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Abstract. From November to December 2012 in Sélingué-Mali, blood samples from 88 febrile patients who tested
negative by malaria Paracheck® rapid diagnostic tests (RDTs) were used to assess the presence of sub-RDT Plasmo-
dium falciparum as well as Borrelia, Coxiella burnetii, and Babesia applying molecular tools. Plasmodium sp. was pres-
ent among 57 (60.2%) of the 88 malaria RDT–negative patients, whereas the prevalence of Borrelia, C. burnetii, and
Babesia were 3.4% (N = 3), 1.1% (N = 1), and 0.0%, respectively. The additional diagnostic use of polymerase chain
reaction (PCR) identified a high proportion of Plasmodium sp.-positive samples and although this may be a concern for
malaria control, the respective PCR-identified malaria infections were less likely responsible for the observed fevers
given the low parasite density. Also, the low infection levels of Borrelia and C. burnetii and lack of Babesia among the
febrile patients call for further studies to assess the causes of fever among malaria RDT–negative patients in Sélingué.

Worldwide, an estimated 438,000 people died of malaria in
2014.1 Approximately 82% of malaria cases and 90% of
malaria deaths occurred in sub-Saharan Africa (SSA), with
children under 5 years of age and pregnant women the most
severely affected.1 Yet, strong decreasing trends of malaria-
attributed morbidity and mortality have been observed in SSA
in recent years,1most likely as a result of intensified investments
in control measures such as long-lasting insecticide-treated
nets, the use of malaria rapid diagnostic tests (RDTs), and
efficacious treatment (artemisinin-based combination thera-
pies). InMali, malaria is endemic and strongly seasonal in many
parts of the country, as most of the cases (60–70%) are
observed between August and November.2

The diagnosis of malaria relies on deployment of RDTs with
considerable challenges during the low-transmission season
when parasite loads may be low resulting in reduced sensitiv-
ity of RDT diagnosis.3 Furthermore, management of RDT-
negative fever cases are difficult in remote rural settings as
differential diagnosis on malaria-like symptoms is limited due
to low index of suspicion among health staff and inadequate
diagnostic capacity. Hence, diseases that can be mistaken as
malaria in rural tropical settings are often underestimated and
left untreated. This includes several zoonotic diseases such
as rickettsiosis, Q fever, babesiosis, and borreliosis.4 Notably,
relapsing fever (borreliosis) has long been recognized as a
major cause of disease and death in several regions of Africa,
yet is considered vastly underreported.5,6

Q fever is caused by the Gram-negative bacterium Coxiella
burnetii (Coxiellaceae family).7 It is found worldwide in wild
rodents and birds. The main hosts are domestic animals such
as sheep, goats, and cattle.8,9 Borrelia is a genus of the spi-
rochete phylum causing relapsing fever and transmitted pri-
marily by ticks/lice, depending on the species. In west Africa,
small mammals and birds are the main hosts of Borrelia lead-
ing to tick-borne relapsing fever in humans.9 Babesiosis is a
zoonosis caused by tick-transmitted intraerythrocytic proto-

zoa of the phylum Apicomplexa.9 The main pathological
event is lysis of erythrocytes resulting in hemolytic anemia.9

Only few studies have investigated the possible contribu-
tion of Q fever, borreliosis, and babesiosis to the disease
burden in SSA. In Mali, a previous serological study has
reported a seroprevalence of Q fever of 28% in Bamako and
51% in Mopti among fever patients seeking treatment in out-
patient clinics.10 With regard to Borrelia, previous studies
report 10% active spirochete infections among humans,11

and a seroprevalence among cattle of 7% and 38% of
Babesia bovis and Babesia bigemina, respectively.12

