; sSTfR: Soluble Transferrin Receptor; CRP: C-Reactive protein; AGP: alphal-Acid Glycoprotein, Hb: Haemoglobin.
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Table 3. Biological samples stored before conception, during pregnancy and at birth. The RECIPAL study, 2014-2018

Page 20 of 35

Pre-pregnancy Pregnancy® Delivery/Birth Planned analyses
Total blood
Total blood (200 puL) - Mother (x2) - Erythrocytic folic acid
Total blood (500 uL) - Mother (x2) Mother-placenta-cord Metals level
Blood spot +4°C (50 pL) Mother (x1) Mother (;;8)i Mother-placenta-cord Plasmodium detection (PCR)
Blood spot -20°C (100 pL) Mother (x1) Mother ();8)t Mother-placenta-cord Immunological markers
Red cells (Trizol, 100 pL) Mother (x1) Mother (x8) Mother-placenta-cord Plasmodiumphenotyping
Buffy coat PAXgene (300 pnL) - Mother (x2) Mother-placenta-cord Immunological markers
Plasma/serum
Plasma-20°C ' Mother (x1) Mother (x2) Mother-placenta-cord Micro RNAs, cytokines and chemokines
Plasma -80°C" Mother (x1) Mother (x2) Mother-placenta-cord Micro RNAs, cytokines and chemokines
Serum (100puL) Mother (x1) - - C. trachomatis and N. gonorrhoeae detection
Serum (400 pL) - Mother (x2) Vitamin A
Serum (100uL)" Mother (x1) Mother (x2) - Ferritin, CRP, sTfR, AGP
Urine(1.8 mL) Mother (x2) Mother (x3) - Pollutant/pesticide
Stool (-80°C) Mother (x1) - - Helminthic infection
Placenta

Biopsy with formalin -
Biopsy -20°C -
Biopsy with RNA Later -

Placenta
Placenta

Placenta

Histopathology for malaria
Immunological markers

Immunological markers

The frequency of sample collection is indicated in brackets.

$ During pregnancy, samples were collected twice (during the 1% and 3" trimester of pregnancy), three times (during each trimester), or eight times (during each ANC visit).

In case of unscheduled visit, an additional blood spot was collected.

TQuantity of plasma stored before, during pregnancy and at delivery was 200, 600-800, 600 pl, respectively.
Abbreviations: TBS: Thick blood smear; sTfR: Soluble Transferrin Receptor; CRP: C-Reactive protein; AGP: alphal-Acid Glycoprotein, PCR: Polymerase Chain Reaction.

WBLAdoo Aq pe1osiold 1sanB Aq vzdzCB RIS US LY 1R UauBiiiy/ GAT) RIBS aHEs GREH SetdZ Rentied ¢ 1R PRieY0LUThz-usdolwa/oeTT 0T e paysiand 1siy :uado CING


http://bmjopen.bmj.com/

Page 21 of 35

P OO~NOULAWNPE

BMJ Open

Table 4.Characteristics of women included in the initial and final RECIPAL cohorts, Southern Benin, 2014-2018.

