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rAbstract A

Background: Rickettsia is a genus of obligatory intracellular bacteria transmitted by arthropods such as lice, ticks, and
fleas. Rodents and shrews are well known for harboring a plethora of zoonotic pathogens including rickettsia. The
diseases associated with Rickettsia are often misdiagnosed with other febrile infections such as Malaria and typhoid
fever. This study aimed to detect and characterize the prevailing Rickettsia species in rodents and shrews from
Kilombero district, Tanzania.

Methods: This study was conducted in Kilombero district between June 2022 and March 2023. The rodents and
shrews were captured inside the households and outside households or in farms in the selected areas baited with
maize bran and peanut butter. Prior to identification, rodents and shrews were anaesthetized by using Halothane was
administered at the dose of 2mg/kg. DNA extraction from 204 tissue samples was done using DNeasy Blood and
Tissue Kit from Qiagen. Amplification of the Citrate synthase (gltA) gene was done by Nested PCR using two sets of
primer sequences in both rounds. PCR products were sequenced twice in the forward and reverse directions,
consensus sequences were created and BLAST analysis was done. A phylogenetic tree was constructed using the
Neighbor-Joining Method and 1000 bootstrap replications using the same software. The relationship between rodents’
rickettsiosis status to different factors were analyzed using chi-squared test.

Results: The overall molecular prevalence of Rickettsia species in rodents and shrews was: 10.20% (95% CI: 0.0634-
0.153; n/N=20/196) and 12.5% (95%: CI: 0.0032-0.5265; n/N=1/8) respectively. Upon sequencing, all sequences were

identified as Rickettsia conorii subsp. raoultii with percentage identity ranging from 98% to 100%.
Conclusion: This study confirms that rodents and shrews are infected with Rickettsia conorii in the study area.
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Background

Rickettsia is a genus containing pleomorphic, Gram-negative,
non-spore-forming, non-motile microorganisms that can take the
shape of threads, bacilli or cocci [1]. The genus is composed of
27 species, and 17 of them are considered pathogenic to humans
and animals [2]. Rickettsia species are known to cause zoonotic
diseases which are categorized into typhus and spotted fever and
the scrub typhus groups [3]. The mode of disease transmission in
the spotted fever group is primarily through transovarial and
transstadial transmission, while the typhus group is primarily
associated with ticks (Rickettsia felis) and mites (Rickettsia
akari), as well as fleas (Rickettsia typhi). The typhus group's
mode of disease transmission is exclusively through transstadial
transmission [4]. Rickettsia species are transmitted to
mammalian hosts during blood feeding by infected ticks and
mites or by contaminated feces of infected lice and fleas. Fleas
and lice bite a mammal host, and the bite tears the skin, creating
a wound. When fleas and lice feed, they excrete. The bacteria
found in this excrement can be rubbed to bite wounds or other
wounds to induce an infection [5]. Additionally, infected flea and
lice filth can be rubbed into the eyes or inhaled. There is no
human-to-human transmission of these bacteria [6]. Humans
may exhibit clinical symptoms of rickettsioses six to fourteen
days following exposure. The clinical signs include fever, skin
rash, joint pain, headaches, and chills [7]. Similar clinical
symptoms are associated with other illnesses, like malaria and
typhoid, which makes diagnosing the disease clinically difficult
[8]. Rickettsioses can cause organ damage, coma, and even death
if left untreated. Doxycycline is an antimicrobial recommended
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for the treatment of rickettsial diseases [9]. In Tanzania, studies
have reported the occurrence of R. typhi in human, rodents and
fleas. A study by[10] reported prevalence of 1.8% in Northen
Tanzania in past, [11] reported the prevalence of 10% in rodent
fleas from Lushoto district [9], reported prevalence of 24%
among rodent fleas in Mbulu district and [12] reported
prevalence of 18.75% among rodents in Ngorongoro district. The
studies focused mainly on rodent fleas. However, only few
studies reported the occurrence of Rickettsia species in rodent
tissues taking into consideration that rodents and shrews are
reservoir of R. typhi [13]. Kilombero is a wetland area favoring
the existence of rodents and shrews and the climatic condition
favors tropical diseases like rickettsioses. In the study area,
eleven villages were purposefully chosen based on the number of
rodents and agricultural activity close to human settlement. The
objective of this study was to detect and characterize Rickettsia
species in rodents and shrews in Kilombero District, Tanzania, in
order to better understand their role as potential reservoirs of
infection. Given the public health significance of rickettsial
diseases in Tanzania where they are often underdiagnosed due to
similar symptoms with common febrile illnesses such as malaria
and typhoid, this study focuses on rodents and shrews as key
hosts that may contribute to the maintenance and transmission of
these pathogens. By generating data on the occurrence of
Rickettsia in rodent and shrew populations, the study aims to
inform improved surveillance and control strategies for
rickettsioses in endemic areas.

