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Abstract

Background: Malaria in pregnancy remains a public health problem in sub-Saharan Africa. Identifying risk factors for
malaria in pregnancy could assist in developing interventions to reduce the risk of malaria in Burkina Faso and other
countries in the region.

Methods: Two cross-sectional surveys were carried out to measure Plasmodium falciparum infection using micros-
copy in pregnant women in Saponé Health District, central Burkina Faso. Data were collected on individual, house-
hold and environmental variables and their association with P, falciparum infection assessed using multivariable
analysis.

Results: A total of 356 pregnant women were enrolled in the surveys, 174 during the dry season and 182 during

the wet season. The mean number of doses of sulfadoxine—pyrimethamine for Intermittent Preventive Treatment

in pregnancy (IPTp-SP) was 0.4 doses during the first trimester, 1.1 doses at the second and 2.3 doses at the third.
Overall prevalence of P, falciparum infection by microscopy was 15.7%; 17.8% in the dry season and 13.7% in the wet
season. 88.2% of pregnant women reported sleeping under an insecticide-treated net (ITN) on the previous night. The
odds of P, falciparum infection was 65% lower in women who reported using an ITN compared to those that did not
use an ITN (Odds ratio, OR=0.35, 95% Cl 0.14-0.86, p=0.02). IPTp-SP was also associated with reduced P, falciparum
infection, with each additional dose of IPTp-SP reducing the odds of infection by 44% (OR=0.56, 95% Cl 0.39-0.79,
p=0.001). Literate women had a 2.54 times higher odds of P, falciparum infection compared to illiterate women (95%
C11.31-4.91, p=0.006).

Conclusions: The prevalence of P, falciparum infection among pregnant women remains high in Burkina Faso,
although use of IPTp-SP and ITNs were found to reduce the odds of infection. Despite this, compliance with IPTp-SP
remains far from that recommended by the National Malaria Control Programme and World Health Organization.
Behaviour change communication should be strengthened to encourage compliance with protective malaria control
tools during pregnancy.

Background

Malaria in pregnancy is a major public health problem

in sub-Saharan Africa. The World Health Organization
= . T PR (WHO) estimates that 33.2 million women in Africa were
5 Doer;sr’tariznfr;?f/ei?orqreémIZZ;%?::SOSCS‘Ehool of Tropical Medicine, at risk of malaria in pregnancy in 2019, with 35% of these
Liverpool, UK (11.6 million) infected with malaria, resulting in 822,000
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are more susceptible to malaria and its adverse effects
than non-pregnant women and infection with Plas-
modium falciparum can lead to poor outcomes for the
mother, the fetus and child [2]. Pregnant women are also
more attractive to Anopheles gambiae, the most impor-
tant African malaria vector, due to increased release of
carbon dioxide and attractive volatiles, and hotter bod-
ies [3, 4]. Pregnant women infected with P falciparum
can develop placental malaria, with sequestration of the
parasite in the placental vasculature [5]. This can lead
to maternal anaemia and death, pre-term delivery, still-
birth, low birth weight, with long-term impacts on child
growth and cognitive development. In areas of stable
transmission, primigravid women are at greatest risk of
malaria infection and have higher parasite densities [6].
Over successive pregnancies there appears to be a boost-
ing of immunity to P falciparum that reduces parasite
density and prevents disease [6]. Prevention and manage-
ment of malaria in pregnancy is three-pronged: the use of
insecticide-treated nets [ITNs, distributed free-of-charge
at Antenatal Clinic (ANC) visits], intermittent preven-
tive treatment in pregnancy (IPTp) with sulfadoxine—
pyrimethamine (SP) and prompt access to diagnosis and
effective case management [7].

Burkina Faso is a high burden country and despite
high coverage of ITNs and prompt and effective treat-
ment with anti-malarials is not experiencing declines in
malaria [8]. Malaria transmission intensity is extremely
high with children aged 5-15 years in south-west Bur-
kina Faso receiving on average 3 infective bites per week
during the 6 month transmission season [9]. Additional
reasons for stagnating progress in malaria control may
also include insecticide resistance [10, 11], outdoor bit-
ing of malaria vectors [12, 13], insufficient coverage and
use of ITNs, or rapid loss of ITNs due to holing [14]. Bur-
kina Faso has a high burden of malaria in pregnancy with
one study conducted in a rural health district in south-
west Burkina Faso in 2014 reporting an incidence of 39.2
per 1000 women-months, with the burden of infection
in primigravids more than twice as high as that in mul-
tigravids at 88.6 per 1000 women-months [15]. In 2014,
another study in Bobo-Dioulasso city in south-west Bur-
kina Faso, identified 18.1% of pregnant women had P, fal-
ciparum infection [16]. According to national guidelines
in Burkina Faso, pregnant women are advised to receive
at least three doses of IPTp-SP starting from the second
trimester, with a minimum interval of 1 month between
doses [17]. IPTp-SP is administered at ANC visits by
facility-based health workers and is provided free of
charge, along with ITNs.

