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Abstract
Background: Malaria in endemic countries is often asymptomatic during pregnancy, but it has substantial consequences for both the mother
and her unborn baby. In Burkina Faso, the prevalence and risk factors of asymptomatic malaria in pregnancy and its main consequence,
anemia, during high and low malaria transmission seasons is underexplored at the household level.

Methods: Data of 1751 pregnant women from October 2013 to March 2014 and 1931 pregnant women from April 2017 to June 2017 were
drawn from two cross-sectional household surveys conducted in 24 health districts of Burkina Faso. Pregnant women were tested for malaria
in their household after consenting. Asymptomatic carriage was de�ned as a positive result from malaria rapid diagnostic tests in the absence
of malaria symptoms. Anemia was de�ned as hemoglobin level less than 11 g/dL.

Results: Prevalence of asymptomatic malaria in pregnancy was estimated at 23.9% (95%CI: 20.2–28.0) during the high transmission season
(October–November) in 2013. During the low transmission season, it was 12.7% (95%CI: 10.9–14.7) between December and March in 2013–
2014 and halved (6.4%; 95%CI: 5.3–7.6) between April and June 2017. Anemia prevalence was estimated at 43.7% (95%CI: 39.3–48.3) during
the high transmission season in 2013. During the low transmission season, it was 32.7% (95%CI: 30.1–35.5) between December and March
2013–2014 and 46.6% (95%CI: 44.3–48.9) between April and June, 2017.

Conclusion: Prevalence of asymptomatic malaria in pregnancy was signi�cantly higher during the high malaria transmission season while
anemia prevalence was lower. Our study provides an opportunity to assess the prevalence of asymptomatic carriage and one of its main
consequences, anemia, among pregnant women at the community level throughout the year. In order to mitigate the harmful effects of
asymptomatic carriage for both the mother and fetus, health programs aimed at increasing the number of women coming into contact with
health workers are necessary.

Introduction
Every year, about 25% of maternal deaths in hyperendemic malaria regions are due to malaria infection in pregnancy (MiP) [1]. In sub-Saharan
African (SSA) countries, MiP is often asymptomatic, which is one of the main challenges in controlling MiP. Indeed, asymptomatic carriage has
substantial health consequences for the mother, her unborn baby, and her future newborn. Adverse consequences of MiP for both the mother
and her unborn baby include fetal loss, intrauterine growth retardation, preterm delivery, low birth weight, congenital infection, infant mortality,
and increased risks of maternal anemia [2–7]. Several studies reported a high prevalence of asymptomatic MiP (ranging from 21–58.4%) in
SSA countries [8–12], including Burkina Faso, and this represents a major public health problem since pregnant women living in these
communities are not aware they are asymptomatic carriers.

To protect women from asymptomatic MiP and its consequences, the World Health Organization (WHO) recommends combined intervention,
including “intermittent preventive treatment during pregnancy” with sulfadoxine–pyrimethamine (IPTp SP) and iron + folic acid
supplementation during antenatal care (ANC) [13]. Unfortunately, there is a high prevalence of malarial resistance to SP in most African
countries [14, 15]. This situation may leave pregnant women at risk of malaria infection despite the use of IPTp-SP. Even in areas with excellent
SP sensitivity, such as in many parts of West Africa, there is still a high prevalnence of placental infections in women receiving less than three
doses of SP, particularly during the peak malaria transmission season [16]. Therefore, it is important to diagnosis all MiP cases, at both the
health facility and community/household level, to prevent poor pregnancy outcomes.

In Burkina Faso, around three-quarters of the population use self-medication or traditional therapy when signs of malaria are suspected [17]. By
implication, around one-quarter of the population attends a clinic when they feel ill or due to scheduled visits (namely ANC), and are treated
when there is con�rmed malaria. Consequently, asymptomatic MiP cases and anemia remain untreated. The prevalence of asymptomatic MiP
among women attending routine ANC was estimated at about 19–51% based on malaria rapid diagnostic tests (RDTs) [18–21], whereas
anemia prevalence was estimated at around 60% [20, 21]. To our best knowledge, there is only one community-based study that has estimated
the prevalence of MiP [22] at the household level; in this case, conducted in Nanoro and nested within a cluster-randomized controlled trial. In
Burkina Faso, the majority of published data on the subject have been obtained in healthcare settings (i.e., in health facilities). It is, therefore,
important to have better insight into asymptomatic MiP and its corollary anemia at the community level. This will provide useful indicators to
guide decision-making regarding control strategies and to optimize interventions in the context of resource constraints.

In the present study, we estimated the prevalence of asymptomatic carriage of malaria parasites and anemia among pregnant women at home
in their community through a household survey during low and high malaria transmission seasons in Burkina Faso. Our study also aimed to
identify the potential factors associated with asymptomatic carriage and anemia among pregnant women surveyed at their household.

Material And Methods
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Study population, design and Sampling procedures

This study analyzed secondary data collected from 24 health districts located in six regions of Burkina Faso (Boucle de Mouhoun, Center-East,
Center-North, Center-West, North, and South-West). The population consisted of pregnant women who were present in the household during the
survey visit and who consented to participate in the study. The main project, entitled “Impact Evaluation for Health Performance-Based
Financing in Burkina Faso”, was designed to assess the impact of a performance-based �nancing strategy on the quality of healthcare delivery
[23]. The latter aimed to strengthen the public sector and enhance general health, including health indicators, with a particular focus on
maternal and child health. This impact assessment was performed through health facility- and household-based surveys and consisted of
cross-sectional studies carried out in 2013/2014 (prior to project implementation) and 2017 (after project implementation), in which the health
districts were non-randomly selected. The study protocol, including the survey design, are published elsewhere [23]. To provide a snapshot of
the prevalence, the timeline of data collection in the �eld was for a full year of malaria transmission (i.e., for low and high transmission). The
�rst collection was conducted between October 2013 and March 2014, and the second one occurred from April to June 2017.