Methods

Study area

This study was conducted in Kilombero district in Morogoro
Region, south-western Tanzania, from June 2022 to March 2023
(Figure 1). The Kilombero District contains the largest
freshwater wetland at a low altitude (<300 m above sea level),
and the floodplains of the valley form one of Africa’s largest
wetlands and are recognized by the International Union for
Conservation of Nature (IUCN), as being of global importance
[14]. The Kilombero Valley floodplain covers some 260 km by
52 km fed by many rivers and with huge seasonal variations in
the water dynamics, embodying an exceptionally wide variety of
wetland types [14]. The floodplains support agriculture and are
one of Tanzania’s largest inland fisheries, providing cash income
for many inhabitants of Morogoro. Agriculture is the main
activity undertaken in the Kilombero Valley by both small- and
large-scale farmers (e.g., sugarcane plantations) [15].
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Figure 1: Map of Tanzania showing the location of the study area Map created by
Qgis 3.34.1; Source: Prizren; EPSG: 4326-WGS 84

Study Design

This was a cross-sectional study. The target study population
included rodents and shrews trapped in human residences and
farms around human residences.

Sample Size
The sample size was calculated by using the following formula
n= Z?PQ [16].

L2
Where n = required sample size
P = known/ estimated prevalence
Q=(1-P)
L = Allowable error for estimation
Z = Point on standard normal distribution curve corresponding
to a significance level of 5% (its value is 1.96)
P = Estimate prevalence 15.55% [17].
According to this formula, the minimum sample size (n) was
202. However, a total of 204 rodents and shrews were trapped
from selected farms and human residences.

Selection of areas for setting of rodent’s traps

The study employed a cross-sectional design which used random
method of data collection. In the study area, eleven villages were
purposefully chosen based on the number of rodents and
agricultural activity close to human settlement. At least twenty
houses were chosen to take part; each household was chosen
based on its proximity to rice and sugarcane plantations, where
there was a high level of rodent-human interaction. Six traps
were placed in each sampling site: two in the crop vegetation,
two in the peridomestic area, and two within the house [18].

Rodent and Shrew Trapping

Rodents and shrews were trapped by using Sherman and wire
traps inside the households and outside households or in farms in
the selected areas of the Kilombero district. Baits included a
mixture of maize bran and peanut butter (ratio 4:1), ripe banana,
avocado and green maize. The traps were set in the evening at
locations then inspected and collected the following morning at
07:00 hours for three consecutive nights per trapping session
[18].

Rodents and shrews’ identification and sample collection
Prior to identification, rodents and shrews were anaesthetized by
using Halothane at 2mg/kg dosage. Captured rodents and shrews
were identified based on their morphological features such as
body length, tail, fur, pes and ear. All these procedures used the
morphological identification keys and illustrations developed by
[19]. Both rodents and shrews were sacrificed using the
procedure outlined by [20] was followed to dissect anesthetized
rodents and shrews. Internal organs such as the liver, spleen,
lungs and kidneys were collected and preserved in cryovials
containing absolute ethanol. Tissue samples were transported in
a cold chain to the Institute of Pest Management Laboratory,
Sokoine University of Agriculture (SUA), for storage at —20°C
until further analyses.

