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Bartonella spp. bacteria are responsible for bartonellosis in humans and animals for which rodents are
the main natural reservoirs. Common bartonellosis symptoms include fever, chills, weakness, and
headache. This study aimed to determine the prevalence of Bartonella spp. infection in rodents and
shrews of the genus Crocidura in the Kigoma and Morogoro regions of Tanzania. Blood culture and
conventional PCR targeting a portion of the gltA gene were used to screen and confirm presence
Bartonella spp. Among the 1036 small mammals tested, 999 were rodents and 37 were shrew species.
The overall prevalence of Bartonella spp. in small mammals was 22.5%. Bartonella spp. was found in
13 rodent species and one Crocidura species. Prevalence varied significantly among host species (p
<0.0001) and habitats. Bartonella spp. was found to be widespread in rodent species inhabiting indoor,
peridomestic, farm and forest habitats. This study highlights rodents and Crocidura spp. as potential
reservoirs of Bartonella spp., likely contributing to the spread of human bartonellosis due to their
inevitable interactions in suitable habitats. Further research is needed to characterize zoonotic
Bartonella spp., determine their genetic diversity, and assess ecological factors influencing the
transmission cycle.
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INTRODUCTION

Bartonella spp. is pleomorphic rod-shaped bacteria elizabethae, Bartonella tribocorum, Bartonella
(Minnick and Anderson, 2015) that are microaerophilic phoceensis, Bartonella coopersplainsensis, Bartonella
fastidious (Okaro et al., 2017). A number of species and rattimassiliensis, Bartonella gueenslandensis,
sub species of the genus Bartonella isolated from small (Klangthong et al., 2015); Bartonella grahamii, Bartonella

mammals have been described including Bartonella taylorii and Bartonella doshiae (Obiegala et al., 2021).
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Worldwide, studies on bartonellosis have shown that
small mammals, especially rodents, serve as the primary
natural reservoirs of a diverse range of Bartonella spp.
(Yu et al., 2022). Bartonellosis in animals and humans is
transmitted through bite from blood-sucking arthropod
vectors including fleas, ticks, lice, and biting flies
(Cheslock and Embers, 2019). Other ways of
transmission for Bartonella spp. infections include
contaminated abrasions, direct contact with infected
animals (Okaro et al, 2017), and through blood
transfusion or organ transplantation from infected donors
(Noden et al., 2014). In mammalian hosts, Bartonella
spp. attack erythrocytes, endothelial cells, and dendritic
cells, which are important in the body’s immune response
(Birtles, 2005). Infections caused by Bartonella spp.
result in various clinical manifestations, such as fever,
anemia, and inflammation in organs including lymph
nodes, heart, liver, spleen, and eyes in humans (Lins et
al., 2019). In companion animals, clinical signs of
Bartonella spp. infection include fever, cardiac murmurs,
cough, tachypnea, lameness, and neurological symptoms
in dogs, as well as endocarditis and myocarditis in cats
(Sykes and Chomel, 2014).

Only a few studies have been conducted on
bartonellosis in Tanzania (Gundi et al., 2012; Theonest et
al., 2019). Despite being limited in number, these studies,
mostly carried out in northern part of Tanzania, have
been able to provide a rough picture of the disease
situation in Tanzania, especially their likelihood to
contribute to febrile illnesses of “unknown origin”. In the
areas characterized by scattered agriculture fields with
various crops, grazing, and increased human-wildlife
interactions (Kimaro, 2014). This, coupled with a high
diversity of synanthropic small mammals, poses a higher
risk of zoonotic diseases to humans (Shilereyo et al.,
2021). However, the information from these studies is too
limited to fully explain the epidemiology and risk
associated with bartonellosis. Therefore, this study will
generate additional information which will considerably
contribute towards further understanding of the
epidemiology of bartonellosis in Tanzania, particularly
with regards to interactions between wildlife, livestock
and humans in different habitats. Consequently, this
study aimed to determine the prevalence of Bartonella
spp. in rodents and shrews from different habitats in
Kigoma and Morogoro regions. This study provides
insight into the presence of bartonellsis to the farmers
and livestock keepers particularly in the areas with high
interactions with small mammals that serve as a reservoir
host for zoonotic pathogens. Understanding these
implications can help raise awareness, inform preventive
measures and promote early detection of the disease.