Data on sociodemographics, health behavior, and economic factors as well as on the health conditions of pregnant women were collected for
each household. These data were collected using a computer-assisted personal interview (CAPI) household questionnaire.

From these two cross-sectional household surveys, data on 1751 and 1931 pregnant women were drawn in 2013/2014 (from October 2013 to
March 2014) and 2017 (From April to June 2017).

Malaria diagnosis and estimation of hemoglobin
During the household-based survey, blood samples were taken by �nger prick to detect the presence of the malaria parasite and to measure
hemoglobin levels. In both surveys, malaria was con�rmed by serology using RDT SD Bioline, which detects histidine-rich protein II (HRP-II). The
hemoglobin level was measured by the hematological acid technique using a hemoglobinometer (HemoCue®), and blood was categorized as
anemic if the hemoglobin level was < 11 g/dL and normal if the hemoglobin level was ≥ 11 g/dL [18, 21, 24]. During the �eld surveys, quality
controls were carried out on randomly selected malaria-positive samples (microscopy performed on thick blood smears). Similarly, quality
controls were performed on hemoglobin measures using an automated hematology analyzer.

Study variables
Our study assessed two main binary outcomes: asymptomatic carriage of malaria parasites (Yes or No) and anemia (Yes or No).

Our explanatory variables were based mainly on individual- and household-level characteristics. The selection of these explanatory variables
was based on epidemiological interest as well as on previous studies that have shown the relationship between potential risk factors and MiP
(or anemia) [8, 18–20, 25, 26]. The characteristic explanatory variables for pregnant women were age (< 20, 20–30, and > 30 years old), parity
(primigravida, secundigravida, and multigravida (≥ 3)), and gestational age (�rst trimester (< 14 weeks)), and second or third trimester (≥ 14
weeks)). Other variables included the mother’s education level (no education and educated), ownership of insecticide-treated nets in the
household (No and ≥ 1), the household’s standard of living (very poor, poor, moderate rich, rich, and very rich), and place of residence (urban
and rural). To analyze malaria transmission among pregnant women, the study period was cut into two seasons: a high transmission season
from July to November and a low transmission season from December to June [27].

Statistical analysis
The prevalence of asymptomatic carriage was estimated based on the proportion of pregnant women who tested positive with the malaria RDT.
Likewise, the prevalence of anemia was determined as the proportion of pregnant women with a hemoglobin level less than 11 g/dL among
those who underwent hematological testing. Descriptive statistics were used to document asymptomatic carriage, anemia, and characteristics
of pregnant women. Cross-tabulations were performed separately for each time point of the survey.

For each main outcome (i.e., asymptomatic carriage and anemia), both univariate and multivariable modi�ed Poisson regressions were
performed. The selection of variables for multivariable analysis was based on epidemiological interest and based on previous studies that
exhibited links between potential risk factors and the study outcomes. Generalized estimating equations (GEEs) were used to estimate
unadjusted and adjusted prevalence ratios (Adj. PRs) with 95% con�dence intervals (CIs), and two-tailed p values < 0.05 were considered to
indicated signi�cance.

All statistical analyses were performed with R statistical software, and regression models were �tted using the “geepack” package.

Results
Population characteristics
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A total of 7844 and 8182 households were included for the 2013/2014 and 2017 surveys, respectively. Of the households included in the main
study, 21.8% (1709/7844) and 23.4% (1916/8182) had at least one pregnant woman for the 2013/2014 and 2017 surveys, respectively. The
sociodemographic characteristics of the pregnant women for each survey are summarized in Table 1. The characteristics of the study
population followed the same distribution, with the exception of age, parity, education, and malaria transmission season. In fact, about half of
the women were between 20 and 30 years old, and most did not attend a formal school (97.4%). The majority of women lived in rural areas
(92.3%) and were multigravidae (66.9%). Additionally, 100% of the women surveyed in 2017 were investigated during the low transmission
season (between April and June). Regarding the 2013/2014 survey, 70.2% were investigated during the high transmission season (between
October and November), whereas 29.8% were interviewed during the low transmission season (between December and mid-March). More than
three-quarters of the women were investigated in the second or third trimester of pregnancy.
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Table 1
Sociodemographic characteristics of pregnant women surveyed at the household level

in Burkina Faso.
Characteristics Year  

2013–2014   2017 p value

Total (number) 1751   1931  

Age, n(%)       < 0.001

≥ 30 480 (27.4)   655 (33.9)  

20–30 883 (50.4)   982 (50.9)  

≤ 20 388 (22.2)   294 (15.2)  

Education, n(%)       < 0.001

No education 1737 (99.2)   1849 (95.8)  

Educated 14 (0.8)   82 (4.2)  

Household socioeconomic status, n(%)       0.66

Poorest 310 (17.7)   349 (18.1)  

Poor 371 (21.2)   374 (19.4)  

Middle quintile 358 (20.4)   388 (20.1)  

Rich 344 (19.6)   400 (20.7)  

Richest 368 (21.0)   420 (21.8)  

Place of residence, n(%)       0.41

Rural 1624 (92.7)   1776 (92.0)  

Urban 127 (7.3)   155 (8.0)  

Region, n(%)       0.74

Center-North 412 (23.5)   443 (22.9)  

Boucle de Mouhoun 339 (19.4)   356 (18.4)  

Center-East 218 (12.5)   270 (14.0)  

Center-West 292 (16.7)   314 (16.3)  

North 380 (21.7)   416 (21.5)  

South-West 110 (6.3)   132 (6.8)  

Parity, n(%)       < 0.001

Multigravida 1067 (60.9)   1396 (72.3)  

Secundigravida 364 (20.8)   325 (16.8)  

Primigravida 320 (18.3)   210 (10.9)  

Trimester of pregnancy, n(%)       0.81

Second or third 1336 (76.3)   1481 (76.7)  

First 415 (23.7)   450 (23.3)  

Insecticide‐treated nets, n(%)       0.82

At least one 1690 (96.5)   1860 (96.3)  

No insecticide‐treated nets 61 (3.5)   71 (3.7)  
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Prevalence of asymptomatic carriage of malaria parasites among pregnant women surveyed at the household level

The prevalence of asymptomatic carriage of the malaria parasite was estimated at 15.9% (95%CI: 14.2–17.7) in 2013/2014. After strati�cation,
the prevalence according to season was estimated at 12.7% (95%CI: 10.9–14.7) for the low transmission season and 23.9% (95%CI: 20.2–28.0)
for the high transmission season. The sociodemographic characteristics regarding asymptomatic carriage are presented in Tables 2 and 3.
Regarding the transmission season, it was noticeable that the prevalence of asymptomatic-carriage was two-fold higher during the high season
compared with low season.