Bacterial Detection
DNA extraction
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DNA extraction was done from spleen and liver tissue using
DNeasy Blood and Tissue Kit (cat# 69506) from Qiagen (Hilden,
Germany), according to manufacturer instructions [21].

Detection of Rickettsia species by nested-PCR amplification
of citrate synthase (gltA) gene

The citrate synthase (gltA) gene was amplified using primer
sequences shown in Table 1.1. Outer PCR was performed in a
25uL reaction volume containing 2 puL of extracted DNA, 12.5
pL of OneTaq® Quick-Load® 2X Master Mix with Standard
Buffer (from New England Biolabs, Inc) 0.5uL of forward primer
(RpCS.877p), 0.5 pL of reverse primer (RpCS.1258n) and 9.5uL
of nuclease-free water. Cycling conditions consisted of initial
denaturation at 95°C for 5 min followed by 7 cycles of 95 °C for
155,56 °C for 15 s and 72 °C for 30 s; 8 cycles of 95 °C for 15 s,
55°C for 15 s and 72 °C for 30 s and 20 cycles of 95 °C for 15 s,
54 °C for 15 s and 72 °C for 30 s. A final extension at 72 °C for 5
min was performed to complete the elongations. Nested PCR was
performed with 2pL of 10-fold diluted outer PCR products, 12.5
uL of OneTaq® Quick-Load® 2X Master Mix with Standard
Buffer (from New England Biolabs, Inc) 0.5uL of forward primer
(RpCS.896p), 0.5 pL of reverse primer (RpCS.1233n) and 9.5uL
of nuclease-free water in a 25ul reaction volume. Nested PCR
was performed under the cycling conditions which consisted
initial denaturation at 95°C for 5 min followed by 5 cycles of 95
oC for 15 s, 56 °C for 15 s and 72 °C for 30 s; 5 cycles of 95 °C
for 15 s, 55 °C for 15 s and 72 °C for 30 s and 20 cycles of 95 °C
for 15 s, 54 °C for 15 s and 72 °C for 30 s. A final extension at 72
oC for 5 min was performed to complete the elongations [22].

Gel-electrophoresis of PCR products

Agarose gel of 1.0% strength was prepared by dissolving 1.0 g
agarose powder into 100 mL of 1X Sodium borate buffer in a
conical flask and heated on a hot plate until dissolved completely
and stained by 80 pL of GreenStar™ Nucleic Acid Staining
Solution I (Bioneer Corporation). Each well of the gel was loaded
with 3 puL of each sample and 3uL of 100 bp DNA ladder was
loaded to one well in order to indicate the size of any fragments.
The voltage of 100V was used and electrophoresis was allowed
to run for 60 minutes. The gel was transferred to the gel
documentation machine (Gel Doc™ EZ Imager from Bio-Rad
Laboratories) for visualization. The DNA fragments were
observed as grey bands against a black background.

Sequencing

After purification using the QIAquick PCR purification kit
(Qiagen), gltA gene PCR products corresponding to the
RpCS.896p and RpCS.1233n primer pairs were sequenced twice
in the forward and reverse directions. A volume of 20 pL from
11 PCR products/samples was sent for Sanger dideoxy
sequencing to the Macrogen Europe, Netherlands laboratory. The
Applied Biosystem’s 96 Capillary 3730x]1 DNA Analyzer
(Thermo Fisher Scientific, Carlsbad, CA, USA) was used to
sequence each sample in both forward and reverse directions
preceded by purification of the PCR products [23] (Table 1).

