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Abstract: Rodents play an important role in the trans-
mission of zoonotic diseases. This study investigated the
prevalence of Leptospira spp. and Bartonella spp. in Mas-
tomys natalensis and its ectoparasites (fleas and mites) in
selected villages of Morogoro, Tanzania. Mastomys nata-
lensis were captured live in fallow habitats using Sherman®

traps and anesthetized usingHalothane. Blood sampleswere
obtained from the retroorbital sinus Ectoparasites were
removed from the fur using a hard brush and preserved in
70 % ethanol. Real time–qPCR was used to detect Leptospira
spp. and Bartonella spp. from Mastomys natalensis blood
and ectoparasites respectively. The study revealed a rela-
tively larger number of males than females captures. Lep-
tospira spp. was demonstrated in one out of 100 Mastomys

natalensis. For Bartonella spp., prevalence of (14 %) was
recorded in mites with a higher proportion in mites
from adult male Mastomys natalensis than females. Upon
Sanger sequencing, four positive samples showed a com-
plete sequence of the ITS gene. Indicating that all samples
belonged to Uncultured Bartonella. Low prevalence of
Leptospira spp. and a high prevalence of Bartonella spp.
was observed inMastomys natalensis. Further exploration
of rodent pathogens is recommended to raise awareness of
the role of commensal rodents in disease transmission via
their ectoparasites.
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1 Introduction

Rodents are mammals with broad and complex ecological
range; they are cosmopolitan except in Antarctica (Makundi
et al. 2003). Given their high prolificacy, rodents have suc-
cessfully colonized a wide variety of habitats and environ-
ments throughout the world (Cortez et al. 2018; Dahmana
et al. 2020; Holt et al. 2006; Meerburg et al. 2009). Mastomys
natalensis is an abundant and dominant species within
the small mammal community of Morogoro, Tanzania, and
it is known to carry a number of infectious agents of diverse
diseases, including: Bartonellosis, leptospirosis, rickettsioses,
lyme borreliosis (Katakweba et al. 2012; Machang’u et al. 2004;
Mariën et al. 2022).

Rodent borne pathogens may enter a human host
through diverse routes including ectoparasite bites, direct
contactwith rodent excreta or consumption of food andwater
contaminated with fecal materials of the small mammals
(Boey et al. 2019; Machang’u et al. 2004).

Leptospirosis is a rodent borne zoonosis of worldwide
distribution (Machang’u et al. 2004). The disease is caused
by a spirochete of the genus Leptospira, which consists
of 22 species (Boey et al. 2019). According to WHO at least
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1.03 million cases of leptospirosis occurred annually,
worldwide, with 58,900 deaths in the past decade. In the
East and Central African region, leptospirosis is known to
be prevalent for more than three decades (Machang’u et al.
2004). Tanzania is among the tropical countries of Sub-
Saharan Africa where leptospirosis is endemic (Mgode et
al. 2021).

Any mammal can be infected with one or more Lep-
tospira serovars, however, rodents are the most commonly
affected animals which are also the major natural reser-
voirs of this microorganism (Dehio 2001; Mgode et al. 2021).
In animals, including humans, leptospirosis present with
varieties of clinical manifestations, from mild, flue-like
symptoms to severe, febrile conditions associated with,
inappetance, stiffness, abdominal pain and occasionally
may cause fatal septicaemic complications (Desai et al.
2009).

Bacteria of the genus Bartonella are small, fastidious,
slow-growing gram-negative aerobic rods (Dehio 2001). To
date they are 45 described species and subspecies of Barto-
nella of which 20 are found in rodents (Gutiérrez et al. 2015;
Malania et al. 2016; Theonest et al. 2019).

It is reported that, rodent associated Bartonella are the
cause of human infections particularly in areas where
humans have close contact with rodents. Relatively recently,
Bartonella spp. have been reported to cause febrile illnesses
in humans in northern Tanzania (Theonest et al. 2019).

The Bartonella spp. cause a disease with a wide range
of clinical manifestations in humans and animals, for
example: Cat-scratch fever, trench fever, Carrion’s disease,
bacteremia with fever, bacillary angiomatosis, peliosis,
endocarditis and neuroretinitis (Broecke 2021; Malania
et al. 2016). Bartonella spp. cause damage of the endothelial
cells and erythrocytes of their mammalian hosts (Malania
et al. 2016).