There have been many studies of risk factors for malaria
in pregnancy in sub-Saharan Africa, where increased
risk was reported to be associated with younger age in
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pregnancy, primigravidae, first trimester of pregnancy,
non-use of ITNs, lack of education and HIV co-infection
[15, 16, 18, 19]. Few, however, have evaluated socioeco-
nomic and environmental risk factors for malaria in preg-
nancy. For example, recently a number of studies have
shown that malaria in children is associated with poor
housing [9, 20, 21], but it is not known whether this is
also true for pregnant women. The goal of the present
study was to identify risk factors for P falciparum infec-
tion in pregnancy in Saponé Health District, central
Burkina Faso, including potential socioeconomic and
environmental risk factors, during the wet season and
dry season. Identifying risk factors for malaria in preg-
nancy could assist in developing interventions to reduce
malaria burden in pregnancy in Burkina Faso and other
countries in sub-Saharan Africa.

Methods

Study design

Risk factors for P falciparum infection were measured
during two cross-sectional surveys, one at the beginning
of the dry season in December 2018 and the second one
at the end of the rainy season from September to October
20109.

Study site

The study was conducted within the Saponé Health and
Demographic Surveillance system (HDSS), situated in the
central region of Burkina Faso, 45 km south-west of Oua-
gadougou city, the capital of Burkina Faso (Fig. 1). The
Saponé HDSS covers 1600 km? with a total estimated
population of 102,000 living in 83 villages and 10,841
compounds [22, 23]. Compounds are georeferenced
and a census of the population is conducted annually.
Malaria transmission is intense and highly seasonal [24],
with the peak of malaria transmission occurring at the
end of the rainy season (June to October) and markedly
reduced transmission during the dry season (December
to May) [25]. The main vectors are An. gambiae sensu
stricto, Anopheles arabiensis and Anopheles funestus, and
P, falciparum accounts for >95% of all malaria infections
[24-26]. This is a rural area of open Sudanian savannabh,
where farming is dominant and the major crops grown
are sorghum and millet. Houses in the study area are
typically constructed with mud walls and floors, with
thatched or metal roofs [27]. The population is served by
23 local health facilities and a district hospital.

Screening and enrolment

The HDSS census listings were not up-to-date and so
study personnel worked closely with Community Health
Workers who identified women of child-bearing age
in the study villages. Home visits were conducted in 20



Yaroetal. MalarJ  (2021) 20:362 Page 3 of 13

Legend
+ District hosptal
% Primary healthcare facities

® \Vlage
] Municipaiity boundary
SAPONE Municipality name

0 3 &6 12Km

s 1 3 3 3 )

January 2021

Fig. 1 Map of the study site
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villages in the HDSS. The 20 villages were selected purpo-
sively because of their close proximity to Ouagadougou
and their accessibility. Villages closest to Ouagadougou
along the axis of the National Road 7 were selected until
the sample size was reached. Enrolment at home was
adopted, rather than screening at the ANC because ANC
attendance is relatively low in the study area, with only
35% of women attending the ANC at least three times
[28]. All study procedures were carried out at the home
of the study participant. Women thought to be pregnant
were invited to take a dipstick pregnancy test, which was
performed by fieldworkers at the woman’s home. Women
identified as pregnant, but who had not yet visited their
ANC, were reminded to attend their local health facil-
ity. The study protocol and procedures were explained
by trained staff to potential participants in French or the
main local language of Moore.

Inclusion and exclusion criteria

Pregnant women were enrolled if they were between 15
and 40 years, provided written informed consent and
agreed with the study procedures, including taking of
blood. Women found to have clinical malaria were eli-
gible for enrolment in the study. Pregnant women with
a known history of SP allergy or any other medical con-
dition that in the opinion of a study physician may be
a threat to her or the fetus were not recruited into the
study. Women who were pregnant at both surveys were
eligible for enrolment in the study, but no women were
enrolled where this was the case.

Parasitological assessment

Each participant provided a finger prick blood sample
(100 pL) for malaria infection detection and characteri-
zation. Plasmodium falciparum quantitative sexual and
asexual parasite count and qualitative species identifica-
tion was performed by microscopy. Two blood smears
were prepared and read by two independent experienced
microscopists based at the Centre National de Recherche
et de Formation sur le Paludisme (CNRFP) according to
established standard operating procedures. Discrepan-
cies in positive and negative reads and parasite counts
differing by more than ten-fold between the two reads
were resolved by the supervisor. In case of fever (axillary
temperature > 37.5 °C or reported fever in last 24 h) or
other symptoms/signs of clinical malaria, a rapid diag-
nostic test for malaria (SD BIOLINE Malaria Ag P.f/Pan,
Abbott Laboratories, Illinois, USA) was performed. Sub-
jects presenting with clinical malaria were referred to the
nearest health facility and treated according to national
guidelines [17].
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Risk factor data collection

All study participants completed a questionnaire
(Additional file 1), where demographic data, medical
and obstetric history, including previous ANC vis-
its, IPTp-SP doses and use of anti-malarials within 14
days prior to study enrolment were recorded. ANC
attendance and IPTp-SP doses were transcribed from
the participants health card. Fieldworkers recorded
information about the household, including whether
the woman had access to an ITN and whether she slept
under an ITN the previous night. Women sleeping
under an ITN were asked about the bed net source and
how many times they left their ITN during the previ-
ous night. ITN fabric integrity was also assessed by
fieldworker observation and classified as entire/com-
plete, with any hole, or torn. Women were asked to
estimate the time they went to bed and the time they
get out of bed in the morning. Social and economic
risk factors for malaria were recorded, including eth-
nicity, education level and occupation, ownership of a
radio or mobile phone, estimated distance to the near-
est health facility, and use of other protective meas-
ures, including mosquito coils, insecticide sprays,
traditional spatial repellent or commercial topical
repellents.