. WRA with WRA with complete Final cohort
Initial cohort incomplete follow: P value follow-up but no Pregnant women P value
N=1214 WRA 1214 vs 444 411 vs 359
( ) up (N=444) ( ) pregnancy (N=359) (N=411) ( )
General characteristics
Sub-district (%) S6-Ava 23.0 23.0 12.5 32.1
Vekky 34.8 51.4 <0.001 15.9 33.8 <0.001
Houedo 15.3 7.4 334 7.8
Akassato 26.9 18.2 38.2 26.3
Ethnic group (%) Toffin 71.2 71.9 60.7 72.9
Aizo 16.1 12.6 0.001 223 14.4 0.002
Fon 7.1 52 8.6 7.8
Others 5.6 43 8.4 49
Age (years) Mean (+ SD) 27.8 (£5.5) 28.0 (+5.6) 031 28.8 (£5.6) 26.8 (& 5.0) <0.001
Marital status (%) Polygamy 36.7 389 42.9 28.7
Monogamy 60.0 57.9 0.45 56.8 65.2 <0.001
Cohabitation 33 3.1 0.3 6.1
Education (%) Illiterate 73.2 75.7 0.14 73.3 70.6 0.41
Houschold density Mean (+ SD) 57 (&3.0) 6.0 (£3.4) 0.009 5.2 (£2.3) 5.9 (£3.0) 0.001
Gravidity (%) Nulligravidae 8.8 10.8
Primigravidae 13.8 13.1 0.17 12.9 8.0 0.03
Multigravidae 77.4 76.1 87.1 92.0
Number of live birth(s) Mean (+ SD) 2.8 (£2.0) 2.6 (£2.0) 0.07 29 (£2.1) 2.7 (£ 1.9) 0.16
Short stature (%) Maternal length < 150 cm 8.0 7.2 0.46 8.9 8.0 0.65
Mid-Upper-Arm-Circumference (%) <23 cm 6.7 6.1 0.62 7.5 6.3 0.51
Pre-conceptionalcharacteristics
Body mass index (%) < 18.5kg/m* 8.2 6.9 8.1 9.7
18.5-24kg/m? 61.8 61.1 0.36 59.2 64.5 0.10
> 25kg/m? 30.0 31.0 32.7 25.8
Schistosomiasis infection (%) * Yes 24.7 31.2 0.03 19.6 27.0 0.04
Anaemia (%)° Yes 52.5 56.3 0.07 46.5 54.2 0.03
Microscopic malaria (%) Yes 5.7 7.5 0.06 34 59 0.10
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Table 4.Characteristics of women included in the initial and final RECIPAL cohorts, Southern Benin, 2014-2018 (continued).
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. WRA with WRA with complete Final cohort
Initial cohort incomplete follow: P value® follow-up but no Pregnant women P value®
N=1214 WRA 1214 vs 444 411 vs 359
( ) up (N=444) ( ) pregnancy (N=359) (N=411) ( )

Gestational characteristics
Median time to pregnancy (months) Mean (+ SD) - - - - 12.3 -
Fertility incidence rate(95% CI)* - - - - 5.4 (4.9-5.9) -
Gestational age at 1% ANC visit (weeks) Mean (+ SD) - - - - 6.9(£2.5) -
Gravidity (%) Primigravidae - - - - 8.0 -
Multigravidae - - - - 92.0 -
Number of IPTp doses (%) >2 = - - - 65.7 -
Inadequate gestational weight gain (%) ' Yes - - - - 57.9 -
Number of ANC visits (scheduled) Mean (+ SD) - - - - 7.5 1.1) -
Number of ANC visits (unscheduled) Mean (+ SD) - - - - 2.1 (+1.3) -
HIV status (%) Yes - - - - 1.7 -
Gestational hypertension (%) Yes - - - - 12.1 -
Anaemia (%) ¥ During pregnancy - - - - 68.6 -
In the 1* trimester - - - - 48.5 -
In the 3™ trimester - - - - 57.0 -
Microscopic malaria (%) During pregnancy - - - - 44.9 -
In the 1* trimester - - - - 254 -
In the 2™ trimester - - - - 19.4 -
In the 3™ trimester - - - - 16.1 -
Placental malaria infection (%) ' Yes - - - - 7.8 -

* T-student and chi2 test were used for comparing continuous and categorical variables, respectively.

£ Results based on a sub-sample of women (n=718).

§ According to WHO thresholds (12 g/dL for non-pregnant women and 11 g/dL for pregnant).

p Incidence rate defined as the number of pregnancies / persons-month at risk.
+ Results based on the 207 women who have already delivered.

Abbreviations: WRA: women of reproductive age; SD: Standard deviation; ANC: Antenatal care.
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Table 5.Preliminary data description of newborns at birth (sub-sample of the cohort).
The RECIPAL study (2014-2018).

