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Abstract

Background Understanding malaria epidemiology is a critical step toward efficient malaria control and elimination.
The objective of this meta-analysis was to derive robust estimates of malaria prevalence and Plasmodium species from
studies conducted in Mauritania and published since 2000.

Methods The present review followed the PRISMA guidelines. Searches were conducted in various electronic
databases such as PubMed, Web of Science, and Scopus. To obtain pooled prevalence of malaria, meta-analysis was
performed using the DerSimonian-Laird random-effects model. Methodological quality of eligible prevalence studies
was assessed using Joanna Briggs Institute tool. Inconsistency and heterogeneity between studies were quantified by
the I? index and Cochran's Q test. Publication bias was assessed with funnel plots and Egger’s regression tests.

Results A total of 16 studies with a good individual methodological quality were included and analysed in this
study. The overall random effects pooled prevalence of malaria infection (symptomatic and asymptomatic) across

all included studies was 14.9% (95% confidence interval [95% Cl]: 6.64, 25.80, 1> =99.8%, P <0.0001) by microscopy,
25.6% (95% Cl: 8.74, 47.62, 1> =99.6%, P < 0.0001) by PCR and 24.3% (95% Cl: 12.05 to 39.14, 1?=99.7%, P <0.0001) by
rapid diagnostic test. Using microscopy, the prevalence of asymptomatic malaria was 1.0% (95% Cl: 0.00, 3.48) against
21.46% (95% Cl: 11.03, 34.21) in symptomatic malaria. The overall prevalence of Plasmodium falciparum and Plasmo-
dium vivax was 51.14% and 37.55%, respectively. Subgroup analysis showed significant variation (P=0.039) in the
prevalence of malaria between asymptomatic and symptomatic cases.

Conclusion Plasmodium falciparum and P vivax are widespread in Mauritania. Results of this meta-analysis implies
that distinct intervention measures including accurate parasite-based diagnosis and appropriate treatment of con-
firmed malaria cases are critical for a successful malaria control and elimination programme in Mauritania.
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Background

In Mauritania, malaria is endemic with a seasonal and
unstable transmission [1-4]. The transmission peaks in
October and November, coinciding with the end of the
short rainy season which extends from July to September.
The presence of four human malaria species (i.e., Plasmo-
dium falciparum, Plasmodium vivax, Plasmodium ovale,
and Plasmodium malariae) has been reported in Mauri-
tania [1-6]. Plasmodium falciparum and P. vivax are by
far the most predominant malaria species in the country
[2, 3, 6]. In the Sahelian zone where P. falciparum pre-
vails, P. vivax is rare [3]. Inversely, P vivax is the major
malaria species in northern Saharan arid zone, notably
in oases [2, 6]. However, the factors that govern the geo-
graphical distribution of P, falciparum and P. vivax across
the two ecological zones in Mauritania, i.e. Sahelian and
Saharan zones, respectively, are still unknown. Anopheles
arabiensis is widespread in the country [7-12]. It is the
principal malaria vector in Mauritania, with the possible
exception of the far northern Saharan regions (e.g. Atar)
where entomological surveys have been limited.

Malaria diagnosis is generally established in health
facilities either by presumptive clinical diagnosis or, more
often, by P. falciparum-specific histidine-rich protein-2
(HRP2)- and Plasmodium genus-specific plasmodial lac-
tate dehydrogenase (‘Pan’ pLDH)-based rapid diagnostic
test (RDT). Studies on the performance of some RDTs
for malaria reported contrasting levels of sensitivity and
specificity to detect malaria [3, 13]. Microscopy, the gold
standard for malaria diagnosis in the field according to
the World Health Organization (WHO) [14], is rarely
performed to confirm malaria infections outside of clini-
cal research, and the use of polymerase chain reaction
(PCR) assays, which are more sensitive to detect malaria
parasites, remains limited to research purposes.

The main target of the current malaria control strategy
of the Mauritanian government is to eliminate malaria
from the country by 2030 [15]. This strategy includes
prompt diagnosis and appropriate treatment of labora-
tory-confirmed malaria cases with artemisinin-based
combination therapy (ACT; i.e. artesunate-amodiaquine
or artemether-lumefantrine), regardless of Plasmodium
species, mass distribution of long-lasting insecticidal nets
(LLIN), intermittent preventive treatment in pregnant
women using sulfadoxine-pyrimethamine (IPTp-SP), and
more recently, seasonal malaria chemoprevention (SMC)
in children under five years of age [16, 17]. However, to
achieve malaria elimination, it is critical to understand
the epidemiology of malaria infection.

During the past two decades, numerous studies on
malaria prevalence have been conducted in Mauritania
by different investigators using various approaches in dif-
ferent ecological conditions and epidemiological context
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(variable sample size and sampling technique, study sites,
period of data collection, and characteristics of study
participants), resulting in heterogeneous malaria positiv-
ity rates and Plasmodium species distribution [1-3, 5, 6,
13, 18-27]. To obtain a weighted average of malaria prev-
alence from such studies, meta-analysis has been demon-
strated as a valuable and efficient approach [28, 29]. The
objectives of this study were to provide synthetic data
from malaria prevalence studies published since 2000 in
Mauritania and derive robust estimates of malaria posi-
tivity rates and proportions of different malaria species
in the country. A clear understanding of malaria preva-
lence and Plasmodium species distribution is essential
for informed decisions on appropriate control strategies.

Methods

Study area

Mauritania is a vast country located at the crossroads of
the Maghreb region (north African region that includes
Morocco, Algeria and Tunisia) and sub-Saharan Africa
with a surface area of 1,080,000 km? (Fig. 1). It lies
between 15 and 27° north latitude and 5 and 17° west
longitude and is bordered by Senegal to the south west,
Mali to the east and south east, Algeria to the north east,
Western Sahara to the north west and the Atlantic Ocean
to the west.

The total estimated population was 4.7 million in 2020,
of whom approximately one fourth are living in Nouak-
chott, the capital city [30]. In the northern two-thirds
of the country, the climate is Saharan with scarce rain-
fall (<200 mm annually), while in the southern one-third
of the remaining zone, the climate is Sahelian with an
annual rainfall between 200 and 500 mm. Mauritania has
a single rainy season from July to September in the south
with shorter duration of the rainy season and decreasing
amount of precipitation towards the north [31]. Mean
annual temperatures range from 21° to 30 °C, with rela-
tively lower temperature along the northern coast and
higher temperature in the southeastern region of the
country [31]. According to the WHO, 80% of the Mauri-
tanian population live in malaria-prone areas [32].