Studies on Leptospira spp. and Bartonella spp. trans-
mission through rodents and their ectoparasites have
shown that rodent urine and rodent ectoparasites are
major drivers in the transmission of leptospirosis and
bartonellosis respectively (Boey et al. 2019; Dehio 2001;
Mariën et al. 2022). However, studies on the genotypes
of these pathogens, prevalence of the diseases caused
and their modes of transmission in rodents, specifically
M. natalensis and their ectoparasites in Morogoro needs
further exploration. This study, therefore, aimed at deter-
mining the prevalence, genotypes and modes of trans-
mission of Leptospira spp. and Bartonella spp. pathogens in
Morogoro. The findings of this study will contribute to the
design of effective control strategies of these diseases and
their carriers.

2 Materials and methods

2.1 Study sites

This study was carried out in fallow lands at Choza and Kiroka villages,
within Morogoro municipality (6°50′34.9794′′S; 37°38′8.232′′E) between
January andMarch 2021. This period coincideswith the breeding season
of M. natalensis in the study areas (Broecke 2021). The study area
experience a bimodal rainfall pattern characterized by short rains from
November to January and long rains from March to May each year.
During the period of January to March, the land is commonly dry,
covered with short grasses and scattered bushes. The dry season lasts
for six (6) months fromMay to November (Rija et al. 2014; Van Aelst and
Holvoet 2018) (Figure 1).

2.2 Rodent trapping and sample collection

During the study, M. natalensis (n = 50) were live captured from each
of the villages, using Sherman® traps (standard medium size LFA:
7.6× 8.9× 23 cm). Sample sizewas determined by considering time of the
study, budget and animal ethics as described by Aplin (2003). The
trapping was conducted for three consecutive nights and inspected
every morning for captures over the period of 3 months (Table 2). In
each study village, five transect lines were set in fallow land, each laid
with 30 Sherman® traps. A 10m space was set from line to line and from
trap to trap. A mixture of peanut butter and maize bran was used as the
bait. Captured M. natalensis were anaesthetized using halothane and
blood samples were drawn from the retro-orbital sinus using capillary
tubes. Collected blood was preserved in EDTA vacutainer tubes and a
drop of the blood from each rodentwas absorbed on afilter paper (Claus
et al. 2020).

Fleas and mites were removed from the fur of the anaesthetized
animals using a hard brush then collected in a clean dish and covered
with a white paper, as described by Claus et al. (2020). After sample
collection, the rodents were humanely killed using an overdose of
halothane (Mariën et al. 2022).

Mites (n = 250) and fleas (n = 80) obtained were preserved in
Eppendorf tubes containing 70 % ethanol before being transported to
the Institute of Pest Management (IPMC) inMorogoro. The ectoparasites
were morphologically identified using a bright–field digital microscope
(Zeiss Primor Star Axiocam ERaC5C) at 0.5 objective lens and a pictorial
identification guide as described in Angelakis and Raoult (2014), Desai et
al. (2009), and Kim et al. (2005). The fleas and mites, identified as Xen-
opsylla cheopis and Laelaptine spp. respectively were sorted and pooled
separately according to their host and then crushed in a sterile mortar.
Before DNA extraction (Van Houtte et al. 2014), the X. cheopis pulp were
divided into 20 aliquots, while Laelaptines spp. were aliquoted into 80
pools.

2.3 DNA extraction

Genomic DNA of theM. natalensis blood, X. cheopis and Laelaptines spp.
were extracted using the NucleoSpin® Tissue (MACHEREY-NAGEL
GmbH & Co. KG, Germany), following the manufacturer’s instructions.
The DNA extracts were then stored at −20 °C.
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2.4 Molecular screening of Bartonella spp.

DNA extracts were screened for Bartonella spp. by real time-qPCR
using the following pairs of primers and probes (Meerburg et al. 2009;
Van Houtte et al. 2014). Barto_ITS3 F(5′GATGCCGGGGAAGGTTTTC3′),
Barto_ITS3_R(5′-GCCTGGGAGGACTTGAACCT-3′) and Barto_ITS3 _Probe
(6FAM-5′GCGCGCGCTTGATAAGCGTG-3′) (Invitrogen, Thermo Fisher
Scientific, and Belgium).

Amplification of Internal Transcribed Spacer (ITS) gene was
conducted in a final volume of 20 µL containing 10 µL of 2 × Eurogentec
TakyonTM Mix (Eurogentec, Liège, Belgium), 1 µL of each primer
(0.5 µM), 0.12 µL of probe, 2.5 µL of DNase-free water, and 5 µL of DNA
template. The real time–qPCR was performed on the StepOneTM Real-
Time PCR system (by Thermo Fisher Scientific) using the following
thermal profile: an incubation step at 50 °C for 2 min for eliminating
PCR amplicons, then an activation step at 95 °C for 3 min followed by
40cycles of denaturation at 95 °C for 15 s and an annealing-extension at
60 °C for 30 s. Samples were confirmed as Bartonella spp. if they tested
positive for the first and second runs on real time–qPCR (Mariën et al.
2022) Further amplification of the ITS region (453–780 bp) (Sokhna
et al. 2013)-(Böge et al. 2021) was done using conventional PCR system
before sequencing (Sokhna et al. 2013). The amplification reactions
were conducted in a final volume of 15 µL, containing 7.5 µL of Hot
Goldstar master mix, 0.3 µL of each primer, 5.4 µL of DNA free water
and 2.5 µL of DNA template. Reactions were conducted in a thermal