Table 2
Risk factors associated with asymptomatic carriage of malaria parasites among pregnant women surveyed at the

household level in Burkina Faso in 2013/2014.
Potential factors N MiP* cases Univariate analysis   Multivariate analysis

PR (95%CI) p   Adj. PR (95%CI) p

Age       < 0.001     < 0.001

≥ 30 468 59 1     1  

20–30 380 122 1.13 (0.84–1.51)     1.08 (0.80–1.46)  

≤ 20 859 90 1.88 (1.39–2.53)     1.57 (1.03–2.40)  

Trimester of pregnancy       0.043     0.07

Second or third 1304 194 1     1  

First 404 77 1.7 (1.32–2.20)     1.21 (0.96–1.53)  

Parity       < 0.001     0.62

Multigravida 1039 138 1     1  

Secundigravida 314 62 1.28 (1.01–1.63)     1.09 (0.78–1.51)  

Primigravida 354 71 1.32 (1.00–1.73)     1.21 (0.83–1.79)  

Insecticide‐treated nets       0.99     0.86

At least one 1650 262 1     1  

No insecticide‐treated nets 57 9 0.99 (0.54–1.83)     0.89 (0.48–1.67)  

Education       0.56      

No education 1693 268 1     1 0.56

Educated 14 3 1.35 (0.49–3.71)     1.13 (0.34–3.78)  

Household socioeconomic       0.90     0.86

Middle quintile 352 52 1     1  

Poorest 300 51 1.15 (0.81–1.64)     1.10 (0.79–1.54)  

Poor 364 57 1.06 (0.75–1.49)     1.05 (0.74–1.48)  

Rich 338 51 1.02 (0.71–1.45)     1.04 (0.73–1.48)  

Richest 354 60 1.14 (0.81–1.61)     1.16 (0.83–1.63)  

Place of residence       0.84     0.92

Rural 1586 251 1     1  

Urban 120 20 1.04 (0.69–1.58)     0.97 (0.65–1.43)  

Malaria Season       < 0.001     < 0.001

Low season 1222 155 1     1  

High season 485 116 1.89 (1.52–2.34)     1.83 (1.47–2.29)  

*MiP: Malaria in pregnancy
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Table 3

Risk factors associated with asymptomatic carriage among pregnant women surveyed at the household level in
Burkina Faso in 2017.

Potential factors N MiP* cases Univariate analysis   Multivariate analysis

PR (95%CI) p   Adj. PR (95%CI) p

Age       < 0.001     < 0.001

≥ 30 623 18 1     1  

20–30 275 41 5.16 (3.02–8.82)     2.73 (1.31–5.71)  

≤ 20 933 58 2.15 (1.28–3.62)     1.74 (1.02–2.96)  

Trimester of pregnancy       < 0.001     < 0.001

Second or third 1406 74 1     1  

First 425 43 1.92 (1.34–2.75)     2.02 (1.43–2.85)  

Parity       < 0.001     0.037

Multigravida 1325 55 1     1  

Secundigravida 310 32 2.49 (1.64–3.78)     1.72 (1.03–2.87)  

Primigravida 196 30 3.69 (2.43–5.61)     2.09 (1.10–3.94) 0.08

Insecticidetreated nets       0.02      

At least one 1762 108 1     1  

No insecticidetreated nets 69 9 2.13 (1.13–4.02)     1.62 (0.83–3.13)  

Education       0.58     0.86

No education 1755 111 1     1  

Educated 76 6 1.25 (0.57–2.75)     1.07 (0.5–2.3)  

Household socioeconomic       0.14     0.57

Middle quintile 360 23 1     1  

Poorest 334 31 1.45 (0.87–2.44)     1.27 (0.76–2.11)  

Poor 363 22 0.95 (0.54–1.67)     0.91 (0.52–1.61)  

Rich 375 17 0.71 (0.39–1.31)     0.79 (0.42–1.48)  

Richest 399 24 0.94 (0.54–1.64)     0.94 (0.55–1.59)  

Place of residence       0.10     0.13

Rural 1685 103 1     1  

Urban 146 14 1.57 (0.92–2.67)     1.49 (0.97–2.29)  

*MiP: Malaria in pregnancy

 
Factors associated with asymptomatic carriage among pregnant women surveyed at the household level

The results of multivariate analyses to identify potential factors associated with asymptomatic carriage are summarized in Tables 2 and 3 for
2013/2014 and 2017, respectively. The results show previously identi�ed risk factors for MiP, namely young maternal age, �rst pregnancy, the
�rst trimester of pregnancy, and the high malaria transmission season. Regarding the transmission season, the prevalence of asymptomatic
carriage was 1.83 (95%CI: 1.47–2.29) times higher during the high transmission season compared to that of the low transmission season.
During the year 2017, consisting only of women recruited during the low transmission season, the prevalence of asymptomatic carriage halved
and was estimated at 6.4% (95%CI: 5.3–7.6). There was no association between asymptomatic carriage of malaria parasites and ownership of
insecticide‐treated nets, household socioeconomic status, education, nor place of residence.
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Prevalence of anemia among pregnant women surveyed at the household level