MATERIALS AND METHODS
Study sites

This study was conducted in two regions of Tanzania namely;
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Kigoma and Morogoro. Two districts were purposively selected from
each region based on reserved natural land (game reserve/natural
forest). In Kigoma region, the selected districts were Kibondo
(4.1938° S, 31.0794° E) and Kakonko (3.2469° S, 30.9417° E)
(Figurel). In Morogoro region, the selected districts were Kilosa
(6.8343° S, 36.9917° E) and Morogoro rural (7.2009° S, 37.8511°
E) (Figure 2).

Kibondo and Kankoko districts are bordered by Moyowosi game
reserve. One village was selected from each district based on its
closeness to the game reserve. These villages were Kigendeka
(3°46'24.0"S 30°41'33.2"E) in Kibondo district and Itumbiko
(3°17'16.7"S 30°58'38.9"E) in Kakonko district. The main economic
activities in these villages include subsistence farming, grazing and
poaching for some people from both villages (Pers communication).
The other two villages are not bordered by a game reserve. The
main economic activities in Kumuhama village (3°35'16.4"S
30°40'40.6"E) are subsistence farming, with all of the land being
used for agriculture. In Kihomoka village (3°11'46.5"S 31°2'24.5” E),
the economic activities are subsistence farming and grazing.

In the Morogoro region, Kilosa district, Mamboya village
(6°18'11.5"S 37°06'23.9"E) is located near the Mamboya mount
village reserve. The main economic activities in this village are
subsistence farming and grazing. Another study village in Kilosa
district was Magubike (6°14'52.884"S 37°9'48.084"E), situated
along the Dodoma road. The main activities in this village are
subsistence farming, entrepreneurship and grazing. There is no
reserved land in this village. Kibuko village (6°57'12.4236" S
37°50'46.98492" E) in Morogoro rural district is engaged in
subsistence farming, especially maize, rice and orchard. This
village is not bordered by the Kimboza forest reserve. The other
study village was Mwarazi (7°0'44.94276" S 37°48'51.27084" E).
This village is closely bordered to Kimboza forest reserve on the
way to Nyerere National Park. The main economic activities in
Mwarazi village are subsistence farming especially maize, rice and
orchard farming.

Rodents and Shrews trapping

Rodents and shrews were live trapped in eight villages from both
regions. Four of them have a game reserve or reserved land where
the traps were set including indoor, peridomestic, farms/fallow and
the natural land (game reserve/ village reserved land). The other
four villages had traps set only in indoor, peridomestic and
farm/fallow land as those villages had no natural reserved land.

Rodents and shrews were trapped during the wet and dry
seasons in order to capture seasonal variation. These animals were
captured live indoors using modified wire cage traps and outdoors
using Sherman® traps. All traps were baited with approximately 5g
of peanut butter mixed with maize flour at the ratio of 2:1 (1000g of
peanut butter mixed with 500g of maize flour). The indoor traps
were augmented with a piece of tomato to increase their attraction
to Rattus rattus.

In each study village, 20 to 25 houses were purposefully selected
based on presence of rats and minimum recommended number of
traps. Each house was provided with 2 to 3 modified local wire cage
traps, depending on size of the house. These traps were used
indoors purposefully because of the neophobic behavior of Rattus
rattus. For outdoor habitats, a maximum of 100 Sherman traps were
used in five trap-lines of 20 traps each. The traps were set at an
interval of five meters apart from each trap station and trap lines, for
a maximum of three consecutive nights in each village. Traps were
checked and re-baited once per day.

Sample collection

Each trapped animal was euthanatized in a container containing
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Figure 1. Kakonko and Kibondo Districts in Kigoma region.
Source: Authors

cotton wool soaked in halothane. A cardiac puncture was
aseptically performed on each anesthetized animal after treating it
with 70% ethyl ethanol. A minimum of 250pul of blood was drawn
from the heart and placed in a sterile Ethylenediaminetetraacetic
acid (EDTA) micro-vial and kept at -20°C before being transported
under cold conditions using a polystyrene box containing ice packs
to the Institute of Pest Management of Sokoine University of
Agriculture for laboratory analysis. For all trapped animals, standard
body measurements (weight, head and body length, ear length,
hind feet length and tail length), sex and sexual condition were
recorded for morphological identification at the genus or species
level, according to Happold (2013).

