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Abstract 

Background Plasmodium vivax malaria is one of the major infectious diseases of public health concern in Nouak-
chott, the capital city of Mauritania and the biggest urban setting in the Sahara. The assessment of the current trends 
in malaria epidemiology is primordial in understanding the dynamics of its transmission and developing an effective 
control strategy.

Methods A 6 year (2015–2020) prospective study was carried out in Nouakchott. Febrile outpatients with a clinical 
suspicion of malaria presenting spontaneously at Teyarett Health Centre or the paediatric department of Mother and 
Children Hospital Centre were screened for malaria using a rapid diagnostic test, microscopic examination of Giemsa-
stained blood films, and nested polymerase chain reaction. Data were analysed using Microsoft Excel and GraphPad 
Prism and InStat software.

Results Of 1760 febrile patients included in this study, 274 (15.5%) were malaria-positive by rapid diagnostic test, 
256 (14.5%) were malaria-positive by microscopy, and 291 (16.5%) were malaria-positive by PCR. Plasmodium vivax 
accounted for 216 of 291 (74.2%) PCR-positive patients; 47 (16.1%) and 28 (9.6%) had P. falciparum monoinfection or P. 
vivax–P. falciparum mixed infection, respectively. During the study period, the annual prevalence of malaria declined 
from 29.2% in 2015 to 13.2% in 2019 and 2.1% in 2020 (P < 0.05). Malaria transmission was essentially seasonal, with a 
peak occurring soon after the rainy season (October–November), and P. vivax infections, but not P. falciparum infec-
tions, occurred at low levels during the rest of the year. The most affected subset of patient population was adult male 
white and black Moors. The decline in malaria prevalence was correlated with decreasing annual rainfall (r = 0.85; 
P = 0.03) and was also associated with better management of the potable water supply system. A large majority of 
included patients did not possess or did not use bed nets.

Conclusions Control interventions based on prevention, diagnosis, and treatment should be reinforced in Nouak-
chott, and P. vivax-specific control measures, including chloroquine and 8-aminoquinolines (primaquine, tafenoquine) 
for treatment, should be considered to further improve the efficacy of interventions and aim for malaria elimination.
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Background
Despite considerable multisectoral, international 
efforts to control and eliminate malaria since the end of 
the Second World War, malaria is still one of the most 
devastating infectious diseases worldwide, particularly 
in the tropics. According to the latest World Malaria 
Report 2022, malaria is responsible for an estimated 
247 million cases globally, of which 95% are reported in 
Africa [1]. The total number of malaria deaths in 2021 
was estimated to be 619,000, with 96% occurring in 
Africa [1].

Most malaria cases in endemic areas around the 
world are caused by P. falciparum or P. vivax [2, 3]. 
Both of these species are present in Asia, Central and 
South America, western Pacific region, and East Africa 
(mostly in the Horn of Africa and Madagascar), with 
varying proportions between these species, depending 
on the endemic areas and intensity of malaria control 
interventions. In Africa, where P. falciparum and P. 
vivax co-exist, P. falciparum is generally more prevalent 
than P. vivax [4, 5]. A large majority of malaria-associ-
ated deaths are due to P. falciparum [2]. Plasmodium 
vivax can also lead to severe complications resulting in 
death but much less frequently than P. falciparum [6].

Malaria continues to be one of the major health issues 
in Mauritania [7]. Malaria transmission is seasonal and 
intense in the southern Sahelian zone and seasonal and 
unstable in the northern Saharan zone [8–11]. Plas-
modium falciparum and P. vivax co-exist in Maurita-
nia, but P. falciparum predominates in the Sahelian 
zone and P. vivax prevails in the Saharan zone [9–15]. 
Nouakchott, the capital city of Mauritania, is situated 
in the Saharan zone, where the majority of laboratory-
confirmed malaria cases are due to P. vivax [12, 16]. 
Because of the short rainy season (July–September), 
the peak of malaria transmission often occurs during 
the months of October and November, immediately fol-
lowing the rainy season [8]. Some P. vivax cases have 
also been diagnosed during the dry season, most prob-
ably due to relapses arising from persistent dormant 
liver stages (i.e., hypnozoites) of the parasite [13]. Few 
cases of laboratory-confirmed P. falciparum have also 
been reported during the transmission period, mostly 
in individuals with a recent travel history to the south-
ern and southeastern regions of the country where P. 
falciparum is highly endemic [8]. Anopheles arabien-
sis is the primary malaria vector in Nouakchott [17]. 
The presence of man-made water bodies, such as pools 

around public standpipes and household water storage 
tanks, has been conducive to the creation of An. arabi-
ensis larval habitats in the capital city [18].

The last published epidemiological data on malaria 
cases, as well as assessment of therapeutic efficacy of 
chloroquine against P. vivax, in Nouakchott date back to 
2013, the year when P. vivax epidemics broke out in the 
capital city [16, 19]. Since 2015, passive surveillance for 
malaria cases has been organized and followed over time 
at two sentinel sites. The objectives of the present study 
were to assess the trend of malaria prevalence in febrile 
patients consulting spontaneously at two health facilities 
in Nouakchott, based on reliable diagnostic tools, and to 
evaluate the current malaria situation. The findings of 
this study will be useful for the understanding of trans-
mission dynamics of malaria, its evolution in time, and 
development of effective control strategies.

Methods
Study sites
The study was carried out in Nouakchott (18°05′08″ 
North latitude and 15°58′42″ West longitude), situated 
along the Atlantic coast, characterized by a low elevation 
level ranging from − 1 m to 10 m above sea level (Fig. 1). 
A natural salty belt with a width of 1 to 2 km separates 
the city proper from the Atlantic coast. Since the begin-
ning of the 2010s, a potable water supply system has been 
developed in the Saharan zone of the country through 
Aftout Essahli project, with the aim to transport and 
deliver treated surface water through water pipes from 
the Senegal River to city residents [20].

The climate in Nouakchott is characterized by a 
long dry season (October-June) and a short rainy sea-
son (July–September), with a mean annual rainfall of 
89.5  mm for the period 1970–2013 [21]. During the 
study period (2015–2020), the mean annual rainfall was 
79  mm (116  mm in 2015, 81  mm in 2016, 48  mm in 
2017, 102  mm in 2018, 64  mm in 2019, and 62  mm in 
2020). For comparison, the annual rainfall in the years 
when flooding occurred in Nouakchott was 195  mm in 
2009, 174 mm in 2010, and 130 mm in 2013. The annual 
relative humidity ranged from 33 to 79%, and the aver-
age annual temperature ranged between a minimum of 
20.5 °C and a maximum of 33 °C during the study period.

Nouakchott is densely populated with approximately 
1 million inhabitants distributed across a surface area 
of 1000   km2 corresponding to a population density 
of 1000 inhabitants per  km2. They belong to various 
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ethno-linguistic groups, including White and Black 
Moorish group of Arab, Berber, and African ances-
try speaking a common Arabic-derived dialect called 
“Hassaniya”, and the Pular, Wolof, and Soninké black 
African groups who speak Pular, Wolof, and Soninké 
languages, respectively.

Study design and study population
This is a six-year, continuous, prospective monitoring 
study carried out during the period from January 1st, 
2015 to December 31, 2020, in two health structures in 
Nouakchott: Teyarett health centre and the paediatric 
department of the Mother and Children Hospital Centre 

Fig. 1 Map of Nouakchott, Mauritania, showing the location of the study sites: Teyarett health centre (T) in Teyarett district and Mother and 
Children Hospital Centre (M) in Ksar district. The names and limits of administrative districts are shown. The city centre is in Tevragh Zeina district, 
bordering Sebkha, Ksar, and El Mina districts. A large band of rectangular smooth gray area in Dar naim district bordering (M) and (T) represents 
the international airport (closed since 2016 due to the opening of the new international airport situated outside the city). The gray spots represent 
houses and buildings. The white zones are unoccupied desert area. The Atlantic Ocean lies to the west of the city
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(“Centre hospitalier mère et  enfant” CHME), located in 
the neighbouring districts of Teyarett and Ksar, respec-
tively (see Fig. 1). Teyarett health centre mainly receives 
patients of all age groups from two districts in Nouak-
chott known to be highly endemic for malaria, Teyarett 
and Dar naim. The paediatric department of the CHME 
receives children and women from all districts of Nouak-
chott. These two health structures have been the sentinel 
sites of several clinical and epidemiological studies since 
2010 [8, 16, 19, 22].