Searching strategy

The literature search strategy, selection of publications,
data extraction, and the reporting of results for the review
were performed following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [33]. Published articles were identified in
PubMed, Web of Science, and Scopus databases, as well
as in the institutional database of the French National
Research Institute for Sustainable Development (Institut
de Recherche pour le Développement [IRD]) (https://
www.ird.fr/bureau-du-chercheur) for papers published
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Fig. 1 Map of Mauritania and study sites. Geographical distribution of locations from which malaria prevalence was reported is shown. Red circles,

sites in the Sahelian zone; blue circles, sites in the Saharan zone

in French. The database search was performed using a
combination of terms/keywords and Boolean operators
according to each database instructions (see Additional
file 1: Table S1 for the full detailed search strategies).

Inclusion and exclusion criteria

Studies published between January 2000 and January
2023 (the last search was performed on 20" January
2023) in either English or French were included in the
analysis. The inclusion criteria were original study con-
ducted in Mauritania to assess malaria prevalence with
basic information concerning the sample size, diagnos-
tic methods, Plasmodium species, and the main char-
acteristics of the enrolled subject. The exclusion criteria
were as follows: studies published before January 1, 2000,
reviews, letters to editors, editorials, commentaries,
expert opinions, books, book chapters, brief reports,
articles in which only the abstract was available, confer-
ence abstracts, theses, case reports, and case series. In

addition, articles in which malaria prevalence was not
determined and studies with reported malaria preva-
lence based on small (i.e.,, n<30) sample size were also
excluded.

Quality assessment of individual studies

The methodological quality of the included studies was
assessed using the Joanna Briggs Institute (JBI) qual-
ity assessment tool for prevalence studies [34]. The tool
consists of nine questions designed to assess the extent
to which a study has addressed the possibility of bias in
its design, conduct and analysis. Studies with a total score
of >50% were considered as having a low risk of bias.
Two critical appraisers independently assessed methodo-
logical quality of the individual article.

Data analysis
A quantitative pooling of results was done to perform
a meta-analysis using MedCalc® Statistical Software
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version 20.115 (MedCalc Software Ltd, Ostend, Bel-
gium; https://www.medcalc.org; 2022). Cochrane Q
test and Inconsistency index (denoted I? statistics) were
used to evaluate the magnitude of heterogeneity among
studies included in meta-analysis. A Cochrane Q value
with P<0.05 indicated significant heterogeneity among
studies. I*> values<25%, 25-75% and>75% were inter-
preted as low, moderate, and considerable heterogeneity,
respectively.

Preliminary analysis showed a high degree of het-
erogeneity among the included studies (I*=99.5%,
P<0.001). As a result, a random-effects model was
performed to estimate the Der Simonian and Laird’s
pooled effect. Subgroup analyses were conducted to
explore the potential sources of heterogeneity, includ-
ing the following variables: size of the study popula-
tion, eco-epidemiological zone of the study settings,
malaria diagnostic method used, status of study partici-
pants with respect to malaria (whether symptomatic or
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Fig. 2 Flow chart of the literature search and selection process
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asymptomatic). Forest plots were used to display point
estimates and confidence intervals.

Publication bias for studies included in the meta-analy-
sis was assessed qualitatively by visual inspection of fun-
nel plots and evaluated for asymmetry, and quantitatively
using Egger’s regression test and Begg’s correlation test.
A significance level P>0.05 indicates no evidence of pub-
lication bias.

Results

Study selection and quality assessment of individual
articles

A total of 220 records were retrieved from different data-
bases. After duplicates were excluded, 82 records were
screened and assessed at title/abstract level for eligibil-
ity (Fig. 2). From the remaining 82 records, 58 which
were considered irrelevant for the purposes of the study
were excluded. As a result, 24 eligible full-text articles
were rigorously reviewed, and 8 additional articles were

Additional records identified from
* | the IRD institutional database
n=38

Records excluded
n=58

Full-text articles excluded for
™ | reasons (supplementary table 2)
n=8
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excluded. Detailed reasons for the excluded articles are
given in Additional file 2: Table S2. The remaining 16 full-
text papers (2 in French and 14 in English) [1-3, 5, 6, 11,
13, 18-26] met the inclusion criteria and were retained
for the present systematic meta-analysis. All 16 arti-
cles that were analysed in this study satisfied the quality
assessing criteria of the JBI guideline for prevalence stud-
ies for at least 7 of 9 domains, which demonstrated good
methodological quality.

Study sites and study period

Overall, studies published in 16 articles included 25
study sites (17 in the southern Sahelian zone and 8 in
the northern Saharan zone) (Fig. 1). These study sites
ranged from small settings in rural areas (e.g., two vil-
lages called Toungen and Brenn situated close to the city
of Rosso along the Senegal River), to large urban settings
such as Nouakchott, the capital city, Kiffa, and Kaedi.
The study sites were sparsely distributed across the coun-
try with Gouraye in Guidimagha region bordering Mali,
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representing the southernmost study site, and Zouerat
in the extreme north confine of the Sahara desert, the
northernmost study site. The eastern half of the country
was not represented in any of the studies because there is
no human settlement in this vast desertic zone.

Basic characteristics of the included studies

Tables 1 and 2 show the basic characteristics of the
studies. Studies were performed in the field between
1996 and 2020, with the first survey carried out in 1996
and 1999 in Nouakchott and Kaedi, respectively [18]
(Table 1). The last included article was a six-year pro-
spective study (2015-2020) conducted in Nouakchott [6].
Of the 16 included studies that reported malaria preva-
lence, 15 (93.7%) were cross-sectional, including 1 (6.3%)
that assessed the performance of a RDT for malaria [13].
Another work (n=1; 6.3%) was a retrospective study
based on patient data collected from one heath facility in
Nouakchott [23]. Of 15 cross-sectional studies, 12 (80%)
reported data collected in health facilities, 2 (13.3%)

Table 1 Basic characteristics of studies reporting malaria prevalence in Mauritania since 2000

Author(s) Study year Season Study design  Setting Study site (Bioclimatic zone)
Cortes et al. (2003) 1996 Dry and wet seasons Cross-sectional Health facilities  Nouakchott (Sahara)
1999 Kaedi (Sahel)
Quldabdallahi et al. (2011) 2004-2006 Dry and wet seasons Cross-sectional Health facilities, Rosso (Sahel)
Cross-sectional  Schools Toungen, Brenn (Sahel)

