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Abstract. In endemic malaria areas, Plasmodium is currently diagnosed mainly through the use of rapid diagnostic
tests (RDTs). However, in Senegal, many causes of fever remain unknown. Tick-borne relapsing fever, an often-
neglected public health problem, is the main cause of consultation for acute febrile illness after malaria and flu in rural
areas. Our objective was to test the feasibility of extracting and amplifying DNA fragments by quantitative polymerase
chain reaction (qPCR) from malaria-negative RDTs for Plasmodium falciparum (malaria Neg RDTs P.f) to detect Borrelia
spp. and other bacteria. Between January and December 2019, malaria Neg RDTs P.fwere collected on a quarterly basis
in 12 health facilities in four regions of Senegal. The DNA extracted from the malaria Neg RDTs P.f was tested using
qPCR and the results were confirmed by standard PCR and sequencing. Only Borrelia crocidurae DNA was detected in
7.22% (159/2,202) of RDTs. The prevalence of B. crocidurae DNA was higher in July (16.47%, 43/261) and August
(11.21%, 50/446). The annual prevalence was 9.2% (47/512) and 5.0% (12/241) in Ngayokhem and Nema-Nding,
respectively, health facilities in the Fatick region. Our study confirms that B. crocidurae infection is a frequent cause of
fever in Senegal, with a high prevalence of cases in health facilities in the regions of Fatick and Kaffrine. Malaria Neg
RDTs P.f are potentially a good source of pathogen sampling for the molecular identification of other causes of fever of
unknown origin, even in the most remote areas.

INTRODUCTION

The global reduction in the incidence of malaria in endemic
countries of sub-Saharan Africa raises the challenge of iden-
tifying nonmalarial acute undifferentiated febrile illnesses
(AUFIs).1–3 In Senegal, nonmalarial AUFIs, which include
diseases vectored by arthropods, represent a very large pro-
portion of the reasons for people presenting with febrile syn-
dromes in rural areas.4–6 Plasmodium falciparum malaria is a
major public health problem and an endemic disease in Sen-
egal. It has long remained a major cause of morbidity and
mortality.2,7,8 Malaria and tick-borne relapsing fever (TBRF),
coendemic diseases in Senegal, have nearly identical clinical
symptoms.8,9 In the absence of clinical signs of another dis-
ease, malaria is the first suspected cause of fever. Most
patients are treated with antimalarials regardless of whether
malaria parasites have been observed.1,8 As a result, this has
resulted in ineffective treatment of many patients infected by
TBRF with an unclear diagnosis and often considered as
resistant to malaria drugs.10,11

TBRF, the second-most common identified cause of arthro-
pod-borne febrile illness after malaria in Senegal, is very
prominent among AUFIs, where P. falciparum trophozoite
and Borrelia spirochete coinfections are rarely reported.4,6,8,12

The prevalence of malaria has drastically decreased in recent
years in Senegal and has even disappeared in some areas
such as the village of Dielmo, which was previously a malaria
hyperendemic area.2,13 This has given way to TBRF, which has
become the main reason patients consult a health professional
with a febrile illness.2,4,7,14,15 This decrease in the incidence of

malaria is the result of combined approaches including the
intensification of vector control interventions, the use of insecti-
cide-treated nets, the early detection of patients through the
use of malaria rapid diagnostic tests (RDTs), and the imple-
mentation of effective antimalarial treatments.16,17 However,
studies have shown that the prevalence of TBRF is higher than
malaria in some places in Senegal.6,7,18