Blood culture

Blood culture was conducted according to Trataris et al. (2012),
with some modifications. Briefly, frozen EDTA blood was thawed at
room temperature, and then 50ul of the blood was pipetted and
smeared onto Columbia Blood Agar (CBA) enriched with 5% horse
blood. The plates were left unturned for at least 30 min until the
wet smear vaporized. Then, the plates were streaked from the dot
inoculum. Plates were then placed in a candle jar and incubated at

35°C. Fast-growing bacteria were observed after 24 h. Plates
showing no growth were re-incubated and observed twice a week
for up to three weeks. Purification was done for the mixed growth
cultures, by picking suspected colonies and sub culturing them in
another CBA medium. Presumptive Bartonella positive cultures
were identified based on the slow-growth of different colony
morphologies including small to medium in size, smooth or rough,
moist and dry, self-adhesive, or easy to scrape off the surface of
the medium. Other colonies that tended to pit into the medium were
difficult to scrape off. Some colonies were clear or displayed faint
metallic sheen. Furthermore, Gram and/ or Giemsa stain, catalase
and oxidase tests were performed for the bacterial cell morphology.
From the purified cultures 3 to 5 colonies were harvested and
placed into a micro vial containing 95% ethanol and stored at -20°C
before confirmation by PCR. All procedures were aseptically done
under the safety cabinet.

DNA extraction and PCR verification of Bartonella suspected
cultures

Sub samples of 100 culture positive samples were further confirmed
for Bartonella DNA using PCR. The DNA was extracted using Zymol
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Figure 2. Kilosa and Morogoro Rural Districts in Morogoro region.
Source: Authors

kit (Quick-DNA™ Miniprep Plus Kit), according to manufacturers’
instructions and PCR was done according to Norman et al. (1995),
with some modifications. Briefly, forward primer BhCS871.p (5'-
GGGGACCAGCTCATGGTGG-3’) and reverse BhCS1137.n (5'-
AATGCAAAAAGAACAGTAAACA-3’) targeting a 379 bp of the
genus- specific gltA gene were used. Three microliters of DNA
templates were added into a PCR reaction tube containing 12.5pl of
2x master mix, 0.5ul of 10uM of each primer, and 8.5ul of nuclease-
free water. Amplification was done by a thermal cycler by the
following parameters: an initial denaturing at 95°C for five minutes,
and 35 cycles of denaturation at 95°C for one minute, annealing at
56°C for one minute, and elongation at 72°C for one minute.

Amplification was finalized by holding the reaction mixture at
72°C for 10 min. The amplified product was confirmed for the proper
size of amplicon by electrophoresis in 1.5% agarose gel.

Statistical data analysis

The overall prevalence of Bartonella was estimated by the number
of positive samples over the total number of samples subjected to
culture. The frequencies of captured individuals were summarized
and counted for each genus/species using Microsoft excel and
verified in SAS software version 9.1. The prevalence from different
variables including regions, habitats, land use category, species,
sex and sex condition were calculated as the proportion of positives
out of the total number of individuals tested. Chi-square was used

to compare prevalence rates between the above variables.
Differences of compared small samples sizes (n < 30) were tested
with Fisher’s exact test. All tests were done using SAS software; p
< 0.05 was considered significant.

RESULTS
Captured animals

In total, 1147 small mammals were captured during this
study, out of which 616 (53.7%) were captured in Kigoma
and 531 (46.3%) were captured in Morogoro. The
captured animals belonged to different species including
Acomys spp., Arvicanthis nairobae, Arvicanthis nheumanii,
Dendromus  spp., Aethomys Kkaiseri, Aethomys
chrysophilus, Dasmys spp., Tatera,spp,, Grammomys
spp,, Graphuris spp,, Lophuromys sikapus, Lophuromys
laticeps, Lemniscomys rosalia, Lemniscomys striatus,
Lemniscomys zebra, Mastomys natalensis, Mus spp.,
Praomys spp., Rattus rattus, and Crocidura spp. These
species were examined for prevalence of Bartonella spp.
Samples collected from 1036 animals (566 from Kigoma
and 470 from Morogoro) representing 90.2% of the total
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Table 1. Prevalence (%) of Bartonella spp. in different rodent and shrew species collected from different habitats across the study villages in Kigoma region.

Afr. J. Microbiol. Res.

