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A malaria survey was conducted in Atar, the northernmost 
oasis city in Mauritania, during 2015–2016. All febrile pa-
tients in whom malaria was suspected were screened for 
malaria by using rapid diagnostic testing and microscopic 
examination of blood smears and later confirmed by PCR. 
Of 453 suspected malaria cases, 108 (23.8%) were posi-
tive by rapid diagnostic testing, 154 (34.0%) by microscopic 
examination, and 162 (35.7%) by PCR. Malaria cases were 
observed throughout the year and among all age groups. 
Plasmodium vivax was present in 120/162 (74.1%) cases, 
P. falciparum in 4/162 (2.4%), and mixed P. falciparum–P. 
vivax in 38/162 (23.4%). Malaria is endemic in northern 
Mauritania and could be spreading farther north in the Sa-
hara, possibly because of human-driven environmental 
changes. Further entomologic and parasitologic studies 
and monitoring are needed to relate these findings to major 
Anopheles mosquito vectors and to design and implement 
strategies for malaria prevention and control.

Malaria is one of the major reasons for seeking health-
care in public health facilities in Mauritania. In 2016, 

among an estimated population of 3,537,368, malaria in-
cidence was 78/1,000 persons at risk (1) and malaria-
associated mortality was 30 deaths/100,000 persons (2). 

The northern limit where malaria transmission occurs in 
Mauritania is not well defined. Sporadic suspected cases 
of malaria were reported in the oasis setting of Atar in the 
early 2010s, and the first Plasmodium vivax cases were 
confirmed by microscopic examination in 2012, but PCR 
was not performed for further confirmation (A. Ould Mo-
hamed Salem Boukhary, unpub. data). Therapeutic efficacy 
of chloroquine to treat P. vivax malaria was also evaluated 
in 2013 in Atar (3). In that study, patient screening and re-
cruitment were performed during only 1 month, followed 
by a 28-day follow-up period. Here, we report results of 
a follow-up study in which we conducted a longitudinal 
survey in Atar to establish baseline data on malaria burden 
in this Saharan zone of Mauritania.

Materials and Methods

Study Site
During March 2015–December 2016, we conducted a lon-
gitudinal study in the Hospital Center of Atar, situated in 
the regional capital of Adrar Province, northern Mauritania 
(Figure 1). Atar is the largest oasis city located in the Sa-
hara, ≈440 km to the northeast of Nouakchott, the national 
capital. According to the latest census of population and 
housing, the population of Atar in 2013 was 38,803, pri-
marily Moors (1). Rainfall in Atar is scarce (annual mean 
50 mm; Office National de la Météorologie, Nouakchott, 
pers. comm., 2018 Feb 4). During the study period, the to-
tal amount of rainfall was 79.2 mm in 2015 and 65 mm in 
2016. The average temperature during the same period was 
29.5°C (range 23°C–36°C), and the mean relative humid-
ity was 37.1% (range 20%–54%). Date palm culture is the 
main agricultural activity in Adrar Province; ≈1,200,000 
palm trees are distributed across 75 oases (4). Livestock 
largely consists of dromedary camels (Camelus dromedar-
ius) and small ruminants (goats and sheep).

Inclusion Criteria, Sample, and Data Collection
The study included all febrile patients in whom malaria 
infection was suspected, with either a measured body  
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temperature >37.5°C at the time of consultation or history 
of fever within the previous 48 hours with no other obvi-
ous cause (5). After obtaining informed consent, we ob-
tained finger-prick blood samples from patients to prepare 
thick and thin smears and perform rapid diagnostic testing 
for malaria. About 100 µL of capillary blood was spot-
ted and dried on Whatman 3MM filter paper (GE Health-
care Europe GmbH, https://www.gehealthcare.com) for  
PCR diagnosis.

During the consultation, we interviewed patients by 
using a standard, pretested questionnaire covering sociode-
mographic data, including detailed recent travel history 
outside the region and bed net use. We classified frequency 
of bed net use as always, often, seldom, or never.

Malaria Detection Methods

Rapid Diagnostic Test 
We used Bioline Malaria Antigen Pf/Pan test (Standard 
Diagnostics/Abbott, https://www.abbott.com) to screen 
malaria-infected patients. This rapid diagnostic test (RDT) 
detects P. falciparum–specific histidine-rich protein 2, re-
ferred to here as the Pf band, and Plasmodium genus–spe-
cific lactate dehydrogenase, referred to as the Pan band. 

RDT results were blinded with regard to microscopic  
examination and PCR results.

Microscopic Examination
We dried blood films and stained them with 5% Giemsa 
solution for 20 min and examined them for the presence 
of malaria parasites. We counted the number of asexual 
parasites against 200 leukocytes and expressed parasite 
density as the number of asexual parasites/µL of blood, 
assuming a leukocyte count of 8,000/μL of blood (6). 
We recorded the average count of 2 experienced techni-
cians as the final parasite density. We considered a thick 
blood film as negative if no asexual stage of Plasmo-
dium spp. was found after an examination of 100 fields 
under oil immersion at a magnification of ×1,000. An 
experienced microscopist performed quality control by 
reexamining all positive samples and 10% of negative 
blood smears blindly.