A recent study performed in Sélingué showed an unex-
pected weak correlation between fever and malaria infections
among children < 10 years of age as diagnosed by RDT dur-
ing the low-transmission season.13 Thus, the present study
aimed to explore this observation further by initially examining
the prevalence of sub-RDT malaria infections using highly
sensitive nested polymerase chain reaction (PCR), and there-
after, exploring other causes of fever including the potential
role of zoonotic infections by retrospectively examining the
malaria RDT–negative fever cases for Borrelia, C. burnetii,
and Babesia infection using PCR-based methodologies.
Sélingué is located in the Guinean Sudan Savanna areas

of Mali about 130 km southwest of Bamako. Malaria trans-
mission is seasonal with more than 60% of malaria incidence
observed during the wet season (June–November). The pop-
ulation is composed mainly of farmers and fishermen, where
the majority of families keep livestock (cattle, goats, and
sheep), increasing the risk for zoonotic diseases.
The study was conducted from November 15 to December

31, 2012. Participants were recruited at the district health
center, and all participants were tested with the Malaria RDT
Paracheck® Pf (Orchid Biomedical Systems, Goa, India),
(a histidine-rich protein (HRP)-2 test for Plasmodium falciparum
malaria). Patients that were RDT positive were treated with
artemether–lumefantrine according to national guidelines
and excluded from further study. For the present study, the
inclusion criteria were subjects presenting with a malaria RDT–
negative test, age ≥ 5 years, axillary temperature ≥ 37.5°C,
and acceptance to sign the informed consent. Into BD vacu-
tainer® (Becton, Dickinson and Company, Franklin Lakes, NJ)
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containing ethylenediaminetetraacetic acid, 1.5 mL blood
samples were collected, and then separated into two tubes of
red blood cells (RBC) and plasma and stored frozen at −20°C.
Samples were thawed and depending on the volume of the
plasma samples, between 10 and 130 μL of plasma was added
back to the corresponding RBC. DNA was then extracted from
the remixed full blood samples using Nucleospin® Blood
QuickPure kit (Macherey-Nagel, Düren, Germany).

Q FEVER PCR

A conventional PCR assay based on Frangoulidis and
others14 was used to confirm C. burnetii infections. For Babe-
sia and Borrelia PCR, nested PCR developed by Persing and
others15 and Nordstrand and others,16 respectively, were
used. For these three diagnostic PCRs, a set of positive and
negative controls were used, including samples containing
DNA extracted from healthy Danish blood donors, from a
patient with P. falciparum parasitemia, as well as DNA isolated
from Babesia-, Borrelia-, and C. burnetii-positive patients,
which were kindly provided by Bjørn Kantsø, Statens Serum
Institute in Copenhagen, Denmark.

MALARIA PCR

A nested PCR assay was used to identify samples containing
Plasmodium malaria not identified by RDTs. Two primers were
used as outer: rPLU6 (TTAAAATTGTTGCAGTTAAAACG) and
rPLU5 (CCTGTTGTTGCCTTAAACTTC), originally described in
Snounou and others.17 Primers for the nested PCR were
Plasm-all-n1fw (CCTTCAGTACCTTATGAGAAATC) and
Plasm-all-n2rw (TCTGTCAATCCTACTCTTGTCTT).
All samples that were identified as Plasmodium positive

were selected and run in separate nested PCRs to identify the
Plasmodium species of infection as described in Snounou and
others.17 Positive controls were DNA extracts from patients
with confirmed P. falciparum, Plasmodium malariae, and Plas-
modium vivax infections, whereas negative controls were DNA
extracted from healthy Danish blood donors.
In total, 88 blood samples from malaria RDT–negative febrile

patients were examined by subsequent PCR analyses. Of
these, 56 (63.6%) were between 5 and 14 years, 27 (30.7%)
between 15 and 44 years, and 5 (5.7%) above 44 years of age.
Clinical diagnosis classified 39 (44.3%) as typhoid fever,
26 (29.5%) as acute respiratory infection, and 23 (26.1%) as
digestive disorder. Of the 88 malaria RDT–negative patients, a
total of 57 (64.8%) were found positive by nested Plasmodium
genus PCR (Table 1). Plasmodium falciparum was the main
species found in 35 (63.1%) of samples. However, coinfections
were also observed: three (5.3%) P. falciparum + P. malariae and
two (3.5%) P. falciparum + P. malariae + P. ovale. Three patients
were infected with Borrelia (two males 15 and 17 years of
age and one female 21 years of age), whereas one patient,
(11-year-old male) was tested positive for C. burnetii. None
of the patients were PCR positive for Babesia. (Table 1).
In the present study, 64.8% of the 88 febrile patients with