The results show that about 35.9% (95%CI: 33.6–38.2) of pregnant women had a hemoglobin level less than 11 g/dL in 2013/2014, while the
prevalence was 46.6% for 2017. During the low transmission season of 2014 (i.e., December to March), the prevalence of anemia was
estimated at 32.7% (95%CI: 30.1–35.5). During the high transmission season of 2013 (i.e., October to November), the prevalence of anemia
was 43.7% (95%CI: 39.3–48.3). In general, as shown in Tables 4 and 5, the prevalence of anemia was higher in pregnant women with malaria
than in those who had no malaria infection. Likewise, the prevalence of anemia was lower among pregnant women with the richest household
socioeconomic status.
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Table 4
Potential risk factors of anemia (hemoglobin level < 11 g/dL) among pregnant women surveyed at the household level in

Burkina Faso in 2013/2014.
Potential factors N Anemia cases Univariate analysis   Multivariate analysis

PR (95%CI) p   Adj. PR (95%CI) p

Asymptomatic malaria       < 0.001     < 0.001

No 1436 479 1     1  

Yes 271 133 1.47 (1.28–1.70)     1.40 (1.22–1.62)  

Age       0.05     0.17

≥ 30 468 153 1     1  

20–30 859 305 1.09 (0.93–1.27)     1.11 (0.94–1.32)  

≤ 20 380 154 1.24 (1.04–1.48)     1.21 (0.95–1.55)  

Trimester of pregnancy       0.17     0.09

Second or third 1303 479 1     1  

First 404 133 0.90 (0.77–1.05)     0.87 (0.74–1.01)  

Parity       0.36     0.90

Multigravida 1039 360 1     1  

Secundigravida 354 130 1.06 (0.9–1.24)     0.97 (0.81–1.17)  

Primigravida 314 122 1.12 (0.95–1.32)     0.95 (0.76–1.18)  

Insecticidetreated nets       0.46     0.46

At least one 1650 589 1     1  

No insecticidetreated nets 57 23 1.13 (0.82–1.56)     1.07 (0.79–1.45)  

Education       0.56     0.06

No education 1696 608 1        

Educated 11 4 1.20 (0.65–2.20)     1.07 (0.48–2.36)  

Household socioeconomic       0.025     0.022

Middle quintile 351 132 1     1  

Poorest 300 101 0.90 (0.73–1.10)     0.88 (0.71–1.10)  

Poor 364 143 1.04 (0.87–1.26)     1.05 (0.87–1.26)  

Rich 338 133 1.05 (0.87–1.26)     1.08 (0.89–1.31)  

Richest 354 103 0.77 (0.63–0.96)     0.80 (0.65–0.99)  

Place of residence       0.90     0.85

Rural 1586 568 1     1  

Urban 121 44 1.02 (0.79–1.30)     0.99 (0.75–1.31)  

Malaria Season       < 0.001     < 0.001

Low season 1222 400 1     1  

High season 485 212 1.34 (1.17–1.52)     1.30 (1.13–1.5)  
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Table 5
Potential risk factors of anemia (hemoglobin level < 11 g/dL) among pregnant women surveyed at the household level in

Burkina Faso in 2017.
Potential factors N Anemia cases Univariate analysis   Multivariate analysis

PR (95%CI) p   Adj. PR (95%CI) p

Asymptomatic malaria       < 0.001     < 0.001

No 1714 770 1     1  

Yes 117 83 1.58 (1.39–1.79)     1.63 (1.43–1.86)  

Age       0.46     < 0.001

≥ 30 623 290 1     1  

20–30 933 426 0.98 (0.88–1.09)     0.96 (0.86–1.08)  

≤ 20 275 137 1.07 (0.93–1.24)     0.91 (0.74–1.11)  

Trimester of pregnancy       < 0.001     < 0.001

Second or third 1406 707 1     1  

First 425 146 0.68 (0.59–0.79)     0.66 (0.57–0.76)  

Parity       0.09     0.32

Multigravida 1325 608 1     1  

Secundigravida 310 140 0.98 (0.86–1.13)     0.97 (0.83–1.13)  

Primigravida 196 105 1.17 (1.01–1.35)     1.16 (0.95–1.41)  

Insecticidetreated nets       0.32     0.46

At least one 1762 817 1     1  

No insecticidetreated nets 69 36 1.13 (0.89–1.42)     1.02 (0.80–1.32)  

Education       0.75     0.59

No education 1755 819 1        

Educated 76 34 0.96 (0.74–1.24)     0.94 (0.74–1.20)  

Household socioeconomic       0.003     0.006

Middle quintile 360 161 1     1  

Poorest 334 182 1.22 (1.05–1.42)     1.20 (1.03–1.39)  

Poor 363 169 1.04 (0.89–1.22)     1.07 (0.91–1.25)  

Rich 375 180 1.07 (0.92–1.25)     1.08 (0.93–1.25)  

Richest 399 161 0.90 (0.76–1.06)     0.91 (0.77–1.08)  

Place of residence       0.50     0.42

Rural 1685 789 1     1  

Urban 146 64 0.94 (0.77–1.13)     0.92 (0.72–1.17)  

 
Risk factors associated with anemia among pregnant women surveyed at the household level

After adjustment, we observed a lower prevalence of anemia among women in the �rst trimester of pregnancy, which was more noticeable for
the year 2017 (Table 5). Compared with non-infected pregnant women, asymptomatic carriage was associated with a higher prevalence of
anemia (1.63; 95%CI: 1.43–1.86). Our results indicated that lower (poorest) socioeconomic status (Adj. PR: 1.20; 95%CI: 1.03–1.39) and high
transmission season (Adj. PR: 1.30; 95%CI: 1.13–1.5) were signi�cantly associated with anemia. The prevalence of anemia did not differ
according to parity, ownership of insecticide‐treated nets, education, nor place of residence.
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Discussion
The presence of malaria and anemia in pregnancy, regardless of the gestational stage, are potentially harmful to both the fetus and mother as
well as to the family and community [2–7, 28, 29]. Our study provides insights into the extent of asymptomatic MiP and its corollary, anemia, at
the community level (i.e., pregnant women surveyed in their own family home) throughout different malaria transmission periods of the year.