Shrew  Prevalence per
fitlllj:ge Habitat Rodent spp. Spp. village/habitat
Avna Den Ak Ds Ta Gr Lops Lopl Lr Ls Lz Mn Ms Pr Rr Cr
Indoor - - - - - - 1/3(33.3) 1/32 (3.1) - 2/35(5.7)
Peridomestic 1/1 (100) - - - - - 2/2 (100) 113 (33.3) 01 2/8 (25) 0/1 - 01 6/17 (35.3)
[tumbiko Farms 1/2 (50) 2/9(22.2) 7114 (50) 01 - - 2/7 (28.6) 9/25(36) 0/5  14/58 24.1) 0/9 012 35/132 (26.5)
Forest/Bush 1/1 (100) - 112 (50) - 2/3 (66.7) 6/9 (66.7) - 0/1 1/2 (50) - - 11/18 (61.1)
Sub total 3/4 (75) 2/9 (22.2) 8/16 (50) 0/1(0) 6/12 (50) 16/37432)  0/6(0) 17/7024.3) 1/12(8.3) 1/32 (3.1) 0/3 (0) 54/202 (26.7)
Indoor - - - - - 01 - 01 - 1111(9.1) - 113 (7.7)
Peridomestic - 2/9 (22.2) - - - - - 0/1 1/5 (20) 01 7112 (58.3) - - 012 10/30 (33.3)
Kihomoka ~ Farm 1/3 (33.3) - 8/11(72.7) 1/4 (25) 01 - - - 01 713 (53.8) 0/1 15/33 45.5) 012 - - 012 32/71 (45)
Forest/Bush NA NA NA NA NA NA NA - NA NA NA NA NA NA NA NA NA
Sub total 1/3 (33.3) 10/20(50) 1/4 (25) 0/1(0) 0/2 (0) 8/19(42.1)  0/2(0) 22/46(47.8) 0/2 (0) 111(9.1) 0/4 (0) 43/114 (37.7)
Indoor - - - - - - - 01 - 2/6 (33.3) - 0/5 - 2/12 (16.7)
Peridomestic - - - - - 11(100) - - 113 012 - - - 2/6 (33.3)
Kigendeka ~ Farm/Fallow 2/4 (50) - 9/17 (52.9)  1/1(100) 01 01 - 4/5(80) 12/20 (60) 18/43 41.9) 012 0/1 0/3 (0) 46/98 (46.9)
Forest/bush - 0/1 2/2 (100) - - - 1/1 (100) 1/3 (33.3) 1/4 (25) 1/1 (100) 0/3 2/6 (33.3) - - 8/21(38.1)
Sub total 2/4 (50) 0/1(0)  11/19(58) 171 (10) 0/1(0)  0/1(0)  2/2(100) 5/8(62.5) 14/28(50) 21/52(40.4) 0/5(0) 2/7 (28.6) 0/5(0) 0/3 (0) 58/137 (42.3)
Indoor - - - - - 0/3 - - - - - 9/9 (100) 0/1 0/6 0/1(0) 9/20 (45)
Peridomestic NA NA NA NA NA NA NA - NA NA NA NA NA NA NA NA NA
Kumhama Farm/Fallow - - 3/3 (100) 717 (100) - 0/5 - 0/5 - 12/47 25.5) - 7/21(33.3) 1/5 (20) - 30/93 (32.3)
Forest/Bush NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Sub total 3/3(100) 717 (100) 0/8(0) 0/5 (0) 12/47(25.5) 16/30 53.3) (114.67) 0/6(0) 0/1(0) 39/113 (34)
Total % per host species 6/11(54.5)  0/1(0)  26/51(51)  17/28(60.7) 0/2(0)  0/10(0) 2/7(28.6) 11/22(50) 50/131(38.2)  0/8(0) 76/198(38.4) 2/25(8)  2/7(28.6)  2/54(3.7)  0/11(0) 194/566 (34.3)

Avna-Arvicanthis nairobae, Den-Dendromus, Ak-Aethomys kaiseri, Ds-Dasmys, Ta-Tatera, Gr-Grammomys, Lops-Lophuromys sikapus, Lopl-Lophuromys laticeps, Lr-Lemniscomys rosalia,

Lz- Lemniscomys zebra, Ls-Lemniscomys striatus, Pr-Praomys spp., Rr- Rattus rattuss, Ms-Mus spp., Mn-Mastomys natalensis, Cr-Crocidura NA-Not applicable for trapping.