The study target population was outpatients in whom 
malaria infection was suspected, with either a measured 
axillary temperature > 37.5 °C at the time of consultation 
or history of fever within the previous 48 h with no other 
obvious cause, with no upper or lower age limit. The pur-
pose of the study was explained in the local dialects to 
each adult patient and, for children under 18  years old, 
their parents or legal guardian, and written informed 
consent or oral assent was obtained before inclusion in 
the study. Since symptomatic patients were included in 
the study before laboratory confirmation of malaria diag-
nosis, the study population consisted of both malaria-
positive and malaria-negative patients. An exclusion 
criterion was patients requiring emergency care, includ-
ing severe and complicated malaria, who were not seen at 
the outpatient department of the two study sites but were 
seen and admitted in the emergency department.

After obtaining informed consent, finger-prick capil-
lary blood samples were obtained to prepare thick and 
thin blood smears and perform rapid diagnostic test 
(RDT) for malaria. About 100 μL of capillary blood were 
spotted on Whatman 3MM filter paper and air dried (GE 
Healthcare Europe GmbH, Freiburg im Breisgau, Ger-
many) for diagnosis by polymerase chain reaction (PCR). 
During medical consultation, each adult patient or one of 
the accompanying parents (or legal guardian) of the sick 
child under 18 years old was interviewed using a stand-
ard, pretested questionnaire covering socio-demographic 
data, including a detailed recent travel history outside 
Nouakchott and bed net ownership and use.

Malaria diagnosis
Malaria parasite was detected using RDT, micro-
scopic examination of blood smears, and PCR. RDT for 
malaria was performed using Standard Diagnostics Bio-
line malaria antigen Pf/Pan test (Standard Diagnostics/
Abbott, Park, IL, USA) according to the manufacturer’s 
instructions. This RDT detects P. falciparum-specific 
histidine-rich protein 2 (PfHRP-2), referred to as the “Pf 
band,” and Plasmodium genus-specific lactate dehydro-
genase (pLDH), referred to as the “Pan band.” Patients 
with RDT-positive result were treated, free of charge, 
with artemisinin-based combination therapy (ACT), 

according to the national policy for malaria case man-
agement recommended by the Mauritanian National 
Malaria Control Programme (NMCP).

Microscopic identification and quantification of 
asexual malaria parasites were performed using 5% 
Giemsa-stained blood smears according to the standard 
technical procedures recommended by the World Health 
Organization (WHO) [23, 24]. Asexual parasites were 
counted against at least 200 white blood cells (WBC) 
in thick smears, and parasite density was expressed as 
the number of asexual parasites/µL of blood, assuming 
8000  WBC/µL of blood. Laboratory diagnosis based on 
RDT and microscopy was performed on-site to guide cli-
nicians in selecting the most appropriate treatment.

The template DNA for parasite identification by PCR 
was extracted from dried filter paper using the Chelex 
method [25]. Molecular identification of Plasmodium 
species was determined retrospectively in the research 
laboratory of the University of Nouakchott by nested 
PCR protocol developed by Snounou et  al. [26] to con-
firm the results of RDT and microscopy. The primer 
sequences used in the first (genus-specific) and second 
(species-specific) rounds of PCR amplification of the 18S 
ribosomal RNA gene and PCR conditions were published 
earlier [13]. DNA extracted from blood samples of con-
firmed cases of P. falciparum, Plasmodium malariae, 
Plasmodium ovale or P. vivax infection served as posi-
tive controls. The results of RDT, microscopy, and PCR 
were blinded with respect to each other. In the present 
study, laboratory diagnosis was limited to the detection 
of malaria parasites. Patients with a negative malaria test 
(microscopy and RDT) were referred to the attending 
physician for further diagnostic procedures. The clinical 
records of these malaria-negative patients were not avail-
able for further analysis of other infectious agents due 
to restrictions imposed by the consent form and ethical 
clearance limited to the study of malaria. Likewise, analy-
sis of blood samples from patients with a positive malaria 
test (microscopy and/or RDT) was limited to malaria due 
to ethical constraints.

Environmental data collection
Data on monthly rainfall were collected by the Mauri-
tanian meteorological service and made available to the 
general public through the government meteorological 
office. Data concerning the evolution in the number of 
users connected to the water distribution network man-
aged by National Water Distribution Company (“Société 
Nationale de distribution d’Eau” SNDE) and the public 
standpipes in Nouakchott before and after the launching 
of the Aftout Essahli project in 2010 were obtained from 
SNDE.
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Statistical analysis
Data were entered into an Excel spreadsheet (Microsoft 
Office Excel 2007, Microsoft Corporation, Redmond, 
WA). Descriptive statistics (frequencies, means, stand-
ard deviation, and percentages) of malaria prevalence 
(defined in this study as malaria positivity among febrile 
patients), rainfall pattern, and travel history was analysed 
using Microsoft Excel (Microsoft Corporation; Red-
mond, WA). The prevalence of malaria burden by sex, 
ethnic groups, and age groups, as well as the frequency 
of reported use of bed net, was compared by Fisher’s 
exact test using GraphPad  InStat® software, version 3 
for Macintosh (GraphPad software Inc., San Diego, CA). 
The proportions of PCR-positive blood samples and the 
proportions of P. vivax-positive PCR over the successive 
years were compared by the chi-square test for trends 
using GraphPad  InStat®. A simple linear regression anal-
ysis was performed after evaluating linearity (run test 
procedure) to assess the relationship between rainfall 
pattern and malaria prevalence using Microsoft Excel, 
GraphPad InStat, and GraphPad Prism 3, and Pearson’s 
correlation coefficient (r) was calculated. The level of sig-
nificance was set at two-sided P < 0.05.

Ethical considerations
The study protocol was reviewed and approved by the 
Institutional Ethics Committee of the Université de 
Nouakchott (formerly called Université de Nouak-
chott Al-Aasriya), Nouakchott, Mauritania (Approval 
No. 112/12-09-2014/USTM, 003/2020/CE/UNA) and 
the Institutional Ethics Review Board of the Institut 

de Recherche pour le Développement (IRD), Marseille, 
France (Comité consultatif de déontologie et d’éthique 
approval 15/12/2012). Informed written/oral consent 
from adult patients or the parents or legal guardians of 
children was obtained before blood collection.

Results
Characteristics of enrolled patients
Between January 2015 and December 2020, a total of 
1,760 adult and paediatric febrile patients with a clini-
cal suspicion of malaria were screened on-spot for 
malaria using RDT and microscopic examination of 
blood smears and later confirmed by PCR. The num-
bers of screened patients per year varied between 103 
(5.8%) in 2017 and 459 (26.1%) in 2015 (Table 1).

The majority of the participants (687/1760; 39%) 
were adults aged ≥ 20  years, followed by children 
aged < 5 years old (494/1760; 28%). The age of the study 
population ranged from 1  month to 87  years old. The 
proportion of females (50.8%; 894/1760) was closely 
similar to that of males (49.2%; 866/1760) during the 
six-year study period despite the fact that one of the 
sentinel sites (CHME) was specialized for mothers. The 
sex-ratio was 0.97. The majority of screened patients 
(71.8%; 1263/1760) belonged to the white Moorish 
ethnic group. Patients of black Moorish or black Afri-
can ancestry (Pular, Soninke and Wolof ) represented 
22.3% (392/1263) and 5.9% of the study population, 
respectively.