cycler (TProfessional Basic Thermocycler by Biometra) under the
following amplification conditions; 40 cycles for 30 s at 94 °C, for 30 s at
66 °C, for 50 s at 72 °C. PCR products were prepared with DNA Gel
Loading Dye (Thermo Fisher Scientific Baltics UAB, Vilnius, Lithuania)
for gel electrophoresis in 1 % agarose. Visualization was done using UV
light. Amplicons of positive samples were purified and then Sanger
sequenced with forward and revers primers at Neuromics Support
Facility- Vlaams Instituut voor Biotechnologie (Antwerp-Belgium). The
DNA extracts from the ectoparasites were also screened for other
potential rodent pathogens including; Borrelia spp., Babesia spp. and
Anaplasma spp. by real time-qPCR.

2.5 Molecular screening of Leptospira spp.

The blood DNA extracts were screened for Leptospira spp. by real time-
qPCR using the following pairs of primers and probes (Dahmana et al.
2020):

Primer F lip32B (AGCTCTTTTGTTCTGAGCGA), Primer R lip32BR
(TACGAACTCCCATTTCAGCGATTA), Probe (FAM-AAAGCCAGGACAAGCG
CCG-NFQ-MGB) (Invitrogen, Thermo Fisher Scientific, Belgium). Ampli-
fication of 16S-RNA gene was conducted in a final volume of 10 µL
containing 5 µL of 2 × master mix, 0.5 µL of each primer forward
and reverse, 0.2 µL of probe, 1.0 µL of DNase-free water, and 1 µL of
DNA template. The real time–qPCR was performed on the StepOneTM

Figure 1: Map of selected study villages of Morogoro.
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Real-Time qPCR systemby (ThermoFisher Scientific) using the following
thermal profile: pre incubation step at 95 °C for 3 min by one cycle then
an activation step at 95 °C for 15 s for 40 cycles, followed by 40 cycles of
denaturation at 60 °C for 30 s and an annealing-extension at 60 °C for
30 s (Cortez et al. 2018).

2.6 Statistical analysis

Confidence intervals (95 % CI) for the prevalence of Bartonella spp. and
Leptospira spp. inM. natalensis was determined at the level of alpha of
0.05 (Böge et al. 2021).

The statistical difference in Bartonella spp. infection of mites from
males and females of M. natalensis was determined using a two-tailed
student’s t-test.

Prevalence (%) was calculated as number of individuals infected
divided by the number of individuals examined. Statistical analysis and
molecular analyses were done using R Statistical Software 4.1.3 and
Genious software respectively.

3 Results

3.1 Molecular detection of Leptospira and
Bartonella spp. in M. natalensis and their
ectoparasites

One out of 100 M. natalensis screened for Leptospira spp by
real time–qPCR, was positive 1(1 %), (95 %, CI: 4.7–7.9 %),
indicating a relatively low prevalence of leptospirosis in the
multimammate rats in the study areas.

Following real time-qPCR, Bartonella spp. were detec-
ted in mites, but not in fleas at a prevalence of 14 (14 %),
(95 % CI: 7.08–20.9 %). The positive samples were further
amplified by conventional PCR followed by sequencing. Of
the 14 samples, four showed a complete sequence of the ITS
gene (Table 1). The sequenced samples belonged to the
same Bartonella strain (RN3BJ), predominantly Uncultured
Bartonella (MW194941).Others wereBartonella queens-
landensis (MZ570393), Candidatus Bartonella thailandensis
(FJ411484,) and Bartonella sp. (EF190331). Borrelia spp.,
Babesia spp. and Anaplasma spp. were not detected.
Bartonella spp. infection was shown to be higher in mites
from adult male M. natalensis than females. However the

difference was not considered significant (p > 0.05). Juve-
nileM. natalensiswere relatively few in the study areas and
no ectoparasites were found on them. The study revealed a
larger population of males than females in the study areas
(Table 2).