Our study �ndings show that the prevalence of asymptomatic MIP and anemia at the household level was high. This prevalence increased
signi�cantly during the high transmission season. In addition, our study shows that asymptomatic MiP was strongly associated with maternal
anemia, and the risk of MiP was signi�cantly higher among young women, �rst pregnancy, and during the �rst trimester of pregnancy.

The prevalence of asymptomatic carriage found in our household-based study was lower compared with the estimated prevalence reported in
previous studies, where it was reported to range from 19–51%, among pregnant women attending health facilities as part of their ANC in
Burkina Faso [18–21]. However, the overall aggregate prevalence of asymptomatic MiP (11.0%) reported in our study corroborates the results
(12.2%) from the COSMIC household-based survey conducted in Burkina Faso between March 2014 and January 2016 [22, 30]. In addition, the
prevalence of asymptomatic malaria at the community level during the low transmission season was slightly lower in our study compared to
the prevalence of 9.1% reported from a community-based study conducted in Ethiopia during the minor (“low”) malaria transmission season
[31]. Therefore, our results underline the need for maintaining effective prevention measures throughout the entire course of pregnancy. These
results showed that pregnant women living in Burkina Faso (or other SSA countries) are consistently exposed to malaria risk and its harmful
consequences at any time of the year. However, the highest risk of asymptomatic carriage in our study occurred among younger women (primi-
or secundigravida), in the second trimester, and during the high malaria transmission season. These risk factors have been documented in
other previous studies [8, 18–20, 25, 26, 32–34]. Thus, it is crucial to explore supplementary measures that could increase the chance of
accurately detecting and treating MiP by taking into account these risk factors. From this perspective and according to the WHO
recommendations [35], several countries, including Burkina Faso, have set up strategies involving community-based health workers (CHWs)
whose tasks include community-based sensitization activities, conducting malaria home diagnoses by RDT, and treatment of uncomplicated
malaria within their respective communities [22, 36].

Our study showed a high prevalence of anemia among pregnant Burkinabe women living in their communities, though this prevalence was
lower compared with the prevalence among pregnant women attending health facilities as part of their ANC [20, 21]. Although the literature
states that nutritional de�ciencies, particularly of iron and folic acid, are associated with anemia, the highest proportion of pregnant women
with anemia in our study were mainly in the second trimester of pregnancy (Adj. PR: 1.52; 95%CI: 1.31–1.76) and during the high transmission
season. The difference in prevalence of anemia observed during the transmission season (especially between 2013/2014 and 2017) could be
explained by the food shortage period in Burkina Faso in 2017. In addition, in our context, malaria (sequestration of parasitized red blood cells
in the placenta), second trimester of pregnancy, and the high malaria transmission season may not be the only causes of anemia in pregnant
women. Indeed, the causes of anemia during pregnancy in developing countries are multifactorial and may be a result of other co-morbidities
(worm infestation), complication events (placenta previa, placental abruption, etc.), chronic diseases (HIV, sickle cell disease, and TB), or
nutritional de�ciency (inadequate intake of iron and folic acid and/or inadequate iron + folic acid supplementation) [37–43]. Appropriate
community-based strategies to prevent anemia in pregnancy can help to signi�cantly reduce the occurrence of maternal anemia and, thereby,
avoid progression to fatal outcomes. In this respect, the capacity of CHWs should be strengthened to allow them to carry out targeted
sensitization of the risk factors leading to anemia, ensure effective adherence to preventive measures among the community, detect clinical
signs of anemia (pallor, fatigue, bleeding, etc.), and direct people to a health center for appropriate clinical management (such as administering
of a double dose of iron) [44].

Although our �ndings provide an overview of the extent of asymptomatic malaria and anemia in pregnant women at the community level, both
during the high and the low transmission seasons in Burkina Faso, some potential limitations need to be considered. First, we de�ned
asymptomatic carriage of malaria parasites using a malaria RDT, which could lead to underestimation (due to false negatives) or
overestimation (false positives) of the true prevalence. False negatives from the malaria RDT may be due to the detection threshold of the test
(around 200 parasites/µL) [45]. Regarding the false negative results, some studies found that more than half of all false negatives were in
cases of parasitemia in which the detected antigen was under the detection threshold (i.e., lower density). False positives could be due to
prolonged antigen circulation following clearance of malaria parasites. Indeed, it was shown that HRP2 antigens can persist in the bloodstream
of pregnant women for up to four weeks after successful treatment [46]. However, in high-transmission areas such as Burkina Faso, HRP2 RDT
could be a useful tool for malaria diagnosis, since previous studies found its performance was better than that of microscopy when used in
pregnant women [47]. Second, the cross-sectional study design did not allow us to determine cause and effect. Third, the two survey periods
(not overlapping) did not allow us to compare outcomes over time, although this was not in the scope of this study.

Conclusion
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Our study assessed the prevalence of asymptomatic carriage of malaria parasites and one of its main consequences, anemia, among pregnant
women at the community level throughout different malaria transmission periods of the year. Despite the uptake of IPTp-SP and iron + folic
acid to prevent MiP and anemia, our study showed a high prevalence of both asymptomatic malaria and anemia during pregnancy, and it
indicated the risks increased dramatically during the high transmission season. Thus, infected anemic (or non-anemic) women, apart from
consequences to their unborn babies (being considered as reservoirs of parasites that may promote mother-to-child transmission), represent an
important parasite reservoir contributing to the cycle of malaria transmission in the community. In order to mitigate the harmful effects of
asymptomatic carriage and anemia for both the mother and her fetus, health programs aimed at increasing the number of pregnant women
coming into contact with health workers should be at least maintained or strengthened. This could be implemented by strengthening the
activities of community-based health workers (regular screening for malaria and anemia in villages and households) in order to reduce the
progression of asymptomatic cases to clinical, or even severe, cases before pregnant women can reach the health centers for ANC.