PCR
We extracted parasite DNA by using the Chelex method 
(7). We identified Plasmodium species by using a spe-
cies-specific nested PCR targeting mitochondrial cyto-
chrome b gene (8).

Figure 1. Study site for investigation 
of malaria in Mauritania (dark 
gray box). Twelve provinces and 
Nouakchott (the capital city) are also 
shown. Inset map shows location of 
Mauritania in Africa.
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Statistical Analysis
We initially entered data into an Excel 2003 spreadsheet 
(Microsoft, http://www.microsoft.com). We evaluated 
performance (sensitivity, specificity, positive and nega-
tive predictive values, and accuracy) of 2 diagnostic tools 
(microscopic examination and RDT) against PCR as the 
reference method by using MedCalc statistical calculator 
software (https://www.medcalc.org/calc/diagnostic_test.
php). We used the Cohen κ statistic to estimate the de-
gree of agreement (9–11), classified as follows: <0, very 
poor; 0–0.20, poor; 0.21–0.40, fair; 0.41–0.60, moderate; 
0.61–0.80, good; and >0.80, very good. We used a χ2 test 
or Fisher exact test to compare proportions or to test asso-
ciation between qualitative variables. We calculated odds 
ratios and CIs by using the fisher.test function of the R sta-
tistical software package (12). We measured associations 
between quantitative variables by using the Kendall rank 
correlation τ with cor.test function in R. We implemented 
comparison of true positive and false negative parasitemia 
diagnosed with RDT by using the Mann-Whitney-Wilcox-
on test (wilcox.test function). We determined CIs of bino-
mial proportion by using the binom.test function in R (12). 
For all statistical tests, we considered p<0.05 significant.

Ethics Considerations
The study protocol was reviewed and approved by the Insti-
tutional Ethics Committee of the Université de Nouakchott 
Al-Aasriya and the Institutional Ethics Committee of the 
Institut de Recherche pour le Développement, Marseille, 
France. We obtained written informed consent from adult 
patients or the parents or legal guardians of children.

Results

General Characteristics of the Study Population
We screened a total of 453 febrile patients (235 in 2015 
and 218 in 2016; male-to-female sex ratio 1.2) for malaria 
parasites (Table 1). The mean age of the participants was 
29.2 (+18.3 SD) years (range 3 months–80 years; median 
27 years). The largest age group was persons >20 years of 
age (65%). The mean axillary temperature at the time of 
consultation was 39.2°C (+0.7°C). At the time of consul-
tation, 448 (87%) patients had fever (axillary temperature 
>37.5°C). Most of the study population were white Moors 
(77.7%) and black Moors (19.6%). Ten (2.2%) patients 
were black Africans (i.e., persons of Pular [also known as 
Peul] and Soninke ethnicity), and 2 (0.4%) patients were 
foreign expatriates. Almost all patients (441/453 [97.3%]) 
were residents of Atar and the neighboring oases.

Malaria Prevalence and Plasmodium Species
Of 453 enrolled patients, 108 (23.8%) were positive for ma-
laria by RDT, 154 (34.0%) were positive by microscopic 

examination, and 162 (35.8%) were positive by PCR (Ta-
ble 2). P. vivax was by far the dominant species. Among 
108 RDT-positive patients, 92 (85.2%) were non–P. falci-
parum and 16 (14.8%) were “P. falciparum present” (i.e., 
infected with P. falciparum, with or without non–P. falci-
parum). PCR confirmed that all non–P. falciparum cases 
were attributable to pure P. vivax, except in 3 patients (1 
with pure P. falciparum infection, 1 with P. falciparum–P. 
vivax mixed infection, and 1 who was negative for Plas-
modium spp). P. ovale was detected in 10 (6.5%) of 154 
patients found to be positive by microscopic examination, 
but PCR results showed that these parasites were all pure 
P. vivax infections. Among 162 PCR-positive cases, 120 
(74.1%) were attributable to pure P. vivax, 4 (2.5%) to pure 
P. falciparum, and 38 (23.4%) to P. falciparum–P. vivax 
mixed infections.

Performance of RDT and Microscopic Examination 
Compared with PCR
We compared the performance of RDT and microscopic 
examination for the diagnosis of malaria using PCR as 
the reference method. Of 162 cases positive by PCR, 55 
(33.9%) were negative by RDT, and of 291 negative by 
PCR, 1 (0.3%) was positive by RDT. In terms of RDT 
detecting “non–P. falciparum only” infections, sensitiv-
ity was 63.3%, specificity was 99.3%, positive predic-
tive value was 98.0%, and negative predictive value was 
83.5% (Table 3). In comparison, microscopic examination 
had 82.9% sensitivity, 96.9% specificity, 93.6% positive 
predictive value, and 91.4% negative predictive value for 
detecting P. vivax. In terms of RDT detecting any Plas-
modium species, sensitivity was 66.0% and specificity 
was 99.7%. Of 162 PCR-positive cases, 14 (8.6%) were 
negative by microscopic examination, and of 291 PCR-
negative cases, 6 (2.1%) were positive by microscopic ex-
amination. In comparison, microscopic examination had 
91.4% sensitivity and 97.9% specificity in detecting any 
Plasmodium species. 