Creating consensus sequences and BLAST analysis

A total of 22 raw nucleotide sequences (abl files) from 11
samples sent for sequencing were acquired. The raw sequences
from forward and reverse primers were cleaned and trimmed

using the Bioedit software. The same software was used to
generate consensus sequences. Good consensus partial coding
sequences of the citrate synthase (gltA) gene with about 338 base
pairs were obtained in 8 of the 11 samples sent for sequencing.
Three sequences had too much noise and were considered bad
quality and, therefore, excluded from downstream analysis. The
8 consensus sequences were compared with the published
sequences in the GenBank nucleotide database using the Basic
Local Alignment Search Tool (BLAST) to confirm each sample's
taxonomic identity. The taxonomic identification was based on
BLAST results, which had the highest percentage of identity,
query cover and minimum E-value.

Multiple sequence alignment and phylogenetic analysis

The consensus sequences were aligned with the Molecular
Evolutionary Genetics Analysis (MEGA) version 11 software
using the ClustalW statistical algorithm. A phylogenetic tree was
constructed by using the Neighbor-Joining Method and 1000
bootstrap replications using the same software in order to
evaluate the relatedness of Rickettsia spp isolated from this study
with those from other published studies [24]. About 14 sequences
of 6 different Rickettsia species, some belonging to the Spotted
fever group and some from the Typhus group, were retrieved
from the NCBI nucleotide database for the downstream
phylogenetic analysis. One Bartonella henselae gltA sequence
was downloaded from GenBank (Accession L38987) and
included in the analysis as an out-group for rooting the tree.

Results

Rodents and shrews captured in the study area

A total of 204 small mammals were captured from houses and
peri-domestic and crop cultivation field areas in Kilombero
district. Among them, 196 were rodents from three genera (M.
natalensis, Lemniscomys spp, R. rattus) and eight were shrews.
Rattus rattus was the predominant species, making 73.0 percent
of the trapped animals, while the least captured species was
Lemniscomys species (0.5%) (Table 2).

Rodents species and their habitat

Almost 81.87% of R. rattus was captured in houses, shrews were
mostly caught in peridomestic areas (87.50%), Lemniscomys
species was only found in the peridomestic areas, and a lower
percentage of Mastomys were caught in houses (5.75%) as
indicated in Table 3.

Molecular prevalence of Rickettsia species

A total of 196 rodents and 8 shrews were sampled in Kilombero
District; the majority of the rodents, 73.04% (149/204), were R.
rattus. A DNA sample from each rodent was detected for
Rickettsia species by two nested PCR protocols followed by gel
electrophoresis (Figure 2).

Prevalence of Rickettsia species in villages, rodents, habitats
and seasons

The overall molecular prevalence of Rickettsia species in rodents
and shrews was:10.20% (95% CI: 0.0634-0.153; n/N=20/196)
and 12.5% (95%:CI:0.0032-0.5265; n/N=1/8), respectively. A
higher prevalence (25%) was observed in Mbalaji village
compared to other villages. Male rodents had a higher prevalence
than females, while adult rodents had a lower prevalence than



young rodents. A higher prevalence was observed in rodents
captured during the dry season, while a higher prevalence was
observed in rodents captured in houses compared to those
captured in peri domestic and crop vegetation. Thirty rodents
were infested by ectoparasites, five of which were detected
positive by Nested PCR. Furthermore, the Chi-square test
showed that the prevalence of Rickettsia species was
significantly higher in rodents captured from houses compared to
other habitats (p=0.03). However, insignificant differences were
observed between villages, sexes, ages, and seasons; the results
on the prevalence of Rickettsia species in rodents are
summarized in Table 4.

Sequencing/BLAST results

A total of 8 good sequences were compared with the published
sequences available in the National Centre for Biotechnology
Information (NCBI) database using the Basic Local Alignment
Search Tool (BLAST) to confirm each sample's taxonomic
identity. All sequences were identified as R. conorii subspecies
raoultii with percentage identity ranging from 98% to 100%. The
results are summarized in Table 5.