List Of Abbreviations
Adj. : Adjusted

ANC : Antenatal care

CAPI : Computer-assisted personal interview

CHW : Community-based health workers

CI : Con�dence intervals

GEE : Generalized estimating equations

HIV : Human immunode�ciency viruses

HRPII : Histidine-rich protein II

IPTp : Intermittent preventive treatment during pregnancy

MiP : Malaria infection in pregnancy

PR :  Prevalence ratios

RDT : Rapid diagnostic tests

SP : Sulfadoxine–pyrimethamine

SSA : sub-Saharan African

TB : Tuberculosis

WHO : World Health Organization

Declarations
Ethics approval and consent to participate

The main research protocol from which the present study extracted the data was approved by the National Ethics Committee for Health
Research of the Burkina Faso Ministry of Health. Authorization to work in the selected health regions was obtained from the Burkina Faso
Ministry of Health. Informed consent was obtained from the participants or guardians before performing RDT and hemoglobin tests

Consent for publication

Not applicable.

Availability of data and material

The dataset containing individual and household level records is available at the Centre MURAZ in Burkina Faso.

Competing interests



Page 13/15

The authors declare that they have no competing interests.

Funding

No funding

Authors’ contribution

SS and FKS designed the study protocol. RT performed the statistical analysis and draft the manuscript. HH performed coordination of �eld
activities and supervised data collection. TR, SS,  MO HH, HT, and FKS contributed to the manuscript by making substantial intellectual
contributions. All authors read and approved the �nal manuscript

Acknowledgements

The authors are grateful to the research and data collection team engaged at the Muraz Center.

Our gratitude also goes to the pregnant women who participated in this study.

T.R is funded through a travel grant from ARES-CCD. SS research is supported by the postdoctoral fellowship from the Fonds de recherche du
Québec Santé (FRQS)

References
1. Schantz-Dunn J, Nour NM. Malaria and Pregnancy: A Global Health Perspective. Rev Obstet Gynecol [Internet]. 2009 [cited 2019 Apr

19];2:186–92. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2760896/pdf/RIOG002003_0186.pdf

2. Brabin BJ. An analysis of malaria in pregnancy in Africa. Bull WorldHealth Organ [Internet]. 1983;61:1005–16. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/6370484

3. Menendez C, Ordi J, Ismail MR, Ventura PJ, Aponte JJ, Kahigwa E, et al. The Impact of Placental Malaria on Gestational Age and Birth
Weight. J Infect Dis [Internet]. 2000 [cited 2019 May 13];181:1740–5. Available from: https://academic.oup.com/jid/article-
lookup/doi/10.1086/315449

4. Shulman CE, Marshall T, Dorman EK, Bulmer JN, Cutts F, Peshu N, et al. Malaria in pregnancy: adverse effects on haemoglobin levels and
birthweight in primigravidae and multigravidae. Trop Med Int Heal [Internet]. 2001 [cited 2019 May 13];6:770–8. Available from:
http://doi.wiley.com/10.1046/j.1365-3156.2001.00786.x

5. Steketee RW, Nahlen BL, Parise ME, Menendez C. The burden of malaria in pregnancy in malaria-endemic areas. Am J Trop Med Hyg
[Internet]. 2001 [cited 2019 May 13];64:28–35. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11425175

�. Uneke CJ, Sunday-Adeoye I, Iyare FE, Ugwuja EI, Duhlinska & DD. Impact of maternal Plasmodium falciparum malaria and haematological
parameters on pregnancy and its outcome in southeastern Nigeria. J Vector Borne Dis [Internet]. 2007 [cited 2019 May 13];44:285–90.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18092538

7. van Geertruyden J-P, Thomas F, Erhart A, D’Alessandro U. The contribution of malaria in pregnancy to perinatal mortality. Am J Trop Med
Hyg [Internet]. 2004 [cited 2019 May 13];71:35–40. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15331817

�. Berry I, Walker P, Tagbor H, Bojang K, Coulibaly SO, Kayentao K, et al. Seasonal dynamics of malaria in pregnancy in West Africa: Evidence
for carriage of infections acquired before pregnancy until �rst contact with antenatal care. Am J Trop Med Hyg [Internet]. American Society
of Tropical Medicine and Hygiene; 2018 [cited 2020 Sep 29];98:534–42. Available from: /pmc/articles/PMC5929207/?report=abstract

9. Sule-Odu AO, Ogunledun A, Olatunji AO. Impact of asymptomatic maternal malaria parasitaemia at parturition on perinatal outcome. J
Obstet Gynaecol (Lahore) [Internet]. Taylor & Francis; 2002 [cited 2019 May 13];22:25–8. Available from:
http://www.tandfonline.com/doi/full/10.1080/01443610120101664

10. Anorlu RI, Odum CU, Essien EE. Asymptomatic malaria parasitaemia in pregnant women at booking in a primary health care facility in a
periurban community in Lagos, Nigeria. Afr J Med Med Sci [Internet]. 2001 [cited 2019 May 13];30 Suppl:39–41. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14513937

11. Matangila JR, Lufuluabo J, Ibalanky AL, Inocêncio da Luz RA, Lutumba P, Van Geertruyden J-P. Asymptomatic Plasmodium falciparum
infection is associated with anaemia in pregnancy and can be more cost-effectively detected by rapid diagnostic test than by microscopy
in Kinshasa, Democratic Republic of the Congo. Malar J [Internet]. BioMed Central; 2014 [cited 2019 May 13];13:132. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24690179

12. Nwagha UI, Ugwu VO, Nwagha TU, Anyaehie BU. Asymptomatic Plasmodium parasitaemia in pregnant Nigerian women: almost a decade
after Roll Back Malaria. Trans R Soc Trop Med Hyg [Internet]. 2009 [cited 2019 May 13];103:16–20. Available from:



Page 14/15

http://www.ncbi.nlm.nih.gov/pubmed/18783809

13. World Health Organization. Malaria surveillance, monitoring and evaluation: a reference manual [Internet]. Geneva; 2018. Available from:
https://who.int/iris/handle/10665/272284