Mean (£ SD) or

rn characteristics’ N
Newborn ¢ cteristics Proportion (%)

©CoO~NOUTA,WNPE

Gender Male 205 55.2
11 Stillbirth Per 1000 live births 206 14.8
12 Preterm birth (< 37 weeks) Yes 207 12.6
Small-birthweight-for-gestational age ** Yes 191 11.5
15 Small-birthweight-for-gestational age * * Yes 191 18.3
16 Birthweight (g)* 193 3043.9 (+ 432.8)
<2500 193 9.3
19 Poor birth outcome ** Yes 207 29.5

21 ‘f Data based on the first 207 deliveries.
STwins excluded

Small-birthweight-for-gestational age: < 10" percentile of birthweight for gestational age using Schmiegelow's charts.
g g g p g g g g g
23 ¥ Small-birthweight-for-gestational age: < 10" percentile of birthweight for gestational age using;
tillbirth, preterm birth, small-birthweight-for-gestational age (using Intergrowt! “charts) or low birthweight
24 £ Stillbirth p birth, 11-birthweight-for-g; ional ag ing Intergrowth 21%ch low birthweigh
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Figure legends

Figure 1. Geographical location of S6-Ava and Abomey-Calavi Districts, and of the 35

villages of the RECIPAL study, Southern Benin, 2014-2018.

Figure 2. Flowchart diagram of RECIPAL study.

* 24-month follow-up without conceiving

Figure 3. Malaria status (infected vs. non infected) in women of reproductive age at inclusion

in RECIPAL (initial cohort), Southern Benin, 2014-2018.

Figure 4. Kaplan-Meier failure estimate of the probability of conceiving; 1214 women of
reproductiveage included in the initial RECIPAL cohort, Southern Benin, 2014-2018.

Probability of conceiving (solid line) and its 95% confidence interval (grey lines).Number of
pregnancy events are in brackets. Number of censored women at 5, 10, 15, 20 and 24 months

were : 223, 260, 88, 50 and 30, respectively.

Supporting information

S1Fig. Ultrasound follow-up (RECIPAL study)

HC: Head circumference; AC: Abdominal circumference; FL: Femur length; BPD: Biparietal
diameter; OFD: occipito frontal diameter; ATD: Abdominal transverse diameter; APAD:
Antero-posterior abdominal diameter.

* Uterine, and umbilical blood flows were measured at 21-25 wg and from 28 wg,

respectively
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Figure 4. Kaplan-Meier failure estimate of the probability of conceiving; 1214 women of reproductive
age included in the initial RECIPAL cohort, Southern Benin, 2014-2018.

Figure 4. Kaplan-Meier failure estimate of the probability of conceiving; 1214 women of reproductiveage
included in the initial RECIPAL cohort, Southern Benin, 2014-2018.
Probability of conceiving (solid line) and its 95% confidence interval (grey lines).Number of pregnancy
events are in brackets. Number of censored women at 5, 10, 15, 20 and 24 months were : 223, 260, 88, 50
and 30, respectively.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(page 2)
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found (Page 4)

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
(page 6)

Objectives 3 State specific objectives, including any pre-specified hypotheses (page 6)

Methods

Study design 4 Present key elements of study design early in the paper (page 7)

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection (page 7, 8, 9, 10, 11)

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up (page 8)
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls (Not applicable)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants (Not applicable)
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed (Not applicable)
Case-control study—For matched studies, give matching criteria and the number of
controls per case (Not applicable)

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable (page 12, 13)

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group (Page 12, 13)

Bias 9 Describe any efforts to address potential sources of bias (page 15)

Study size 10 Explain how the study size was arrived at (page 7, 8)

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
(Not applicable for cohort profiles publication)

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

(Not applicable for cohort profiles publication)

(b) Describe any methods used to examine subgroups and interactions
(Not applicable for cohort profiles publication)

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
(page 10 and 14)

Case-control study—If applicable, explain how matching of cases and controls was
addressed (Not applicable)

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy (Not applicable)
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(e) Describe any sensitivity analyses (Not applicable)

Results

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed (page 10)

(b) Give reasons for non-participation at each stage (page 10)