P. falciparum RDTs are the main form of medical diagnosis
used for diagnosing malaria in underdeveloped countries.
RDTs have become essential tools for rapidly detecting and
managing malaria cases.19 Several studies have demon-
strated that RDTs are a reliable source of parasite DNA for
the molecular detection of Plasmodium, which has led to a
better characterization of circulating Plasmodium species
and reevaluation of malaria epidemiology.20–24 However, no
studies have been conducted to determine whether it is
practically feasible to use malaria RDTs as a reliable source
of bacterial DNA for the investigation of AUFIs or neglected
arthropod-borne tropical diseases.
In the Fatick region of Senegal, TBRF currently appears to

be the leading cause of morbidity in the preelimination stage
of malaria.2,5 As with malaria, TBRF registers high preva-
lence between July and September in the Niakhar and
Dielmo health facilities. The peak of TBRF occurrence is
observed in August in Senegal and Mauritania.2,6,25–27 Bor-
relia crocidurae has recently been reported as a probable
cause of spontaneous miscarriage in Senegal.28 Studies
on the causes of fever in rural Senegal have shown that
B. crocidurae may be responsible for many cases of febrile
illnesses.1,4,6,14,29 Results from the Dielmo point-of-care
(POC) facility showed that, after malaria and flu, TBRF was
the leading cause of consultation for febrile syndromes, with
a prevalence of 9.5% in 2012.1,4

Our study aims to detect bacterial DNA from circulating
arthropod-borne diseases in febrile patients attending health
facilities in Senegal from RDTs that are negative for
P. falciparum.
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MATERIALS AND METHODS

Study design, timing, and location. This retrospective
study was conducted in 12 health facilities in four regions
(between January and December 2019) from Senegal (Figure 1).
The selected health facilities were seven in the Fatick region,
two in the Kaffrine region, two in the Saint-Louis region, and
one in the Thi�es region (Table 1). RDTs negative for P. falcipa-
rum were obtained from patients seen in consultations in these
health facilities. Climate is typically Sahelo-Saharian in the north,
Sahelian in the center, and Sahelo-Sudanean and Sudano-
Guinean in the south. It has two alternating seasons, a short
rainy season variable according to region (June to mid-October)
and a long dry season (mid-October to May), but is sometimes
swept by the dry, dusty winds of the Harmattan (December to

February).14,27 In the study areas, the incidence of fever rises
during the winter season (rainy season), corresponding to the
malaria peaks in Senegal. Authorization to use these RDTs neg-
ative for P. falciparum was granted by the authority of the
National Malaria Control Program (PNLP) extended to the health
facilities through the chief physicians of the health facilities
under number 00001476.
The eligibility criteria to collect these malaria-negative

RDTs for P. falciparum (malaria Neg RDTs P.f) were as fol-
lows: all malaria RDTs for P. falciparum only performed on
patients presenting at the above-mentioned health facilities
with fever as the reason for consultation (axillary body tem-
perature greater than 37.5�C) who had malaria Neg RDTs P.f
results, with the initials of the collection site, date, name of

FIGURE 1. Geographic location of the 12 health facilities selected for the collection of malaria-negative RDTs P. falciparum in the communes of
the Senegalese regions.

TABLE 1
Sampling of malaria-negative RDTs P. falciparum in health facilities from four regions of Senegal between January and December 2019

Region Health facilities Geographic coordinates

Quarterly collection 2019 Collected
P. falciparum

RDTsJanuary–March April–June July–September October–December

Fatick Nema-Nding 13�429N–16�249W 27 16 25 8 24 15 16 18 40 34 14 15 252
Ngayokhem 14�329N–16�269W 33 39 40 28 24 59 45 15 135 66 37 36 557
Ndiambour 14�339N–16�209W 37 20 11 3 – 21 31 53 157 132 83 30 578
Patar Sine 14�339N–16�229W 15 10 10 15 16 6 16 63 46 55 55 – 307
Mbadatte 14�329N–16�219W – – – – – – – – 30 11 7 3 51
Sagne 14�249N–16�249W – – – – 9 15 30 23 62 85 33 – 257
Ndoss Diarraff 14�279N–16�219W 106 90 65 59 – 46 51 94 211 114 46 40 922

Thi�es Keur Moussa 14�469N–17�69W – – – – – – 17 – 253 220 105 36 631
Kaffrine Ngu�erane Fass 14�149N–14�509W – – – – – – – 96 155 322 112 – 685