14. Geiger C, Compaore G, Coulibaly B, Sie A, Dittmer M, Sanchez C, et al. Substantial increase in mutations in the genes pfdhfr and pfdhps
puts sulphadoxine-pyrimethamine-based intermittent preventive treatment for malaria at risk in Burkina Faso. Trop Med Int Heal [Internet].
John Wiley & Sons, Ltd (10.1111); 2014 [cited 2019 May 14];19:690–7. Available from: http://doi.wiley.com/10.1111/tmi.12305

15. Mockenhaupt FP, Bedu‐Addo G, Eggelte TA, Hommerich L, Holmberg V, von Oertzen C, et al. Rapid Increase in the Prevalence of
Sulfadoxine‐Pyrimethamine Resistance among Plasmodium falciparum Isolated from Pregnant Women in Ghana. J Infect Dis [Internet].
Narnia; 2008 [cited 2019 May 14];198:1545–9. Available from: https://www.ncbi.nlm.nih.gov/pubmed/18834303

1�. Kayentao K, Kodio M, Newman RD, Maiga H, Doumtabe D, Ongoiba A, et al. Comparison of intermittent preventive treatment with
chemoprophylaxis for the prevention of malaria during pregnancy in Mali. J Infect Dis [Internet]. 2005 [cited 2017 Sep 28];191:109–16.
Available from: https://academic.oup.com/jid/article-lookup/doi/10.1086/426400

17. Yaméogo TM, Kyelem CG, Bamba S, Savadogo LB, Sombié I, Traoré AZ, et al. Chemin de soin des cas présomptifs de paludisme admis
dans un hôpital de district au Burkina Faso. Med Sante Trop [Internet]. 2014 [cited 2017 Oct 8];24:301–6. Available from:
http://www.jle.com/download/mst-302490-
chemin_de_soin_des_cas_presomptifs_de_paludisme_admis_dans_un_hopital_de_district_au_burkina_faso--
WdpiDX8AAQEAADFGJDwAAAAA-a.pdf

1�. Cisse M, Sangare I, Lougue G, Bamba S, Bayane D, Guiguemde RT. Prevalence and risk factors for Plasmodium falciparum malaria in
pregnant women attending antenatal clinic in Bobo-Dioulasso (Burkina Faso). BMC Infect Dis [Internet]. BioMed Central; 2014 [cited 2018
Nov 21];14:631. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25408152

19. Ouédraogo CMR, Nébié G, Sawadogo L, Rouamba G, Ouédraogo A, Lankoandé J. Étude des facteurs favorisant la survenue du paludisme à
Plasmodium falciparum chez les femmes enceintes dans le district sanitaire de Bogodogo à Ouagadougou, Burkina Faso. J Gynecol
Obstet Biol la Reprod. 2011;40:529–34.

20. Tahita MC, Tinto H, Menten J, Ouedraogo JB, Guiguemde RT, Van Geertruyden JP, et al. Clinical signs and symptoms cannot reliably predict
Plasmodium falciparum malaria infection in pregnant women living in an area of high seasonal transmission. Malar J [Internet]. Malar J;
2013 [cited 2020 Sep 30];12. Available from: https://pubmed.ncbi.nlm.nih.gov/24373481/

21. Douamba Z, Bisseye C, Djigma FW, Compaoré TR, Bazie VJT, Pietra V, et al. Asymptomatic malaria correlates with anaemia in pregnant
women at Ouagadougou, Burkina Faso. J Biomed Biotechnol [Internet]. Hindawi Limited; 2012 [cited 2019 May 5];2012:198317. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/23226937

22. Ruizendaal E, Schallig HDFH, Scott S, Traore-Coulibaly M, Bradley J, Lompo P, et al. Evaluation of Malaria Screening during Pregnancy with
Rapid Diagnostic Tests Performed by Community Health Workers in Burkina Faso. Am J Trop Med Hyg [Internet]. 2017 [cited 2019 Apr
17];97:1190–7. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5637604/pdf/tpmd170138.pdf

23. Burkina Faso - Health Results-Based Financing Impact Evaluation 2013, Household Baseline Survey [Internet]. [cited 2020 Sep 30].
Available from: https://microdata.worldbank.org/index.php/catalog/2762

24. World Health Organization. Iron De�ciency Anaemia Assessment, Prevention and Control: A Guide For Programme Managers, World Health
[Internet]. Geneva, Switzerland; 2011. Available from:
https://www.who.int/nutrition/publications/en/ida_assessment_prevention_control.pdf

25. Sheick Oumar Coulibaly, Sabine Gies, Umberto D’Alessandro. Malaria burden among pregnant women living in the rural district of Boromo,
Burkina Faso - PubMed. Am J Trop Med Hyg [Internet]. 2007 [cited 2020 Sep 30];77:56–60. Available from:
https://pubmed.ncbi.nlm.nih.gov/18165475/

2�. Valea I, Tinto H, Drabo MK, Huybregts L, Sorgho H, Ouedraogo J-B, et al. An analysis of timing and frequency of malaria infection during
pregnancy in relation to the risk of low birth weight, anaemia and perinatal mortality in Burkina Faso. Malar J [Internet]. 2012 [cited 2017
Sep 28];11:71. Available from: http://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-11-71

27. Rouamba T, Samadoulougou S, Tinto H, Alegana VA, Kirakoya-Samadoulougou F. Bayesian Spatiotemporal Modeling of Routinely
Collected Data to Assess the Effect of Health Programs in Malaria Incidence During Pregnancy in Burkina Faso. Sci Reports 2020 101.
Nature Publishing Group; 2020;10:1–15.

2�. Schantz-Dunn J, Nour NM. Malaria and pregnancy: a global health perspective. Rev Obstet Gynecol [Internet]. MedReviews, LLC; 2009 [cited
2020 Oct 28];2:186–92. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19826576

29. Worrall E, Morel C, Yeung S, Borghi J, Webster J, Hill J, et al. The economics of malaria in pregnancy-a review of the evidence and research
priorities [Internet]. Lancet Infect. Dis. Lancet Infect Dis; 2007 [cited 2020 Oct 28]. p. 156–68. Available from:
https://pubmed.ncbi.nlm.nih.gov/17251086/



Page 15/15

30. Scott S, Mens PF, Tinto H, Nahum A, Ruizendaal E, Pagnoni F, et al. Community-based scheduled screening and treatment of malaria in
pregnancy for improved maternal and infant health in The Gambia , Burkina Faso and Benin : study protocol for a randomized controlled
trial. Trials. 2014;1–9.