(c) Consider use of a flow diagram (Figure 2)

Descriptive data ~ 14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders (Table 4 )

(b) Indicate number of participants with missing data for each variable of interest (page 10)

(c) Cohort study—Summarise follow-up time (eg, average and total amount) (Table 1 and 2)

Outcome data 15%*

Cohort study—Report numbers of outcome events or summary measures over time (page 14)

Case-control study—Report numbers in each exposure category, or summary measures of
exposure (Not applicable)

Cross-sectional study—Report numbers of outcome events or summary measures
(Not applicable)

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included (page 14, 15)

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses (Not applicable)

Discussion (Not applicable for cohort profiles publication)

Key results 18  Summarise key results with reference to study objectives

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21

Discuss the generalisability (external validity) of the study results

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based (page 24)

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Purpose: RECIPAL is an original pre-conceptional cohort designed to assess the
consequences of malaria during the first trimester of pregnancy, which is a poorly

investigated period in Africa and during which malaria may be detrimental to the fetus.

Participants: For this purpose, a total of 1214 women of reproductive age living in S6-Ava
and Akassato districts (south Benin) were followed-up monthly from June 2014 to December
2016 until 411 of them became pregnant. A large range of health determinants was collected
both before and during pregnancy from the first weeks of gestation to delivery. Five Doppler-
ultrasound scans were performed for early dating of the pregnancy and longitudinal fetal

growth assessment.

Findings to date: Pregnant women were identified at a mean of 6.9 weeks of gestation (wg).
Preliminary results confirmed the high prevalence of malaria in the first trimester of
pregnancy, with more than 25.4% of women presenting at least one microscopic malarial
infection during this period. Most infections occurred before 6 wg. The prevalence of low
birthweight, small-birthweight-for-gestational age (according to INTERGROWTH2I-st

charts) and preterm birth was 9.3%, 18.3%, and 12.6%, respectively.

Future plans: RECIPALrepresents at this time a unique resource that will provide
information on multiple infectious (including malaria), biological, nutritional and
environmental determinants in relation to health outcomes in women of reproductive age,
pregnant women and their newborns. It will contribute to better define future
recommendations for the prevention of malaria in early pregnancy and maternal malnutrition
in Africa. It confirms that it is possible to constitute a pre-conceptional pregnancy cohort in

Africa and provides valuable information for researchers starting cohorts in the future.
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Strengths and limitations of this study

e A unique cohort combining highly detailed, high-quality health-

©CoO~NOUITA,WNPE

related information on the pregnancies of =~ 400 women recruited
12 in the pre-conception period, with a substantial related bio-bank

of plasmas, placental and other samples.

16 e Pre-conceptional design allowing the early identification and
follow-up of pregnant women: screening of women for both
19 microscopic and submicroscopic malaria from the first weeks of
pregnancy;accurate estimation of gestational ageby using early
22 obstetrical ultrasound scan andcollectionofsome important factors
influencing fetal growth such as pre-pregnancy nutritional status

25 and gestational hypertensive disorders.

e Collection of valuable information for the implementation of

29 future pre-conceptional cohorts in Africa.

High attrition in the pre-conceptional cohort, with a possible

33 impact on the external validity of some findings.

35 e Reduced sample size at delivery due to a high proportion of
37 spontaneous abortion, with a possible lack of power for analyses

on birth outcomes.
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Introduction

Malaria in pregnancy is associated with a wide range of deleterious effects in women and
their offspring. In Sub-Sahara African (SSA) countries, preventive strategies are based on
long-lasting insecticide treated bed nets (LLITNs) and intermittent preventive treatment in
pregnancy (IPTp). IPTp consists in the administration of sulfadoxine-pyrimethamine (SP) at
each antenatal care (ANC) visit from the 2" trimester of pregnancy onwards [1]. LLITN are
distributed at the first ANC visit, which generally occurs around 4-5 months of pregnancy [2].
Therefore, pregnant women remain unprotected or insufficiently protected during the first
months of pregnancy, and particularly during the first trimester. However, this period may be
a high-risk period for the fetus if pregnancy-associated malaria parasites accumulate into the
placenta during trophoblast differentiation and vascular remodelling of the uterus [3,4].
Impaired placentation may then contribute to fetal growth restriction and low birthweight

(LBW).