The sensitivity of RDT and microscopic examination 
was low in our study, mainly because of low parasitemia 
levels. Overall, regardless of the different plasmodial spe-
cies, parasitemia was significantly higher in true positives 
than in false negatives diagnosed by RDT (p = 2.6 × 10–8). 
Parasite density among P. vivax–infected patients ranged 
from 12 to 84,800 asexual parasites/µL of blood with a 
geometric mean of 1,450 parasites/µL of blood. Among the 
100 true positives detected by RDT, the geometric mean 
parasitemia of P. vivax with or without P. falciparum was 
2,410 asexual parasites/µL (range 12–84,800 asexual para-
sites/µL), and 11 were negative by microscopic examina-
tion. By contrast, the geometric mean parasitemia among 
the 58 false negatives was 251 asexual parasites/µL (range 
40–2,840 asexual parasites/µL), and 5 were negative by 



microscopic examination. As for 6 cases of P. falciparum 
only infection according to RDT (i.e., having a positive Pf 
band and negative Pan band), parasitemia ranged from 40 to 
440 asexual parasites/µL (n = 3) or was negative (n = 3) by 
microscopic examination. Among RDT-positive cases with 
a positive Pf band and positive Pan band (P. falciparum 
with or without non–P. falciparum), 6 were negative by 
microscopic examination and 3 had relatively low parasit-
emias (<2,000 asexual parasites/µL). Furthermore, parasite 
density was not significantly correlated with the age of pa-
tients (r = 0.03; p = 0.28). We observed very good agree-
ment between microscopic examination and PCR (κ coef-
ficient 0.95 [95 CI% 0.92–0.98]), good agreement between 
RDT and PCR (κ coefficient 0.72 [95 CI% 0.65–0.78]), and 
moderate agreement between microscopic examination and 
RDT (κ coefficient 0.61 [95% CI 0.54–0.69]).

Seasonality of Malaria
PCR-positive malaria cases were detected throughout the 
study period, except in June, July, and October 2016, dur-
ing which no malaria cases were detected (Figure 2). In 
2015, malaria cases were detected more frequently than in 
2016 (121 cases in 2015 vs. 42 in 2016). Although rain-
fall occurred for 3 months (August–October) in 2015 and 2 
months (August–September) in 2016, we observed no cor-
relation between amount of rainfall and monthly cases of 
malaria (p>0.05).

Ethnicity, Travel History, and Bed Net Use
Malaria cases were observed in all ethnic groups, includ-
ing P. vivax in 6 black Africans (Table 4). Travel history 
was reported by 202/435 (46.4%) febrile patients (233 
patients had no history of travel and data were missing 
for 18 patients). Of 162 PCR-positive malaria patients, 
travel history was available for 151, of whom 48 (31.8%) 
reported they had never traveled outside Atar and the 

neighboring oases, 10 (6.6%) had traveled to non–malaria 
endemic northern Saharan regions of the country, and 93 
(61.6%) had a travel history in malaria-endemic regions 
within the previous 6 months (Table 5). Of the 93 pa-
tients with a travel history to malaria-endemic regions, 55 
(59.1%) patients (48 with P. vivax infection and 7 with P. 
falciparum–P. vivax mixed infections) stayed recently in 
Nouakchott. Twenty of 42 (47.6%) patients infected with 
P. falciparum with or without P. vivax had a travel his-
tory to malaria-endemic areas (including 2 patients who 
traveled to Côte d’Ivoire) within 6 months before consul-
tation, whereas 6/42 patients had missing data on travel 
history. Sixteen PCR-positive P. falciparum–infected 
patients (either pure [n = 3] or P. falciparum–P. vivax 
mixed [n = 13] infections) occurred in patients who had 
never traveled outside Atar and the neighboring oases; 2 
patients were 5–9 years of age, 2 were 10–15 years of age, 
and 12 were >15 years of age. 

Information on bed net use was obtained from 305 pa-
tients, 104 (34.1%) of whom had PCR-confirmed malaria. 
None of the febrile patients in the always group had malaria. 

 
Table 1. Demographic characteristics of malaria study population, Atar, northern Mauritania, 2015–2016 

Characteristic 
No. (%) patients  

2015 2016 2015–2016 
Sex 
 F 111 (47.2) 98 (45.0) 209 (46.1) 
 M 124 (52.8) 120 (55.0) 244 (53.9) 
Age group, y 
 <5 18 (7.7) 14 (6.4) 32 (7.1) 
 5–9 14 (6.0) 24 (11.0) 38 (8.4) 
 10–14 19 (8.1) 19 (8.7) 38 (8.4) 
 15–19 33 (14.0) 17 (7.8) 50 (11.0) 
 ≥20 151 (64.3) 144 (66.1) 295 (65.1) 
Ethnicity 
 White Moors 191 (81.3) 161 (73.9) 352 (77.7) 
 Black Moors* 37 (15.7) 52 (23.9) 89 (19.6) 
 Black Africans 5 (2.1) 5 (2.3) 10 (2.2) 
 Foreigners† 2 (0.9) 0 2 (0.4) 
Total 235 (100) 218 (100) 453 (100) 
*Comparison between 2015 and 2016 showed that only the proportion of Black Moors was statistically significant (p<0.05). The term black Africans refers 
to ethnic groups (Soninke and Pular [also known as Peul]) of African origin in Mauritania. 
†Includes 1 expatriate from India and 1 from Mali (Bambara ethnicity). 