Table 1 Characteristics of patients with a clinical suspicion of malaria included in the study

a Data are expressed as the number (N) and % in parentheses. The last column (2015–2020) presents the total number (%) of febrile patients with the corresponding 
characteristics
b The group referred to as “black Africans” denotes those who belong to Pular, Wolof, or Soninké ethnic groups, each of whom is characterized by a distinct dialect 
(Pular, Wolof, and Soninké dialects, respectively)

Characteristicsa 2015 2016 2017 2018 2019 2020 2015–2020

N (%) 459 (26.1) 325 (18.5) 103 (5.8) 192 (11.0) 402 (22.8) 279 (15.8) 1760 (100)

Sex

 Male 258 (56.2) 173 (53.2) 57 (55.3) 108 (56.3) 171 (42.5) 99 (35.5) 866 (49.2)

 Female 201 (43.8) 152 (46.8) 46 (44.7) 84 (43.7) 231 (57.5) 180 (64.5) 94 (50.8)

Age group (yrs)

  < 5 68 (14.8) 141 (43.4) 54 (52.4) 64 (33.3) 61 (15.2) 106 (38.0) 494 (28.0)

 5–9 67 (14.6) 47 (14.4) 11 (10.6) 14 (7.3) 21 (5.2) 16 (5.7) 176 (10.0)

 10–14 53 (11.5) 37 (11.4) 14 (13.6) 35 (18.2) 66 (16.4) 46 (16.5) 251 (14.3)

 15–19 45 (9.8) 10 (3.1) 2 (2.0) 23 (12.0) 53 (13.2) 19 (6.8) 152 (8.6)

  ≥ 20 226 (49.2) 90 (27.7) 22 (21.3) 56 (29.1) 201 (50.0) 92 (32.9) 687 (39.0)

Ethnic  groupb

 White Moors 374 (81.5) 236 (72.6) 72 (69.9) 128 (66.6) 264 (65.7) 189 (67.7) 1263 (71.8)

 Black Moors 62 (13.5) 69 (21.2) 24 (23.3) 55 (28.6) 105 (26.1) 77 (27.6) 392 (22.3)

 Black Africans 23 (5.0) 20 (6.1) 7 (6.8) 9 (4.7) 33 (8.2) 13 (4.6) 105 (5.9)
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Malaria prevalence, Plasmodium species, and travel history
The global prevalence of malaria (i.e. malaria positiv-
ity among febrile patients) based on the results of RDT, 
microscopy, and PCR was 15.5% (274/1760), 14.5% 
(256/1760), and 16.5% (291/1760), respectively, during 
the study period 2015–2020 (Table 2). As expected, PCR 
detected the highest number of malaria-positive sam-
ples. Among 291 PCR-positive cases, 216 (74.2%) were 
due to P. vivax, 47 (16.1%) to P. falciparum, and 28 (9.6%) 
to P. falciparum-P. vivax mixed infections. Plasmodium 
malariae and P. ovale were not observed among PCR-
positive samples. There was a statistically significant 
decline in malaria prevalence based on PCR from 2015 to 
2020 (χ2 for trend, 88.3; 1 degree of freedom; P < 0.0001). 
However, analysis of the proportions of P. vivax-positive 
(monoinfection P. vivax or mixed P. falciparum-P. vivax 
infection) PCR to PCR-positive P. falciparum monoinfec-
tion did not show any significant linear trend during the 
study period (χ2 for trend, 0.0000751; 1 degree of free-
dom; P = 0.993), suggesting the predominance of P. vivax 
over P. falciparum during the entire study period. The 
geometric mean parasite density per year varied between 
1100 asexual parasites/μl of blood in 2018 and 3060 asex-
ual parasites/μl of blood in 2017, with an overall geomet-
ric mean of 1480 asexual parasites/μl of blood during the 
entire study period (2015–2020).

Of 1760 included patients, information on travel his-
tory was available in 1658 (102 missing data, 10 from 
patients with PCR-positive P. falciparum-P. vivax 
mixed infections and 92 from PCR-negative patients). 
As the endemicity of P. vivax malaria in Nouakchott 
has already been established since two decades [7], 
in this study, the travel history of P. falciparum-pos-
itive patients, either as a monoinfection or mixed P. 

falciparum-P. vivax infection, was analysed (Table  3). 
Of 47 patients diagnosed with P. falciparum mono-
infection during the study period (2015–2020), 29 
(61.7%) reported a recent journey (i.e., less than 
1  month before consultation) to the southern regions 
of the country where P. falciparum malaria is known 
to be endemic. Two of 29 patients returned from a trip 
to Côte d’Ivoire and Mali, where P. falciparum malaria 
is highly endemic, and transmission is generally sta-
ble throughout the year. However, 18 of 47 (38.3%) 
patients, including four children under 3 years old, had 

Table 2 Malaria prevalence, Plasmodium species, and parasite density in Nouakchott (2015–2020)

a Data are expressed as the number (N) and % in parentheses (the denominator is the total number of screened patients per year shown in the first row) for malaria 
prevalence determined by different diagnostic tools and Plasmodium species determined by PCR (Pv, P. vivax monoinfection; Pf, P. falciparum monoinfection; Pf-Pv, P. 
falciparum-P. vivax mixed infection). The last column (2015–2020) presents the total number (%) of malaria-positive patients with each diagnostic tool and distribution 
of Plasmodium species during the entire study period (2015–2020). PCR did not detect any P. ovale or P. malariae. Parasite density denotes the geometric mean 
parasite density, expressed as the number of asexual parasites per µL of blood. The parasite density in 2020 (935 asexual parasites/µL) is based on a single smear-
positive sample

Characteristicsa 2015 2016 2017 2018 2019 2020 2015–2020

N (%) 459 (26.1) 325 (18.5) 103 (5.8) 192 (11.0) 402 (22.8) 279 (15.8) 1760 (100)

Malaria-positive

 RDT 166 (36.1) 63 (19.3) 5 (4.8) 23 (11.9) 17 (4.2) 0 274 (15.5)

 Microscopy 131 (28.5) 52 (16.0) 5 (4.8) 33 (17.1) 34 (8.4) 1 (0.3) 256 (14.5)

 PCR 134 (29.2) 64 (19.7) 5 (4.8) 29 (15.1) 53 (13.2) 6 (2.1) 291 (16.5)

Plasmodium spp.

 Pv 107 (79.8) 30 (46.9) 5 (100) 21 (72.4) 49 (92.5) 4 (66.6) 216 (74.2)

 Pf 18 (13.4) 15 (23.4) 0 8 (27.6) 4 (7.5) 2 (33.3) 47 (16.1)

 Pf–Pv 9 (6.7) 19 (29.7) 0 0 0 0 28 (9.6)

 Parasite density 1250 2540 3060 1100 1730 935 1480

Table 3 Travel history of patients with PCR-confirmed malaria

Patients were classified as those with PCR-confirmed P. falciparum 
monoinfection (Pf ), those with PCR-confirmed P. falciparum–P. vivax mixed 
infection (Pf–Pv), P. vivax monoinfection (Pv), and PCR-negative. Data are 
expressed as the number of patients with or without travel history outside 
Nouakchott. Travel history was classified as “no travel” for patients who had 
never travelled outside Nouakchott, “travel < 1 mo” for patients who had 
travelled outside Nouakchott any time within one month before consultation, 
and “travel > 1 mo” for patients who had travelled outside Nouakchott, including 
foreign countries, more than one month before consultation
a Regions where the patients travelled to include Hodh Echarghi (n = 14), Hodh 
Elgharbi (n = 7), Brakna (n = 2), Assaba (n = 2), Trarza (n = 1), and Nouadhibou 
(n = 1). One patient travelled to Côte d’Ivoire; another travelled to Mali
b Regions visited by these patients before consultation include: Hodh Echarghi 
(n = 5), Hodh Elgharbi (n = 2), Trarza (n = 4), Nouadhibou (n = 2), Guidimagha 
(n = 1), Gorgol (n = 1), and Tagant (n = 1)
c Information on travel history was missing in 10 of 28 patients with P. 
falciparum-P. vivax mixed infections and in 92 of 1469 PCR-negative individuals

Plasmodium spp. Travel < 1 mo Travel > 1 mo No travel Total

Pf 29a 0 18 47

Pf–Pv 16b 1 1 18c

Pv 10 48 158 216

PCR-negative 108 121 1148 1377c

Total 163 170 1325 1658
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not travelled outside Nouakchott, suggesting a prob-
able local transmission of P. falciparum in Nouakchott 
itself. Of 28 patients with mixed P. falciparum-P. vivax 
infections, information on travel history was available 
in 18 of them, of whom 16 (88.9%) had a travel history 
to various regions in the country, including 2 patients 
who had recently visited Nouadhibou in the north-
ern Saharan zone where there are no reliable data on 
malaria epidemiology. The results suggested a statisti-
cally significant association (relative risk, 9.346; 95% 
confidence interval, 7.370–11.852; P < 0.0001) between 
a recent travel history (i.e. < 1  month before consulta-
tion) and P. falciparum monoinfection or P. falciparum-
P. vivax mixed infection, compared to those with either 
P. vivax monoinfection or PCR-negative result.