Mint Lekweiry et al. (2009) 2007 Dry season Cross-sectional Health facilities  Nouakchott (Sahara)

Mint Lekweiry et al. (2011) 2009-2010 Dry season Cross-sectional Health facilities  Nouakchott (Sahara)

Ould Ahmedou Salem et al. (2015a) 2009-2010 Wet season Cross-sectional Health facilities  Nouakchott (Sahara)
Kobeni, Tintane, Aioun (Sahel)

Quldabdallahi et al. (2015) 2010-2011 Dry and wet seasons Cross-sectional Health facilities Keur macene, Boghé, Selibaby,
Kankossa, Kobeni (Sahel)
Akjoujt, Atar, Nouakchott, Tamcheket
(Sahara)

Touray et al. (2012) 2011 Dry season Cross-sectional Households Kaedi (Sahel)

Ouldabdallahi et al. (2016) 2011,2012,2013 Dry and wet seasons Cross-sectional Households Keur macene, Boghé, Gouraye, Gha-
bou, Kobeni, Kankossa (Sahel)
Tamcheket, Nouakchott, Aoujeft,
Akjoujt, Nbeika (Sahara)

Ould Ahmedou Salem et al. (2015b) 2012-2013 Dry and wet seasons Retrospective  Health facilities  Nouakchott (Sahara)

Ba et al. (2016) 2012-2013 Dry and wet seasons Cross-sectional Health facilities  Nouakchott, Zouerat, Nbeika, Tidjikja
(Sahara)
Kiffa, Boghe, Nema, Ould Yenje, Séli-
baby, Timbedra, Kobeni, Aioun (Sahel)

Baetal. (2017) 2012-2013 Dry and wet seasons Cross-sectional Health facilities Nouakchott, Nbeika (Sahara)
Timbedra, Kobeni, Boghé, Aioun
(Sahara)

Gbalégba et al. (2018) 2014, 2015 dry and wet seasons  Cross-sectional Households Kaedi (Sahel)

Mint Deida et al. (2019) 2015-2016 Dry and wet seasons Cross-sectional Health facilities  Atar (Sahara)

Ould Lemrabott et al. (2021) 2015-2016 Dry and wet seasons Cross-sectional Health facilities  Rosso (Sahel)

Diallo et al. (2020) 2015-2017 Dry and wet seasons Cross-sectional Health facilities  Kobeni (Sahel)

El Moustapha et al. (2023) 2015-2020 Dry and wet seasons Cross-sectional Health facilities Nouakchott (Sahara)
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reported data at the community level (i.e., households
and schools), and 1 (6.7%) reported data from both health
facilities and community level. In the majority of studies
(12/16; 75%), surveys were carried out over several years
and during both rainy and dry seasons. Data on malaria
prevalence were obtained from only one study site in 9
(56.2%) studies and from 2 to 12 (12, 11, 9, 6, 4, 3, and 2)
study sites in the remaining 7 studies.

A total of 40,138 subjects, ranging from 237 [19] to
9,165 [26], were enrolled in 15 of 16 included studies
(Table 2). In the remaining study, only the number of
malaria-positive subjects was given as the objective of
that study was to compare the prevalence of Plasmodium
species among malaria-positive patients [5].

Of 40,138 subject enrolled, 22,034 (54.9%) were from
the southern Sahelian region and 18,104 (45.1%) from the
northern Saharan region (P<0.0001). The majority of the
subjects (37%; 14,870/40,138) were enrolled in Nouak-
chott. Participants in 11 of 16 (68.7%) included studies
were febrile patients with suspected malaria recruited
at health facilities, while they were asymptomatic in 3
(18.8%) studies, both asymptomatic and febrile subjects
in 1 (6.2%) study, and only malaria-positive patients in
1 (6.2%) study (Table 2). Participants in 3 of 4 studies
included asymptomatic individuals screened for malaria
among children under 14 years of age.

Enrolled participants belonged to all age groups in 13
of 16 (81%) included studies and children under 14 years
in 3 (18.8%) studies. The sex of the participants was
reported in 13 of 16 (81.2%) studies. Overall, there was
significant difference (P=0.0018) between the propor-
tions of males (50.9%; 15,339/30,135) and females (49.1%;
14,796/30,135).

Malaria diagnostic methods were based on three tech-
niques (RDT, microscopy, and PCR) in 5 (31.2%) studies,
and both RDT and microscopy in 6 (37.5%) other studies.
In the remaining 5 (31.2%) studies, malaria diagnosis was
based on microscopy alone (n=3), microscopy and PCR
(n=1), or RDT alone (n=1).

With microscopy, four human malaria species (i.e. P
falciparum, P. vivax, P. malariae, and P. ovale) were diag-
nosed among enrolled patients with a majority of cases
(n=2,180) being infected by P. falciparum, followed by
those infected by P. vivax (n=1,046). Rare cases of P, fal-
ciparum-P. vivax mixed infections (n=4) and P, vivax-P.
ovale (n=2) were also recorded (Table 2).

In studies in which PCR was employed to confirm diag-
nosis, only P. falciparum, P. vivax, and P. malariae were
detected, either as mono-infection or mixed infections,
with a total of 2,452 PCR-positive cases [2, 3, 5, 6, 19, 20].
Mono-infections included 1,556 P, falciparum cases, 708
P, vivax cases, and 3 P. malariae cases. Mixed infections
(n=185) consisted of 178 P. falciparum-P. vivax mixed
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infections, 6 P. falciparum-P. malariae mixed infections,
and 1 P, falciparum-P. vivax-P. malariae mixed infection
(Table 2) [2, 3, 5, 6].

Main meta-analysis outcome

The overall random effects pooled prevalence of malaria
infection across all included studies was 14.9% (95% CI:
6.64, 25.80, 1’=99.8%, P<0.0001) by microscopy (14
studies and 30,997 subjects), 25.6% (95% CI: 8.74, 47.62,
12=99.6%, P<0.0001) by PCR (6 studies and 5,389 sub-
jects), and 24.3% (95% CI: 12.05 to 39.14, 1*=99.7%,
P<0.0001) by RDT (9 studies and 16,590 subjects)
(Fig. 3).

According to microscopy, the gold standard for labo-
ratory confirmation of malaria, the minimum preva-
lence of malaria was 0.25% (95% CI: 0.15, 0.37) observed
in asymptomatic individuals in Kaedi situated along
the Senegal River [26], while the maximum prevalence
of malaria parasites was 54.4% (95% CI. 51.43, 57.24),
observed among febrile patients consulting at health
facility in Hodh El Gharbi province (southeastern Mau-
ritania) [1].