Kathiotte 14�69N–14�339W – – – – – – – 38 32 105 25 13 213
Saint-Louis Taouey 16�279N–15�419W – – – – – 3 25 40 242 – – – 310

Gaaya 16�159N–15�539W – – – – – – – 19 61 2 – – 82
Total 218 175 151 113 73 165 231 459 1,424 1,146 517 173 4,845
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patient, and/or allocation number of the health registry writ-
ten on the results.
Testing ability to identify Borrelia DNA from malaria-

negative RTDs P. falciparum. For the first test, we used 10
malaria-positive RDTs P. falciparum with both antigenic
bands visible (control and tests) and 10 malaria Neg RDTs P.f
with only the control band being visible (SD Bioline Malaria
Ag Pf 05FK50, Gyeonggi-do, Republic of Korea) to validate
our protocol for the extraction and amplification of Plasmo-
dium DNA fragments by quantitative polymerase chain reac-
tion (qPCR) (Table 1, Supplemental Figure 1A). We used a
mixture of 6 mL of human blood (group A1 containing antico-
agulant from healthy donors obtained from the Etablissement
Français du Sang under customer code 7831 VITROME) with
180 mL of the B. crocidurae strain cultivated in our laboratory.
The bacterial load was estimated from a thick drop made
with 5 mL of blood mixed with B. crocidurae by microscopic
observation at 1,0003 magnification in 200 visual fields
(Supplemental Figure 1A). A total of 25 blank malaria RDTs
P. falciparum (SD Bioline Malaria Ag Pf 05FK50, product
43813) were tested with the Borrelia blood mixture. As a sec-
ond test control, 10 blank malaria RDTs P. falciparum were
tested at the same time with unmixed insectarium blood.
A 5-mL volume of blood was used for each malaria RDT
P. falciparum and the antigenic test results were read after
the recommended reading time, according to the manufac-
turer’s instructions. After at least 1 month of storage at room
temperature, the three components of the malaria RDT strips
(sample pad [S], nitrocellulose strip [N], and absorbent paper
[F]) that come in contact with the blood sample during the
detection process were evaluated separately as a speci-
men21,30 (Table 1, Supplemental Figure 1B).
The malaria RDTs were opened using dissecting forceps.

The terminal absorbent paper strips and the sample pad
were easily lifted from their underlying supports with the help
of a pair of forceps and an individual sterile slide for each
malaria RDT. In contrast, the nitrocellulose membrane, which
was firmly adhered to the holder, was scraped off using a
separate sterile scalpel for each malaria RDT (Table 1, Sup-
plemental Figure 1B). The three parts of each malaria RDT
constituting a sample were transferred to a 1.5-mL tube con-
taining 180 mL of G2 lysis buffer and 20 mL of proteinase K
(Qiagen, Hilden, Germany) and incubated at 37�C overnight.
DNA extraction was performed using an EZ1 DNA tissue
kit (Qiagen) according to the manufacturer’s recommenda-
tions. DNA from each sample was eluted with 100 mL of
Tris-ethylenediaminetetraacetate buffer (Qiagen), monitored
with a NanoDrop 1000, and stored at 220�C until further
analysis. The DNA obtained from each of the three compo-
nents of the malaria RDT strip was subjected to qPCR for
the detection of actin to verify our extraction and also to
qPCR for the detection of Borrelia DNA.6,31

Choice of fragments to be used to detect pathogen
DNA in malaria-negative RDTs. The malaria Neg RDTs P.f
from the health facilities of each region were sorted in the
VITROME-Dakar laboratory according to the criteria described
below, grouped per collection month in individual plastic zip-
per bags for each month, and stored in polystyrene boxes. The
polystyrene boxes were sent to the VITROME unit of Institut
Hospitalo-Universitaire M�editerran�ee Infection (Marseille,
France) to be stored at 14�C until further analysis. Each
malaria Neg RDT P.f was processed individually by recording

the information marked on it (health facility code, date,
and/or number). The blood deposit pad (sample pad) and the
nitrocellulose membrane of each malaria Neg RDT P.f were
collected as described above as samples for molecular
screening of microorganisms.
Subsequently, qPCR was performed on DNA extracted

from the malaria Neg RDTs P.f targeting a wide range of fas-
tidious bacteria (Coxiella burnetii, Rickettsia spp., Bartonella
spp., Borrelia spp., and Anaplasma spp.). A control quantita-
tive real-time PCR (qPCR) targeting b-actin was performed
on some of our DNA samples obtained from the malaria Neg
RDTs P.f.
Samples that were positive during the first qPCR targeting