Source: Authors

number of captured animals, were analyzed.
Other samples could not be cultured because the
animals died in the traps before collection and/or
lack of enough blood

The prevalence of Bartonella spp
Out of 1036 rodents and shrews tested,

234(22.5%) turned out to be positive for the
bacteria on culture. Among them, 231 were rodents

(n=999), and 3 were shrews (n=37). For the
representative cultures confirmed by PCR, 86 out
of 100 cultures were found to be positive.
Bartonella spp. was detected in 14 host species
out of 20 species/ genus of the small mammals
investigated. The prevalence of Bartonella spp.
differed significantly (p < 0.0001) among the host
species tested, with except for Gramommys, spp.,
Lemniscomys zebra, Dendromus spp., Graphuris
spp., Lophuromys sikapus and Tatera spp. whose
samples tested negative (Table 1). However, there

were no significant differences (p > 0.05) in the
prevalence of the organisms between seasons,
habitats, land category, sex and sexual condition
of the hosts from both regions. Furthermore, no
significant difference was found in the prevalence
of Bartonella spp. (x* = 24.2297, df = 11, p =
0.118) between hosts in the Morogoro region
(Table 2). The prevalence of Bartonella spp. was
significantly higher in the Kigoma region 34.3%,
(n=566) (Table 1) comgared to the Morogoro
region at 8.5% (n=470) (x° = 96.4463, df=1, p<
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Table 2. Prevalence (%) of Bartonella spp. in different rodent and shrew species collected from different habitats across the study villages in Morogoro region.

. . Rodent spp. Shrew spp Prevalence per
Study village  Habitats Ac Aech Avneu Ta  Gr _ Graph Lr Lz Mn Pr Rr cr habitativillage
Indoor - - - - - - 01 - 0/16 017
Peridomestic 0/1 - - - - - - - - - - 0/1
Mwarazi Farms 1/4 (0.25) - 01 - - - 14/46 (30.4) - 01 2114 (14.3) 17/66 (25.8)
Forest/Bush 1/18 (5.6) 1/1 (100) - - 01 - 0/7 17 - 0/3 3/31
Sub total 2/23 (8.7) 1/1 (100) 01 - 01 - 14/54 (27) 1/1(100) 017 2117 (11.8) 20/115 (17.4)
Indoor - - - - - - - - 0/4 - 0/4
Peridomestic - - - - - - 1/11(9) - - - 111 (9)
Kibuko Farm - - - - - - 0/2 0/68 - - 1/2 (50) 172 (1.4)
Forest/Bush NA NA NA NA NA NA NA NA NA NA NA NA NA
Sub total - - - - - 0/2 179 (1.3) - 0/4 1/2 (50) 2/87(2.3)
Indoor - - - - - - 01 - 11/36 (30.6) - 11/37 (30.6)
peridomestic 0/1 - - - - - 0/11 - - - 0/12
Mamboya Farm/Fallow - on - - - - 0/78 - - 0/2 0/81
Forest/bush 0/2 02 - 0/1 - 1/1 (100) - - - - 1/6 (6.25)
Sub total 0/3 0/3 - 0/1 - 1/1 (100) 0/90 - 11/36(30.6) 012 12/136(8.8)
Indoor - - - - - - - - 01 - 114 (7.1) - 115 (6.7)
Peridomestic NA NS NA NA NA NA NA NA NA NA NA NA NA
Magubike Farm/Fallow 01 0/7 319 (15.8) 0/2 01 - 01 0/2 2/79 (2.5) - - 0/5 51117 (4.3)
Forest/Bush NA NA NA NA NA NA NA NA NA NA NA NA NA
Sub total 0/1 07 3/19 (15.8) 012 0/1 - 0/1 0/2 2/80(2.5) 1/1 (100) 114 (7.1) 0/5 6/132(4.5)
Total (%) per host species 227 (1.4) 1/11(9.1) 319 (15.8) 0/3 0/2 01 1/4 (25) 0/2 17/303 (5.6) 1/1 (100) 12171 (16.9) 3/26(11.5) 40/470 (8.5)

Ac-Acomys, Aech-Aethomys chrysophilus, Avneu-Arvicanthis neumanii, Ta-Tatera, Gr-Gramommys, Graph-Graphuris, Lr-Lemniscomys rosalia, Lz-Lemniscomys zebra, Mn-Mastomys
natalensis, Pr-Praomys, Rr-Rattus rattus, Cr-Crocidura. NA-Not applicable for trapping.

Source: Authors

0.0001) (Table 2). Furthermore, significant
differences (x°=13.1703, df = 3, p = 0.0043) in
prevalence were observed among habitats in
Kigoma region, where thenatural habitat had a
higher prevalence of 48.72% compared to
farm/fallow (36.02%), peridomestic (36%), and
indoor habitats (16.25%) (Table 1).