Plasmodium falciparum and P. vivax were the two
dominant species using microscopy (n=12 studies) with
a pooled prevalence of 51.1% (95% CI: 24.5, 77.4) and
37.5% (95% CI: 14.8, 63.7), respectively (Fig. 4). To assess
the prevalence of mixed infections, PCR results showed
that P falciparum-P. vivax mixed infection accounted
for 7.5% (178/2,452) of the global malaria infections and
96.2% (178/185) of the mixed infections.

Sub-group analysis

Due to the highly significant heterogeneity among
included studies (i.e. I>>97% in all subgroups, P <0.0001),
sub-group meta-analysis was performed by eco-epide-
miological zones of the study sites (i.e. Sahel vs. Sahara),
sample size of enrolled subjects by study (N<1,000
enrolled subject vs. N>1,000 enrolled subjects), malaria
diagnostic method (microscopy vs RDT vs PCR), and
type of malaria cases (i.e. symptomatic vs. asymptomatic)
(Fig. 5).

Accordingly, the meta-analysis showed no significant
difference (P=0.963) in malaria prevalence between
studies having sample size>1,000 study participants
(14.1%, 95% CI: 3.59, 30.02) and those having sam-
ple size<1,000 study participants (15.8%; 95% CI: 5.8,
29.4). However, a significant difference (P=0.039) was
observed between malaria prevalence in symptomatic
patients (21.5%; 95% CI: 11.0, 34.2) compared to asymp-
tomatic individuals (1%; 95% CI: 0, 3.5). The estimated
prevalence of malaria in the Sahelian zone was 11.7%
(95% CI: 2.87, 25.44), while the estimated malaria preva-
lence in the Saharan zone was 21.8 (95% CI: 14.0, 30.9)
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Study Effect size (95% Cl)  Weight (%)
Microscopy
Baetal. 2017 : t 3 26.35 (23.24, 29,63) 71
Cortes et al. 2003 . 21.20 (18.54, 24 11) 3
Diallo et al. 2020 : n 4927 (47.21,5132) 7.2
Gbalégba etal. 2018 ™ 1 0.25 (0.15, 0,37) 72
Deida et al. 2019 . 33.99 (29.64, 38,56) 7.1
Mint Lekweiry et al. 2009 I - 25.74 (20.29, 31,79) 71
Mint Lekweiry et al. 2011 —— 28.90 (23.84, 34.38) 71
El Moustapha et al. 2023 n 14.54 (12.93, 16.28) 75
Ould Ahmedou Salem et al. 2015a i B 5435(5143,5724) 72
Ould Lemrabott et al. 2021 ™ : 0.63 (0.07, 2.25) 71
Ouldabdallahi et al. 2011 " 1.82(1.33, 2.42) 72
Ouldabdallahi et al. 2015 ] : 9.12 (8.47, 9.80) 12
Ouldabdallahi et al. 2016 H 4.15(3.51,4.87) 72
Touray etal. 2012 n : 0.00 (0.00, 0.98) 71
Total (random effects) <l 14.93 (6.64, 25.80) 100,0
Heterogeneity :
(Q =6888.2, Df = 13, p <0.0001)
(17 =99.8%)
PCR
Mint Lekweiry et al. 2009 —ll— 25,54 (20.05, 31.67) 16.6
Mint Lekweiry et al. 2011 : | 34,88 (29.51, 40.56) 16.6
Deida et al. 2019 , - 35,76 (31.34, 40.37) 16.7
Diallo et al. 2020 : W 58,51(56.48, 60.52) 16.7
Ould Lemrabott et al. 2021 [ ] | 0,63(0.07, 2.25) 16.6
El Moustapha et al. 2023 " 16,53(14.83, 18.35)  16.7
Total (random effects) --'*- 25.63 (8.74, 47.62) 100.0
Heterogeneity:
(Q=1237.6,Df =5,p<0.0001)
(= 99.6%)
RDT
Baetal. 2017 - 30.04(26.79, 33.44) 111
Diallo et al. 2020 : B 5296(5091,5501) 112
Deida et al. 2019 +m— 23.84(19.98,28.04) 111
Mint Lekweiry et al. 2011 —.— 29.90(4.78,3542) . 11.0
El Moustapha et al. 2023 . 15.56(13.90,17.35) 1.2
Ould Ahmedou Salem et al. 2015b I " 54.38(53.35,55.40) 112
Ould Ahmedou Salem et al. 2015a | M 5081(47.90,5373) 111
Quld Lemrabott et al. 2021 [ ] : 0.63(0.07, 2.25) 11.0
Touray et al. 2012 u ! 0.00(0.00, 0.98) 111
Total (random effects) —=sEiiE— 24.27(12.05, 39.14)  100.0

Heterogeneity:
(Q =2629.2, Df = 8,p <0.0001)
(P=99.7%)

0 20 40 60

Prevalence (%)

Fig. 3 Forest plots showing random effects of individual and pooled estimates of malaria prevalence in Mauritania by diagnostic method
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Study Effect size (95% CI) Weight (%)
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Ba etal. 2017 : —- 63.50(56.42, 70.18) 8.5
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Diallo et al. 2020 ! W 99.74(99.24, 99.95) 86
Gbalégba et al. 2018 —+— 56.52 (34.49,76.81) 8.2

Deida et al. 2019 [ | 260(0.71,652) 85
Mint Lekweiry etal. 2009 = | 1.64(0.04, 8.80) 8.5
Mint Lekweiry etal. 2011 - : 3.45(0.72, 9.75) 85
Ould Ahmedou Salem et al. 2015a | 64.66 (60.79, 68.39) 86
Ould Lemrabott et al. 2021 : W 100.00 (15.81, 100.00) 6.4
!
|

Ouldabdallahi et al. 2011 - 82.22(67.95, 91.99) 8.4

Ouldabdallahi et al. 2015 B 3244(28.91,36.13) 86

Ouldabdallahi et al. 2016 . = 4965(41.19,58.12) 85
|

Total (random effects) * 51.14(24.48, 77.45) 100.0
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(Q = 2532.0, Df = 11, p <0.0001)
(12=99.6%)