Phylogenetic Analysis Results
The phylogenetic tree was reconstructed by using 8 nucleotide
sequences, which were identified as R. conorii subsp.

raoultii confirmed a close linkage between isolates from this
study with same species isolated from other studies in different
mammals whose sequences clustered together in the same clade.
The phylogenetic analysis also confirmed that the isolates from
this study belong to the Spotted Fever Group Rickettsia (SFGR),
clustering with other group members, namely, R. japonica, R.
felis and R. conorii subsp. heilongjiangensis. The output of
phylogenetic analysis (phylogenetic tree) is shown in Figure 3.
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Figure 2: Agarose gel electrophoresis used to demonstrate the 338 bp citrate

synthase gene (gltA) in rodent M stands for ladder marker; positive samples are 15,
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Figure 3: Phylogenetic tree illustrating Rickettsia connorii subsp raoultii's position in relation to other Rickettsia species. The tree was constructed by using the Neighbor-

Joining Method and 1000 bootstrap replications using MEGA 11 software in order to evaluate the relatedness of Rickettsia spp isolated from this study (shaded circles) with

those from other published studies (Tamura et al., 2021) Bartonella henselae was included in the analysis as an out-group for rooting the tree.

Table 1: Primer sequences used for the detection of Rickettsia species.

Primer name Orientation Primer sequence (5'to 3”) Amplicon size (bp)
RpCS.877p Forward GGGGGCCTGCTCACGGCGG

RpCS.1258n Reverse ATTGCAAAAAGTACAGTGAACA 382
RpCS.896p Forward GGCTAATGAAGCAGTGATAA

RpCS.1233n Reverse GCGACGGTATACCCATAGC 338

Table 2: Composition of captured rodents and shrew species in the study area
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Type Genus/Species Number Percentage Composition
Rodent Lemniscomys spp 1 0.5
Rodent Mastomys natalensis 46 22.5
Rodent Rattus rattus 149 73.0
Shrews Shrews 8 39
TOTAL 204 100.0
Table 3: Rodent species and their habitat
Rodent and Shrew species Habitat
House Peridomestic Crop Cultivation

No. % No. % No %
Rattus rattus 122 81.87 15 10.06 12 8.05
Mastomys 5.75 19 41.30 19 41.30
Lemniscomys 0 0 1 100 0 0
Shrew 0 0 7 87.50 12.5

Table 4: Molecular prevalence of Rickettsia species

Variable Categories No. of Individual examined No. of positive individuals Prevalence (%) | P-Value

Overall Overall 204 21 10.29

Village Kanolo 29 2 6.90 0.57
Ichonde 28 3 10.71
Mbalaji 8 2 25.00
Misufini 41 3 7.32
Mkasu 8 0 0
Mkula A 12 1 8.33
Mkula B 26 3 11.54
Nyamwezi 13 0 0
Mlimani 24 5 20.83
Samarang 9 1 11.11
Sonjo 6 1 16.67

Species Lemniscomys 1 0 0 0.22
Mastomys 46 1 2,17
Rattus 149 19 12.75
Shrew 8 1 12.50

Sex Female 102 10 9.80 1.00
Male 102 11 10.78

Age Adult 169 16 9.47 0.58
Young 35 5 14.29

Season Wet 109 10 9.17 0.73
Dry 95 11 11.58

Habitat Crop veg. 32 0 0 0.05
Houses 130 18 13.85
Peri domestic 42 3 7.14

Presence of Ectoparasite | Absent 143 16 11.19 0.69
Present 61 5 8.2

Table 5: Summary of the BLAST results

S/N Sample Id Species Identified Percentage Identity (%) Query Cover Age (%) E-Value