Borrelia spp. genera using the ITS4 gene were subjected to
a second qPCR specific to B. crocidurae using the glpQ
gene.32,33 Samples were considered positive only if the
qPCR had a cycle threshold (Ct) below 36.31 To ensure the
reliability of our results, we included DNA from cultured
strains of Rickettsia montanensis, Bartonella elizabethae,
Anaplasma phagocytophilum, C. burnetii, Borrelia burgdor-
feri, and B. crocidurae from our laboratory as positive con-
trols and DNA from Rhipicephalus sanguineus ticks negative
for the tested microorganisms as negative controls in each
qPCR. The sequences of primers and probes used for the
detection of microorganisms are listed in Supplemental
Table 1.6,34,35 The qPCRs for each sample contained 5 mL of
DNA template, 10 mL of Roche Master Mix (Eurogentec),
0.5 mL of UDG, 0.5 mL of each primer (forward and reverse),
0.5 mL of probe, and 3 mL of DNase/RNase-free distilled
water for a total reaction volume of 20 mL. TaqMan cycling
conditions included two hold steps at 50�C for 2 minutes,
followed by 95�C for 15 minutes and 40 cycles of two steps
each (95�C for 30 seconds and 60�C for 30 seconds).36

Standard PCR and sequencing. Standard PCR was per-
formed on qPCR samples that were positive for B. crocidurae
using glpQ genes randomly selected for comparison with cir-
culating B. crocidurae species in different hosts by sequenc-
ing the flaB (flagellin) gene from a 750-bp fragment.34,37,38

The PCR contained 5 mL of DNA extract, 12.5 mL of AmpliTaq
Gold (ATG) DNA polymerases, 6 mL of DNase/RNase-free
distilled water, and 0.75 mL of each primer. The reaction mix-
ture was amplified with initial denaturation at 95�C for 15 min,
followed by 39 cycles of 95�C for 30 seconds, 55�C for
30 seconds, 72�C for 1 minute, and final heating at 72�C for
5 minutes. Successful amplification was confirmed by elec-
trophoresis on a 1.5% agarose gel. Purification of PCR
products was performed using NucleoFast 96 PCR plates
(Macherey-Nagel, Hoerdt, France) according to the manufac-
turer’s instructions. Amplicons were sequenced using the
BigDye Terminator v. 3.1 Cycle sequencing kit (Applied
Biosystems, Foster City, CA).39 The obtained sequences
were assembled and processed using ChromasPro software
(ChromasPro v. 1.7, Technelysium, Tewantin, Australia).33,35

The corrected sequences were compared with the existing
sequences in GenBank (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
MEGA software v. 7.0.21 was used to perform our sequence
alignments and to construct phylogenetic trees by neighbor-
joining algorithms with 1,000 bootstrap replications.
Statistical analysis. The results obtained were statistically

tested using R v. 3.2.1 software to assess whether time period
and/or locality influenced the detection of B. crocidurae by
qPCR from RDTs negative for P. falciparum. The significance
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of the explanatory variables and their interactions was deter-
mined by log-likelihood ratio tests. The Pearson x2 test was
used to compare the proportions of Borrelia infection. Tests
with 95% confidence intervals and a P value of , 0.05 were
considered statistically significant.