P. vivax

Baetal. 2017 2} 29.50 (23.28, 36.34) 8.6
Cortes etal. 2003 E B : 15.30 (10.41, 21.35) 8.6
Diallo et al. 2020 - , 0.00 (0.00, 0.32 86
Gbalégba etal. 2018 . | 435 (0.11,2195) 82
Deida et al. 2019 M 9091 (8522, 9494) 86
Mint Lekweiry et al. 2009 : —— 7049 (57.43,8148) 85
Mint Lekweiry et al. 2011 : B 9655(90.25,99.28) 85
Ould Ahmedou Salem et al. 2015a -‘— 33.75 (30.07, 37.59) 86
Ould Lemrabottetal. 2021 i} ; 0.00 (0.00. 84.19) 6.2
Quldabdallahi et al. 2011 L = : 15.56 (6.49, 29.45) 84
Ouldabdallahi et al. 2015 i e 3 61.31 (57.51, 65.01) 86
Ouldabdallahi et al. 2016 - 4126 (33.10,49.79) 8.6
Total (random effects) =N 37.55 (14.79, 63.72) 100.0

Heterogeneity :
(Q=2271.8, DF =11, p <0.0001)
(1= 99.5%) i ; . .

0 25 50 75 100

Prevalence (%)
Fig. 4 Forest plots showing individual and pooled estimates of P, falciparum and P, vivax prevalence using microscopy in Mauritania
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Sub-group ctuies carticipants Effect size (95% Cl)  /2(%) Pwalue
Sample size

N < 1000 7 3,301 —— 15.77(5.83, 29.38) 98.9 0.963

N > 1000 7 27,696 —— 14.12(3.59, 30.02) 99.9
Type of study participants

Symptomatic 11 16,976 —— 21.46(11.03, 34.21) 99.7 0.039

Asymptomatic 4 14,021 | 3 1.00(0.00, 3.48) 98.8
Eco-epidemiological zone

Sahel 10 22,034 —— 11.72(2.87, 25.44) 99.8 0.510

Sahara 9 8,963 —— .21.85(13.95, 30.94) 98.8
Diagnostic method

RDT 9 16,590 = 24.27 (12.05, 39.14) 99.7 0441

Microscopy 14 30,997 — 14.93(6.64, 25.80) 99.8

PCR 6 5,389 . 25.63 (8.74, 47.62) 99.6

E] 1‘0 2[0 3:0 4‘0

Prevalence (%)

Fig. 5 Subgroup analysis of the possible source of heterogeneity among individual studies using microscopy in Mauritania

(P=0.510). There was no significant difference between
malaria prevalence according to the diagnostic method
employed (P=0.441).

Assessment of publication bias

The presence of publication bias was evaluated subjec-
tively using funnel plots and objectively using the Egger’s
test and Begg’s test. The studies’ effect sizes were plotted
against their standard errors to generate the correspond-
ing funnel plot (Fig. 6). Visual evaluation of the obtained
funnel plot showed an asymmetrical picture. However,
due to its subjectivity in evaluating the presence of pub-
lication bias, Egger’s test and Begg’s test were performed.
Results showed no statistical evidence of publication bias
using these two tests (Egger’s test, coefficient=19.63,
95% CI: -4.1441 to 43.4050, P=0.0972 and Begg’s test,
Kendall’s Tau=0.16, P=0.4115).

Discussion

The present systematic review and meta-analysis were
carried out to determine malaria prevalence and Plasmo-
dium species using data from 16 eligible prevalence stud-
ies involving 40,138 participants from 18 study sites in
Mauritania. The overall prevalence of malaria was 14.9%,
24.3%, and 25.6% using microscopy, RDT, and PCR,
respectively. Although PCR consistently showed a higher
sensitivity in detecting malaria cases than microscopy
and RDT, the low performance of routine microscopy

observed in this meta-analysis may be due to several fac-
tors, including lack of skilled and competent laboratory
technicians in many health facilities which negatively
impacted the quality of microscopic diagnosis of malaria
as previously reported [35, 36]. Nevertheless, the propor-
tions of malaria positivity obtained in the present study is
comparable to the pooled estimate of malaria prevalence
in Mali (13% in general population and 19% in children
younger than 5 years old) [37, 38], but higher than the
proportional malaria morbidity reported from Senegal
(3.3% in general population) [39]. On the other hand, the
overall pooled prevalence of P. falciparum and P. vivax
infections were 51.1% and 37.6%, respectively. The high
proportion of P. vivax observed in Mauritania is unique
in West Africa, where P. falciparum is widespread and
predominant. Elsewhere in Africa, P. vivax is also present
at a relatively high prevalence rate in the Horn of Africa
and Madagascar [40]. The findings reported here calls for
further revision of the global distribution map of P vivax
malaria, notably in Africa, which should recognize Mau-
ritania as a P vivax endemic country.

Indeed, the epidemiological situation in Mauritania is
somewhat comparable to that of the Horn of Africa, par-
ticularly in Ethiopia, where the ratio of P. falciparum and
P vivax is about 3:2 [41]. Moreover, a high heterogene-
ity of malaria prevalence was observed in this system-
atic review and meta-analysis, suggesting variable and
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Fig. 6 Begg's funnel plot to assess publication bias among the included malaria prevalence studies

unstable seasonal malaria transmission in the country
[1-3, 21, 27].

According to the subgroup analysis, the pooled preva-
lence of malaria was found to be very low (1%) among
asymptomatic subjects compared to symptomatic sub-
jects (21.6%). The difference in malaria prevalence
between the two sub-groups is likely due to the low level
of parasite density commonly observed among asymp-
tomatic subjects, making them mostly undetectable by
microscopic examination of blood smears and RDT for
malaria [42]. In addition, studies suggested that low para-
sitaemia characterizes malaria infections in Mauritania,
particularly for P vivax infections, which increases the
risk of misdiagnosis by microscopy and RDT [3, 6, 20].

Asymptomatic subjects rarely seek medical treatment.
Therefore, they serve as an important parasite reservoir
by maintaining parasite transmission [43]. Asympto-
matic carriers have been identified as the major source of
gametocytes, contributing to the persistence of malaria
transmission [44]. Moreover, in low endemic areas, as in
certain regions in India, it was reported that a small per-
centage of asymptomatic carriers is sufficient for malaria
resurgence [45].