House construction (metal or thatched roof, pres-
ence of open eaves, electricity supply to sleeping room),
household size (number of persons) and the presence of
clothes hanging in the sleeping room were recorded. The
presence or absence of large domestic animals (donkey,
horses, sheep, cows, goats, dogs) and rubbish within 5 m
of each study participant’s household was also recorded.

Sample size

Assuming a 20% prevalence of P falciparum infection
in pregnant women [16], a sample size of 346 women
provided greater than 80% power to detect effect sizes
of >50% (odds ratio=2) at the 5% level of significance,
given a 50% prevalence of the risk factor of interest in the
population. The sample size was calculated using the for-
mula for calculation of sample size for un-matched cross-
sectional studies (www.openepi.com/SampleSize/SSCoh
ort.htm). In determining the effect size we considered
housing type since improved housing has been found to
reduce malaria prevalence by ~50% [29].

Data management and statistical analysis

Data were collected on Android personal digital assis-
tants programmed using Open Data Kit (https://getodk.
org/) and included drop down boxes and consistency
checks to reduce data entry errors. Following cleaning,
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the dataset was locked and saved in Microsoft Access and
analysed with Stata 15 (Statacorp, Texas, USA).

Descriptive analysis was performed including calcu-
lation of percentages for categorial variables and mean
and standard deviation for continuous variables. Geo-
metric mean was calculated for asexual stage parasite
density (geometric mean parasite density, GMPD). Cat-
egorical variables were compared using a Chi-squared
test, and normally distributed continuous variables
using a t-test. The primary outcome measure was the
prevalence of microscopically confirmed P. falciparum
infection in pregnant women during each cross-sec-
tional survey. Logistic regression was used to inves-
tigate the association between independent variables
(risk factors) and the primary outcome (dependent var-
iable), adjusting for clustering by village. The wet and
dry season surveys were analysed together with season
evaluated as an independent risk factor. A multivariable
model was constructed using a forwards stepwise pro-
cess and models compared using a Wald test. Variables
were tested in the multivariable model if p <0.05 in the
univariable model. Correlations between variables were
tested using a Pearson’s coefficient (r) and variables
that were correlated with r> 0.5 or < — 0.5 were omit-
ted from the multivariable model. Interactions between
independent variables were evaluated. Odds ratios and
adjusted odd ratios with 95% confidence intervals were
computed and Wald test p-values presented. P-values
were not corrected for multiple comparisons.

Results

Socio-demographic characteristics of pregnant women

A total of 356 pregnant women were enrolled in the sur-
veys, 182 during the wet season and 174 during the dry
season (Table 1). The mean age of the study participants
was 26.9 years, ranging from 15 to 40 years old, and was
similar in both surveys. Of these women, 78 (21.9%) were
in their first pregnancy, 74 (20.8%) in their second and
204 (57.3%) in their third pregnancy or more. Women
aged under 20 years were primarily primigravidae (32/34,
94.1%), while women aged 30-40 were primarily multi-
gravidae (125/131, 95.4%). Most women were enrolled
in their second (132/276, 47.8%) and third trimester of
pregnancy (108/276, 39.1%) where gestational age was
recorded (gestational age was missing for 80 women).
Fewer women were enrolled at their first trimester com-
pared to other trimesters; only 6.4% (5/78) of primigravi-
dae, 14.9% (11/74) of secundigravidae and 9.8% (20/204)
of multigravidae were in their first trimester. 59.0%
(210/356) of women were illiterate and most were farm-
ers (249/356, 69.9%) or traders (79/356, 22.1%). 73.1%
(57/78) of primigravidae were literate compared to only
42.5% of those on their second pregnancy (31/73) and
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27.6% of women with two or more pregnancies (56/203).
97.5% of study participants were from the Mossi eth-
nic group (347/356). Most women lived in households
with three or fewer people 57.9% (206/356). Only 46.3%
(165/356) of women reported having an electricity sup-
ply in the sleeping room. Most houses were constructed
with metal roofs (340/356, 95.5%) with 64.6% (230/356)
of houses having clothes hanging in the sleeping room.
Large domestic animals were common near the house
(281/356, 78.9%), and 45.8% (163/356) of participants
reported solid waste within 5 m of their households.
Characteristics of the women surveyed in the dry and
wet season tended to be similar, although in the wet sea-
son the distance to the nearest health centre was longer
(40.2% >3 km) than in the dry season (46.1% >3 km), and
in the dry season there were more likely to be clothes
hanging in the sleeping room (80.5%) than in the wet sea-
son (49.5%).

Parasitological characteristics of pregnant women

The overall prevalence of P, falciparum infection (asexual
stage) by microscopy was 15.7% (56/356), with 17.8%
(31/174) during the dry seasonal survey and 13.7%
(25/182) in the wet season survey (p=0.3) (Table 2).
No significant difference was found in the prevalence of
parasitaemia by gravidity (primigravid=14/78, 17.9%,
secundigravid=12/74, 16.2%, multigravidae=230/204,
14.7%, p=0.8). 2.0% (7/356) of women were found to
have clinical malaria and were referred to their local
health facility for treatment.

