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The diagnosis of malaria in pregnancy remains a challenge due to the low parasite density and
placental sequestration of Plasmodium falciparum. A field performance evaluation of a malaria
diagnostic test was carried out in an intense transmission setting in Nanoro, Burkina Faso. Pregnant
women with symptoms suggestive of malaria were recruited and their results compared with
microscopy, the current gold standard for P. falciparum diagnosis. Overall, 60% (120/200) pregnant
women were malaria positive when using RDT while 49% (98/200) were positive when using
microscopy. The sensitivity, specificity, positive (PPV) and negative (NPV) predictive values were 98%
(95% ClI: 92.8-99.8), 76.5% (95% CI: 67-84.3), 80% (95% CI: 71.7-86.7) and 97.5% (95% CI: 91.3-99.7)
respectively. The agreement between microscopy and RDT was strong (Kappa coefficient of 0.74)
which is good for the test, although specificity was poor. Nevertheless, in remote settings where
microscopy is unavailable, the use of this RDT can limit the over-prescription of antimalarial drugs.
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INTRODUCTION

Malaria in pregnancy (MiP) is still a public health issue
despite many interventions (WHO, 2015). World Health
Organization (WHO) estimated that about 11 million
pregnant women in moderate and high transmission sub-
Saharan African countries were exposed to malaria
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infection in 2018 resulting in 872 000 children with low
birthweight (WHO, 2019). In areas with stable
transmission of P. falciparum as the most common
parasite, one of the common disease outcomes of MiP
are maternal anaemia and low birth weight (LBW)
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(WHO, 2015). Contrariwise, in unstable transmission,
malaria infections are the cause of maternal and foetal
deaths (Rogerson et al., 2018). In order to prevent the
adverse effects of MiP, WHO recommends preventive
strategies such as intermittent preventive treatment
during pregnancy (IPTp), use of insecticide-treated nets
and an adequate clinical case management (WHO,
2015). The latter, considered as the cornerstone for
malaria control, comprises an early and adequate
diagnosis using rapid diagnostic tests (RDT) or
microscopy and efficient treatment. The quality of malaria
diagnosis can significantly impact the burden of malaria
(Berzosa, 2018). The national malaria control program
recommends the confirmation of all malaria cases either
microscopically or by RDT where microscopy is not
available (PNLP, 2016). Malaria-infected pregnant
women are known to be often asymptomatic and usually
present with relatively low parasite densities, making
detection by microscopy difficult (Cottrell et al., 2015). In
remote African regions, with the lack of electricity or
gualified microscopists, RDTs become a valuable
alternative for microscopy, as they can be easily
deployed. In addition, they provide an opportunity for
improvement of malaria suspected cases management in
health facilities (WHO, 2016). Despite these advantages,
true malaria cases with low parasitemia were missed by
RDTSs, leading to low compliance in case of negative RDT
results (Watson et al., 2019). Therefore, in this study we
assess the performance of the SD Bioline Malaria
Antigen P.f as an alternative to microscopy among
pregnant women.

MATERIALS AND METHODS
Study site

The study was carried out at the Clinical Research Unit of Nanoro
at two health centres (Nanoro and Nazoanga). Nanoro is located in
the centre west of Burkina Faso around 85 km from Ouagadougou,
the capital city. Malaria transmission is high, with an entomological
inoculation rate (EIR) estimated at 152 potential infectious
bites/person/year in 2019 (Epopa et al., 2019). Malaria transmission
is seasonal with P. falciparum being the most predominant species
(Ministére de la Santé., 2018).

Study design and procedures

This is a secondary analysis of a study aiming to characterize the
clinical presentation of malaria in pregnancy. The study method and
sample size calculation have been described in detail elsewhere
(Tahita et al., 2013). Pregnant women attending antennal care
(ANC) were asked to participate in the study. After a written
informed consent, they were assigned either in case or control
groups depending of the presence of malaria symptoms. The study
was conducted during the dry and rainy seasons in order to capture
the effect of seasonality.

Laboratory methods

Capillary blood was collected for malaria screening using a rapid

diagnostic test, SD Bioline Malaria Antigen P.f (Standard
Diagnostics, 2015). This malaria rapid diagnostic test is
recommended by the national malaria control program (NMCP). It is
a rapid, qualitative test for the detection of histidine-rich protein Il
(HRP-2) antigen of malaria P. falciparum.

Haemoglobin levels and blood smears for malaria parasite
detection (microscopy) were performed as a measure of
comparison. A double reading system was performed for the
microscopic slides reading.

Malaria microscopists were blinded from the RDT results as well
as the parasite counts of the individual microscopists. In case of
discrepancy, a third independent reading was done and the final
result was the mean of the two closest results.