 

 
Table 2. Proportions of malaria-positive results and Plasmodium 
species identified among 453 febrile patients, by diagnostic 
method, Atar, northern Mauritania, 2015–2016* 

Plasmodium spp. 
Microscopic 
examination PCR 

P. vivax 140 (90.9) 120 (74.1) 
P. falciparum 4 (2.6) 4 (2.5) 
P. falciparum–P. vivax 0 38 (23.4) 
P. ovale 10 (6.5) 0 
Proportions of positive results 154/453 (34.0) 162/453 (35.8) 
*Results are expressed as the number of malaria-positive samples and the 
proportions of malaria species among 154 samples positive by 
microscopic examination and 162 samples positive by PCR. Proportions of 
positive results denote the number of malaria-positive samples among all 
tested samples (n = 453). Rapid diagnostic tests were positive in a total of 
108/453 (23.8%) patients and detected 92/108 (85.2%) non–P. falciparum 
only (i.e., P. vivax, P. ovale, and/or P. malariae) and 16/108 (14.8%) P. 
falciparum present (P. falciparum with or without P. vivax). PCR did not 
detect any P. ovale or P. malariae. 
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The frequent use of bed nets (observed in the always and 
often groups in contrast with the seldom and never groups) 
protected against malaria infection (odds ratio 0.31 [95% CI 
0.17 – 0.54]; p = 0.00001).

Discussion
Northern Mauritania is part of the Sahara, the great des-
ert that lies between sub-Saharan Africa, where P. falci-
parum malaria is highly endemic, and the northernmost 
zone along the Mediterranean Sea, where malaria was 
eliminated decades ago. In the Sahara, oases are the main 
agro-ecologic environment suitable for malaria transmis-
sion. In Mauritania, the number of oases in the Adrar re-
gion increased by 140%, from 31 in 1984 to 75 in 2012, 
because of the development of hydro-agricultural projects 
(4). These oases are also the site of increasing tourism 
by thousands of Mauritanians who visit the Mauritanian 
Adrar every year during June–August for Guetna, the 
Arabic name for the season when date palm fruit are har-
vested, and the return of foreign tourists, particularly from 
Europe, after a 10-year collapse in tourism. Furthermore, 
oases in the Sahara constitute a transit zone for thousands 
of migrants from sub-Saharan Africa on their way to 

Maghreb countries (countries in North Africa bordering 
the Mediterranean Sea) and Europe.

Despite the potential risk for malaria transmission, 
limited data are available on oasis malaria in the Saha-
ra (13–17). In our study, the predominant Plasmodium 
species found in the population was P. vivax, which af-
fected persons of the major ethnic groups present in the 
country. This finding is consistent with the results of ear-
lier studies conducted in Nouakchott, the capital city of 
Mauritania situated in the Sahara (18,19). Those studies 
showed that most P. vivax malaria–infected patients were 
Duffy-positive white Moorish persons. In our study, we 
also observed P. vivax infections among malaria-positive 
patients of black Moorish and black African ethnicities. 
Many recent reports, particularly from sub-Saharan Af-
rica countries and Madagascar, also showed that P. vivax 
can infect Duffy-negative black African persons, although 
at low frequencies (20–22). The existence of a second 
distinct P. vivax erythrocyte-binding protein, which most 
likely mediates parasite invasion of the reticulocyte, was 
recently suggested (23).

The origin of P. vivax in Mauritania, particularly in 
the Saharan zone, is not yet clear. Several foci of P. vivax 

Figure 2. Frequency and 
monthly distribution of malaria 
cases diagnosed by using 
PCR and rainfall amounts 
in Atar, northern Mauritania, 
2015–2016.

 
Table 3. Performance of rapid diagnostic testing and microscopic examination in establishing malaria diagnosis in 453 febrile patients, 
using PCR as reference standard, Atar, northern Mauritania, 2015–2016* 

Performance 

% (95% CI)† 
Rapid diagnostic test 

 
Microscopic examination 

Pv Pf Pv–Pf Pv Pf Pv–Pf 
Sensitivity 63.3 (55.3–70.8) 28.6 (15.7–44.6) 66.0 (58.2–73.3)  82.9 (76.1–88.4) 4.8 (0.6–16.2) 91.4 (85.9–95.2) 
Specificity 99.3 (97.6–99.9) 99.0 (97.5–99.7) 99.7 (98.1–99.9)  96.9 (94.3–98.6) 99.5 (98.3–99.9) 97.9 (95.6–99.2) 
PPV 98.0 (92.6–99.5) 75.0 (50.3–89.9) 99.1 (93.8–99.9)  93.6 (88.4–96.5) 50.0 (12.6–87.4) 96.1 (91.8–98.2) 
NPV 83.5 (80.4–86.1) 93.1 (91.8–94.3) 84.1 (81.0–86.7)  91.4 (88.2–93.7) 91.1 (90.5–91.6) 95.3 (92.5–97.1) 
Accuracy 86.8 (83.3–89.7) 92.5 (89.7–94.7) 87.6 (84.2–90.5)  92.1 (89.2–94.4) 90.7 (87.7–93.2) 95.6 (93.3–97.3) 
*NPV, negative predictive value; Pf, pure P. falciparum plus mixed P. falciparum–P. vivax; PPV, positive predictive value; Pv, pure P. vivax plus mixed P. 
falciparum–P. vivax; Pv–Pf, pure P. vivax plus pure P. falciparum plus mixed P. falciparum–P. vivax. 
†Percentages of PCR-positive patients (i.e., the percentage of positives for different Plasmodium spp. among included patients [n = 435]), were as 
follows: 34.9% (95% CI 30.5%–39.5%) for pure P. vivax; 9.3% (95% CI 6.8%–12.3%) for pure P. falciparum; and 35.8% (95% CI 31.3%–40.4%) for P. 
vivax–P. falciparum mixed infections. PCR showed that none of the samples had P. ovale or P. malariae.  