Prevalence of P. vivax in relation to age, sex, and ethnic 
groups
The number of PCR-confirmed P. vivax monoinfections 
by age, sex, and ethnic group during the study period is 
summarized in Table 4. There were a total of 216 PCR-
positive P. vivax monoinfections. Adults ≥ 20 years were 
most affected (110/216; 51.0%), followed by the age 
group of 10–14 years old (33/216; 15.3%) and under five 
children (32/216; 14.8%). Analysis of data by two cat-
egories, adults (> 20 years old) versus children and ado-
lescents (< 20  years old), suggested a higher proportion 
of adults infected with PCR-confirmed P. vivax (110/687; 
16.0%) than in children and adolescents (106/1073; 9.9%) 
(P = 0.0002). Of 216 PCR-confirmed P. vivax malaria 
cases, 128 (59.3%) and 88 (40.7%) were in males and 
females, respectively. The difference in the proportions 
of PCR-positive P. vivax between males and females was 
statistically significant (P = 0.0018), indicating that a 
higher proportion of males were infected with P. vivax. 
White Moors were relatively more affected in number by 
P. vivax monoinfection (166/1760 total sample popula-
tion; 9.4%) than black Moors and black Africans pooled 
together (50/1760; 2.8%) due to their overrepresentation 
in this patient population, but this difference in pro-
portions was not statistically significant (P = 0.0765). 
Separate analysis showed that the difference in the pro-
portions of PCR-positive P. vivax was not statistically 
significant between white Moors (166/1263, 13.1%) and 
black Moors (44/392; 11.2%) (P = 0.340), but the differ-
ence was statistically significant between white Moors 
(9.4%) and black Africans (6/99; 6.1%) (P = 0.0305). The 
present study showed that male adults belonging to white 
or black Moor ethnic groups were the most affected by P. 
vivax monoinfection.

Monthly and annual malaria prevalence
The monthly prevalence of malaria infections over a 
six-year period suggested that P. vivax monoinfections 
occurred throughout the year, but they were more fre-
quent towards the end of the rainy season (i.e., Septem-
ber) and for a few months following the end of the rainy 
season (October, November and December), with the 
peak occurring in November (Fig. 2). By contrast, P. falci-
parum cases were detected mostly at the end of the rainy 
season (September) and the peak transmission occurred 
in October.

The analysis of yearly data showed that the propor-
tions of malaria positivity consistently declined from 
29.2% (134/291) in 2015 to 2.1% (6/291) in 2020 (Table 2). 
During the same period, the amount of annual rain-
fall also decreased from 116  mm in 2015 to 62  mm in 
2020. Regression analysis showed that a linear model is 
appropriate for the data (probability of departure from 

Table 4 P. vivax monoinfections by age, sex, and ethnic groups 
in Nouakchott, 2015–2020

Data are expressed as the number of PCR-confirmed P. vivax-infected patients 
and % in parentheses. There were a total of 216 PCR-confirmed P. vivax 
monoinfections

For statistical analysis, the age groups < 5, 5–9, 10–14, and 15–19 years old were 
pooled and considered as “children and adolescents” for comparison to “adults” 
(> 20 years old). The difference in the proportions of P. vivax monoinfections in 
children and adolescents (106/1073, 9.9%) and in adults (110/687, 16.0%) was 
statistically significant (P = 0.0002). The difference in the proportions of males 
and females with P. vivax was statistically significant (P = 0.0018)

The ethnic groups, Black Moors and black Africans, were pooled together into a 
single group and compared to white Moors. The difference was not statistically 
significant (P = 0.0765). The ethnic groups were also compared separately, 2 
by 2. The difference in the proportion of white Moors infected with P. vivax 
monoinfection (9.4%) and that of black Africans with P. vivax monoinfection 
(6.1%) was statistically significant (P = 0.0305). There was no statistically 
significant difference between white and black Moors (P = 0.340)

Characteristics PCR-positive P. 
vivax infections

Age group (years)

  < 5 32 (14.8)

 5–9 18 (8.3)

 10–14 33 (15.3)

 15–19 23 (10.6)

  ≥ 20 110 (51.0)

 Total 216

Sex

 Male 128 (59.3)

 Female 88 (40.7)

Ethnic group

 White Moors 166 (76.8)

 Black Moors 44 (20.4)

 Black Africans 6 (2.8)
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linearity, P = 0.900), and based on the best-fit values, a 
strong positive correlation between the amount of rain-
fall and malaria prevalence was observed (Pearson cor-
relation coefficient, r = 0.853;  r2 = 0.727; P = 0.031), 
suggesting an association between decreasing amount of 
rainfall and decreasing malaria prevalence from 2015 to 
2020 in Nouakchott (Fig. 3).

Bed net ownership and use
Of 1760 patients, information on bed net use was avail-
able from 582 (33%) of them. Almost three times as many 
febrile patients reported that they do not own or use bed 
nets (426/582; 73.2%) as those who reported to own and 
use bed nets that were either treated with insecticide or 
not (156/582; 26.8%). The proportions of malaria-positive 
patients who reported to be bed net users (25.0%; 39/156) 
and those who were malaria-positive and non-users of 

bed nets (20.6%; 88/426) did not reach a significant differ-
ence (P = 0.2597). Because of the large number of missing 
data, however, the information provided here may not be 
very reliable.

Discussion
The present work is a follow-up longitudinal study span-
ning over six years on the evolution of malaria prevalence 
among febrile patients consulting spontaneously at two 
sentinel sites in Nouakchott. The majority of patients 
with PCR-confirmed malaria were due to P. vivax, which 
occurred more frequently in adult males ≥ 20  years old, 
in agreement with the results reported in earlier stud-
ies conducted in Nouakchott [8, 12, 13, 22]. The differ-
ence in malaria prevalence between age groups and sex 
is probably associated with behavioural and occupational 
differences, but studies on social and behavioural aspects 
related to malaria risk and knowledge, attitude, and per-
ception survey have not been performed in Mauritania to 
explain this difference. Although the current proportions 
of different ethnic groups are not known in the country, 
white Moors (71.8% vs 22.3% black Moors and 5.9% black 
Africans) were overrepresented in the patient population 
of the present study. White Moors were affected more 
frequently (76.8%) by P. vivax malaria than the other eth-
nic groups present in the country. This finding confirms 
that of earlier studies conducted not only in Nouakchott, 
but also in other sentinel sites in the country [9, 15, 22]. 
The results are consistent with the hypothesis that Duffy 
antigen is the major receptor necessary for the entry of 
P. vivax merozoites into reticulocytes and with the fact 
that > 50% of white Moors are Duffy-positive and 98% 
of black Africans are Duffy-negative [27, 28]. Further-
more, the data presented in the present study also sug-
gested that P. vivax can also infect black Moors and black 
Africans, the majority of whom are known to be Duffy-
negative [27, 29]. Further studies would be necessary to 
update epidemiological data on Duffy antigen in different 
ethnic groups in Mauritania and evaluate to what extent 
the presence of Duffy antigen is required for P. vivax 
malaria to occur.