Few studies have investigated malaria in early pregnancy and while some have shown an
adverse effect on birth outcomes, this has not been consistent [5]. In Burkina Faso and in
Benin, malaria infection in the first trimester [6] or before 4-5 months of pregnancy [7,8] has
been associated with a higher risk of LBW or a decrease in birthweight. Conversely, such
association was not reported in Uganda and Malawi [9,10] but the number of women screened
in the first trimester was low in these two studies. One of the problems in interpreting this
existing literature relates to the challenges of recruiting women early in pregnancy; most of
the studies were not designed to assess the consequences of malaria early in pregnancy and
therefore women were generally recruited late in the first trimester, which may lead to
misclassification errors and underestimation of exposure. Besides, using LBW as a proxy for

fetal growth restriction (FGR) can lead to the overestimation of FGR prevalence and possible
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bias when estimating the effect of malaria. Finally, maternal nutrition is one of the main
factors influencing fetal growth in developing countries [11]. Therefore, adjusting for this
factor when assessing the effect of early malaria on FGR is important. As well, a recent study

has suggested a higher risk of FGR due to malaria in undernourished women [12].

The RECIPAL study aimed to assess the effect of malaria (both microscopic and
submicroscopic) in the first trimester of pregnancy on both the mother and the fetus, with a
focus on fetal growth, by following a cohort of pregnant women recruited before conception.
Moreover, it also aimed at assessing the influence of the woman’s nutritional status in the

relationship between malaria in early pregnancy and birth outcomes.

Cohort description

Study setting

The study cohort is currently conducted in the districts of S6-Ava and Abomey-Calavi,
located in Southern Benin (Figure 1). Women's recruitment has been completed by December
2016, and pregnancy follow-up is still ongoing. In the area, malaria is hyperendemic with a
mean entomological inoculation rate of 2.1 infected anopheles bites/person/100 nights [13].
The main mosquito vectors of malaria are Anopheles gambiae ss and Anopheles funestus [14].
Four sub-districts (S6-Ava, Vekky and Houedo in S6-Ava District, and Akassato in Abomey-
Calavi District) were selected for the study according to the population density and mean
number of ANC visits and deliveries per month in the four main public maternity clinics of
S6-Ava and Abomey-Calavi districts. In these four sub-districts, the population size was
estimated to 124,994 people in 2013, including 17.4% (21,779) women of reproductive age
(WRA) [15]. Thirty-five out of a total of 36 villages were then selected for the study

according to their proximity to the maternity clinics.
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Study design, subject identification, recruitment and enrolment procedures

Briefly, WRAs were recruited at community-level and followed monthly for a maximum
period of 24 months until becoming pregnant, they constituted the RECIPAL initial cohort.
The sub-sample of women who became pregnant was then followed-up monthly at the

maternity clinic from early pregnancy to delivery; they constituted the RECIPAL final cohort.

A sample size of 466 births was estimated sufficient to evidence a 2-fold odds ratio for the
association between malaria and poor birth outcomes [4], assuming a prevalence of 25% of
women with microscopic malaria in the 1% trimester of pregnancy and 30% of poor birth
outcomes (LBW, small-for-gestational age (SGA), preterm birth (PTB) or stillbirth) [8,16,17]
with a 80% power, significant level at 0.05. We estimated that following 2,000 WRA (initial
cohort) would have allowed identifying 510 pregnant women (final cohort) during a planned
18 month-period for recruitment in the initial cohort (based on a total fertility rate of

200/1,000/year in Benin (http://esa.un.org/unpd/wpp/index.htm) and allowing 15% of loss to

follow-up after recruitment in the initial cohort.