 



were present in parts of Morocco, a country north of Mau-
ritania, but malaria was eliminated from Morocco in 2010 
(24). Active foci of P. vivax malaria transmission still exist 
in Algeria, albeit at a very low prevalence (13), and recent 
reports suggest that the goal of malaria elimination might 
soon be achieved in Algeria (2). Recently, P. vivax infec-
tions were reported from Mali and Senegal, 2 neighboring 
countries to the east and southeast of Mauritania, in symp-
tomatic patients and in asymptomatic children (22,25,26). 
More surprisingly, recent evidence showed that P. vivax is 
present in some countries of central Africa, such as Camer-
oon (21), and that extensive molecular investigations might 
show that P. vivax prevalence in Africa is much higher than 
previously assumed (27,28). Elsewhere in eastern Africa, 
such as Sudan (29), Ethiopia (30), and Madagascar (20), P. 
vivax malaria has been known to exist.

We report that P. falciparum also has been diagnosed 
among febrile patients permanently residing in Atar, albeit 
at a relatively low rate, a finding that is consistent with pre-
vious studies on the geographic distribution of Plasmodium 
species in Mauritania (31–34). However, the data in our 
study suggest that P. falciparum might have been intro-
duced to Atar by travelers visiting malaria-endemic regions 
to the south. As far as P. falciparum in Atar is concerned, 
further studies are required to establish whether local trans-
mission of this Plasmodium species occurs. It is worth not-
ing that autochthonous P. falciparum malaria was already 
reported in a village in the Algerian Sahara near the Alge-
ria–Mali border (35).

The sensitivity of RDT and microscopic examination 
was low in our study. For P. vivax, Plasmodium genus–
specific lactate dehydrogenase RDT has low sensitivity to 
detect this parasite species at low parasitemia levels (36). 

Relatively few patients were infected with P. falciparum 
with or without P. vivax, and these infections were rarely 
diagnosed correctly by laboratory technicians, which can 
lead to problems in the management of symptomatic pa-
tients, even with the use of RDT in case of low parasitemia 
levels. Microscopic examination also misdiagnosed 10 
samples as P. ovale. PCR showed that these cases were ac-
tually P. vivax or mixed P. vivax–P. falciparum infections. 
P. ovale and P. vivax are notoriously difficult to distinguish 
morphologically by microscopic examination, and accu-
rate identification requires an experienced microscopist, 
relevant clinical information, and up-to-date epidemiologic 
data. PCR findings in our study further confirm the results 
of earlier studies conducted in Nouakchott and some cities 
in southern Mauritania, indicating that P. ovale has not yet 
been detected by PCR in Mauritania (3,31).

In areas of intense P. falciparum transmission, para-
site density and age are negatively correlated; children <5 
years of age are generally infected with higher parasite 
density than older children and adults (37). In our study, 
no significant correlation was observed between P. vivax 
parasite density and the age of malaria patients. Similar 
findings were reported from studies conducted in the Ma-
lian Sahara (14,16), suggesting unstable malaria transmis-
sion in which adults do not acquire protective immunity 
because of a lack of continuous exposure to infective bites 
of the Anopheles mosquito vectors. In Atar, malaria cases 
were reported throughout the year. At least some of these 
P. vivax cases might be attributable to recurrent infec-
tions that result from reactivation of hypnozoites in the 
liver, which are considered important contributing factors 
to disease in P. vivax infections, accounting for as many 
as 50% of P. vivax infections in some reports (38,39).  

 
Table 4. Malaria prevalence in 453 febrile patients, by ethnicity, Atar, northern Mauritania, 2015–2016 

Ethnicity No. patients PCR-positive, no. (%) 
Plasmodium spp., no. (%) 

P. vivax P. falciparum Mixed infection* 
White Moors 352 129 (36.6) 96 (74.4) 4 (3.1) 29 (22.5) 
Black Moors 89 26 (29.2) 19 (73.1) 0 7 (26.9) 
Black Africans 10 6† (60.0) 5 (83.3) 0 1 (16.7) 
Foreigners 2‡ 1 (50.0) 0 0 1 (100) 
Total 453 162 (35.8) 120 (74.1) 4 (2.5) 38 (23.5) 
*P. falciparum–P. vivax infection. 
†The term “black Africans” refers to ethnic groups (Soninke and Pular [also known as Peul]) of African origin in Mauritania. These 6 patients include 4 
persons of Pular ethnicity and 2 persons of Soninke ethnicity. 
‡Includes 1 expatriate from India and 1 from Mali (Bambara ethnicity). 