RESULTS

Sampling results of malaria-negative RDTs P. falcipa-
rum. A total of 4,845 malaria RDTs were collected, including
2,924 (60%) in Fatick, 898 (19%) in Kaffrine, 631 (13%) in
Thi�es, and 392 (8%) in Saint-Louis. Only in the health facili-
ties in Nema-Nding and Ngayokhem were malaria Neg RDTs
P.f collected throughout the year, namely from January to
December. The numbers of malaria Neg RDTs P.f collected
by month and by health facility are presented in Table 1. The
largest numbers of malaria Neg RDTs P.f were collected in
the four regions in September and October, accounting for
29.4% (1,424/4,845) and 23.7% (1,146/4,845) of malaria
RDTs, respectively (Table 1).
Fragments chosen for pathogen DNA detection in

malaria-negative RDTs. A total of 20 field malaria RDTs
P. falciparum (10 positive and 10 negative malaria RDT
P. falciparum strips) were analyzed to confirm the feasibility
of amplifying DNA fragments by Plasmodium qPCR. A total
of 19/20 malaria RDT DNA samples were actin positive, with
Ct values between 23 and 27 (mean 25.50). Plasmodium
qPCR was positive only for malaria-positive RDT Plasmodium
strips, with 70% (7/10) having a Ct between 31.39 and 34.92
(mean 33.29) (Supplemental Table 2, Supplemental Figure 1A).
In our experimental design, we used a total of 25 blank

malaria RDTs tested with Borrelia-positive blood and 10 malaria
RDTs with Borrelia-negative blood as controls (Supplemental
Table 2, Supplemental Figure 1B). The bacterial density of the
blood mixture with the B. crocidurae strain checked under a
thick-film microscope had loads of 200–500 spirochetes per
microscopic field (Supplemental Figure 1B). Extraction of the
different parts of the malaria Neg RDTs P.f samples (blood
deposit, nitrocellulose strip, and final absorbent paper) was
successful after storage at room temperature for 1 month. DNA
was detected in the three selected parts of the malaria RDTs by
actin qPCR with Ct values ranging from 27.16 to 35.50 (mean
29.72). The Ct values for identification were low for all samples
in the S- and N-positive parts, ranging from 28.42 to 32.20 Ct

(mean 30.07) and 27.16 to 34.05 Ct (mean 29.61), respectively,
for each part. The F part had 7/25 positive samples, with high
Ct values ranging from 34.74 to 35.50 Ct (mean 35.10) (Supple-
mental Table 2, Supplemental Figure 1B). Laboratory tests for
Borrelia identification in malaria Neg RDTs P.f showed that on
all samples, the first two parts, S and N, had low Ct values
ranging from 22.60 and 27.36 Ct (mean 25.35) to 22.34 and
26.08 Ct (mean 24.01), respectively. Considering the final part
(F), we obtained 24/25 positive samples with high Ct values
between 29.33 and 33.96 Ct (mean 32.20) (Supplemental
Table 2, Supplemental Figure 1B). However, all 10 malaria
RDTs that were tested with Borrelia-negative blood and used
as a control remained negative. Thus, for the rest of our study
on collected field samples, we used only the first two parts,
namely the blood deposit part and the nitrocellulose strip, to
search C. burnetii, Rickettsia spp., Bartonella spp., Borrelia
spp., and bacteria of the Anaplasmataceae family.
Molecular detection of bacteria in malaria-negative

RDTs P. falciparum. The DNA extracted from 2,202 malaria
Neg RDTs P.f representing 45.4% of malaria RDTs collected
was submitted to qPCR for the detection of bacteria. Only
Borrelia spp. DNA was detected in 7.2% (159) of malaria RDT
samples using the ITS4 gene (Tables 2 and 3). The qPCR
tests targeting C. burnetii, Rickettsia spp., Bartonella spp.,
and Anaplasma spp. were all negative. All samples that were
positive for Borrelia spp. were identified as B. crocidurae by
the specific qPCR using the GlpQ gene with Ct values
between 27.66 and 35.85 (average 33.09, SD62.08).
A total of 261, 446, and 1,000 malaria Neg RDTs P.f were