After explanation of the study to the local political and administrative authorities, three
concomitant procedures were used to recruit WRA. First, repeated sensitization events were
organized in each of the 35 selected villages for presenting the study to all inhabitants. If
interested, women were invited to register with the head of the community and were visited at
home the day after for their inclusion. That procedure constituted the main way of recruitment
throughout the study. Second, leaders of the community, religious authorities and mass-media
were involved in order to help us mobilizing women during public meetings (masses,
women’s association meetings, etc.). The last way of recruitment consisted of going door-to-
door to identify eligible and interested women with the assistance a network of community-

health workers (more details are provided in Supplemental file S1).
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To be included, women had met the following criteria: negative urinary pregnancy test, 18 to
45 years old, no current contraception, no previous fecundity issues, willingness to become
pregnant, no planned travel for more than 2 months within the next 18 months, acceptance of
RECIPAL protocol and signed written informed consent. Both oral and written
communication was used for providing information on the project to the women and their
husbands. The consent form was translated into the local language for women who were

illiterate.

From June 2014 to December 2016, 1302 WRA were willing to participate in the study.
Among them, 1214 (93.2%) met the inclusion criteria and were recruited, 88 (6.8%) were not
included mainly because of a positive urinary pregnancy test at inclusion (63.6%) or past
infertility issues (14.8%). Based on both the 2013 national census and the 2011-2012
Demographic Health Survey (DHS-IV) in Benin, we estimated that women included in the
project represented 6% of the total number of WRA living in the study area. Compared with
women included in Dansou et al. study [18], which used individual data of a representative
sample of WRA included in the Beninese DHS-IV, WRA included in RECIPAL had a higher
level of poverty. Age, education level, household wealth, gravidity and media exposure were,

however, similar (Supplemental file S2).

RECIPAL study was approved by the ethics committees of the Institut des Sciences
Biomédicales Appliquées (ISBA) in Benin and from the IRD in France as well as by the

Ministry of Health in Benin.

Cohort follow-up

Pre-conceptional follow-up

After enrolment, WRAs were visited at home monthly by specifically trained-investigators
assisted by local community-health workers. Follow-up consisted mainly of recording the first

8
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day of last menstrual period (LMP) and performing a urinary pregnancy test every month. To
minimize the risk of loss of confidentiality during the tracking of women for follow-up, the
study team was instructed to speak only to people—including family members—to whom
women have granted them permission to speak. After 12 months, women who were still
followed received medical advices to help conceive and they were invited to attend the
maternity clinic for a medical examination in case of symptoms of genital infection. After 24
months, the follow-up ended and women who did not conceive were invited to attend a
gynaecologist for fertility issues assessment. More details on the follow-up procedures have

been provided in Supplemental File S3.

Gestational follow-up

Once pregnant, women were followed-up at the maternity clinic for monthly ANC visits. In
addition, they were encouraged to attend the maternity clinic any time in case of any
symptoms. Both the maternity staff (for usual ANC follow-up and clinical examination) and
study investigators (for all specific issues related to RECIPAL) were involved in women’s
follow-up. Throughout the study, women were offered free transport to the maternity clinic; in
S6-Ava District a free river shuttle was set up. At 37 weeks gestation, women were visited at

home weekly and transportation to the study maternity clinic was scheduled for delivery.

According to Beninese national recommendations, a kit including iron and folic acid tablets
for one month, mebendazole for deworming, the 1* dose of SP for IPTp and a LLITN was
given to each pregnant woman at the first ANC visit. The maternity staff was encouraged to
administer at least three doses of IPTp from the 2™ trimester onwards as recommended by the
Beninese National Malaria Control Program, as well as iron and folic acid supplementation
throughout the pregnancy. RECIPAL women benefited from free management of any diseases

related to the pregnancy—detected either as part of RECIPAL follow-up or during
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unscheduled visits, free ANC visits and delivery. Women infected with malaria were treated
with quinine in the first trimester of pregnancy and artemether-lumefantrine from the 2™

trimester.