 

 
Table 5. Travel history of malaria-infected patients, by age group, Atar, northern Mauritania, 2015–2016* 

Age group, y 
No. PCR-positive patients 

Total no. (%) No travel history Travel to nonendemic regions Travel to endemic regions† 
<5 2 0 5 7 (4.6) 
5–9 3 0 0 3 (2.0) 
10–15 8 0 12 20 (13.2) 
>15 35 10 76 121 (80.1) 
Total, no. (%) 48 (31.8) 10 (6.6) 93 (61.6) 151 (100) 
*Travel history within 6 months before consultation was obtained for 435 febrile patients. Of 162 PCR-positive malaria patients, travel history was 
available for 151 patients. 
†Endemic regions include Nouakchott, the entire southern Sahelian zone of Mauritania, and sub-Saharan Africa countries. 
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Alternatively, these cases might be primo-infections and 
P. vivax transmission occurs throughout the year. Autoch-
thonous transmission does occur in Atar, at least during 
some periods of the year, evidenced by the high number 
of PCR-confirmed malaria-infected patients who did not 
report any travel history.

No entomologic evidence exists to indicate that 
malaria transmission occurs in the oasis setting of Atar. 
Nevertheless, the protection provided by regular use of 
bed nets supports the hypothesis that local transmission 
is occurring. Moreover, the presence of numerous natural 
water bodies (e.g., rain puddles, small and large ponds 
locally known as Guelta, and small brooks) and artifi-
cial water bodies (e.g., shallow wells, open-pit cement 
containers, and palm irrigation channels) might serve as 
breeding habitats for Anopheles mosquitoes. However, 
water in these potential habitats is generally brackish and 
often covered with filamentous algae (40). During the 
study period, the An. rhodesiensis mosquito was the only 
Anopheles mosquito species collected during both larval 
and adult surveys (K. Mint Lekweiry, unpub. data). The 
vector capacity of An. rhodesiensis mosquitoes in Atar 
is not yet established. The An. rhodesiensis mosquito is 
considered a secondary malaria vector despite sporadic 
reports of sporozoite positivity in several geographic ar-
eas before 1950 (41,42). However, its capacity to sustain 
the development and propagation of Plasmodium spp. 
cannot be ruled out. Currently available data suggest that 
the northernmost range limits of the major continental Af-
rica vector, the An. arabiensis mosquito, in Mauritania is 
Rachid oasis in the province of Tagant, located ≈250 km 
south of Atar (43). Thus, concern that the recently con-
structed national road that connects Rachid oasis to Atar 
might increase the risk for introducing An. arabiensis 
mosquitoes or other malaria vectors in Atar is warranted.

Although characterized by extreme aridity and low 
rainfall, P. vivax and, to a much lesser extent, P. falciparum 
malaria are present in Atar. Because our data were obtained 
from a hospital-based study and the numbers of asymptom-
atic carriers and symptomatic malaria-infected patients 
who self-medicate with antimalarial drugs or consult the 
private sector are unknown, the actual malaria burden is 
probably underestimated. Further entomologic and parasi-
tologic studies are needed to assess the vector capacity of 
An. rhodesiensis mosquitoes and identify the main malaria 
vector (or vectors) in Atar. Moreover, regular monitoring 
of malaria in the Saharan zone, including in other oases, 
should be implemented.

Acknowledgments
We thank the patients who participated in the study and the  
clinical and laboratory staff of Hospital Center of Atar for  
facilitating patient recruitment.

This research was supported by the Expertise France (Initiative 
5% Project) and Institut de Recherche pour le Développement. 
J.D. was supported by a doctoral grant from the government of 
France through the French Embassy in Nouakchott.

About the Author
Miss Deida is a doctoral student at the University of Nouakchott 
Al-Aasriya and Université Paris Descartes. Her research interest 
includes malaria epidemiology and drug-resistant malaria.

References
  1.	 Mauritania National Statistics Office. General population and  

housing census, 2013 [in French]. 2013 [cited 2018 Jun 11].  
http://www.ons.mr/index.php/publications/operations-statistiques/ 
16-rgph-2013

  2.	 World Health Organization. World malaria report 2017. 2017  
[cited 2018 Dec 5]. https://www.who.int/malaria/publications/
world-malaria-report-2017

  3.	 Ould Ahmedou Salem MS, Mohamed Lemine YO, Deida JM, 
Lemrabott MA, Ouldabdallahi M, Ba MDD, et al. Efficacy of 
chloroquine for the treatment of Plasmodium vivax in the Saharan 
zone in Mauritania. Malar J. 2015;14:39. http://dx.doi.org/10.1186/
s12936-015-0563-0

  4.	 Oases Sustainable Development Programme. Provisional report 
on the census of date palms [in French]. Nouakchott (Mauritania): 
Ministry of Rural Development; 2012.