tested during July, August, and September, respectively
(Table 2). An overall B. crocidurae prevalence of 7.3% (124/
1,707) was detected on RDTs, namely 16.5% in July, 11.4%
in August, and 3% in September. The prevalence of B. croci-
durae was significantly higher in July and August than
September (Pearson x2 test 5 6.391; P 5 0.041 , 0.05 [sig-
nificance threshold]) (Table 2, Figure 2). The highest number
of TBRF cases was obtained in August, when the DNA of
51 malaria Neg RDTs P.f was positive for B. crocidurae.
Between July and August, the prevalence of DNA of Borrelia
varied from region to region, with 16%, 10%, 6%, and 4% in
Fatick, Kaffrine, Thi�es, and Saint-Louis, respectively (Supple-
mental Figure 2). The most cases of TBRF were found in
the Fatick region, with a prevalence of 10.3% (99/966)
from July to September (Table 2, Figure 2). In the Fatick

TABLE 2
Prevalence of TBRF Borrelia-positive cases identified in malaria-negative RDTs P. falciparum in health facilities from four regions of Senegal

during the third quarter in 2019

Region Health facility

July August September

Positives/tested
malaria RDTs

Total % region
(positives/tested)Tested Positive Tested Positive Tested Positive

Fatick Nema-Nding 16 3 18 3 42 0 6/76 10.25 (99/966)
Ngayokhem 45 8 15 2 124 8 18/184
Patar Sine 16 0 63 6 46 7 13/125
Ndiambour 31 6 49 5 80 3 14/160
Mbadatte – – – – 30 1 1/30
Ndoss Diarraff 81 11 85 11 110 3 25/276
Sagne 30 13 23 8 62 1 22/115

Thi�es Keur Moussa 17 1 – – 162 2 3/179 1.7 (3/179)
Kaffrine Ngu�erane Fass – – 96 3 149 3 6/245 5.4 (17/316)

Kathiotte – – 38 11 33 0 11/71
Saint-Louis Taouey 25 1 40 0 101 0 1/166 2 (5/246)

Gaaya – – 19 2 61 2 4/80
Total % period (positives/tested) 16.5 (43/261) 11.43 (51/446) 3 (30/1,000) 7.26 (124/1,707)
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region, we recorded 18.7% (41/219), 13.8% (35/253), and
4.7% (23/494) of prevalence in July, August, and September,
respectively (Table 2, Figure 2). In the Kaffrine region, a preva-
lence of 5.4% (17/316) was obtained over the 2 months of
collection, 10.4% (14/134) in August and 1.7% (3/182) in Sep-
tember. In the Thi�es region, a prevalence of 1.6% (3/179) was
obtained over the 2 months of collection, 5.9% (1/17) in July
and 1.2% (2/162) in September. In the Saint-Louis region, a
prevalence of 2% (5/246) was obtained, 4% (1/25) in July only
in the Taouey health facility and 3.4% (2/59) in August and
1.2% (2/162) in September (Table 2, Supplemental Figure 3).
For the two health facilities in the Fatick region where

annual collection was available, a total of 753 malaria Neg
RDTs P.f were obtained from the health facilities in Ngayo-
khem (512 malaria Neg RDTs P.f) and Nema-Nding (241
RDTs) (Table 3). In the Fatick region, 7.8% (59/755) of annual
prevalence of B. crocidurae was detected in malaria Neg
RDTs P.f (Table 3, Figure 3). The prevalence of TBRF cases
was 9.2% (47/512) in the health facility in Ngayokhem and
4.9% (12/243) in the health facility in Nema-Nding. The preva-
lence of B. crocidurae was significantly different between the
two health facilities (Pearson x2 test 5 4.0037; P 5 0.0454 ,
0.05 [significance threshold]). In the Fatick region, analysis of
the four quarters of the year shows a prevalence of 4.7%
(7/146) between January and March, 8.9% (14/158) between
April and June, 9.2% (24/260) between July and September,