There are several limitations in the present study.
Although only symptomatic/asymptomatic status of
the enrolled participants has shown a significant con-
tribution to the observed heterogeneity among studies,
numerous other factors can explain the observed het-
erogeneity. For instance, differences in methodology,
the characteristics of study participants, the existing
variation in the environmental conditions, such as rain-
fall, residents’ lifestyles, and knowledge and practice of
the study participants towards malaria, are potentially
important factors, but many of these variables were not
addressed in the studies included in the present review
to allow further investigation. One of the most likely
reasons for this variation could be that some of the
studies were conducted during the years with unusually
high amount of rainfall, such as in 2013 in Nouakchott
(130 mm in one month, as compared to the average
of 50 mm in other years) [23] and in 2015 in Kobeni,
southeastern Mauritania (450 mm in three months,
compared to the mean of 300 mm in other years) [3].
The study also revealed that malaria prevalence in the
Sahelian zone (11.3%) was significantly lower than that
observed in the Saharan zone (21.8%). This is most
likely due to the high number of asymptomatic subjects
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enrolled during the studies carried out in the Sahelian
zone (12,314/22,034; 55.9%), compared to the number
of asymptomatic carriers included in the Saharan zone
(1,707/8,963; 19%). As the overall malaria prevalence in
asymptomatic subjects observed across studies is very
low (1%), the high proportion of asymptomatic individ-
uals could explain the low malaria prevalence in such
studies.

In addition, the present study revealed a discrepancy
between microscopy and PCR in detecting malaria para-
sites. While microscopy detected four human malaria
species commonly found in Africa (i.e., P falciparum, P
vivax, P. ovale, and P. malariae), PCR only detected three
of them (i.e. all except P. ovale). Even among experienced
microscopists, parasite misdiagnosis could occur due the
morphological similarity between blood stages of P. vivax
and P. ovale [46]. For instance, in the study conducted by
Mint Lekweiry et al. [19], microscopic diagnosis revealed
15 positive slides with P. ovale. However, PCR performed
on these samples showed that these cases were actu-
ally P vivax [4]. This finding suggests that, for research
purposes, PCR should probably be the gold standard to
confirm malaria diagnosis. Other limitations include the
assumption that interventions have had a minimal effect
on malaria prevalence during the period from 2000 to
2023 in Mauritania. Analysis of data collected in Nouak-
chott tends to support the argument that, more than stra-
tegic interventions, climatic and environmental changes
may account for changing malaria epidemiology, at least
in the capital city [6]. Despite these limitations, the over-
all malaria prevalence during the study period may be
considered as a robust estimate against which the impact
of current and future interventions can be measured for
evaluation of the effectiveness of interventions. It would
be important to compare malaria positivity rates accord-
ing to Plasmodium species (P._falciparum versus P. vivax),
geographic zones (Sahelian versus Saharan), and study
population (symptomatic patients versus asymptomatic
carriers).

The results of this study have repercussion on Mau-
ritanian malaria elimination programme [15]. First,
malaria elimination strategy should take into consider-
ation the distribution of malaria parasites in the coun-
try as revealed by the present meta-analysis. Indeed, at
present, P. falciparum and P. vivax seem to evolve in
distinct geographical zones with minimal interaction,
as evidenced by low proportions of mixed P falcipa-
rum-P. vivax infections revealed by PCR, with P. vivax
in the Saharan zone and P. falciparum in the Sahelian
zone. However, this situation has not been taken into
consideration, and malaria control strategy in Mauri-
tania has been designed to target only P. falciparum in
the entire country [4]. Secondly, studies on knowledge,

Page 12 of 14

attitude and practices (KAP studies) towards malaria
in the general population in Mauritania are required.
KAP studies are one of the main components in malaria
control strategies and a common tool that can capture
critical information to guide the design of control inter-
ventions and ensure community involvement, accept-
ance, and adherence [39]. Furthermore, assessment of
submicroscopic malaria infection in the asymptomatic
population is critical for the success of malaria control
programme. Indeed, asymptomatic malaria infections
represent a major challenge toward malaria elimination.

Conclusion

The present meta-analysis revealed that P falciparum
and P, vivax are widespread in Mauritania. This epide-
miological situation implies that distinct intervention
measures, including accurate parasite-based diagnosis
and appropriate treatment of confirmed malaria cases,
are critical for a successful malaria control and elimina-
tion programme in Mauritania [47].

Abbreviations

ACT Artemisinin-based combination therapy
a 95% Confidence intervals
HRP2 Histidine-rich protein-2

12 Inconsistency index

IPTp-SP Intermittent preventive treatment in pregnancy with
sulfadoxine-pyrimethamine

IRD Institut de Recherche pour le Développement (the French
National Research Institute for Sustainable Development)

JBI Joanna Briggs Institute

KAP Knowledge, attitude and practices

LLIN Long-lasting insecticidal nets

PCR Polymerase chain reaction

pLDH Plasmodial lactate dehydrogenase

PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RDT Rapid diagnostic test

SMC Seasonal malaria chemoprevention

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512936-023-04569-4.

Additional file 1: Table S1. Summary of search keywords/terms.

Additional file 2: Table S2. Excluded studies reporting malaria preva-
lence in Mauritania and reasons for their exclusion.

Acknowledgements
Not applicable.

Author contributions

AOMSB, IE and MOM conceived and designed the study. KB, MSOAS and MOM
analysed the data. AOMSB and LKB wrote the manuscript. SB, LKB and AOMSB
reviewed the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.


https://doi.org/10.1186/s12936-023-04569-4
https://doi.org/10.1186/s12936-023-04569-4

El Moustapha et al. Malaria Journal (2023) 22:146

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Université de Nouakchott, UR-GEMI, nouveau campus universitaire, BP

5026 Nouakchott, Mauritania. 2Aix Marseille Université, IRD, AP-HM, SSA, VIT-
ROME, Marseille, France. *IHU-Méditerranée Infection, Marseille, France. “Unité
de Parasitologie Entomologie, Département de Microbiologie et Maladies
Infectieuses, Institut de Recherche Biomédicale des Armées (IRBA), Marseille,
France.

Received: 24 February 2023 Accepted: 20 April 2023
Published online: 02 May 2023

References

1. Ould Ahmedou Salem MS, Basco LK, Ouldabdallahi M, Mint Lekweiry K,
Konaté L, Faye O, et al. Malaria-associated morbidity during the rainy sea-
son in Saharan and Sahelian zones in Mauritania. Acta Trop. 2015;152:1-7.

2. Deida J, Tahar R, Khalef YO, Lekweiry KM, Hmeyade A, Khairy MLO, et al.
Qasis malaria, Northern Mauritania. Emerg Infect Dis. 2019;25:273-80.