The overall GMPD of infected pregnant women was
777.3/ul (95% CI=496.0-1218.2). GMPD was slightly
higher in the wet season [876.2/ul (95% CI=367.0—
2092.0)] than in the dry season [705.7/pl (95%
CI=444.8-1119.5)] but this result was not significant
(p=0.20). GMPD was higher in women in their first
pregnancy (2049.4/ul, 95% CI=753.5-5573.7) compared
to those in their second pregnancy or more (562.6/l,
95% CI=347.3-911.5, p=0.02). There was no difference
in the proportion of women in each trimester by gravidity
in the dry season (p=0.5) or wet season (p=0.3). GMPD
was higher in women aged under 20 years old than older
women, with a GMPD of 3374.7/ul (95% CI=946.1-
12036.9) among women aged under 20 years and 633.5/pl
(95% CI=368.0-1090.7) among women aged 20-30 and
552.0/pl (95% CI=204.8-1487.5) among women aged
30 years or more. P, falciparum gametocyte carriage was
rare (6/356, 1.7%).

Use of preventive measures against malaria

ANC attendance was higher in the wet season than in
the dry season, with 20.3% (37/182) of women attending
four or more times in the wet season, compared to 12.9%
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Table 1 Characteristics of the study participants and households

Variables Dry season, n (%) Wet season, n (%) Total n (%)
N=174 N=182 N=356

Age (years)

<20 11(6.3) 23(126) 34 (9.6)

20-30 101 (58.1) 90 (49.5) 191 (53.7)

30-40 62 (35.6) 69 (37.9) 131 (36.8)

Education

[lliterate 107 (61.5) 103 (56.6) 210 (59.0)

Literate 65 (37.4) 79 (434) 144 (40.4)

Occupation

Farmers 115 (66.1) 134 (73.6) 249 (69.9)

Traders 46 (26.4) 33(18.1) 79 (22.1)

Other 11(6.3) 12 (6.6) 23(6.5)

Gravidity

Primigravida 31(17.8) 47 (25.8) 78(21.9)

Secundigravida 42 (24.1) 32(17.6) 74 (20.8)

Multigravida 101 (58.1) 103 (56.6) 204 (57.3)

Gestation®

1st trimester 19(10.9) 17 (9.3) 36 (10.1)

2nd trimester 75 (43.1) 57 (31.3) 132 (37.1)

3rd trimester 61 (35.1) 47 (25.8) 108 (30.3)

Ethnic group

Mossi 169 (97.1) 178 (97.8) 347 (97.5)

Fulani 4(23) 2(1.1) 6(1.7)

Other 1(06) 2(1.1) 3(0.8)

Roof material of sleeping room

Metal 165 (94.8) 175 (96.2) 340 (95.5)

Non-metal (Thatch/mud) 7 (4.0) 6(3.3) 13(3.7)

Eave status of sleeping room

Closed * 30 (16.5) -

Open * 149 (81.9) -

Electricity supply in the sleeping room

No 91 (52.3) 87 (47.8) 178 (50.0)

Yes 72(414) 93 (51.1) 165 (46.3)

Presence of large domestic animals within 5 m of the household

No 31(17.8) 37(20.3) 68 (19.1)

Yes 138(79.3) 143 (78.6) 281 (78.9)

Presence of solid waste within 5 m of the household

No 90 (51.7) 98 (53.8) 188 (52.8)

Yes 79 (45.4) 84 (46.2) 163 (45.8)

Household size

1-3 92 (52.9) 114 (62.6) 206 (57.9)

4-5 68 (39.1) 55(30.2) 123 (34.6)

>6 8(4.6) 13(7.1) 21(5.9)

Distance to health facility (km)

<3 100 (57.5) 98 (53.9) 198 (55.6)

3-5 42 (24.1) 65 (35.7) 107 (30.1)

>5 28 (16.1%) 19(104) 47 (13.2)

Hanging clothes in the sleeping room

No 28 (16.1) 92 (50.5) 120 (33.7)

Yes 140 (80.5) 90 (49.5) 230 (64.6)
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Table 1 (continued)

2 Gestational age was missing for 80 women

*Eave status was accidentally omitted during dry season survey

Table 2 Parasitological characteristics, ANC attendance and use of personal protection according to season

Variables Dry season, N=174 Wet season, N=182
Primigravidity Secundigravidity ~ Multigravidity Total Primigravidity Secundigravidity ~ Multigravidity Total
n=31 n=42 n=101 n=47 n=32 n=103