Haemoglobin was measured using a portable spectrophotometer
Hemocue Hb 201 + (Hemocue®, Angelholm, Sweden).

Patient management

At inclusion, the RDT test performed was used for the participant’s
clinical management. The NMCP recommends the use of
amodiaquine-artésunate (AQ-AS) (standard adult dose) to treat
malaria cases. Participants in the second and third trimester of
pregnancy with positive RDT were treated using the recommended
antimalarial. All malaria cases during the first trimester were
managed using parenteral quinine for seven days (8 mg quinine
base/kg every eight hours). Pregnant women with anaemia were
treated using oral ferrous sulphate (200 mg) and folic acid (0.25
mg) daily for one month. At the time of the study onset, the free
health care for pregnant women and children under-five years was
already implemented. A nurse was available onsite 24 h a day for
better management of the study participants.

Statistical methods and definitions

Epidata 3.1 was used for entry, validation and cleaning of data
while STATA.10 (STATA Corporation, College Station, TX, USA)
was used for statistical analysis. Pregnant women were classified
as positive or negative depending on the presence of asexual
parasites. Pregnant women were classified anemic if Hb <11 g/dl.
In order to assess the performance of the SD Bioline Malaria
Antigen P.f, sensitivity, specificity and predictive value of the test
and their respective 95% confidence intervals were estimated using
expert microscopy as gold standard. Furthermore, the agreement
between the microscopy and the RDT was computed using the
Cohen-Kappa coefficient.

Ethical consideration

The study staffs were trained on good clinical practice and study
procedures before the onset of the study. The study protocol was
approved by the Institutional Ethics Committee of Centre Muraz
(registration no. 005-2010/CE-CM). Informed consent was sought
by the study nurses. The presence of an impartial witness attending
the individual sensitization and consent processes was mandatory
for illiterate pregnant women. The perceived benefit of the study to
the participants was a prompt diagnosis with an adequate case
management free of charge.

RESULTS

Out of a total of 864 pregnant women attending antenatal
care (ANC), 200 with suspicion of malaria were included
in the study as illustrated in Figure 1. The mean (standard
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Table 1. Demographic characteristics of the study participants.

Malaria -: 78

Parameter No. (%)
Age categories (years)

<20 years 18 (9)
20-34 years 160 (80)
>=35 years 22 (11)
Gestational age in Trimester

1st 10 (5)
2nd 84 (42)
3rd 106 (53)
Parity

0 17 (8.50)
1-3 118 (59)
>=4 65 (32.50)
Sleep under bednet last 24 h

Yes 155 (77.50)
Transmission season

Rainy 122 (61)
Dry 78 (39)

deviation) age was 27.17 (x5.67) years and the majority of
women were in the second and third trimester. Baseline
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characteristics were summarized in Table 1. Using
microscopy, the slide positivity rate at enrolment was
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Table 2. Biological parameters description.

Parameter N (%)
Geometric means parasite density (95 % CI), pL 1107.46 (747.48 - 1640.82)
Means (SD) Hb, g/dL 10.57 (1.44)
Anemia

Yes 124 (62)
RDT

Positive 120 (60)
Negative 80 (40)
Microscopy

Positive 98 (49)
Negative 102 (51)

SD: Standard deviation; Hb: hemoglobin; RDT: rapid diagnostic test.

Table 3. Diagnostic test accuracy according to season with microscopy as reference test.

Parameter Dry season Rainy season

Values (%) Confidence interval (95%) Values (%) Confidence interval (95%)
Sensitivity 100 89.7 - 100 96.9 89.2-99.6
Specificity 72.7 57.2-85 79.3 66.6 - 88.8
Positive predictive value 73.9 58.9 - 85.7 83.8 73.4-91.3
Negative predictive value 100 89.1 - 100 95.8 85.7 - 99.5

49% (98/200) compared to 60% (120/200) when using
RDTs (Table 2). No co-infections of P. falciparum with
other plasmodial species were detected and half of the
study participants had a parasite density lower or equal to
100 parasites/uL. The overall sensitivity, specificity,
positive predictive value and negative predictive value of
the RDT were respectively 98% (95% CI: 92.8-99.8),
76.5% (95% CI. 67-84.3), 80% (95% CI: 71.7-86.7) and
97.5% (95% CI: 91.3-99.7). The agreement between
microscopy and RDT was strong (Kappa coefficient of
0.74). The RDT false-positive rate was 12% (24/200).
During the low transmission season, the sensitivity and
NPV of the RDT were very good (100%) but dropped in
the rainy season to 96.9 and 95.8% respectively
according to Table 3. The specificity went from 72.7%
(95% CI 57.2 — 85) during the low transmission season to
79.3% (95% CI: 66.6-88.8) during the high transmission
season (p=0.2813), and the PPV from 73.9% (95% CI:
58.9-85.7) to 83.8% (95% CI: 73.4-91.3) during low to
high-transmission seasons (p=0.0881) in Table 3. The
observed seasonal variations were however not
statistically significant (p values > 0.05).