3. Diallo SM, Bogreau H, Papa Mze N, Ould Ahmedou Salem MS, Ould Khairy
ML, Parola P, et al. Malaria epidemiology in Kobeni department, south-
eastern Mauritania from 2015 to 2017. Infect Dis Poverty. 2020;,9:21.

4. Lekweiry KM, Salem MS, Basco LK, Briolant S, Hafid J, Boukhary AQO.
Malaria in Mauritania: retrospective and prospective overview. Malar J.
2015;14:100.

5. BaH, Duffy CW, Ahouidi AD, Deh YB, Diallo MY, Tandia A, et al. Widespread
distribution of Plasmodium vivax malaria in Mauritania on the interface of
the Maghreb and West Africa. Malar J. 2016;15:80.

6. ElMoustapha |, Deida J, Dadina M, El Ghassem A, Begnoug M, Hamdi-
nou M, et al. Changing epidemiology of Plasmodium vivax malaria in
Nouakchott, Mauritania: a six-year (2015-2020) prospective study. Malar J.
2023;22:18.

7. Lekweiry KM, Salem MS, Cotteaux-Lautard C, Jarjaval F, Marin-Jauffre A,
Bogreau H, et al. Circumsporozoite protein rates, blood-feeding pattern
and frequency of knockdown resistance mutations in Anopheles spp. in
two ecological zones of Mauritania. Parasit Vectors. 2016;9:268.

8. Mint Mohamed Lemine A, Ould Lemrabott MA, Hasni Ebou M, Mint
Lekweiry K, Ould Ahmedou Salem MS, Ould Brahim K, et al. Mosquitoes
(Diptera: Culicidae) in Mauritania: a review of their biodiversity, distribu-
tion and medical importance. Parasit Vectors. 2017;10:35.

9. Mint Mohamed Lemine A, Ould Lemrabott MA, Niang EHA, Basco LK,
Bogreau H, Faye O, et al. Pyrethroid resistance in the major malaria
vector Anopheles arabiensis in Nouakchott, Mauritania. Parasit Vectors.
2018;11:344.

10. Ould Lemrabott MA, Ould Ahmedou Salem MS, Ould Brahim K, Brengues
C, Rossignol M, Bogreau H, et al. Seasonal abundance, blood meal
sources and insecticide susceptibility in major anopheline malaria vectors
from southern Mauritania. Parasit Vectors. 2018;11:232.

11. Ould Lemrabott MA, Le Goff G, Kengne P, Ndiaye O, Costantini C, Mint
Lekweiry K, et al. First report of Anopheles (Cellia) multicolor during a
study of tolerance to salinity of Anopheles arabiensis larvae in Nouakchott,
Mauritania. Parasit Vectors. 2020;13:522.

12. Ould Ahmedou Salem MS, Mint Lekweiry K, Mint Hasni M, Konate L,
Briolant S, Faye O, et al. Characterization of larval anopheline (Diptera:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 13 of 14

Culicidae) habitats in Nouakchott, Mauritania. J Vector Borne Dis.
2013;50:302-6.

Ba H, Ahouidi AD, Duffy CW, Deh YB, Diedhiou C, Tandia A, et al. [Evalu-
ation of malaria rapid diagnostic test Optimal-IT® pLDH along the
Plasmodium falciparum distribution limit in Mauritanial(in French). Bull
Soc Pathol Exot. 2017;110:31-7.

WHO, UNICEF/UNDP/World Bank/WHO Special Programme for Research
and Training in Tropical Diseases. Microscopy for the detection, identifica-
tion and quantification of malaria parasites on stained thick and thin
blood films in research settings (version 1.0: procedure: methods manual.
Geneva, World Health Organization, 2015. https://apps.who.int/iris/
handle/10665/163782. Accessed 9 Jan 2023.

Mauritanian Ministry of Health. Politique Nationale de santé a I'horizon
2030. Nouakchott, Ministry of Health, 2017. https://www.ilo.org/dyn/
natlex/docs/ELECTRONIC/109101/135258/F-2132638438/MRT-109101.
pdf. Accessed 10 Jan 2023.

Ouldabdallahi MM, Sarr O, Basco LK, Lebatt SM, Lo B, Gaye O. Efficacy of
sulfadoxine-pyrimethamine for the treatment of uncomplicated falcipa-
rum malaria in southern Mauritania. Med Sante Trop. 2016,26:297-301.
WHO. Guidelines for the treatment of malaria. 3" Edn. Geneva, World
Health Organization, 2015. https://www.afro.who.int/publications/guide
lines-treatment-malaria-third-edition. Accessed 10 Jan 2023.

Cortes H, Morillas-Marquez F, Valero A. Malaria in Mauritania: the

first cases of malaria endemic to Nouakchott. Trop Med Int Health.
2003;8:297-300.

Lekweiry KM, Abdallahi MO, Ba H, Arnathau C, Durand P, Trape JF, et al.
Preliminary study of malaria incidence in Nouakchott, Mauritania. Malar J.
2009;8:92.

Lekweiry KM, Basco LK, Salem MS, Hafid JE, Marin-Jauffre A, Weddih AO,
et al. Malaria prevalence and morbidity among children reporting at
health facilities in Nouakchott, Mauritania. Trans R Soc Trop Med Hyg.
2011;105:727-33.

Ouldabdallahi M, Ouldbezeid M, Dieye M, Yacine B, Faye O. Study of the
incidence of malaria in febrile patients and among schoolchildren in
the region of Trarza, Islamic Republic of Mauritania. Bull Soc Pathol Exot.
2011;104:288-90 (in French).

Touray S, Ba H, Ba O, Koita M, Salem CB, Keita M, et al. Absence of dry
season Plasmodium parasitaemia, but high rates of reported acute
respiratory infection and diarrhea in preschool-aged children in Kaédi,
southern Mauritania. Parasit Vectors. 2012;5:193.

Ould Ahmedou Salem MS, Mint Lekweiry K, Mint Deida J, Ould Emouh
A, Ould Weddady M, Ould Mohamed Salem Boukhary A, et al. Increasing
prevalence of Plasmodium vivax among febrile patients in Nouakchott,
Mauritania. Am J Trop Med Hyg. 2015;92:537-40.

Ouldabdallahi M, Ouldbezeid M, Lemrabot MA, Ouldelvally A, Ouldkhairi
ML, Dialw B, et al. Study of morbidity and Plasmodium species in the
several geographic-climatic areas of Mauritania. Bull Soc Pathol Exot.
2015;108:112-6 (in French).