Parasitological characteristics

Parasitaemia (any 7 (22.6%) 10 (23.8%) 14 (13.9%) 31(17.8%) 7 (14.9%) 2 (6.3%) 16 (15.5%) 25(13.7%)
level)?®
Parasitae- 4(12.9%) 2 (4.8%) 4 (4.0%) 10 (5.7%) 5(10.6%) 1(3.1%) 6 (5.8%) 12 (6.6%)
mia > 1000/ul*
**GMPD/ul (95%  1435.7 (412.7- 738.7 (276.0-1976.8) 4789 (263.7— 705.7 29253 (421.0- Low number of 469.7 (160.3— 876.2
an? 4995.2) 869.7) (444.8- 20,325.6) observations 1376.3) (367.0-
1119.5) 2092.2)
ANC attendance
None 6 (19.4%) 14 (35.0%) 28 (28.0%) 8(28.1%) 3 (64%) 7(21.9%) 17 (16.5%) 27 (14.8%)
1 7 (22.6%) 11 (27.5%) 28 (28.0%) 6(26.9%) 8 (17.0%) 7(21.9%) 24 (23.3%) 39 (21.4%)
2 4(12.9%) 3(7.5%) 22 (22.0%) 29(17.0%) 6(12.8%) 7 (21.9%) 25 (24.3%) 38 (20.9%)
3 7 (22.6%) 7 (17.5%) 12 (12.0%) 6(152%) 16 (34.0%) 5(15.6%) 20 (19.4%) 41 (22.5%)
4 or more 7 (22.6%) 5(12.5%) 10 (10.0%) 2(12.9%) 14(29.8%) 6 (18.8%) 17 (16.5%) 37 (20.3%)
Use of personal protective measures
Access to ITN 23 (74.2%) 37 (88.1%) 93 (93.0%) 153 (884%) 41 (87.2%) 32 (100%) 99 (96.1%) 172
(94.5%)
Usedan ITNthe 21 (67.7%) 35 (83.3%) 85 (85.0%) 141 (81.5%) 42 (89.4%) 31 (96.9%) 100 (97.1%) 173
previous night (95.1%)
Mosquito coils 8(25.8%) 9(21.4%) 24 (24.0%) 41(23.7%) 10 (21.3%) 3(9.4%) 15 (14.6%) 28 (15.4%)
Other spatial 1(3.2%) 0 5(5.0%) 6 (3.5%) 4 (8.5%) 1(3.1%) 10 (9.7%) 15 (8.2%)
repellent
Commercial 3(9.7%) 5(11.9%) 9 (9.0%) 17 (9.8%) 8(17.0%) 1(3.1%) 8 (7.8%) 17 (9.4%)
repellent
(topical)
0 dose of IPTp-SP 6 (19.4%) 15 (35.7%) 16 (15.8%) 37(213%) 0 4(12.5%) 7 (6.8%) 11 (6.0%)
1 doses of 9 (29.0%) 8(19.0%) 35 (34.7%) 52(29.9%) 11 (234%) 8 (25.0%) 28 (27.2%) 47 (25.8%)
IPTp-SP
2 doses of 7 (22.6%) 4(9.5%) 23 (22.8%) 34(19.5%) 12 (25.5%) 9 (28.1%) 35 (34.0%) 56 (30.8%)
IPTp-SP
3 ormoredoses 5 (16.1%) 8(19.0%) 12 (11.9%) 25(144%) 20 (42.6%) 6(18.8%) 21 (20.4%) 47 (25.8%)
of IPTp-SP
Mean IPTp-SP 14(1.0-1.8) 1.3(0.8-1.7) 14(1.2-1.6) 14 2.2(1.9-25) 1.8(1.3-23) 1.8 (1.6-2.1) 1.9
dose (95% Cl) (1.2-1.6) (1.8-2.1)
Use of anti- 3(10.7%) 6 (15.0%) 18 (18.4%) 27 (163%) 7 (14.9%) 2 (6.3%) 10 (9.7%) 19 (10.4%)
malarial drug
2 weeks before
the survey

ANC antenatal clinic, C/ confidence interval, GMPD geometric mean parasite density, IPTp-SP intermittent preventive treatment in pregnancy with sulfadoxine
pyrimethamine, /TN insecticide-treated net, SD standard deviation

? Reported for asymptomatic infections and clinical malaria

(22/174) in the dry season (p=0.01). In the wet season, a  were not significant (primigravid="7/31, 22.6%, secundi-
significantly higher proportion of primigravidae women gravid=5/42, 12.5%, multigravid=10/101, 10.0%,
had attended four or more ANC visits (14/47, 29.8%) p=0.29).

compared to women who had two (6/32, 18.8%) or more At the time of the survey, women had received on
pregnancies (17/103, 16.5% p=0.02). Although a similar  average 1.7 doses of IPTp-SP (95% CI=1.5-1.8) with
pattern was observed in the dry season, the differences increasing number of doses according to the trimester
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of pregnancy (0.4, 1.1 and 2.3 doses at first, second and
third trimester of pregnancy, respectively). 19.4% (7/36)
of women in the first trimester reported receiving IPTp-
SP, despite this not being recommended until the second
trimester. Primigravidae were more likely to report taking
at least one IPTp-SP dose (72/78, 92.3%) than secundi-
gravidae (55/74, 74.3%) or multigravidae (181/204, 88.7%)
(p=0.002). Women aged under 20 years (31/34, 91.2%)
or women aged over 30 years (120/131, 91.6%) were more
likely to report to report taking IPTp-SP than women
aged 20-30 years (157/191, 82.2%) (p=0.04). There was
no difference in the proportion of literate and illiterate
pregnant women reporting taking IPTp-SP in this study
(p=0.8).