The update presented in the present study fills an 
important gap in the epidemiological data on malaria in 
Mauritania and highlights the current malaria situation 
in the capital city of Mauritania. For centuries, Nouak-
chott had been a small fishing village with no particular 
history attached to it. Until the accession of Maurita-
nia to independence in 1960, there were at most 500 
permanent residents in Nouakchott (more precisely, in 
“Ksar,” a historical district of Nouakchott) [30]. Nouak-
chott was chosen as the capital of a new nation in 1960. 
Since then, the process of urbanization in Nouak-
chott has been intense and unbridled, to the point of 

Fig. 2 Monthly distribution of PCR-positive malaria-infected patients 
in Nouakchott. Data from 2015–2020 were pooled by month

Fig. 3 Trend of malaria prevalence and rainfall pattern in Nouakchott 
from 2015 to 2020. The annual rainfall and the annual prevalence 
of PCR-confirmed malaria showed a linear relationship (probability 
of departure from linearity, P = 0.900) and a statistically significant 
correlation (Pearson correlation coefficient r = 0.853; goodness of fit, 
 r2 = 0.727; two-tailed P = 0.031; y = 2.235x + 47.511)
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becoming by far the largest city, not only in Maurita-
nia, but also in the Sahara Desert today [31, 32]. The 
rapid pace of urbanization in Nouakchott was largely 
fueled by a massive rural exodus following the major 
long-lasting drought in the Sahel region in southern 
Mauritania during the 1970s and 1980s, resulting in an 
overcrowded city and leading to multiple challenges 
in urban organization. One of the most pressing prob-
lems that confronted the newly independent nation 
since 1960 concerned both scarcity and quality of safe 
potable water supply for the rapidly increasing urban 
populations. To palliate this problem, several public 
potable water fountains have been established to supply 
clean water that was pumped from the Idini aquifer’s 
well field, 60  km east of Nouakchott to newly settled 
populations residing in the slums surrounding the city 
centre. However, inadequate management of these 
water points have created stagnant water around them, 
resulting in the creation of breeding sites for mosqui-
toes, particularly Anopheles gambiae sensu lato (s.l.), 
but also Aedes aegypti [18, 33]. To bring about a more 
permanent solution to the problem of chronic water 
shortage in the capital city with an ever-growing popu-
lation, in 2010, the Mauritanian government launched 
the Aftout Essahli project. While the project is at pre-
sent in an advanced stage of implementation in Nouak-
chott and undoubtedly represents a major achievement 
for many Nouakchott residents, on the negative side of 
the ledger, the higher pressure and the age of the net-
work have also increased the number of leaks and crea-
tion of additional mosquito larval habitats [18, 34].

During the last two decades, several studies had been 
conducted to assess the epidemiology of malaria in 
Nouakchott, mostly during the period between 2007 
and 2013, which coincides with the commencement of 
the Aftout Essahli project. Some reported a high preva-
lence of malaria among febrile patients in health facilities 
in Nouakchott [8, 13, 22]. However, there has been no 
follow-up study since 2013 to produce an accurate and 
comprehensive estimate of malaria prevalence in the city, 
particularly after the completion of the Aftout Essahli 
project. The results of the present study address and fill 
this data gap, at least in part.

The longitudinal data from 2015 to 2020 suggest several 
key epidemiological features: (i) after the occurrence of a 
high prevalence of P. vivax infections to “epidemic pro-
portions” in 2012–2013 among febrile patients, there is a 
clear trend towards a declining prevalence due to malaria 
(both P. vivax and P. falciparum) from 2015 onwards, 
even though the decline is not uniform year to year; (ii) 
P. vivax still remains predominant in Nouakchott; (iii) 
both P. falciparum and P. vivax malaria occur during a 
relatively short, well-defined period, i.e. at the end of, and 

just after the rainy season (September–December), but 
only P. vivax continues to be present throughout the rest 
of the year during the dry season, with the exception of 
very few cases of P. falciparum infection; and (iv) surpris-
ingly, despite the absence of an entomological proof at 
present, the data presented in this study seem to suggest 
a local transmission of P. falciparum.

The two sentinel sites where many of the previous 
works on malaria had been conducted draw patients 
from the districts (Teyarett and Dar naim districts) where 
Anopheles mosquitoes abound and P. vivax epidemics 
were notified and demonstrated in 2012–2013 [7, 35, 36]. 
In an earlier study conducted in Nouakchott in 2009–
2010, it was reported that 34.9% (105 of 301) of samples 
from febrile children included in three health centres, 
including Teyarett health centre, were PCR-positive 
(97.1% P. vivax and 2.9% P. falciparum) [22]. During the 
2012–2013 malaria epidemics, almost 5,000 cases, rep-
resenting 54% of clinically suspected malaria cases, were 
diagnosed as P. vivax malaria by RDT in Teyarett health 
centre alone, mostly during the months of September or 
October to December [16]. In that study, only P. vivax 
was detected, despite the use of government-approved 
PfHRP2/pLDH-based RDT and confirmation by PCR.

In another study conducted during the same period 
(2015–2016) as the present study in Atar, a city located in 
the Saharan zone to the north of Nouakchott, the perfor-
mance of the RDT was assessed in comparison to nested 
PCR [9]. Malaria epidemiology in Atar is similar to that of 
Nouakchott, with a clear predominance of P. vivax over P. 
falciparum. The sensitivity and the specificity of the RDT 
to detect P. vivax were 63% and 99%, respectively. Despite 
the relatively low sensitivity to detect P. vivax using RDT, 
most probably due to generally low parasitaemia encoun-
tered in Mauritanian patients, data interpretation in the 
present work was based on the results of PCR to offset 
this technical limitation.

Based on the assumption that similar types of patients 
were screened and included in the present study from the 
same sentinel sites, it can be observed that the number of 
symptomatic patients with a clinical suspicion of malaria 
declined considerably in 2015–2020 (range, 103 to 459 
patients per year; see Table 2 for details) despite a con-
tinuous, year-long monitoring for 6  years. More impor-
tantly, the mean proportion of PCR-confirmed malaria 
declined from 34.9% in 2009–2010 to 16.5% in 2015–
2020. Several plausible explanations can be given.

First, as shown in the analysis of malaria prevalence 
and the amount of annual rainfall, a climate change 
characterized by a relatively reduced rainfall during the 
period 2015–2020 is highly correlated with decreas-
ing malaria prevalence among febrile patients. By 
contrast, the unusually high amount of precipitation 
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recorded in Nouakchott in 2009, 2010, and 2013 (130–
195  mm, compared to the average annual precipita-
tion of 79  mm in 2015–2020) probably contributed to 
increase malaria transmission in the early 2010s. In 
addition, floods occurred in the city in 2010 and 2013 
[37]. Because of the absence of a water evacuation 
system, the city remained flooded for several weeks, 
or even months in some districts, during those years. 
The 2012–2013 P. vivax epidemics in Nouakchott can 
at least in part be ascribed to the large-scale flooding 
of the city just before the malaria transmission season 
[16]. Unusual variations and decrease in the annual 
rainfall have been recorded in Nouakchott in 2015–
2020. The climate change, as well as the rising water 
table resulting in salty water pools seeping through the 
soil in areas below sea level, had a direct influence on 
the stability and productivity of anopheline larval habi-
tats in Nouakchott, favouring the creation of highly 
saline water bodies [37]. Although some An. arabien-
sis populations have adapted to saline habitats, overall, 
the increased salinity resulted in decreased anopheline 
mosquitoes.

Second, a new water distribution system was installed 
in the capital city during the 2010s. In the early 2010s, 
public standpipes and water distribution using water 
tanks drawn by donkeys (a common scene in Teyarett-
Dar naim districts) have been directly implicated in the 
creation of artificial mosquito larval habitats in these 
districts [18]. Despite initial technical problems leading 
to frequent leakage few years after the launching of the 
Aftout Essahli project in 2010, the completion of the 
potable water supply project in Nouakchott resulted in 
a considerable reduction in the number of public stand-
pipes in Teyarett, Dar naim, and Ksar districts from 72 
in 2013 (9 in Ksar, 23 in Teyrett, and 40 in Dar naim) 
to only 29 (i.e. 59.1% decrease) in 2020 (1 in Ksar, 10 
in Teyarett and 18 in Ksar). During the same period, 
there was an overall increase in the number of house-
holds connected to the SNDE water supply network in 
Nouakchott, from 53,423 in 2013 to 135,723 in 2020, 
corresponding to an increase of 60.6%. The expansion 
and improvement of water distribution network, possi-
bly along with increasing environmental pollution, have 
been associated with changing distribution of mos-
quito species. An epidemiological study conducted at 
that time showed that about 39–44% of indoor resting 
mosquitoes captured by pyrethrum spray catch in the 
morning or captured by light traps at night in Teyarett 
district in 2011–2013 belonged to Anopheles spp. (the 
rest of the specimens were Culex spp. or Aedes spp.) 
[14]. By contrast, in an entomological survey conducted 
at several sites near Teyarett and Dar naim districts 
in Nouakchott in 2016–2017, only 2.5% (41/1600) of 

indoor resting mosquitoes were An. arabiensis (the oth-
ers included Aedes aegypti [26%], Anopheles multicolor 
[0.7%], and Culex spp. [70.7%]) [37]. The available ento-
mological data tend to support the observation that the 
proportion of An. arabiensis among captured mosquito 
specimens in Nouakchott seems to have decreased dur-
ing the 2010s.