31. Nega D, Dana D, Tefera T, Eshetu T. Prevalence and Predictors of Asymptomatic Malaria Parasitemia among Pregnant Women in the Rural
Surroundings of Arbaminch Town, South Ethiopia. Luty AJF, editor. PLoS One [Internet]. Public Library of Science; 2015 [cited 2019 May
13];10:e0123630. Available from: https://www.ncbi.nlm.nih.gov/pubmed/25849587

32. Kassa GM, Muche AA, Berhe AK, Fekadu GA. Prevalence and determinants of anemia among pregnant women in Ethiopia; a systematic
review and meta-analysis. BMC Hematol [Internet]. BioMed Central Ltd.; 2017 [cited 2020 Oct 28];17. Available from:
https://pubmed.ncbi.nlm.nih.gov/29075500/

33. Thompson JM, Eick SM, Dailey C, Dale AP, Mehta M, Nair A, et al. Relationship Between Pregnancy-Associated Malaria and Adverse
Pregnancy Outcomes: a Systematic Review and Meta-Analysis. J Trop Pediatr [Internet]. NLM (Medline); 2020 [cited 2020 Oct 28];66:327–
38. Available from: https://pubmed.ncbi.nlm.nih.gov/31598714/

34. Eisele TP, Larsen DA, Anglewicz PA, Keating J, Yukich J, Bennett A, et al. Malaria prevention in pregnancy, birthweight, and neonatal
mortality: A meta-analysis of 32 national cross-sectional datasets in Africa. Lancet Infect Dis [Internet]. Lancet Infect Dis; 2012 [cited 2020
Oct 28];12:942–9. Available from: https://pubmed.ncbi.nlm.nih.gov/22995852/

35. World Health Organization. Global Technical Strategy for Malaria 2016-2030. Global Malaria Programme [Internet]. Geneva, Switzerland;
2015. Available from:
http://apps.who.int/iris/bitstream/handle/10665/176712/9789241564991_eng.pdf;jsessionid=66E6DA665C88369AF0BA3A99E8525283?
sequence=1

3�. Ministère de la santé/Direction de la Promotion de la Santé. Plan strategique de promotion de la sante 2015 - 2019. Ouagadougou, Burkina
Faso; 2014. p. 40.

37. Jain D, Atmapoojya P, Colah R, Lodha P. Sickle cell disease and pregnancy [Internet]. Mediterr. J. Hematol. Infect. Dis. Universita Cattolica
del Sacro Cuore; 2019 [cited 2020 Oct 2]. p. 2019040. Available from: /pmc/articles/PMC6613624/?report=abstract

3�. Rogers DT, Molokie R. Sickle cell disease in pregnancy. Obstet Gynecol Clin North Am. W.B. Saunders; 2010;37:223–37.

39. Dicko A, Mantel C, Thera MA, Doumbia S, Diallo M, Diakité M, et al. Risk factors for malaria infection and anemia for pregnant women in
the Sahel area of Bandiagara, Mali. Acta Trop. Elsevier; 2003;89:17–23.

40. Ononge S, Campbell O, Mirembe F. Haemoglobin status and predictors of anaemia among pregnant women in Mpigi, Uganda. BMC Res
Notes [Internet]. BioMed Central Ltd.; 2014 [cited 2020 Oct 2];7:712. Available from:
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-712

41. Haider BA, Olo�n I, Wang M, Spiegelman D, Ezzati M, Fawzi WW. Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes:
Systematic review and meta-analysis. BMJ. BMJ Publishing Group; 2013. p. f3443.

42. Orish VN, Onyeabor OS, Boampong JN, Acquah S, Sanyaolu AO, Iriemenam NC. The effects of malaria and HIV co-infection on hemoglobin
levels among pregnant women in Sekondi-Takoradi, Ghana. Int J Gynecol Obstet. John Wiley and Sons Ltd; 2013;120:236–9.

43. Brooker S, Hotez PJ, Bundy DAP. Hookworm-related anaemia among pregnant women: A systematic review [Internet]. PLoS Negl. Trop. Dis.
Public Library of Science; 2008 [cited 2020 Oct 2]. Available from: /pmc/articles/PMC2553481/?report=abstract

44. World Health Organization. Archived: Daily iron and folic acid supplementation in pregnant women [Internet]. WHO. Geneva, Switzerland:
World Health Organization; 2012. Available from:
http://www.who.int/nutrition/publications/micronutrients/guidelines/daily_ifa_supp_pregnant_women/en/

45. Health Organization World. Malaria rapid diagnostic test performance: results of WHO product testing of malaria RDTs: round 8 (2016–
2018). Geneva, Switzerland; 2018.

4�. Kattenberg JH, Tahita CM, Versteeg IAJ, Tinto H, Traoré-Coulibaly M, Schallig HDFH, et al. Antigen persistence of rapid diagnostic tests in
pregnant women in Nanoro, Burkina Faso, and the implications for the diagnosis of malaria in pregnancy. Trop Med Int Heal [Internet]. Trop
Med Int Health; 2012 [cited 2020 Sep 30];17:550–7. Available from: https://pubmed.ncbi.nlm.nih.gov/22469496/

47. Kattenberg JH, Tahita CM, Versteeg IAJ, Tinto H, Traoré-Coulibaly M, D’Alessandro U, et al. Evaluation of antigen detection tests,
microscopy, and polymerase chain reaction for diagnosis of malaria in peripheral blood in asymptomatic pregnant women in Nanoro,
Burkina Faso. Am J Trop Med Hyg. 2012;87:251–6.