Infant follow-up

The infant follow-up was not initially planned as part of the RECIPAL project. It is currently
carried out as part of the SEPSIS project (bioMérieux-funding, UMR216/9198 coordination),
which aims to assess immune dysfunctions associated with the risk of sepsis in preterm and
growth-restricted newborns as well as in those exposed to malaria in utero. All infants born
from the RECIPAL women from April 2016 have been included and followed until 3 months

of age.

Cohort attrition

Figure 2 presents the flowchart diagram of the study. Among the 1214 WRA enrolled in the
initial cohort, 411 (33.9%) became pregnant, 359 (29.6%) completed the follow-up without
conceiving and 444 women (36.6%) did not complete the study mainly because of informed
consent withdrawal (272/444) or migration outside the study area (138/444) that occurred

after 5.2 and 6.3 months of follow-up in average, respectively.

Among the 411 pregnant women, 207 (50.4%) have already delivered, 16.5% (68/411) had a
spontaneous abortion (n=68) or a non-viable pregnancy (n=2), 62 did not complete the study
because of informed consent withdrawal (45/411, 10.9%) or migration (17/411, 4.1%), and 72
women are still followed (Figure 2). Spontaneous abortions, informed consent withdrawals
and migrations occurred at 8.9 (= 3.9), 13.2 (£ 8.1) and 14.2 (= 8.6) weeks of gestation (wg)
in average (SD), respectively. More details on the reasons for cohort attrition are provided in

Supplemental file S4.
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Data collection

Pre-conceptional data

Demographic, socioeconomic and household characteristics were collected at inclusion (Table
1). At this occasion, screening for malaria, urinary schistosomiasis, Chlamydia trachomatis
and Neisseria gonorrhoeae was performed. Haemoglobin (Hb) and markers of inflammation
levels were determined. The first day of LMP was recorded, and a urinary pregnancy test
(One-Step®, International Holding Corp, Germany) was performed each month.
Anthropometric measurements were collected every three months and dietary intakes were

assessed twice during follow-up.

Gestational data

At each ANC visit, clinical, anthropometric and obstetrical data, as well as LLITN use, I[PTp
administration, alcohol consumption, and iron, folic acid and other micronutrient
supplementation intake were collected (Table 2). In addition, malaria screening was
performed, and proteinuria, glycosuria and urinary infection were detected using a urine
dipstick test (Combi-screen®, Analyticon, Germany). Dietary intakes were assessed once
every trimester. Five Doppler-ultrasound scans (US) were performed. A sample of venous
blood was collected in the 1% and 3™ trimesters for Hb, markers of inflammation and lead

levels determination.

At delivery, newborns were weighed within 1 hour after birth on an electronic digital scale
with an accuracy of 2 grams (SECA 757, SECA Ltd., Germany). Newborn’s length (SECA
infantometer 416, Germany) and head circumference (SECA 201, Germany) were recorded to
the nearest millimetre. Malaria screening was performed on maternal venous blood, placental
and cord blood (Table 2). A placental biopsy was performed for malaria histopathology.

Follow-up and quality control procedures are provided in Supplemental file S3.
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The types and origins of the biological samples collected before and during pregnancy are
listed in Table 3. Total blood, serum, plasma urine samples are stored in -20°C or -80°C

freezers with a daily monitoring of the temperature.

Specifics components

Malaria diagnosis. Before conception and during pregnancy, malaria screening was
performed using both microscopy (thick blood smear) and polymerase chain reaction (PCR).
Blood smears were stained with Giemsa and parasitaemia was quantified by the Lambaréné
method [19]. A molecular diagnostic approach using a combination of real-time PCR assays
comprising genus-specific primers and probes for the gene encoding the small (18S) of
Plasmodium rRNA and an ultra-sensitive P. falciparum-specific detection system [20] were
used to screen samples containing Plasmodium parasites. In addition, any time during
pregnancy, a rapid diagnostic test (Pf + pan rapid test SD Bioline Ag®, IDA Foundation,
Netherlands; BioSynex®, France) was performed in case of symptoms suggestive of malaria

for immediate diagnosis and treatment.