Third, the Mauritanian Ministry of Agriculture and 
Ministry of Health had carried out a mass campaign of 
outdoor residual spraying of insecticides in different 
districts of Nouakchott in 2015 and 2016 in response to 
the mounting levels of complaints from residents due 
to nuisance caused by mosquitoes and houseflies [38]. 
Although numerous anecdotal accounts of the residents 
have suggested that spraying has resulted in a drastic 
diminution of mosquitoes and houseflies, unfortunately, 
rigorous scientific studies designed to measure the 
impact of spraying were not performed.

Fourth, because well-trained microscopists are rare in 
the country, the use of RDT has been resorted to mas-
sively since its introduction to the country in the early 
2010s. The supply of RDT and ACT is subsidized through 
the Global Fund, and RDT-based diagnosis, as well as 
ACT for RDT-positive patients, is supposed to be pro-
vided free of charge to patients consulting public health 
centres [39]. The real impact of Global Fund programme 
for Mauritania has not been evaluated, precluding the 
possibility of drawing any conclusion with regards to 
the improvement of diagnosis and treatment as one of 
the possible causes of declining malaria prevalence in 
Nouakchott.

Fifth, another factor to take into consideration is the 
government initiative for a mass distribution of insecti-
cide-impregnated bed nets and increased awareness of 
the residents through health education, possibly lead-
ing to an increased use of bed nets to protect pregnant 
women and young children and thereby reduce malaria 
prevalence. This initiative is also subsidized by the Global 
Fund, but its impact has not been assessed. In reality, 
however, bed net distribution in Nouakchott has been 
limited to pregnant women during a limited period of 
campaign period. This observation is indirectly supported 
by the results of the present study in which many of the 
participants (426/582, 73.2%), who did not include preg-
nant women, reported that they do not use or even own a 
bed net. Despite the emergence of malaria in Nouakchott 
and subsequent increase in prevalence during the 2000s 
and early 2010s [40], the Mauritanian NMCP has decided 
to distribute bed nets in priority areas situated in south-
ern Mauritania, outside Nouakchott. However, even in 
the Sahelian zone with high prevalence of P. falciparum, 
close to one-third of febrile patients reported that they 
did not own or use bed nets in their household, and the 
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reported use of bed nets did not reduce the probability of 
being infected by malaria [10]. The limited data available 
indicate that the coverage of bed net distribution has not 
reached an adequate level to have any impact on malaria 
prevalence in the country.

Sixth, another possible cause of the declining propor-
tion of febrile illness attributable to laboratory-confirmed 
malaria is the emergence of other febrile illnesses that 
may mimic the clinical presentation of uncomplicated 
malaria in Nouakchott. For example, dengue fever was 
unknown in Nouakchott before 2014. In 2014  the pres-
ence of mosquito vector of dengue virus, Aedes aegypti, 
was identified for the first time in Nouakchott [33]. In the 
same year, the first known dengue epidemic broke out in 
Nouakchott [41]. According to anecdotal evidence, some 
Nouakchott adult residents have had febrile illness with 
a negative result for RDT for malaria but positive RDT 
for dengue. Furthermore, since 2014, dengue epidemics 
have been reported almost annually from different parts 
of the country. Another example is coronavirus disease 
2019 (COVID-19) pandemic due to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). The country 
has been affected by COVID-19 epidemic from March 
2020 [42]. According to the data presented in Table  2, 
blood samples collected in 2020 had the lowest preva-
lence (2.1%) of PCR-confirmed malaria during the study 
period (2015–2020). Unfortunately, malaria RDT-nega-
tive febrile patients were not followed and medical infor-
mation of the patients included in the present study on 
possible SARS-CoV-2 viral infection is not available since 
the latter was not covered by the study protocol and lied 
outside the scope of the ethical clearance and informed 
consent.

The reduction of malaria prevalence in Nouakchott in 
2015–2020 can be ascribed mostly to the complex inter-
action of ecological, environmental, and meteorological 
modifications, with possibly an unknown impact due to 
the outdoor residual spraying in 2015–2016, more than 
due to specific malaria interventions based on preven-
tion, diagnosis, and treatment. As observed in earlier 
studies conducted in Nouakchott [13, 14, 22], P. vivax is 
still the predominant malaria species in the capital city 
with no obvious change in the tendency of P. vivax-to-P. 
falciparum ratio (roughly 3:1 or 75% P. vivax). In Nouak-
chott, until proven otherwise, malaria parasites are trans-
mitted exclusively by An. arabiensis, which can transmit 
both P. vivax and P. falciparum, as demonstrated in other 
African countries where P. vivax and P. falciparum are 
sympatric [43–45]. It is therefore not easy to understand 
why P. falciparum has been responsible for only a minor-
ity of malaria infections in Nouakchott until present. 
Elsewhere in southern Sahelian zone of the country (e.g., 
Kobeni, Kiffa, Rosso), where An. arabiensis is also the 

major malaria vector, P. falciparum predominates [8, 10, 
11, 14, 46, 47].

Earlier works performed in Nouakchott in 2009–2013 
have reported either total absence or few cases of P. falci-
parum in the capital city [8, 13, 14, 16, 22]. Moreover, the 
peak transmission period for P. falciparum was consist-
ently 1 month earlier (i.e. in October) than that of P. vivax 
(peak in November) during the six-year study period. 
This time offset corresponds to the rainy season in the 
Sahelian south which begins earlier (June or July) than in 
the Saharan zone where Nouakchott is situated (August 
or September) [10]. This observation is also in agreement 
with (i) the results of the present study which showed 
that the majority of P. falciparum-infected patients 
(69%, including P. falciparum-P. vivax mixed infections) 
reported travel to regions in southern Mauritania where 
P. falciparum (also P. vivax to a lesser extent) is endemic 
less than 1 month before consultation and (ii) also with 
the hypothesis that P. falciparum malaria is allochtho-
nous in Nouakchott. This unproven hypothesis is plausi-
ble due to the regular travels of local populations to and 
from the capital city to localities in southern region, both 
for personal reasons related to family ties and business. 
The road transportation system that links the capital city 
to various cities and towns in P. falciparum endemic zone 
is not dense and extensive, but it is efficient for relatively 
rapid transportation. However, on the contrary, the data 
in the present study also suggest the occurrence of a local 
transmission of P. falciparum in Nouakchott. Close to 
one-third of patients with PCR-confirmed P. falciparum, 
alone or mixed with P. vivax, denied having travelled 
outside Nouakchott. Because P. falciparum is undoubt-
edly present in Nouakchott and few cases may be mixed 
P. falciparum-P. vivax infections, which may possibly be 
misdiagnosed by RDT or microscopy, an accurate diag-
nosis of malaria species and appropriate treatment are 
required even though, from the medical and ethical view-
point, a pragmatic approach to case management may 
be to consider all laboratory-confirmed malaria cases as 
potentially fatal falciparum malaria. Based on the avail-
able evidence, it can be hypothesized that P. falcipa-
rum malaria diagnosed in Nouakchott has been cases 
of imported malaria from the Sahelian southern regions 
of the country and that this malaria species is still in the 
process of becoming endemic in the capital city. Further 
studies will be required to prove this hypothesis, in par-
ticular by detecting P. falciparum in the salivary glands 
of An. arabiensis captured in Nouakchott. In addition to 
entomological surveys, a long-term regular parasitologi-
cal surveillance would be necessary to assess malaria bur-
den due to P. falciparum in Nouakchott.