a negative Paracheck Pf RDT were found positive for malaria
by nested Plasmodium PCR. Numerous reports have shown
greater specificity and sensitivity of using PCR as opposed
to conventional diagnosis using either microscopy or RDTs,
and most likely, the many RDT negatives that were PCR
positive were due to low parasite density infections. Alterna-

tively, it has been shown that a small number of P. falciparum
strains present mutations of the HRP-2 genes which may cause
false-negative RDTs results,18 and likewise, the presence of
anti-HRP2 antibodies in humans are known to result in negative
RDT regardless of the level of parasitemia.19 Additional molecu-
lar analyses revealed the absence of Babesia but the presence,
at very low level, of both C. burnetii and Borrelia among the
participants. As mentioned, a serology-based study done in
Bamako and Mopti of Mali showed a high prevalence of
Q fever.10–20 However, the present study is, to our knowledge, the
first to document Q fever due to acute infection by C. burnetii.
The additional diagnostic use of PCR identified a high pro-

portion of Plasmodium sp.-positive samples and although this
is a concern for malaria control, the respective PCR-identified
malaria infections were less likely responsible for the observed
fevers since they are of low density, below the threshold for
RDT detection. The diagnosed cases of Q fever and borreliosis
were few but acute. RDTs improved considerably the quality of
malaria case management. However, molecular-based assays
could be important in the context of malaria elimination efforts.21

Further studies are needed on the epidemiology of zoonotic
diseases (as well as other febrile diseases) in the study area.
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TABLE 1
Malaria, borreliosis, and Q fever prevalence by age groups

Age groups
(in years) n

Diagnosis by PCR

Malaria infection Borreliosis infection Q fever infection

n (%) n (%) n (%)

5–14 56 42 (75.0) 1 (1.8) 1 (1.8)
15–44 27 12 (44.4) 2 (7.4) 0 (0)
≥ 45 5 3 (60.0) 0 (0) 0 (0)
Total 88 57 (64.8) 3 (3.4) 1 (1.1)

PCR = polymerase chain reaction.

336 TOURÉ AND OTHERS



3. D’Acremont V, Bosman A, 2013. WHO Informal Consultation on
Fever Management in Peripheral Health Care Settings: A
Global Review of Evidence and Practice. Geneva, Switzerland:
Malaria Policy Advisory Committee. Available at: http://www.
who.int/malaria/mpac/who_consultation_fever_management_
presentation.pdf. Accessed March 5, 2016.

4. Rodhain F, 1976. Borrelia et fièvres récurrentes: aspects
épidémiologiques actuels. Bull Inst Pasteur 74: 173–218.

5. Cadavid D, Barbour AG, 1998. Neuroborreliosis during relapsing
fever: review of the clinical manifestations, pathology, and
treatment of infections in humans and experimental animals.
Clin Infect Dis 26: 151–164.

6. Trape JF, Diatta G, Arnathau C, Bitam I, Sarih M, Belghyti D,
Bouattour A, Elguero E, Laurence V, Mané Y, Baldé C,
Pugnolle F, Chauvancy G, Mahé G, Granjon L, Duplantier
JM, Durand P, Renauld F, 2013. The epidemiology and geo-
graphic distribution of relapsing fever borreliosis in west and
north Africa, with a review of the Ornithodoros erraticus
Complex (Acari: Ixodida). PLoS One 8: e78473.

7. Massung RF, Cutler SJ, Frangoulidis D, 2012. Molecular typing
of Coxiella burnetii (Q fever). Adv Exp Med Biol 984: 381–396.