A total of 95.1% (173/182) of women reported using
an ITN in the rainy season survey, compared to 81.5%
(141/174) in the dry season survey (p<0.001). 95.2%
(339/356) of women reported that the National Malaria
Control Programme provided their ITNs. The mean age
of the ITN was 7.9 months (standard deviation=8.2) and
89.9% (320/356) of them were reported to be un-holed.
On average women self-reported an estimated time to
bed of 20.21 h during the dry season and 20.13 h dur-
ing the rainy season, and left the bed at 05.29 h during
the dry season and 5:39 h during the wet season. Only
4.5% (16/356) of pregnant women reported that they did
not leave their ITN until the morning. However, 47.2%
(168/356) of them exited their ITN once or twice a night,
and 42.7% (152/356) exited their ITN three or more times
a night. Mosquito coils were used by 19.4% (69/356) of
participants, while 5.9% (21/356) used other types of spa-
tial repellent (insecticide sprays or traditional repellents
such as herbs) and 9.6% (34/356) used topical commer-
cial repellents.

Risk factors for P. falciparum infection

Univariable analysis indicated lower odds of P. falcipa-
rum infection among women who were in the 3rd tri-
mester compared to the 1st trimester; aged 30—40 years
compared to those aged less than 20 years; reported using
ITNs; attended more ANC visits; and received more
IPTp-SP doses. Univariable analysis indicated a higher
prevalence of P. falciparum infection in literate women
compared to illiterate women. Analysis of correlations
between variables indicated that gestation was correlated
with ANC attendance (r=0.60) and number of IPTp-SP
doses (r=0.60), ANC attendance was correlated with
number of IPTp-SP doses (r=0.82) and gravidity was
correlated with age (r=0.59). Since women will receive
additional IPTp-SP doses with increased ANC attendance
and increased gestational age, we excluded gestation and
ANC attendance from the variables considered. Based
on this, reported I'TN use, the number of IPTp-SP doses,
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education and age group were evaluated in the multivari-
able model. Multivariable analysis showed that the odds
of P falciparum infection in pregnancy was reduced
among pregnant women who reported using ITNs (Odds
ratio, OR=0.35, 95% CI 0.14—0.86, p=0.02) after adjust-
ing for number of IPTp-SP doses, education and age
group (Table 3). The odds of P. falciparum infection was
also reduced with use of IPTp-SP, with each additional
dose reducing the odds by 44% (OR=0.56, 95% CI 0.39—
0.79, p=0.001) after adjusting for ITN use, education
and age group. Literate women were at higher odds of P
falciparum infection than illiterate women (OR=2.54,
95% CI 1.31-4.91, p=0.006) after adjusting for ITN use,
number of IPTp-SP doses and age group. The Wald test
indicated that age group improved the overall model
fit but age group was not significant after adjusting for
reported ITN use, number of IPTp-SP doses and educa-
tion (20—30 years compared to <20 years OR=0.77, 95%
CI 0.25-2.37, p=0.64, 30-30 years compared to <20
years, OR=0.76, 95% CI 0.31-1.84, p=0.54).

Discussion

This study aimed to identify risk factors for malaria infec-
tion in pregnant women living in an area of intense and
stable seasonal malaria transmission in Burkina Faso with
high levels of pyrethroid resistance in malaria vectors.
The overall prevalence of P. falciparum infection during
both surveys was 15.7% and is similar to that recorded in
other studies in Burkina Faso (e.g. 18.1% [16]) and other
high burden countries in sub-Saharan Africa, e.g. 20.1%
in Kenya [30] and 21.6% in Ghana [31]. These results sug-
gest that P falciparum malaria infection is common in
pregnant women in the community and that malaria bur-
den in pregnancy remains high despite the use of stand-
ard malaria control interventions. The overall geometric
mean of parasites density in the study area was 777.3/
ul (95% CI 496.0-1218.2). Fana and co-workers from
Nigeria, another high burden country, recorded a similar
mean parasite density of 800/l [19].

No difference in parasite prevalence by gravidity was
observed, which differs from other studies, which found
higher prevalence in primi- and secundigravidae, com-
pared to multigravidae [32, 33]. This may be because in
our study setting pregnant women are, irrespective of
gravidity, exposed to same high level of transmission,
and hence the probability of getting infected is quite
similar. Parasite density was, however, higher in primi-
gravidae and secundigravidae compared to multigravidae
and in younger women compared to older women, since
younger women are more likely to be primigravid. This
may be because primigravid and secundigravid women
are less immunologically competent to control para-
site density compared to multigravidae. There was no
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Table 3 Risk factors for P falciparum infection in pregnant women in Saponé Health District