The surveillance system to gather epidemiological 
data, as described in this work, has several limitations. 
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The evaluation of malaria burden was limited to symp-
tomatic patients presenting spontaneously at the sentinel 
sites in Nouakchott. Because patient recruitment was 
performed in an out-patient setting, a possible occur-
rence of severe and complicated P. vivax malaria was not 
evaluated in the present study. In addition, in a passive 
surveillance the malaria situation in the general popula-
tion in Nouakchott, in particular asymptomatic relapse 
or carriage of malaria parasites, cannot be evaluated. The 
patient’s clinical record in health centres and hospitals is 
not computerized, and the patients do not possess any 
written clinical record of past illnesses. A patient’s past 
history on malaria infections and information on pos-
sible malaria reinfections or relapse during the six-year 
surveillance period cannot be assessed. Moreover, data 
between March and July 2020 are incomplete due to the 
temporary suspension of patient recruitment during the 
national lockdown decreed by the government to limit 
the propagation of SARS-CoV-2 virus responsible for 
COVID-19 pandemic. However, since the period of lock-
down lies outside the malaria transmission period, the 
missing data in 2020 would likely have a limited impact 
on the analysis of data in the present work. On the con-
trary, the strengths of the present study lie on a longitu-
dinal surveillance in the same sentinel sites as in the past 
studies. The inclusion criteria of the patients were the 
same as those of the past studies. Laboratory diagnosis 
was confirmed by PCR. Despite the inherent weakness of 
a passive disease surveillance, the present study provides 
various insights into the dynamics of malaria transmis-
sion in Nouakchott in recent years.

Conclusions
The longitudinal malaria surveillance in Nouakchott 
between 2015 and 2020 highlights a declining prevalence 
among febrile patients of all ages, the predominance of P. 
vivax over P. falciparum, in particular among adult male 
white or black Moors, and a marked seasonal transmis-
sion pattern of both P. vivax and P. falciparum during 
and shortly after the rainy season, followed by ‘residual’ 
P. vivax infections, but not P. falciparum infections, 
throughout the remainder of the year. These changes in 
malaria epidemiology in Nouakchott are most likely due 
to climate change (i.e., diminished rainfall) and better 
management of the newly established potable water sup-
ply network. For greater impact of malaria control lead-
ing to malaria elimination, a more rational deployment 
of preventive, diagnostic, and therapeutic means, accom-
panied by regular evaluation of health and malaria indi-
cators and measurement of impact, is necessary. A shift 
in control strategy designed to eliminate P. vivax, includ-
ing the introduction and use of 8-aminoquinolines (pri-
maquine, tafenoquine) should be considered. Moreover, 

chloroquine efficacy, demonstrated to be very high in 
2013 in Nouakchott [19], should also be re-evaluated for 
its possible re-introduction for the treatment of P. vivax 
monoinfections in the country.

Abbreviations
ACT   Artemisinin-based combination therapy
CHME  Centre hospitalier mère-enfant (Mother Child Hospital Centre)
COVID-19  Coronavirus disease 2019
PfHRP2  Plasmodium falciparum Histidine-rich protein 2
IRD  Institut de Recherche pour le Développement
LLIN  Long-lasting insecticide-impregnated nets
NMCP  National Malaria Control Programme
PCR  Polymerase chain reaction
pLDH  Plasmodial lactate dehydrogenase
RDT  Rapid diagnostic test
SNDE  Société Nationale d’Eau (National Water Distribution Company)
WBC  White blood cells
WHO  World Health Organization

Acknowledgements
We thank the patients who participated in the study and the clinical and labo-
ratory staff of both Centre Hospitalier Mère Enfant and Teyarett health centre 
for facilitating patient recruitment.

Author contributions
IEM, JD, MD, AEG, MB and MH performed data collection and laboratory 
analyses; KML, MSOAS, YK, KOB and AS managed the data collection and labo-
ratory analyses; SB and HB analysed and interpreted the data; LKB and AOMSB 
supervised the project and drafted the initial manuscript. All authors read and 
approved the final manuscript.

Funding
This research was funded by Expertise France (Initiative 5% grant number 
12INI215) and Institut de Recherche pour le Développement (Jeune Equipe 
Associée à l’IRD, RI3M). The first author received a mobility grant from the 
Mauritanian Agence Nationale de la Recherche Scientifique et de l’Innovation 
(ANRSI).

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

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki. The 
study protocol was reviewed and approved by the Institutional Ethics Com-
mittee of the Université de Nouakchott Al-Aasriya, Nouakchott, Mauritania 
(approval no. 112/12–09-2014/USTM, 003/2020/CE/UNA) and the Institutional 
Ethics Review Board of the Institut de Recherche pour le Développement 
(IRD), Marseille, France (Comité consultatif de déontologie et d’éthique 
approval 15/12/2012). Informed consent, and assent when appropriate, was 
obtained from all participants and/or parents/legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declares no competing interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the 
writing of the manuscript; or in the decision to publish the results.

Author details
1 Unité de Recherche Génomes et Milieux (GEMI), Université de Nouakchott, 
Nouveau Campus Universitaire, BP 5026, Nouakchott, Mauritania. 2 Unité 
de Recherche Ressources Génétique et Environnement, Institut Supérieur 



Page 13 of 14El Moustapha et al. Malaria Journal           (2023) 22:18  

d’Enseignement Technologique (ISET), Rosso, Mauritania. 3 Department 
of Pediatrics, Mother and Children Hospital Centre, Centre Hospitalier Mère 
et Enfant (CHME), Nouakchott, Mauritania. 4 Teyarett Health Centre (Centre de 
Santé de Teyarett), Nouakchott, Mauritania. 5 Aix Marseille Univ, IRD, AP-HM, 
SSA, VITROME, Marseille, France. 6 IHU-Méditerranée Infection, Marseille, France. 
7 Unité de Parasitologie Entomologie, Département de Microbiologie et 
Maladies Infectieuses, Institut de Recherche Biomédicale des Armées (IRBA), 
Marseille, France. 

Received: 1 July 2022   Accepted: 10 January 2023

References
 1. WHO. World malaria report 2022. Geneva: World Health Organiza-

tion; 2022. https:// www. who. int/ publi catio ns/i/ item/ 97892 40064 898. 
Accessed 3 Jan 2023.

 2. WHO. Guidelines for the treatment of malaria. 3rd edn. Geneva: World 
Health Organization; 2015. https:// www. afro. who. int/ publi catio ns/ guide 
lines- treat ment- malar ia- third- editi on. Accessed on 8 June 2022.

 3. Howes RE, Battle KE, Mendis KN, Smith DL, Cibulskis RE, Baird JK, et al. 
Global epidemiology of Plasmodium vivax. Am J Trop Med Hyg. 2016;95(6 
suppl):15–34.

 4. Battle KE, Guerra CA, Golding N, Duda KA, Cameron E, Howes RE, et al. 
Global database of matched Plasmodium falciparum and P. vivax inci-
dence and prevalence records from 1985–2013. Sci Data. 2015;2:150012.

 5. Howes RE, Reiner RC Jr, Battle KE, Longbottom J, Mappin B, Ordanovich D, 
et al. Plasmodium vivax transmission in Africa. PLoS Negl Trop Dis. 2015;9: 
e0004222.

 6. Baird JK. Evidence and implications of mortality associated with acute 
Plasmodium vivax malaria. Clin Microbiol Rev. 2013;26:36–57.

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

 8. 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.

 9. Mint Deida J, Tahar R, Khalef YO, Lekweiry KM, Hmeyade A, Khairy 
MLO, et al. Oasis malaria, northern Mauritania. Emerg Infect Dis. 
2019;25:273–80.

 10. 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;2020(9):21.

 11. Ould Lemrabott MA, Mint Lekweiry K, Deida J, Djigo OKM, Ould Ahme-
dou Salem MS, Ould Khalef Y, et al. Low malaria transmission in Rosso, an 
irrigated rice-growing area in Mauritania. Parasitologia. 2021;1:257–68.

 12. Cortes H, Morillas-Márquez F, Valero A. Malaria in Mauritania: the 
first cases of malaria endemic to Nouakchott. Trop Med Int Health. 
2003;8:297–300.