DISCUSSION

This study reports the presence of Bartonella spp.

from rodents and shrews from different habitats in
the study regions. An overall prevalence of 22.5%
of Bartonella spp. was found in rodents and
shrews collected from indoor, peridomestic,
farm/fallow and natural forests. This occurrence
could be explained by the widespread nature of
Bartonella bacteria among rodents and shrews in
all sampled habitats, as previously described by
Divari et al. (2021). The presence of Bartonella
spp. in different rodents and shrews from various
habitats could be attributed to the abundance and
distribution of each host species and vectors in a

particular habitat, as suggested by Assefa and
Chelmala (2019). This could be further explained
by the presence of suitable habitats in the study
areas that support the breeding of various small
mammals, as highlighted by Mayamba et al.
(2019).

However, it is important to note that the habitat
features were not the same across all regions. For
instance, the Kigoma region observed large
natural bushes around farms and houses, which
are more favorable for different species of
rodents, as noted by Nunn et al. (2021).
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Nevertheless, typical field rodents, including Aethomys
spp., Lemniscomys spp. and Mastomys spp. were
trapped indoors in some Vvillages, possibly due to the
presence ofnatural bushes surrounding certain houses.
This interaction between field rodents and indoor
environments could potentially increase the rate and risk
of pathogen transmission from outdoor to indoor and vice
versa.

The occurrence of the Bartonella spp. in rodents and

shrews from indoors and agricultural fields holds public
health importance because bartonellosis is a zoonotic
disease and more than 10 rodents related Bartonella spp.
are known to be zoonotic (Demoncheaux et al., 2022).
In the current study, prevalence of Bartonella spp. in
rodents varied substantially among the genus/species
detected. This variation could be explained by the
observed differences in the abundance and diversity of
rodents from different sampled habitats, as earlier
explained by Mardosaité et al. (2021). Additionally, close
contacts between rodent species, humans and other
animals in human-related activities may contribute to the
variation in prevalence (Islam et al., 2021).

Furthermore, the variation in ectoparasite types among
rodent species, as observed by Peterson et al. (2017),
along with the ecological behaviors such as burrowing
and nesting in different rodent species, create favorable
microhabitats for ectoparasites to breed (Boge et al.,
2021). Grooming behavior is also important in the spread
of Bartonella spp. within the same host species, which
may influence the prevalence of Bartonella spp. infection
in rodent communities (Bordes et al., 2007).

The presence of Bartonella spp. found in this study was
comparable to some previous studies. Kamani et al.
(2013), reported prevalence of 26% in Nigeria, while
Theonest et al. (2019), and Diarra et al. (2020) detected
prevalence of 17% and 17.7% in Tanzania and Mali
respectively. This similarity in prevalence could be
attributed to the high prevalence of Bartonella spp. in
small mammals from various countries, as explained by
several authors globally (Krugel et al., 2022).

On the contrary, zero prevalence was reported in some
sylvatic rodent species including Lemniscomys zebra,
Tatera spp. and Gramommys spp. Failure to detect
Bartonella spp. from these rodents could be attributed to
the host specificity of Bartonella species (Vayssier-
Taussat et al., 2009) and the likelihood of host genotypes
differing in their vulnerability and ability to support the
replication of certain pathogens (Ostfeld and Keesing,
2012). It is worth noting that these rodent species were
trapped in the same locations and habitats where other
rodent species tested positive.

Nevertheless, small sample size of these rodent species
investigated may have influenced the prevalence of
Bartonella spp. in them. Further studies are encouraged
to investigate the status of immunity against Bartonella
spp. in these rodent species.

Moreover, this study detected Bartonella spp. from

small mammals inhabiting habitats characterized by
human activities including in houses, agricultural farms,
and the human-wildlife interface habitats. Therefore, it
implies that small mammals could carry the pathogens to
human habitations, thereby increasing the risk of
Batonella spp. infection in humans and domestic animals.
However, due to unclear clinical signs and unfamiliar,
bartonellosis could be underestimated risk factor
contributing to some medically important diseases.

Conclusions

The study identified considerable prevalence of Bartonella
spp. in rodents and shrews collected from different
habitats across all studied districts. This implies
considerable distribution of health risks to humans and
domestic animals due to close contact and interactions
with those small mammals particularly around the
agricultural fields and human settlements. The findings of
this study raise awareness of the disease among
communities living in close proximity to small mammals.
From these findings upcoming studies should focus on
characterizing the zoonotic Bartonella spp., their genetic
diversity and ecological factors that influence the
transmission cycle. Additionally, investigations on the
occurrence of Bartonella spp. infections in humans and
the identification of risk factors for such infections should
be conducted. This information will be crucial in
developing control strategies to protect public health.