1 Fl Rickettsia conorii subsp. raoultii 99.68% 100% 0.0

2 F2 Rickettsia conorii subsp. raoultii 100% 100% 0.0

3 F3 Rickettsia conorii subsp. raoultii 99.67% 100% 0.0

4 F4 Rickettsia conorii subsp. raoultii 100% 100% 0.0

5 F5 Rickettsia conorii subsp. raoultii 99.39% 99% 0.0

6 F7 Rickettsia conorii subsp. raoultii 99.04% 100% 0.0

7 F8 Rickettsia conorii subsp. raoultii 98.41% 100% 0.0

8 F9 Rickettsia conorii subsp. raoultii 100% 100% 0.0

Discussion infection via an appropriate vector. The findings of this study

This study reports the occurrence and characterization of
Rickettsia species in rodents and shrews in Kilombero district.
Rodents made up 10.20% of the overall prevalence, while 12.5%
of shrews tested positive for Rickettsia species. This indicates
that the Kilombero district is currently a home of rodent and
shrew rickettsial infections, increasing the risk of human

show a lower prevalence than those of [17], who reported a
prevalence of 15.5% in rodents in Namibia and South Africa.
This is probably because the current study employed the organs
(liver and spleen) of rodents and shrews, whereas the other study
used fleas taken from rodents for laboratory diagnosis. However,
the present findings are close to the study by [25], which revealed



a 13% prevalence of Rickettsia in rodents originating from
Kisangani, Democratic Republic of the Congo. This study
reports the first genetic identification of R. conorii subsp. raoultii
in rodents and shrews in Tanzania using sequencing technology.
Sophisticated genetic techniques are used in the molecular
characterization of R. conorii subsp. raoultii to clarify the species'
diversity, mode of transmission, and clinical importance.
However, when other techniques, such as PCR, are used for
genetic identification, they cannot distinguish between Rickettsia
species and only identify them at the genus level [26]. The
prevalence of Rickettsia species with respect to different habitats
was significantly higher in rodents captured from houses
compared to peri-domestic and farms habitats. The large number
of rodents found in houses likely sharing the ectoparasites could
explain the difference. Another reason could be the house rodents
moving from one house to another and interacting with other
species in the peri-domestic areas. This could suggest a serious
risk of infection spreading to humans in the area. More research
is required to substantiate these assumptions. There was no
significant difference in the prevalence of Rickettsia species
between villages, indicating that the Rickettsial infection is
similarly dispersed throughout the district since each village's
ecological and geographical factors were the same. Even though
there was no statistically significant difference, Nyamwezi had a
higher prevalence (38.46%) compared to other villages. This can
be attributed to the fact that houses in Nyamwezi were very close
to each other, suggesting an increased rodent’s interaction
between houses. The lack of statistical significance difference in
the incidence of Rickettsia among rodent species suggests that
any species is prone to infection. The discovery of identical
ectoparasites in shrews and various rodent species can explain
this. This finding contradicts the findings of [9], who did his
study in Mbulu District -Tanzania; he found that M. natalensis
had a significantly higher prevalence than the other species,
Lophuromys  spp.,
Lemniscomys spp., and Grammomys spp. In comparison to

including Rattus, Arvicanthis spp.,
shrews, shrews had a higher prevalence than rodents this might
be attributed to the lower sample size in shrews. This result
demonstrates no correlation between rickettsial infection and
sex. This indicated that both sexes are potentially infectious.
Despite not being statistically different, male rodents still had
more prevalence than female rodents. This might be attributed to
the fact that sex steroids in males, specifically androgens,
modulate several aspects of host sex steroid hormones and alter
genes and behaviors that influence susceptibility and resistance
to infection. Thus, males may be more susceptible to infection
than females because androgens reduce immunocompetence and
because sex steroid hormones affect disease-resistance genes and
behaviors that make males more susceptible to infection [27].
These findings are dissimilar to that of [28], which reported
prevalence to be higher in males compared to females in
Madagascar and showed a nearly significant difference in the
seroprevalence of Spotted Fever Group Rickettsia in males and
females (males 44% (n = 39), female (19%; n =23; P = 0.052).
These findings are dissimilar to that of [28], which reported
prevalence to be higher in males compared to females in
Madagascar and showed a nearly significant difference in the
seroprevalence of Spotted Fever Group Rickettsia in males and
females (males 44% (n = 39), female (19%; n =23; P = 0.052).
Regarding to age of small mammals, though not significant,