DISCUSSION

In this study, we determined the performance of the SD

Bioline Malaria Antigen P.f rapid diagnostic test among
pregnant women with suspicion of malaria infection.
Almost half of the study population had malaria when
using microscopy as reference. This is high compared to
the result of another study conducted in pregnant women
in the same region one year later with a prevalence of
almost one in three (Kattenberg et al.,, 2012). This
extensive decrease can be explained by the massive
distribution of insecticide-treated materials (ITM) targeting
pregnant women and children under five years
implemented the same year.

During pregnancy, malaria is generally associated with
substantial risks for the pregnant woman, her fetus, and
the newborn (Rogerson et al.,, 2018). In the present
study, half of the pregnant women at baseline had less
than 100 parasites/uL. The same trend was also
observed by Moody et al (2002). Given this high
sensitivity, almost all malaria suspected cases will be
accurately diagnosed and treated, validating the good
choice of this RDT by the NMCP. The high sensitivity of
the HRP2 based RDT in our study is comparable to those
reported in previous studies carried out in Nanoro (Tinto
et al., 2015; Kattenberg et al., 2012) and in West Africa
(Adu-Gyasi et al., 2018; Ajumobi et al., 2015). In addition,
the high negative predictive value (NPV) is an indication
that very few true malaria cases might be missed, which
may contribute to ensuring a rational antimalarial use



(Bastiaens et al., 2014).

The SD Bioline Malaria Antigen P.f rapid diagnostic has
shown low specificity due to the substantial number of
false positives. Our specificity was comparable with those
of others studies (Adu-Gyasi et al., 2018; Ajumobi et al.,
2015). This low specificity can be explained by the
persistence of the HRP2 antigens due to a delay of
clearance after the treatment (Dalrymple et al., 2018;
Murungi et al., 2017). Indeed, it has been demonstrated
that HRP2 antigens can persist up to 28 days in
circulation even after a rapid clearance of microscopically
detectable parasites and therefore is not useful for the
prediction of parasite responses to therapy (Kattenberg et
al., 2012). In our study, pregnant women were not
interviewed for history of previous malaria attacks which
could have explained the persistence of HRP2 antigens.
However, high specificities were seen in others studies,
which can be explained either by the difference in
intensity of transmission or the age of the study
population (Ajumobi et al., 2015). Indeed, these studies
investigated children under five years while our study was
based on pregnant women.

A variation according to the season was seen, although
the difference was not statistically significant. The good
negative predictive value suggests a negative RDT could
be seen as an indicator towards another infection.
However, this needs to be further investigated.

The choice of antigen-based RDT is guided by the
frequency of the species encountered in the regions.
Only P falciparum mono-specific infections were seen in
our study. This is in contrast with the findings of the study
conducted by Pfeiffer et al. (2008) in the northwest of the
country where P. malaria and P. ovale were found alone
or in co-infection with P. falciparum. Nevertheless, the
high rate of P. falciparum detected in our study give credit
to the NMCP for choosing HRP2 based RDT for malaria
diagnostics in Burkina Faso.

In 2017, it was reported that HRP-2 detecting tests
were less sensitive, particularly for parasites that express
little or no target antigen, resulting in a false-negative
result (Kozycki et al., 2017). The high sensitivity reported
in our study confirms that the HRP-2 gene deletion in not
a common problem in Burkina Faso. This was confirmed
by a review which showed a much lower prevalence
estimates of HRP-2 genes deletions in West Africa
(Cheng et al., 2014).

This study has some limitations. We did not cover the
entire year which would have allowed us to capture all
seasonal variations of the test performance. However, it
is assumed that results obtained in the present study
covering the end of the dry season and the start of the
rainy season have not biased these results. Storage
conditions (humidity and temperature) and user
performance are likely to influence RDTs accuracy but
this was not evaluated in the present study (Watson et
al.,, 2019). Moreover, the use of PCR could have
contributed to ascertain the number of false positive and
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false negative tests.

Conclusion

The present study has shown that the SD Bioline Malaria
Antigen P.f® rapid diagnostic test was able to detect
almost all the malaria cases among pregnant women with
suspicion of malaria due to the high sensitivity of the test.
Thus, the test can be used for the diagnosis of malaria
during pregnancy in the absence of qualified
microscopists. The relatively low specificity is of concern
as potential implications include overtreatment with an
artemisinin-based combination therapy and under
treatment of other causes of febrile illness.
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