Ouldabdallahi Moukah M, Ba O, Ba H, Ould Khairy ML, Faye O, Bogreau
H, et al. Malaria in three epidemiological strata in Mauritania. Malar J.
2016;15:204.

Gbalégba CGN, Ba H, Silué KD, Ba O, Tia E, Chouaibou M, et al. Distribu-
tion of Plasmodium spp. infection in asymptomatic carriers in perennial
and low seasonal malaria transmission settings in West Africa. Infect Dis
Poverty. 2018;7:39.

Ould Lemrabott MA, Mint Lekweiry K, Deida J, Djigo OKM, Ould Ahme-
dou Salem MS, Ould KhalefY, et al. Low malaria transmission in Rosso, an
irrigated rice-growing area in Mauritania. Parasitologia. 2021;1:257-68.
Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of preva-
lence. J Epidemiol Community Health. 2013;67:974-8.

Oyegoke OO, Akoniyon OP, Ogunsakin RE, Ogunlana MO, Adeleke MA,
Maharaj R, et al. A systematic review and meta-analysis of malaria test
positivity outcomes and programme interventions in low transmission
settings in southern Africa, 2000-2021. Int J Environ Res Public Health.
2022;19:6776.

World Bank, “World Bank Open Data,"2019. https://data.worldbank.org.
Accessed 31 Jan 2020.

German Society for International Cooperation (GIZ). Climate Risk Profile:
Mauritania. 2021. https://agrica.de/wp-content/uploads/2021/02/CRP_
Mauritania_EN_20210208.pdf. Accessed 15 Oct 2022.


https://apps.who.int/iris/handle/10665/163782
https://apps.who.int/iris/handle/10665/163782
https://www.ilo.org/dyn/natlex/docs/ELECTRONIC/109101/135258/F-2132638438/MRT-109101.pdf
https://www.ilo.org/dyn/natlex/docs/ELECTRONIC/109101/135258/F-2132638438/MRT-109101.pdf
https://www.ilo.org/dyn/natlex/docs/ELECTRONIC/109101/135258/F-2132638438/MRT-109101.pdf
https://www.afro.who.int/publications/guidelines-treatment-malaria-third-edition
https://www.afro.who.int/publications/guidelines-treatment-malaria-third-edition
https://data.worldbank.org
https://agrica.de/wp-content/uploads/2021/02/CRP_Mauritania_EN_20210208.pdf
https://agrica.de/wp-content/uploads/2021/02/CRP_Mauritania_EN_20210208.pdf

El Moustapha et al. Malaria Journal

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(2023) 22:146

WHO. World malaria report 2022. Geneva, World Health Organiza-

tion, 2022. https://www.who.int/publications/i/item/9789240064898.
Accessed 10 Jan 2023.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, Loannidis JPA,
et al. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions: explanation
and elaboration. BMJ. 2009;339: b2700.

Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance
for systematic reviews of observational epidemiological studies reporting
prevalence and incidence data. Int J Evid Based Healthc. 2015;13:147-53.
Kahama-Maro J, D'Acremont V, Mtasiwa D, Genton B, Lengeler C. Low
quality of routine microscopy for malaria at different levels of the health
system in Dar es Salaam. Malar J. 2011;10:332.

Sori G, Zewdie O, Tadele G, Samuel A. External quality assessment of
malaria microscopy diagnosis in selected health facilities in Western
Oromia, Ethiopia. Malar J. 2018;17:233.

Diawara SI, Konaté D, Kayentao K, Mihigo J, Shaffer JG, Sangare M, et al.
Effect of seasonal malaria chemoprevention in children between 5 and 9
years old in Kita and Bafoulabe districts, Mali. Parasite Epidemiol Control.
2022;18:e00258.

Cissoko M, Magassa M, Sanogo V, Ouologuem A, Sangaré L, Diarra M,

et al. Stratification at the health district level for targeting malaria control
interventions in Mali. Sci Rep. 2022;12:8271.

Tairou F, Nawaz S, Tahita MC, Herrera S, Faye B, Tine RCK. Malaria preven-
tion knowledge, attitudes, and practices (KAP) among adolescents living
in an area of persistent transmission in Senegal: Results from a cross-
sectional study. PLoS ONE. 2022;17: e0274656.

Snow RW, Sartorius B, Kyalo D, Maina J, Amratia P, Mundia CW, et al. The
prevalence of Plasmodium falciparum in sub-Saharan Africa since 1900.
Nature. 2017,26(550):515-8.

Abebaw A, Aschale Y, Kebede T, Hailu A. The prevalence of symptomatic
and asymptomatic malaria and its associated factors in Debre Elias
district communities, Northwest Ethiopia. Malar J. 2022;21:167.

Lo E, Zhou G, Oo W, Afrane Y, Githeko A, Yan G. Low parasitemia in submi-
croscopic infections significantly impacts malaria diagnostic sensitivity in
the highlands of Western Kenya. PLoS ONE. 2015;10:e0121763.

Badiane AS, Ndiaye T, Thiaw AB, Binta DA, Dialoo MA, Seck AC, et al. High
prevalence of asymptomatic Plasmodium infection in Bandafassi, South-
East Senegal. Malar J. 2021;20:218.

Wampfler R, Timinao L, Beck HP, Soulama |, Tiono AB, Siba P, et al. Novel
genotyping tools for investigating transmission dynamics of Plasmodium
falciparum. J Infect Dis. 2014,210:1188-97.

Chourasia MK, Raghavendra K, Bhatt RM, Swain DK, Meshram HM, Mesh-
ram JK, et al. Additional burden of asymptomatic and sub-patent malaria
infections during low transmission season in forested tribal villages in
Chhattisgarh, India. Malar J. 2017;16:320.

Kotepui M, Masangkay FR, Kotepui KU, Milanez GJ. Misidentification of

Plasmodium ovale as Plasmodium vivax malaria by a microscopic method:

a meta-analysis of confirmed P, ovale cases. Sci Rep. 2020;10:21807.
Shanks GD. Control and elimination of Plasmodium vivax. Adv Parasitol.
2012;80:301-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/publications/i/item/9789240064898

	Malaria prevalence in Mauritania: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study area
	Searching strategy
	Inclusion and exclusion criteria
	Quality assessment of individual studies
	Data analysis

	Results
	Study selection and quality assessment of individual articles
	Study sites and study period
	Basic characteristics of the included studies
	Main meta-analysis outcome
	Sub-group analysis
	Assessment of publication bias

	Discussion
	Conclusion
	Anchor 23
	Acknowledgements
	References