and 7.3% (14/191) between October and December. The
prevalence of B. crocidurae was significantly different
between the four quarters of the year (Pearson x2 test 5
0.48154; P 5 0.041 , 0.05 [significance threshold]) (Table 3,
Figure 3). The highest TBRF case numbers were obtained in
the third quarter of the year, with 18 and 6 malaria Neg RDTs
P.f being positive for B. crocidurae in the Ngayokhem and
Nema-Nding health facilities, respectively (Table 3, Figure 3).
Borrelia standard PCR and phylogenetic analysis. To

compare the B. crocidurae DNA sequences amplified by
qPCR from malaria RDTs in this study with some of the
B. crocidurae sequences available at GenBank, 16 qPCR-
positive samples with Ct values , 30 were subjected to
standard PCR, amplifying fragments of the Borrelia flaB
genes. We obtained 7/16 usable sequences with the flagellin
flaB genes. The obtained sequences were 99.86–100%
identical to the sequence of B. crocidurae (accession num-
ber JX292917) isolated from the blood of a laboratory mouse
inoculated from an Ornithodoros sonrai tick from Mali. The
two sequences with identity scores less than 100% have
been deposited in the GenBank database with the accession
numbers OP547439 and OP547440. The phylogenetic tree
constructed with the B. crocidurae sequences of the flaB
gene detected in this work was clustered with those obtained
in ticks from Mali (JX292911–JX292913, JX292917) and
Mauritania (GU357619) (Figure 4).

TABLE 3
Annual prevalence of TBRF Borrelia-positive cases identified in malaria-negative RDTs P. falciparum in two health facilities in the Fatick

region, Senegal

Health facility RDTs P. falciparum January/February/March April/May/June July/August/September October/November/December
Total by health
facility (%)

Ngayokhem Positives/tested
by month

3/26 0/19 2/36 3/28 4/24 4/59 8/45 2/15 8/124 6/63 4/37 3/36 47/512 (9.2)

Positives/tested
(%) by quarter

5/81 (6.2) 11/111 (9.9) 18/184 (9.8) 13/136 (9.5)

Nema-Nding Positives/tested
by month

0/24 0/16 2/25 1/8 2/24 0/15 3/16 3/18 0/42 0/27 1/13 0/15 12/243 (4.9)

Positives/tested
(%) by quarter

2/65 (3.1) 3/47 (6.4) 6/76 (7.9) 1/55 (1.8)

Total by
quarter

7/146 (4.8) 14/158 (8.9) 24/260 (9.2) 14/191 (7.3) 59/755 (7.8)

FIGURE 2. Distribution of Borrelia in malaria-negative RDTs P. falciparum from July to September in four Senegalese regions among febrile
patients.
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DISCUSSION

In this study of the causes of nonmalarial AUFIs, in the
third quarter of the year, we recorded a relative high preva-
lence of 7% of B. crocidurae in malaria Neg RDTs P.f in Sen-
egal, and showed a high prevalence of 16.5% in July and
11.4% in August of malaria Neg RDTs P.f that were positive
for Borrelia with a low number of malaria Neg RDTs P.f
tested. In contrast, in September, when a large number of
malaria Neg RDTs P.f were tested, a low prevalence (3%)
of Borrelia was recorded. The annual prevalence of 7.8% of
DNA of Borrelia recorded from malaria Neg RDTs P.f tested
in the Fatick region is close to that obtained by the home-
made syndromic surveillance system called EPIMIC 2016
alarms.18 Analysis of malaria Neg RDTs P.f between January
and December in the two health facilities in the Fatick region
showed cases of TBRF occurring almost every month, with
cases peaking between July and September, comparable to
the results obtained by the Dielmo POC facility between
2011 and 2013.1 Our results perfectly follow the periodic
fluctuations of human cases of borreliosis, which are highest
between July and September, corresponding to the winter
period. The month of September marks the beginning of the
high prevalence of malaria in Senegal, which lasts until Novem-
ber.6,26,27 In Senegal, the months of July and August have
been reported as periods of high prevalence of TBRF
cases.6,40 These peak periods with a higher number of TBRF
cases obtained in this study have been previously reported in
Morocco and Senegal.6,26 We recorded a prevalence of 16%
in the Fatick region, 10% in the Kaffrine, 6% in the Thi�es. and
4% in that of the Saint-Louis (Supplemental Figure 2). This