 13. Mint 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.

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

 15. Ba H, 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.

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

 17. Mint 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.

 18. Ould Ahmedou Salem MS, Khadijetou ML, Moina MH, Lassana K, 
Sébastien B, Ousmane F, et al. Characterization of anopheline (Diptera: 
Culicidae) larval habitats in Nouakchott, Mauritania. J Vector Borne Dis. 
2013;50:302–6.

 19. Ould Ahmedou Salem MS, Mohamed Lemine YO, Deida JM, Lemrabott 
MA, Ouldabdallahi M, Ba MD, et al. Efficacy of chloroquine for the treat-
ment of Plasmodium vivax in the Saharan zone in Mauritania. Malar J. 
2015;14:39.

 20. Mohamed AS, Leduc C, Marlin C, Wagué O, Sidi Cheikh MA. Impacts of 
climate change and anthropization on groundwater resources in the 
Nouakchott urban area (coastal Mauritania). C R Geosci. 2017;349:280–9.

 21. Yacoub E, Tayfur G. Trend analysis of temperature and precipitation in 
Trarza region of Mauritania. J Water Clim Change. 2019;10:484–93.

 22. Mint 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.

 23. WHO. Basic malaria microscopy. Part I: learner’s guide. 2nd edn. Geneva: 
World Health Organization; 2010. https:// www. who. int/ publi catio ns/i/ 
item/ 92415 47820. Accessed 9 June 2022.

 24. WHO. Microscopy examination of thick and thin blood films for iden-
tification of malaria parasites: malaria microscopy standard operating 
procedures. Geneva: World Health Organization; 2016. https:// www. who. 
int/ publi catio ns/i/ item/ HTM- GMP- MM- SOP- 08. Accessed 9 June 2022.

 25. Kain KC, Keystone J, Franke ED, Lanar DE. Global distribution of a vari-
ant of the circumsporozoite gene of Plasmodium vivax. J Infect Dis. 
1991;164:208–10.

 26. Snounou G, Viriyakosol S, Zhu XP, Jarra W, Pinheiro L, do Rosario VE, 
et al. High sensitivity of detection of human malaria parasites by the 
use of nested polymerase chain reaction. Mol Biochem Parasitol. 
1993;61:315–20.

 27. Lepers JP, Simonneau M, Charmot G. Etude du groupe sanguine Duffy 
dans la population de Nouakchott (Mauritanie) [The Duffy blood group 
system in the population of Nouakchott (Mauritania)]. Bull Soc Pathol 
Exot. 1986;79:417–20.

 28. Zimmerman PA, Ferreira MU, Howes RE, Mercereau-Puijalon O. Red blood 
cell polymorphism and susceptibility to Plasmodium vivax. Adv Parasitol. 
2013;81:27–76.

 29. Wurtz N, Mint Lekweiry K, Bogreau H, Pradines B, Rogie C, Ould Ahmedou 
Salem Boukhary MS, et al. Vivax malaria in Mauritania includes infection 
of a Duffy-negative individual. Malar J. 2011;10:336.

 30. Ministère de la Culture de la Jeunesse et des Sports. Nouakchott, capitale 
de la Mauritanie 50 ans de défi. Saint-Maur-des Fossés: Editions Sépia; 
2006. p. 1–185.

 31. Tanguy P. Irregular urbanism at Nouakchott: 1960–2000. Establishing the 
standard legal/illegal. Insaniyat. 2003;22:7–35.

 32. Chenal J, Diagana I. Nouakchott la ville nouvelle. In: Chenal J, Pedrazzini 
Y, Cisse G, Kaufmann V, editors. Quelques rues d’Afrique. Observation et 
gestion de l’espace public à Abidjan, Dakar et Nouakchott. Lausanne: 
Ecole Polytechnique Fédérale de Lausanne, Les Editions du Lasur; 2009. p. 
34–48.

 33. Mint Lekweiry K, Ould Ahmedou Salem MS, Ould Brahim K, Ould Lem-
rabott MA, Brengues C, Faye O, et al. Aedes aegypti (Diptera: Culicidae) in 
Mauritania: First report on the presence of the arbovirus mosquito vector 
in Nouakchott. J Med Entomol. 2015;52:730–3.

 34. Chateau B, Perrin N, Ould Samba D, Diarra T. La distribution d’eau potable 
dans la ville de Nouakchott, Mauritanie: analyse des points de vente 
d’eau. In: Chateau B, editor. Rapport thématique sur la situation de l’eau 
potable à Nouakchott. Nogent-sur-Marne: Groupe de recherche et 
d’échanges technologiques (GRET); 2007.

 35. 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.

 36. 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.

 37. 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.

 38. Urban community of Nouakchott (Communauté Urbaine de Nouakchott) 
Al-Hadariya. Schéma de montage d’une brigade de désinsectisation de 

https://www.who.int/publications/i/item/9789240064898
https://www.afro.who.int/publications/guidelines-treatment-malaria-third-edition
https://www.afro.who.int/publications/guidelines-treatment-malaria-third-edition
https://www.who.int/publications/i/item/9241547820
https://www.who.int/publications/i/item/9241547820
https://www.who.int/publications/i/item/HTM-GMP-MM-SOP-08
https://www.who.int/publications/i/item/HTM-GMP-MM-SOP-08


Page 14 of 14El Moustapha et al. Malaria Journal           (2023) 22:18 

•
 
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 •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

la ville de Nouakchott (BDVN). https:// www. mzv. cz/ file/ 19192 51/ demou 
stica tion. pdf. Accessed 13 June 2022.

 39. Global Fund. Standard concept note for malaria—Mauritania: investing 
for impact against malaria. 2015. https:// data. thegl obalf und. org/ Docum 
ents. Accessed 13 June 2022.

 40. Mauritanian National Malaria Control Programme. Plan stratégique 
national d’élimination du paludisme 2014–2020. Nouakchott; 2011.

 41. Fourié T, El Bara A, Dubot-Pérès A, Grard G, Briolant S, Basco LK, et al. 
Emergence of dengue virus serotype 2 in Mauritania and molecular char-
acterization of its circulation in West Africa. PLoS Negl Trop Dis. 2021;15: 
e0009829.

 42. El Vally A, Bollahi MA, Ould Ahmedou Salem MS, Deida J, Parola P, Basco L, 
et al. Retrospective overview of a COVID-19 outbreak in Mauritania. New 
Microbes New Infect. 2020;38:100788.

 43. Goupeyou-Youmsi J, Rakotondranaivo T, Puchot N, Peterson I, Girod R, 
Vigan-Womas I, et al. Differential contribution of Anopheles coustani and 
Anopheles arabiensis to the transmission of Plasmodium falciparum and 
Plasmodium vivax in two neighbouring villages of Madagascar. Parasit 
Vectors. 2020;13:430.

 44. Eba K, Habtewold T, Yewhalaw D, Christophides GK, Duchateau L. Anoph-
eles arabiensis hotspots along intermittent rivers drive malaria dynamics 
in semi-arid areas of Central Ethiopia. Malar J. 2021;20:154.

 45. Altahir O, AbdElbagi H, Abubakr M, Siddig EE, Ahmed A, Mohamed NS. 
Blood meal profile and positivity rate with malaria parasites among differ-
ent malaria vectors in Sudan. Malar J. 2022;21:124.

 46. 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.

 47. 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).

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

https://www.mzv.cz/file/1919251/demoustication.pdf
https://www.mzv.cz/file/1919251/demoustication.pdf
https://data.theglobalfund.org/Documents
https://data.theglobalfund.org/Documents

	Changing epidemiology of Plasmodium vivax malaria in Nouakchott, Mauritania: a six-year (2015–2020) prospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study sites
	Study design and study population
	Malaria diagnosis
	Environmental data collection
	Statistical analysis
	Ethical considerations

	Results
	Characteristics of enrolled patients
	Malaria prevalence, Plasmodium species, and travel history
	Prevalence of P. vivax in relation to age, sex, and ethnic groups
	Monthly and annual malaria prevalence
	Bed net ownership and use

	Discussion
	Conclusions
	Acknowledgements
	References