Ultrasound follow-up. The first US for dating the pregnancy was performed between 9 and
13 wg based on LMP recorded during the pre-conceptional follow-up (supplementary file S5).
The gestational age (GA) was estimated in days based on crown-rump length measurement
using the Robinson’s chart [21]. At the end, GA estimation was based either on LMP if the
difference between the two measurements (LMP/US) was less than 7 days or on US if the
difference is > 7 days. Following INTERGROWTH-21st methodology, four additional scans
were performed for fetal biometry assessment, and uterine and umbilical blood flow
measurements [22]. Each parameter was measured twice and then averaged; a third measure
was performed in case of discrepancy between the two first measurements. A quality control

was performed on 10% of the pictures.
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Anthropometric measurements and dietary intake assessment. Anthropometric
measurements were collected using standard procedures (Tables 1 and 2) [23]. During
household visits, women’s body weight was measured with a 200 g precision with calibrated
electronic scales (Tefal, France). At the facility-level, women were weighed with a Tanita
MC-780 body composition device (Tanita Corporation, Tokyo, Japan). Height was measured
to the nearest millimeter with a SECA 206 (Hamburg, Germany) gauge. The left mid-upper-
arm-circumference was measured with a SECA 201 (Hamburg, Germany) ergonomic
circumference measuring tape. Skinfold thickness measurements were made to the nearest
millimeter at the triceps and biceps sites using a Holtain (Crymyeh, UK) skinfold caliper. The
set of measurements was repeated twice—by the same field investigator—and then the
measurements were averaged. Body composition, assessed by bioelectrical impedance
analysis method, was measured by the multi-frequency body composition analyser Tanita
MC-780 with a four-electrode arrangement paired on hands and feet. A quality control of

anthropometric data was performed periodically by a senior research scientist in nutrition.

Dietary intakes were assessed by 24h-recalls using the standard multiple-pass methodology
[24]. A comprehensive list of the most common food items and recipes was developed from a
preliminary study of the diet habits of the study area. This list was used to identify foods
mentioned by the women as consumed during the interview. Amounts of food consumed were
estimated by household measures consisted of pre-calibrated utensils, food pictures of
different portion sizes, monetary value of known food portions sold on the study area markets.
A food composition table and recipes database are under construction for conversion of

household units to gram, and to determine macro- and micro-nutrients intake by the women.

Characteristics of the study populations
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At enrolment, WRA were 27 years old in average (Table 4). Nulligravidae represented 8.8%
of the cohort. More than half of the women were anaemic, one quarter was infected with
schistosomiasis and 38% had an abnormal BMI. The prevalence of microscopic malaria was
5.7%, with two geographical clusters in S6-Ava and Vekky sub-districts (Figure 3). The
median duration of follow-up in the initial cohort was 5.9 months (mean=7.1, range: 0.49—
23.7). Compared to women included in the initial cohort, women who did not complete the
follow-up were significantly different in terms of residence area, ethnicity, household density

and schistosomiasis status (Table 4).

Pregnant women were identified at a mean of 6.9 wg and benefited from 7.5 scheduled ANC
visits in average (Table 4). The prevalence of microscopic malaria infection was 25.4%,
19.4% and 16.1% during the 1%, 2™ and 3™ trimester of pregnancy, respectively. The
prevalence of SGA was 11.5% and 18.3% using Schmiegelow’s and INTERGROWTH 21st
charts, respectively (Table 5). The proportion of PTB and LBW was 12.6% and 9.3%,
respectively. Overall, 29.5% (61/207) of newborns presented at least one poor birth outcome

defined as LBW, PTB, SGA or stillbirth.

Findings to date

Fertility and time-to-pregnancy

The median time-to-pregnancy was 12.3 months (Figure 4). The fertility rate was 5.4
pregnancies/100 persons-month (95% confidence interval [CI] =4.9-5.9). The probability
(95% CI) of conceiving after 5, 10, 15 and 20 months of follow-up were 24.5% (21.9-27.4),
42.1% (38.6-45.9), 56.6% (52.1-61.1) and 62.8% (57.6-68), respectively. Using 