young rodents had a higher prevalence [25], found similar
results, suggesting that adult rodents were less likely to be
infected and that this may be due to acquired immunity from
constant lifelong exposure to the agent. Rodents and shrews
caught during the dry season had a higher prevalence of
Rickettsia species than those caught during the rainy season. The
findings are consistent with those of, who found that rodents
caught during the wet season, the prevalences of R. conorrii
(32.3%), Thai tick typhi (31.7%) and Rickettsia typhi (6.7%)
were lower than those of Rickettsia species, which were found in
rodents captured during the dry season (46%), 48.5%, and 22.7%,
respectively. This can be attributed to the higher ectoparasite
activity in the dry season than in the wet season. The prevalence
of rodents without ectoparasites was found to be higher (12.59%)
than that of rodents with ectoparasites (8.92%), indicating that
rodents act as reservoirs independent of the presence or absence
of ectoparasites. Rickettsia conorii subsp. raoultii is a subspecies
of the R. conorii bacterium and is transmitted by ticks, which act
as its primary vectors. It has been associated with various tick-
borne infections in humans. Recent studies have shown that this
subspecies of Rickettsia conorii causes Mediterranean spotted
fever (MSF) in humans in North Africa and South India. The
molecular evidence indicates its role as a potential pathogen in
these areas, highlighting its significance in public health (29,30).
This study has shown the characterization of R. conorii subsp.
raoultii in rodents and shrews. The recovery of R. conorii subsp.
raoultii in rodents and shrews can be attributed to the infestation
of ticks in rodents and shrews; this suggests the potential
reservoir role of these animals. Our results are contrary to various
studies, such as [31], which characterized R. felis, R. Helvetica,
R. felis and R. slovaca in rodent fleas [32]. Occurrence of
Rickettsia conorii subsp. raoultii in rodents suggests that, if this
species completes its life cycle, it could contribute to the
emergence of Mediterranean spotted fever in humans in
Tanzania, thereby posing a potential public health risk in
endemic areas. This study employed Sanger sequencing
technology, which is a mature technology with high accuracy
(99.99%) and can produce relatively long sequence reads,
typically between 500 to 1000 base pairs [33]. This study had
limitations that, unlike other studies [34], this study employed
only one gene (gltA) to identify and characterize Rickettsia
species. The gltA gene alone, however, has the potential to be a
useful tool because multiple studies have demonstrated that it is
more specific and capable of displaying significant variation
(23,35). In addition, this study reported only the characterization
of Rickettsia species in the small mammal population. However,
we did not perform Rickettsial characterization in ectoparasites
(mites, lice, ticks, and fleas) from captured small mammal hosts.
Therefore, the rickettsial investigation of humans and other
arthropod vectors should be performed to add to the
epidemiological information on rickettsioses in the Kilombero
district.

Conclusion

The overall results of molecular detection showed 10.2% of
rodents and shrews were infected with Rickettsia species.
Genetic characterization confirmed that rodents and shrews are
infected with R. conorii subsp. raoultii in the study area. Given
that the R. conorii subsp. raoultii are known to be zoonotic,
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future studies should be done to understand the epidemiology of
these rickettsia species.

Abbreviation
ACE  African centre of Excellence
BTD  Biosensor Technology Development
CI Confidence Interval
IRPM Innovative Rodent pest management
MS Microsoft

PCR  Polymerase Chain Reaction
QGIS  Quantum Geographic Information System
SIPM  Sua Institute of Pest Management
SUA  Sokoine University of Agriculture
TZ Tanzania
WHO  World Health Organization
M Micro [106]
%2 Chi-square
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