4 Discussion

In this study, the prevalence of Leptospira spp. and Barto-
nella spp. inM. natalensis and their ectoparasites (Laelaptine
spp. and X. cheopis) in selected areas of Morogoro were
determined. There was no co-infestation found of mites and
fleas in themultimmamate rats. This finding is in agreement
with report by (Kaminskienė et al. 2017).

Molecular analysis of the pathogens demonstrated a
relatively low prevalence of Leptospira inM. natalensis. This
finding contradicts with a previous report by (Katakweba
et al. 2012), which states that, a dry environment is limiting
the survival of Leptospira spp. because leptospirosis is a
water borne disease. Therefore, the prevalence would be
expected to be higher during the study period which was
between the end of the short rain season and beginning of
long rains which would be favorable for the Leptospira spp.
to survive in the environment. Therefore, it is plausible to
believe that, the overall prevalence of leptospirosis in
M. natalensis in the study areas is relatively low.

Other studies by Kaminskienė et al. (2017) and Mgode
et al. (2021) have also reported a low prevalence of Lep-
tospira spp. in M. natalensis, but a comparatively higher
prevalence in Rattus rattus and Cricetomys spp. This
relatively small proportion of Leptospira spp. infected
M. natalensismay also be due to their ecology and habitats
which differ from those of R. rattus and Cricetomys spp.
(Massawe et al. 2005). Low prevalence of Leptospira spp. in

Table : Mites from Mastomys natalensis screened for Bartonella spp. by
real time qPCR.

Study
location

M. natalensis mites
positive for

Bartonella spp.

Bartonella
spp.-positive

males

Bartonella
spp.-positive

females

P-
value

Choza /(%) / (%) / (%) .
Kiroka / (%) / (%) / (%) .

Table : Mastomys natalensis captured in a three-month period (trap
nights, sex and age).

Choza Kiroka

Jan Feb Mar Jan Feb Mar

Trap nights      

Number of traps      

M. natalensis captured      

Males      

Females      

Adults      

Juveniles      

Mites collected from M. natalensis      

Fleas collected from M. natalensis      
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blood samples has also been reported by Cortez et al. (2018)
and Bal et al. (1994), suggesting a number of factors
contributing to the low prevalence, including: the species
of the rodent, habitat and development of immunity with
age. However, leptospirosis has a short phase in which
the infectious agent is found in the circulatory system
(leptospiremia) before entering the kidney tubules where
it remains for a long time with intermittent discharge with
urine in relatively large numbers (Bal et al. 1994).

Laelaptines spp. from 14 rodents tested positive for
Bartonella spp. by real time–qPCR, however, upon conven-
tional PCR and sequencing, four samples demonstrated a
complete ITS gene sequence with preponderance of Uncul-
tured Bartonella. These findings agreed with previous
studies done elsewhere, showing that Bartonella strains
found in rodent ectoparasites belonged to Uncultured Bar-
tonella spp. (Angelakis and Raoult 2014; Böge et al. 2021;
Dehio 2001; Gundi et al. 2009). In this study, other species of
Bartonella spp. that were detected and known to be zoonotic
pathogens includes: Bartonella queenslandensis, Candidatus
Bartonella, Thailandensis Bartonella spp. In this study, more
mites were isolated from males than females M. natalensis,
however the difference was not significant. This is in
agreement with studies by Beery (2018).

This study also showed that, the overall prevalence of
Bartonella spp. inM. natalensismiteswas higher inmales than
females. This could be explained by the fact that, males have a
larger home range compared to females, thus, predisposing
them to more frequent contacts with the pathogens. This is in
agreement with Ferrari et al. (2004) and Kataranovski et al.
(2011), who suggested that males have a bigger role in driving
the dynamics of transmission of infections.

Bartonella spp. infection was higher in mites from adult
M. natalensis than in juveniles, because, adults had a higher
chance of exposure to the pathogens than the juveniles.
The detection of Bartonella spp. in mites has been reported
by Alsarraf et al. (2017) which proposed that, ticks and mites
be added to the list of potential reservoirs and vectors of
pathogens, however, further investigations are necessary to
describe their potential roles in Bartonella infection and
transmission.

5 Conclusion and recommendation

This study has shown a relatively low prevalence of
Leptospira spp. and higher prevalence of Bartonella spp. in
mites from Mastomys natelensis in the study areas, sug-
gesting that mites are potential reservoirs cum vectors of
bartonellosis. Additional studies on the role of fleas as
reservoirs or vectors of bartonellosis are essential.

Since Leptospira spp. and Bartonella spp. are zoonotic
pathogens transmitted by rodents and their ectoparasites
respectively. Surveillance for these bacteria should be
considered alongside studies of other rodent borne patho-
gens such as, Borrelia spp., Babesia spp. and Anaplasma spp.
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