Factors P. falciparum Univariable analysis Multivariable analysis
infection positivity,
n/N (%)
N=356 Oddsratio 95% Cl p-value Oddsratio 95%CI p-value
Pregnancy characteristics
Gestation
1st trimester 10/48 (20.8) 1
2nd trimester 34/132 (25.8) 1.32 0.90-1.94 0.16
3rd trimester 7/108 (6.5) 0.26 0.12-0.58 0.001
Gravidity
Primigravidae 14/78 (17.9) 1
Secundigravidae 12/74(16.2) 0.88 048-1.64 0.70
Multigravidae 30/204 (14.7) 0.79 041-1.50 047
Socio-demographic characteristics
Mean age (years) - 0.98 0.94-1.02 0.35
Age group (years)
<20 8/34 (23.5) 1 1
20-30 34/191 (17.8) 0.70 0.36-1.39 0.31 0.77¢ 025-237 064
30-40 14/131 (10.7) 0.39 0.22-0.69 0.001 0.76° 031-1.84 054
Education
No formal education 24/210(11.4) 1 1
Literate 31/144 (21.5) 213 1.29-3.52 0.003 2.54° 131-491  0.006
Occupation
Farmers 34/249 (13.7) 1
Traders 15/79 (19.0) 148 0.75-2.93 0.26
Other 6/23 (26.1) 223 0.72-6.90 0.16
Use of personal protective measures
ITN use the previous night
No 12/41(29.3) 1 1
Yes 43/314(13.7) 038 0.18-0.81 0.01 0.35¢ 0.14-0.86  0.02
Number of exits from the ITN the previous night
2 or more times 18/152(11.8) 1
Less than 2 times 31/184 (16.8) 1.51 0.84-2.71 017
ANC attendance (number of visits) 0.53 043-066  <0.001
Number of IPTp-SP doses (one unit increase) - 057 0.41-0.80 0.001 0564 0.39-0.79  0.001
Mosquito coils
No 46/286 (16.1) 1
Yes 9/69 (13.0) 0.78 0.48-1.29 0.33
Other spatial repellent
No 54/335 (16.1) 1
Yes 2/21(9.5) 0.55 0.09-3.53 0.53
Commercial repellent (topical)
No 51/320(15.9) 1
Yes 4/34(11.8) 0.70 0.24-2.04 0.52
Distance to nearest health centre (km)
<3 26/198 (13.1) 1
3-5 19/107 (17.8) 143 0.73-2.78 0.30
>5 10/47 (21.3) 1.79 0.66-4.83 0.25
Use of anti-malarial drug during the last 2 weeks before the survey
No 48/302 (15.9) 1

Yes 5/46 (10.9) 0.65 0.32-1.31 0.23
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Table 3 (continued)
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Factors P. falciparum Univariable analysis Multivariable analysis
infection positivity,
n/N (%)
N=356 Oddsratio 95% Cl p-value Oddsratio 95%Cl p-value
House characteristics and construction
Household size
<4 31/206 (15.0) 1
4<no.<6 20/123 (16.3) 1.10 0.58-2.07 0.78
>6 4/21(19.0) 133 0.36-4.91 0.67
Roof material of sleeping room
Metal 52/340(15.3) 1
Thatch or mud 3/13(23.1) 1.66 0.62-4.42 031
Electricity supply in sleeping room
No 33/178(18.5) 1
Yes 21/165(12.7) 0.64 037-1.11 0.11
Clothes hanging in sleeping room
No 16/120(13.3) 1
Yes 38/230(16.5) 1.29 0.58-2.84 0.53
Asset ownership
Own a radio
No 24/127 (18.9) 1
Yes 31/224(13.8) 0.74 0.42-1.30 0.29
Own a mobile phone
No 8/56 (14.3) 1
Yes 47/295 (15.9) 1.14 0.62-2.09 0.68
Environmental factors
Season enrolled
Dry season 31/174(17.8) 1
Rainy season 25/182 (13.7) 0.73 041-1.31 0.30
Presence of large domestic animals within 5 m of the household
No 10/68 (14.7) 1
Yes 45/281 (16.0) 1.11 0.48-2.55 0.81
Presence of solid waste within 5 m of the household
No 30/188 (16.0) 1
Yes 24/163 (14.7) 091 0.50-1.64 0.75

Cl confidence interval, IPTp-SP intermittent preventive treatment in pregnancy with with sulphadoxine pyrimethamine, ITN insecticide-treated net

2 Adjusted for reported ITN use, the number of IPTp-SP doses and education
b Adjusted for ITN use, number of IPTp-SP doses and age group

€ Adjusted for number of IPTp-SP doses, education and age group

d Adjusted for ITN use, education and age group

significant difference in P, falciparum prevalence between
the wet season (13.7%) and dry season (17.8%) or in
GMPD between the two surveys. This may be because
the dry season survey was conducted at the start of the
dry season when infections from the end of the rains may
still be present. P falciparum gametocyte carriage was
low in this study (1.7%). Low parasite density may result
in lower gametocyte identification by microscopy.

The study found that IPTp-SP and ITNs are highly
effective interventions for preventing malaria infec-
tion during pregnancy. For each additional dose of IPTp
reported as being received by women, the odds of malaria
infection fell by 44%. At the time of the survey, relatively
few women, had however taken three or more doses of
IPTp-SP (20.2%) which is recommended by the NMCP
and WHO [1, 17]. Fewer women had received three or
more doses of IPTp-SP in the dry season (14.4%), than in
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the wet season (25.8%), and ANC attendance was lower
in the dry season. It may be that women perceive a lower
risk of malaria transmission in the dry season due to less
mosquito biting pressure.