prevalence is comparable to that obtained by studies con-
ducted in some of these different localities, namely in Thi�es
with a prevalence of 9% in children under the age of 14 years,
in the Fatick region with a prevalence of 13% in 2008 and 10%
in 2011, 19% in Sine-Saloum in 2011, 12% in 2017 in Niakhar,
and 5% in the Louga region.4,6,14,41

In rural areas of underdeveloped countries, malaria Neg
RDTs P.f are most often the only medical diagnostic tool for
vector-borne diseases.42 We validated our methodologies
by taking solid references allowing us to confirm the possi-
bility of detecting arthropod vectorized diseases from bacte-
rial DNA contained in malaria Neg RDTs P.f from the
field.21,23,24,30 This study is the first to demonstrate that it is
possible to search for neglected tropical diseases or circu-
lating pathologies in malaria RDTs independent of the
specific search for Plasmodium parasites. Our study allowed
us to assess, for the first time, the prevalence of DNA of
B. crocidurae agent of TBRF, a disease coendemic with
malaria in Senegal, using malaria Neg RDTs P.f.
In Senegal, most studies have shown a high prevalence

and continuous annual transmission of B. crocidurae.5,6,40

Malaria Neg RDTs P.f from the field, which we consider a
robust source of clinical samples for the causes of nonmalar-
ial fever, could allow us to provide answers as to the distri-
bution, circulation, and prevalence of TBRF B. crocidurae
among febrile patients attending health facilities. Limitations
of our study include lack of knowledge of patient demo-
graphics (age and sex) and clinical data (in addition to fever).
In this study, we were not able to evaluate cases of coinfec-
tion with TBRF and malaria because of the small number of
malaria-positive RDTs P. falciparum obtained in the field and

FIGURE 3. Monthly distribution of Borrelia in malaria-negative RDTs P. falciparum in two health facilities in the Fatick region among febrile
patients.
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in some localities. The Senegalese Ministry of Health uses
these malaria-positive RDTs P. falciparum for confirmation
and monitoring Plasmodium parasites circulating in the con-
text of control strategies for malaria elimination.
B. crocidurae bacteria detected from our malaria Neg

RDTs P.f DNA samples, confirmed by standard PCR, have
already been identified in O. sonrai ticks in Senegal, Maurita-
nia, and Mali.43,44 The phylogenetic analysis of the FlaB
gene allowed us to show that our Borrelia obtained was
close to the Borrelia already found in Senegal.44,45 The
results presented in this study confirm the single circulation
of the B. crocidurae pathogen causing TBRF in febrile
patients in Senegal. Given the interesting results obtained in
these Borrelia endemic areas, it is important to note the
potential limitations of our approach. Not all pathogens
causing febrile illnesses will be present in the blood in suffi-
ciently high and thus detectable numbers. Considering that
a large proportion of the samples tested were negative for
the microorganisms we were looking for, there are many
other causes of fever to be found in Senegal.
In Senegal, reported data on TBRF cases are low and most

of the available data come from the two POC laboratories
installed in Niakhar and Dielmo in the Fatick region.1,4,6,18,46

This study is the first to use an innovative approach to assess
the prevalence of TBRF in febrile patients attending health facil-
ities based on malaria Neg RDTs P.f from different regions. Our
results confirm that TBRF transmission occurs all year long.
However, peak periods for human cases are noted from July to
September in Senegal and Mauritania.6,26 This study demon-
strates, once more, the need to develop TBRF RDTs that are
specific to B. crocidurae, and then to make them available to
health facilities in rural areas for better management of this

endemic zoonotic infection. The development of this promising
tool could shed light on unclear diagnoses, improve patient
management, and help health care workers choose the right
treatment of the best management of TBRF cases.
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