FUNDING

This research was funded by The Africa Centre of
Excellence for Innovative Rodent Pest Management and
Biosensor Technology Development, The Sokoine
University of Agriculture Tanzania- ACEII-Credit No.
5799-TZ.

ACKNOWLEDGMENTS

The authors would like to thank all participants in the
fieldwork from each study village, and all members of the
Institute of Pest Management and Wildlife Department of
the Sokoine University of Agriculture for their technical
support and encouragement.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Assefa A, Chelmala S (2019). Comparison of rodent community



between natural and modified habitats in Kafta-Sheraro National Park
and its adjoining villages, Ethiopia: implication for conservation. The
Journal of Basic and Applied Zoology 80:1-7.

Birtles RJ (2005). Bartonellae as elegant hemotropic parasites. Annals
of the New York Academy of Sciences 1063:270-279.

Boge |, Pfeffer M, Htwe NM, Maw PP, Sarathchandra SR, Sluydts V,
Piscitelli AP, Jacob J Obiegala A (2021). First Detection
of Bartonella spp. in Small Mammals from Rice Storage and
Processing Facilities in Myanmar and Sri
Lanka. Microorganisms 9(3):658.

Bordes F, Blumstein DT, Morand S (2007). Rodent sociality and
parasite diversity. Biology Letters 3(6):692-694.

Cheslock AM, Embers ME (2019). Human Bartonellosis: An
Underappreciated Public Health Problem? Tropical Medicine and
Infectious Disease 4(2):69.

Demoncheaux JP, Medkour H, Louni M, Laugier L, Pasqualini C,
Fenollar F, Davoust B, Mediannikov O (2022). Detection of Potential
Zoonotic Bartonella Species in African Giant Rats (Cricetomys
gambianus) and Fleas from an Urban Area in Senegal.
Microorganisms 10(3):489.

Diarra AZ, Kone AK, Doumbo Niare S, Laroche M, Diatta G, Atteynine
SA, Coulibaly M, Sangare AK, Kouriba B, Djimde A, Dabo A, Sagara
I, Davoust B, Ranque S, Thera MA, Raoult D, Doumbo OK, Parola P
(2020). Molecular Detection of Microorganisms Associated with Small
Mammals and Their Ectoparasites in Mali. American Journal of
Tropical Medicine and Hygiene 103(6):2542—-2551.

Divari S, Danelli M, Pregel P, Ghielmetti G, Borel N, Bollo E (2021).
Biomolecular Investigation of Bartonella spp. in Wild Rodents of Two
Swiss Regions. Pathogens 10(10):1331.

Gundi AKB, Kosoy M, Makundi RH, Laudisoit A (2012). Identification of
Diverse Bartonella Genotypes among Small Mammals from
Democratic Republic of Congo and Tanzania. American Journal of
Tropical Medicine Hygiene 87(2):319-326.

Happold DCD (2013). Mammals of Africa. Volume 3: Rodents, Hares
and Rabbits (pp. 27-691). London: Bloomsbury Publishing.

Islam MM, Farag E, Mahmoudi A, Hassan MM, Mostafavi E, Enan KA,
Al-Romaihi H, Atta M, El Hussein ARM, Mkhize-Kwitshana Z (2021).
Rodent-Related Zoonotic Pathogens at the Human—Animal—
Environment Interface in Qatar: A Systematic Review and Meta-
Analysis. International Journal of Environmental Research and Public
Health (11):5928.

Kamani J, Morick D, Mumcuoglu KY, Harrus S (2013). Prevalence and
diversity of Bartonella species in commensal rodents and
ectoparasites from Nigeria, West Africa. PLos Neglected Tropical
Diseases 7(5):e2246.

Kimaro ND (2014). Potential land for Agricultural use in Tanzania: the
case of Kilosa District. Journal of Land and Society 1(1):14-24

Klangthong K, Promsthaporn S, Leepitakrat S, Schuster AL, McCardle
PW, Kosoy M Takhampunya R (2015). The distribution and diversity
of Bartonella species in rodents and their ectoparasites across
Thailand. PloS one 10(10):e0140856.

Krigel M, Krél N, Kempf V, Pfeffer M, Obiegala A (2022). Emerging
rodent-associated Bartonella: a threat for human health? Parasites
and Vectors 15(1):113.