ITNs were associated with 65% reduction in the odds of
P. falciparum infection, which is higher than other stud-
ies have found [34]. This indicates that ITNs are protec-
tive against malaria in pregnancy in Burkina Faso despite
high levels of insecticide resistance present in the coun-
try [10, 35]. This contrasts with findings from two studies
conducted in south-west Burkina Faso; a cohort study in
children aged 5-15 years in which showed no difference
in malaria risk between I'TN users and non-users [9], and
a cross-sectional survey in all ages which found no differ-
ence in infection risk between ITN users and non-users
(Yaro et al., unpublished). Overall, 91.3% of pregnant
women owned an ITN, with 88.2% reporting using an
ITN the night before the survey. This is similar to other
surveys from Burkina Faso; in the Banfora Region, 80.6%
of surveyed children reported sleeping under an ITN the
previous night [9]. The high reported ITN use is encour-
aging, although accurately determining net use is chal-
lenging and reporting can be susceptible to response bias
[36]. Women reported going to bed at 20.21 h during the
dry season and 20.13 h during the rainy season. This find-
ing contrasts with a study by Guglielmo and co-workers
who reported that all females in south-west Burkina Faso
(sample of 211 and 695 females observed in two villages)
were outdoors until 22.00 h, after which point women
started to move indoors to bed [12]. It may be that preg-
nant women tend to go to bed earlier and so those using
ITNs are more likely to be protected from vector biting
during the early evening which has been observed in Bur-
kina Faso [12].

The finding that literate women had 2.54 times the odds
of P. falciparum infection compared to illiterate women
was unexpected. While literature on this is mixed, with
some studies showing an association between literacy
and reduced infection [32] and others showing no such
association [33, 37], to the best of our knowledge there
are no other studies which found a higher odds of infec-
tion in literate women. There was no association between
literacy and ITN use, ANC attendance or IPTp-SP doses,
suggesting that literacy is not acting via reduced uptake
of preventive measures. Again here, existing literature is
mixed with some studies finding an association between
increased literacy and increased use of ITNs and IPTp
[38, 39], others finding, as this study did, no such associa-
tion, [40, 41] or an inverse association, including a study
of malaria indicator surveys from eight African countries
[42]. Literate women were more likely to be primigravid
than illiterate women, however, this cannot explain
the finding since gravidity was not associated with P
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falciparum infection in the model. It may be that liter-
ate women have higher risk occupations or are spending
more time outdoors, potentially subject to early evening
vector biting [12]. This finding requires further assess-
ment to understand the mechanism by which literacy can
increase infection risk.

A strength of this study is that it adopted community-
level recruitment of pregnant women. This was an unu-
sual approach since most studies assess risk factors for
P falciparum infection among those women attending
ANC. The study population was probably more rep-
resentative of the true situation since it also included
women that did not necessarily know they were preg-
nant or women who had not yet attended an ANC. The
lack of sampling frame from which to select the women
of childbearing age may have, however, introduced bias
in the selection of the study participants. A limitation of
the study is the sample size which may have been insuf-
ficient to identify minor risk factors such as house con-
struction details which may have been less common in
the study population than assumed or been protective to
a smaller extent than the study was powered for. Study
villages were selected purposively based on their acces-
sibility to Ouagadougou which may have meant that the
study participants were not representative of the Saponé
HDSS, perhaps due to differences in socioeconomic
status if living closer to the A7 road afforded better
economic opportunities than the more isolated rural vil-
lages. While we did collect information on asset owner-
ship, this did not allow us to determine a wealth index or
socioeconomic position, which may have been an impor-
tant determinant of P. falciparum infection. We did not
collect information on knowledge, attitudes and practices
in relation to malaria in pregnancy and use of protective
measures. This is an area for future research and will be
informative for improvement of delivery of existing inter-
ventions and for design of novel interventions. Multiple
comparisons were made and, therefore, some of the asso-
ciations noted may have occurred by chance alone.

What are the implications of this research for con-
trol of malaria in pregnancy in Burkina Faso? Behaviour
change communication is necessary to ensure high ANC
attendance and compliance with IPTp-SP and ITN use.
Based on the study findings, messaging for ANC attend-
ance in the study area should target primigravid women
due to their higher GMPD, literate women due to appar-
ent higher infection risk and encourage early attendance
irrespective of season. As is common in sub-Saharan
Africa, pregnant women are often unaware that they are
pregnant and so do not attend or are unwilling to attend
an ANC in the early stages of pregnancy. An associa-
tion between early ANC attendance and a higher aver-
age number of IPTp-SP doses has been demonstrated in
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several studies [43—-45]. One option to increase IPTp-SP
coverage is community delivery by community health
workers, rather than ANC. This delivery route has been
shown in a clinical trial in Burkina Faso to increase
IPTp-SP compliance from 2.1 to 2.8 doses in the com-
munity delivery study arm with no apparent decrease in
ANC attendance [46]. Seven women reported receiving
IPTp-SP despite being in the first trimester. IPTp-SP is
not recommended in the first trimester due to concerns
over congenital abnormalities [47]. If this is a true find-
ing, then increased health worker sensitization is neces-
sary. While ultrasound can determine gestational age
with precision, it is often unaffordable or inaccessible for
many women in Burkina Faso.

Conclusion

The prevalence of P falciparum infection among preg-
nant women was 15.7% despite wide deployment of
ITNs and access to IPTp-SP. Nonetheless, the odds of P
falciparum infection was reduced by 44% for each addi-
tional IPTp-SP dose taken and women who reported
using an ITN had a 65% lower odds of P falciparum
infection. These findings suggest that IPTp-SP and ITNs
use are effective at reducing malaria infection in preg-
nant women living in malaria high burden countries,
even where there is high insecticide resistance, but that
research is needed to increase uptake of IPTp-SP. The
finding of literate women having 2.54 times the odds of
P falciparum infection compared to illiterate women
requires further research to elucidate the underlying
mechanism.
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