  5.	 World Health Organization. Guidelines for the treatment of malaria. 
3rd edition. 2015 [cited 2018 Dec 5]. https://www.who.int/malaria/
publications/atoz/9789241549127

  6.	 World Health Organization. Assessment and monitoring of  
antimalarial drug efficacy for the treatment of uncomplicated 
falciparum malaria. 2003 [cited 2018 Dec 5]. https://www.who.int/
malaria/publications/atoz/whohtmrbm200350

  7.	 Plowe CV, Djimde A, Bouare M, Doumbo O, Wellems TE. 
Pyrimethamine and proguanil resistance-conferring mutations in 
Plasmodium falciparum dihydrofolate reductase: polymerase chain 
reaction methods for surveillance in Africa. Am J Trop Med Hyg. 
1995;52:565–8. http://dx.doi.org/10.4269/ajtmh.1995.52.565

  8	 Canier L, Khim N, Kim S, Sluydts V, Heng S, Dourng D,  
et al. An innovative tool for moving malaria PCR detection of  
parasite reservoir into the field. Malar J. 2013;12:405.  
http://dx.doi.org/10.1186/1475-2875-12-405

  9.	 Cohen J. A coefficient of agreement for nominal scales. Educ 
Psychol Meas. 1960;20:27–46. http://dx.doi.org/10.1177/ 
001316446002000104

10.	 Fermanian J. Measurement of agreement between 2 judges. 
Qualitative cases [in French]. Rev Epidemiol Sante Publique. 
1984;32:140–7.

11.	 Altman DG. Practical statistics for medical research. London: 
Chapman and Hall; 1991.

12.	 R Core Team. R: A language and environment for statistical  
computing. Vienna (Austria): R Foundation for Statistical  
Computing; 2018 [cited 2018 Dec 5]. https//:www.R-project.org

13.	 Hammadi D, Boubidi SC, Chaib SE, Saber A, Khechache Y, 
Gasmi M, et al. Malaria in Algerian Sahara [in French]. Bull Soc 
Pathol Exot. 2009;102:185–92.

14.	 Doumbo O, Koita O, Traoré S, Sangaré O, Coulibaly A, Robert V, 
et al. Parasitological aspects of the epidemiology of malaria in the 
Malian Sahara [in French]. Med Afr Noire. 1991;38:103–9.

15.	 Develoux M, Chegou A, Prual A, Olivar M. Malaria in the 
oasis of Bilma, Republic of Niger. Trans R Soc Trop Med Hyg. 
1994;88:644. http://dx.doi.org/10.1016/0035-9203(94)90206-2



16.	 Koita OA, Sangaré L, Sango HA, Dao S, Keita N, Maiga M,  
et al. Effect of seasonality and ecological factors on the prevalence 
of the four malaria parasite species in northern Mali. J Trop Med. 
2012;2012:367160.

17.	 Bernabeu M, Gomez-Perez GP, Sissoko S, Niambélé MB,  
Haibala AA, Sanz A, et al. Plasmodium vivax malaria in Mali: a 
study from three different regions. Malar J. 2012;11:405.  
http://dx.doi.org/10.1186/1475-2875-11-405

18.	 Wurtz N, Mint Lekweiry K, Bogreau H, Pradines B, Rogier C, 
Ould Mohamed Salem Boukhary A, et al. Vivax malaria in  
Mauritania includes infection of a Duffy-negative individual. Malar 
J. 2011;10:336. http://dx.doi.org/10.1186/1475-2875-10-336

19.	 Mint Lekweiry K, Ould Mohamed Salem Boukhary A, Gaillard T,  
Wurtz N, Bogreau H, Hafid JE, et al. Molecular surveillance of 
drug-resistant Plasmodium vivax using pvdhfr, pvdhps and pvmdr1 
markers in Nouakchott, Mauritania. J Antimicrob Chemother. 
2012;67:367–74. http://dx.doi.org/10.1093/jac/dkr464

20.	 Ménard D, Barnadas C, Bouchier C, Henry-Halldin C, Gray LR, 
Ratsimbasoa A, et al. Plasmodium vivax clinical malaria is  
commonly observed in Duffy-negative Malagasy people. Proc Natl 
Acad Sci U S A. 2010;107:5967–71. http://dx.doi.org/10.1073/
pnas.0912496107

21.	 Russo G, Faggioni G, Paganotti GM, Djeunang Dongho GB, 
Pomponi A, De Santis R, et al. Molecular evidence of Plasmodium 
vivax infection in Duffy negative symptomatic individuals from 
Dschang, West Cameroon. Malar J. 2017;16:74. http://dx.doi.org/ 
10.1186/s12936-017-1722-2

22.	 Niangaly A, Karthigayan Gunalan, Amed Ouattara, Coulibaly 
D, Sá JM, Adams M, et al. Plasmodium vivax infections over 3 
years in Duffy blood group negative Malians in Bandiagara, Mali. 
Am J Trop Med Hyg. 2017;97:744–52. http://dx.doi.org/10.4269/
ajtmh.17-0254

23.	 Ntumngia FB, Thomson-Luque R, Torres LM, Gunalan K, 
Carvalho LH, Adams JH. A novel erythrocyte binding protein of 
Plasmodium vivax suggests an alternate invasion pathway into 
Duffy-positive reticulocytes. MBio. 2016;7:e01261–16. 
http://dx.doi.org/10.1128/mBio.01261-16

24.	 World Health Organization. Eliminating malaria. 2016 [cited 2018 
Dec 5]. https://www.who.int/malaria/publications/atoz/ 
eliminating-malaria

25.	 Niang M, Thiam LG, Sow A, Loucoubar C, Bob NS, Diop F, et al. 
A molecular survey of acute febrile illnesses reveals Plasmodium 
vivax infections in Kedougou, southeastern Senegal. Malar J. 
2015;14:281. http://dx.doi.org/10.1186/s12936-015-0808-y