8. Toman R, Heinzen RA, Samuel JE, Mege JL, 2012. Coxiella
burnetii: Recent Advances and New Perspectives in Research
of the Q Fever Bacterium, Volume 984. Albany, New York:
Springer, 381–396.

9. Tilly K, Rosa PA, Stewart PE, 2008. Biology of infection with
Borrelia burgdorferi. Infect Dis Clin North Am 22: 217–234.

10. Steinmann P, Bonfoh B, Peter O, Schelling E, Traore M,
Zinsstag J, 2005. Seroprevalence of Q-fever in febrile indi-
viduals in Mali. Trop Med Int Health 10: 612–617.

11. Schwan TG, Anderson JM, Lopez JE, Fischer RJ, Raffel SJ,
McCoy BN, Safronetz D, Sogoba N, Maiga O, Traoré SF,
2012. Endemic foci of the tick-borne relapsing fever spiro-
chete Borrelia crocidurae in Mali, west Africa, and the poten-
tial for human infection. PLoS Negl Trop Dis 6: e1924.

12. Miller DK, Diall O, Craig TM, Wagner GG, 1984. Serological
prevalence of bovine babesiosis in Mali. Trop Anim Health
Prod 16: 71–77.

13. Touré M, Sanogo D, Dembele S, Diawara SI, Oppfeldt K,
Schiøler KL, Haidara DB, Traoré SF, Alifrangis M, Konradsen
F, Doumbia S, 2016. Seasonality and shift in age-specific
malaria prevalence and incidence in Binko and Carrière vil-
lages close to the lake in Selingué, Mali. Malar J 15: 219.

14. Frangoulidis D, Meyer H, Kahlhofer C, Splettstoesser WD,
2012. ‘Real-time’ PCR-based detection of Coxiella burnetii
using conventional techniques. FEMS Immunol Med Micro-
biol 64: 134–136.

15. Persing DH, Mathiesen D, Marshall WF, Telford SR III,
Spielman A, Thomford JW, Conrad PA, 1992. Detection of
Babesia microti by polymerase chain reaction. J Clin Microbiol
30: 2097–2103.

16. Nordstrand A, Bunikis I, Larsson C, Tsogbe K, Schwan TG,
Nilsson M, Bergstrom S, 2007. Tickborne relapsing fever
diagnosis obscured by malaria, Togo. Emerg Infect Dis 13:
117–123.

17. Snounou G, Pinheiro L, Goncalves A, Fonseca L, Dias F,
Brown KN, 1993. The importance of sensitive detection of
malaria parasites in the human and insect hosts in epidemio-
logical studies, as shown by the analysis of field samples from
Guinea Bissau. Trans R Soc Trop Med Hyg 87: 649–653.

18. Kumar N, Pande V, Bhatt RM, Shah NK, Mishra N, Srivastava
B, Valecha N, Anvikar AR, 2013. Genetic deletion of HRP2 and
HRP3 in Indian Plasmodium falciparum population and false
negative malaria rapid diagnostic test. Acta Trop 125: 119–121.

19. Koita OA, Doumbo OK, Ouattara A, Tall LK, Konaré A, Diakité
M, Diallo M, Sagara I, Masinde GL, Doumbo SN, Dolo A,
Tounkara A, Traoré I, Krogstad D, 2012. False-negative rapid
diagnostic tests for malaria and deletion of the histidine-
rich repeat region of the hrp2 gene. Am J Trop Med Hyg 86:
194–198.

20. Vial L, Diatta G, Tall A, Bael H, Bouganali H, Durand P, Sokhna
C, Rogier C, Trape J, 2006. Incidence of tick-borne relapsing
fever in west Africa: longitudinal study. Lancet 368: 37–43.

21. World Health Organization (WHO), 2014. From Malaria Control
to Malaria Elimination. A Manual for Elimination Scenario
Planning. Geneva, Switzerland: WHO.

337EVIDENCE OF MALARIA AND ZOONOTIC DISEASES AMONG RDT-NEGATIVE FEBRILE PATIENTS