Lins KA, Drummond MR, Velho P (2019). Cutaneous manifestations of
bartonellosis. Anais Brasileiros de Dermatologia 94(5):594-602.

Mardosaité-Busaitiené D, Radzijevskaja J, BalCiauskas L, Paulauskas A
(2021). Babesia microti in Rodents from Different Habitats of
Lithuania. Animals 11(6):1707.

Mayamba A, Byamungu RM, Makundi RH, Kimaro DN, Isabirye M,
Massawe AW, Kifumba D, Nakiyemba A, Leirs H, Mdangi ME,
Isabirye BE, Mulungu LS (2019). Species composition and
community structure of small pest rodents (Muridae) in cultivated and
fallow fields in maize- growing areas in Mayuge district, Eastern
Uganda. Ecology and Evolution Ecology and Evolution pp. 1-12.

Mhamphi et al. 163

Minnick MF, Anderson B (2015). Bartonella. In. Tang YW, Liu D, Poxton
I, Schwartzman J, Sussman M, Williams H, Versteeg- Buschman L
(eds.), Molecular Medical Microbiology, 2nd ed. Elsevier: New York
NY. pp. 1911-1939.

Noden BH, Tshavuka FI, van der Colf BE, Chipare I, Wilkinson R
(2014). Exposure and risk factors to Coxiella burnetii, spotted fever
group and typhus group Rickettsiae, and Bartonella henselae among
volunteer blood donors in Namibia. PloS One 9(9):e108674.

Norman AF, Regnery R, Jameson P, Greene C, Krause DC (1995).
Differentiation of Bartonella-like isolates at the species level by PCR-
restriction fragment length polymorphism in the citrate synthase
gene. Journal of Clinical Microbiology 33(7):1797-1803.

Nunn CL, Vining AQ, Chakraborty D, Reiskind MH, Young HS (2021).
Effects of host extinction and vector preferences on vector-borne
disease risk in phylogenetically structured host vector communities.
PL0S One 16(8):e0256456.

Obiegala A, Pfeffer M, Kiefer D, Kiefer M, Krél N, Silaghi C (2021).
Bartonella spp. in Small Mammals and Their Fleas in Differently
Structured Habitats from Germany. Frontiers Veterinary Science
7:625641.

Okaro U, Addisu A, Casanas B, Anderson B (2017). Bartonella Species,
an Emerging Cause of Blood-Culture-Negative Endocarditis. Clinical
Microbiology Reviews 30(3):709-746.

Ostfeld R, Keesing F (2012). Effects of host diversity on infectious
disease. Annual Review of Ecology, Evolution, and Systematics
43:157-182.

Peterson C, Ghersi BM, Alda F, Firth C, Frye MJ, Bai Y, Osikowicz LM,
Riegel C,Lipkin WI, Kosoy MY, Blum M J (2017). Rodent-Borne
Bartonella Infection Varies According to Host Species Within and
Among Cities. Eco Health 14(4):771-782.

Shilereyo MT, Magige FJ, Ogutu JO, Rgskaft E (2021). Land use and
habitat selection by small mammals in the Tanzanian Greater
Serengeti Ecosystem. Global ecology and conservation 27:e01606.

Sykes JE, Chomel BB (2014). Bartonellosis. Canine and Feline
Infectious Diseases P 498.

Theonest NO, Carter RW, Amani N, Doherty SL, Hugho E, Keyyu JD,
Mable BK, Shirima GM, Tarimo R, Thomas KM, Haydon DT, Buza J
J, Allan K J, Halliday J (2019). Molecular detection and genetic
characterization of Bartonella Species from rodents and their
associated ectoparasites from northern Tanzania. PlonS One
14(10):e0223667.

Trataris AN, Rossouw J, Arntzen L, Karstaedt A, Frean J (2012).
Bartonella spp. in human and animal populations in Gauteng, South
Africa, from 2007 to 2009. Journal of Veterinary Research 79(2):452.

Vayssier-Taussat M, Le Rhun D, Bonnet S, Cotté, V (2009). Insights in
Bartonella host specificity. Annals of New York Academy of
Sciences 1166:127-132.

Yu J, Zhang XY, Chen YX, Cheng HB, Li DM, Rao HX (2022).
Molecular detection and genetic characterization of small rodents
associated Bartonella species in Zhongtiao Mountain, China. PLoS
ONE 17(2):e0264591.