26.	 Niang M, Diop F, Niang O, Sadio BD, Sow A, Faye O, et al.  
Unexpected high circulation of Plasmodium vivax in asymptomatic  
children from Kédougou, southeastern Senegal. Malar J. 
2017;16:497. http://dx.doi.org/10.1186/s12936-017-2146-8

27.	 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(Suppl):15–34. http://dx.doi.org/10.4269/
ajtmh.16-0141

28.	 Zimmerman PA. Plasmodium vivax infection in Duffy-negative 
people in Africa. Am J Trop Med Hyg. 2017;97:636–8.  
http://dx.doi.org/10.4269/ajtmh.17-0461

29.	 Osman MMM, Nour BYMN, Sedig MF, De Bes L, Babikir AM,  
Mohamedani AA, et al. Informed decision-making before changing 
to RDT: a comparison of microscopy, rapid diagnostic test and 
molecular techniques for the diagnosis and identification  
of malaria parasites in Kassala, eastern Sudan. Trop Med Int 
Health. 2010;15:1442–8. http://dx.doi.org/10.1111/j.1365-3156. 
2010.02659.x

30.	 Lo E, Hemming-Schroeder E, Yewhalaw D, Nguyen J, Kebede E, 
Zemene E, et al. Transmission dynamics of co-endemic  
Plasmodium vivax and P. falciparum in Ethiopia and prevalence  

of antimalarial resistant genotypes. PLoS Negl Trop Dis. 
2017;11:e0005806 https://doi.org/10.1371/journal.pntd.0005806. 
http://dx.doi.org/10.1371/journal.pntd.0005806

31.	 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. http://dx.doi.org/ 
10.1016/j.trstmh.2011.09.004

32.	 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. http://dx.doi.org/10.1186/s12936-016-1118-8

33.	 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. http://dx.doi.org/10.1186/
s12936-016-1244-3

34.	 Ould Ahmedou Salem MS, Mint Lekweiry K, Bouchiba H,  
Pascual A, Pradines B, Ould Mohamed Salem Boukhary A,  
et al. Characterization of Plasmodium falciparum genes associated 
with drug resistance in Hodh Elgharbi, a malaria hotspot 
near Malian-Mauritanian border. Malar J. 2017;16:140.  
http://dx.doi.org/10.1186/s12936-017-1791-2

35.	 Boubidi SC, Gassen I, Khechache Y, Lamali K, Tchicha B,  
Brengues C, et al. Plasmodium falciparum malaria, southern  
Algeria, 2007. Emerg Infect Dis. 2010;16:301–3. http://dx.doi.org/ 
10.3201/eid1602.090914

36.	 Jang JW, Cho CH, Han ET, An SSA, Lim CS. pLDH level of  
clinically isolated Plasmodium vivax and detection limit of pLDH 
based malaria rapid diagnostic test. Malar J. 2013;12:181.  
http://dx.doi.org/10.1186/1475-2875-12-181

37.	 Smith T, Charlwood JD, Kihonda J, Mwankusye S, Billingsley P,  
Meuwissen J, et al. Absence of seasonal variation in malaria 
parasitaemia in an area of intense seasonal transmission. Acta Trop. 
1993;54:55–72. http://dx.doi.org/10.1016/0001-706X(93)90068-M

38.	 Betuela I, Rosanas-Urgell A, Kiniboro B, Stanisic DI, Samol L, 
de Lazzari E, et al. Relapses contribute significantly to the risk of 
Plasmodium vivax infection and disease in Papua New Guinean 
children 1–5 years of age. J Infect Dis. 2012;206:1771–80.  
http://dx.doi.org/10.1093/infdis/jis580

39.	 Chu CS, White NJ. Management of relapsing Plasmodium vivax 
malaria. Expert Rev Anti Infect Ther. 2016;14:885–900.  
http://dx.doi.org/10.1080/14787210.2016.1220304

40.	 Hamon J, Maffi M, Grenier P, Ouedraogo CS, Djime D. Note on 
the mosquitoes of the Islamic Republic of Mauritania (first part)  
[in French]. Ann Soc Entomol Fr. 1964;69:233–53.

41.	 De Meillon B. Species and subspecies of vectors and their  
bionomics. 1950 [cited 2018 Dec 5]. http://apps.who.int/iris/ 
bitstream/handle/10665/64147/WHO_Mal_54.pdf

42.	 Kyalo D, Amratia P, Mundia CW, Mbogo CM, Coetzee M,  
Snow RW. A geo-coded inventory of anophelines in the  
Afrotropical Region south of the Sahara: 1898-2016.  
Wellcome Open Res. 2017;2:57. http://dx.doi.org/10.12688/ 
wellcomeopenres.12187.1

43.	 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, distribution and medical importance.  
Parasit Vectors. 2017;10:35. http://dx.doi.org/10.1186/ 
s13071-017-1978-y

Address for correspondence: Ali Ould Mohamed Salem Boukhary, 
Unité de Recherche Génomes et Milieux (JEAI), Université de 
Nouakchott Al-Aasriya, PO Box 5026, Nouakchott, Mauritania;  
email: alimedsalem@gmail.com

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 2, February 2019	 289

Oasis Malaria, Northern Mauritania


