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Abstract: Bartonellosis is a vector-borne disease which is
increasingly threatening the health of humans and animals
worldwide consequent to the growing wildlife-animals-
human interactions. Little is known about the epidemiology
of this disease in Tanzania. In this study we investigated
and characterized Bartonella species in small mammals’
ectoparasites from potentially high-risk areas in the country.
Atotal of 141 ectoparasites pools of mites, fleas, ticks, and lice
were analyzed using conventional PCR and sequencing.
Bartonella DNA was detected in 34.8 % of the tested ecto-
parasite pools, with mites at 32.9 %, fleas at 40 %, ticks at
12.5 %, and lice at 50 %. Phylogenetic analysis showed that
the Bartonella spp. genotypes were closely related to those
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found in Uganda, Kenya, and South Africa. Different geno-
types with independent haplotypes were observed, although
most Bartonella spp. from fleas shared the same haplogroup.
The confirmed presence of Bartonella elizabethae and Bar-
tonella tribocorum in field and house rodents emphasizes
the prevailing transmission risk of zoonotic infections in the
study areas and beyond. Screening of humans, companion
animals, and livestock in potentially high-risk areas in
Tanzania is necessary in order to inform the development of
responsive surveillance and control strategies.

Keywords: Bartonella; vector-borne disease; reservoirs; ru-
ral settings; habitats

1 Introduction

Bartonellosis is an emerging vector-borne disease affecting
humans and animals worldwide. The disease is caused by
intracellular rod-shaped, Gram-negative Bartonnella species
(Oteo et al. 2017; Obiegala et al. 2021). The disease pathogens
are primarily transmitted by arthropod vectors particularly
those associated with rodents and other small mammals
including shrews and bats (Gongalves et al. 2020), and the
transmission occurs mainly through bite/superficial scratches
caused by infected animals and or feces of infected ecto-
parasites (Cheslock and Embers 2019). Additionally, some
studies suggest the possibility of vertical and transstadial
transmission of Bartonella spp. in ticks as observed by
Wechtaisong et al. (2021) as well as transplacental trans-
mission in rodent populations by Siewert et al. (2022). In
mammalian hosts, pathogenic Bartonella spp. infect eryth-
rocytes and cause minor to grave manifestations including
fever which is often accompanied by neurologic disorders,
anemia, splenomegaly and lymphadenopathy, endocarditis,
myocarditis and neuroretinitis in immunocompromised in-
dividuals (Garcia et al. 2014; Kriigel et al. 2020; Minnick et al.
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2014). These and other generalized and non-specific mani-
festations make the clinical diagnosis of bartonellosis rather
difficult. The current state of knowledge indicates that the
genus Bartonella comprises over 30 species and subspecies
out of which 13 are incriminated to contribute to blood-
borne infections in humans (Alvarez-Fernandez et al. 2018).
Notable examples include Bartonella quintana, Bartonella
henselae, Bartonella elizabethae, Bartonella vinsonii subsp.
arupensis and B. vinsonii subsp. berkhoffi (Andric et al. 2018).
These and other species are widely distributed across many
habitats and are associated with diverse mammals and
arthropod vectors as reported by de Sousa et al. (2018) and
Diarra et al. (2020); more so, those that are inhabiting favor-
able macro- and micro-climatic conditions (e.g. Klangthong
et al. 2015; Theonest et al. 2019).

Like in many other disease-causing pathogens, rodents
and other small mammals constitute the major natural
reservoirs (Ansil et al. 2021) and have been involved in the
transmission of many infectious bacteria, viruses, hel-
minths and protozoa (e.g. E1 Hamzaoui et al. 2020; Lappin
2018; Oguntomole et al. 2018). The life cycle and trans-
mission of Bartonella spp. are completed mainly by ecto-
parasites including fleas, mites, ticks and lice (Regier et al.
2016). The abundance and ability to occupy diverse and
variable habitats in rodents and a number of other small
mammals render them as reliable sources of feed and
shelter for the vector ectoparasites (Maaz et al. 2018;
Mihalca and Sdndor 2013). Small mammal ectoparasites are
confirmed to be efficient vectors and reservoirs for a
multitude of Bartonella spp. (Obiegala et al. 2021; Reis et al.
2011; Regier et al. 2016). Rodent-borne fleas have been re-
ported to be naturally infected and efficient vectors of
several zoonotic Bartonella spp. such as Bartonella graha-
mii, Bartonella tribocorum, Bartonella washoensis and
B. elizabethae Tsai et al. (2010), (Billeter et al. 2011;
Klangthong et al. 2015). Rodent-borne mites of the order
Gamasida (Mesostigmata) including chigger, oribatid, and
Laelaps species are considered potential vectors and res-
ervoirs of zoonotic Bartonella spp. (Yin et al. 2021; Yu and
Tesh 2014) such as Bartonella taylorii, B. grahamii and
Bartonella tamiae as reported by Kabeya et al. (2010) and
Kaminskiené et al. (2022). Similarly, ticks particularly those
of the genus Ixodes, Dermacentor and Haemaphysalis are
capable of naturally transmitting Bartonella spp. such as
Bartonella phoceensis, B. grahamii, Bartonella melophagi
and Bartonella rattaustraliani (Asyikha et al. 2020; Dwuz-
nik et al. 2019; Hao et al. 2020; Panthawong et al. 2020).
Importantly, some tick species are also efficient natural
reservoirs of certain Bartonella spp. including Bartonella
birtlesii and B. melophagi (Eisen 2020; Saengsawang et al.
2021). Moreover, small mammal-borne lice, although they
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cannot directly transmit disease pathogens to non-host
species (Reeves et al. 2006), they may circulate Bartonella
and other microorganisms from one host to the other via
direct contact when the hosts are mating and/or fighting,
suckling and nest-sharing (Light et al. 2010; Martint et al.
2018). Indirect transmission is also possible when lice are
attached to other bigger arthropods especially hematoph-
agous flies that share blood meal from the same host
(Durden 2019).

A handful studies conducted by Gundi et al. (2012);
Theonest et al. (2019) and Mhamphi et al. (2023) have docu-
mented high prevalence of Bartonella spp. in different small
mammal species in certain parts of Tanzania. Furthermore,
the country has high abundance and wide distribution of
small mammals and competent vector ectoparasites, which
are increasingly coming to contact with humans as a result
of several factors including, inter alia, climate change, land
use change and ever-growing human/animal population
mobility (Alila 2020; Gebrezgiher et al. 2022). As such, the
country is threatened by the potentially growing spread and
burden of rodent-borne pathogens including Bartonella spp.
Yet, our knowledge of epidemiology, distribution as well as
genetic diversity and relatedness of circulating Bartonella
spp. in the country is limited. Besides, the diagnosis with
routine classical methods, such as culture and serology,
remain challenging (Okaro et al. 2017). They require special
media and a long incubation period because of the fastid-
ious nature of Bartonella species (Okaro et al. 2017).
Different molecular assays including conventional and
non-conventional PCRs have been used successfully and
therefore offer desirable complementary options (Gutiérrez
et al. 2017). Several housekeeping genes including the citrate
synthase gene (gltA) and the RNA polymerase b-subunit gene
(rpoB) have been deployed widely for detection and char-
acterization of Bartonella spp. since they are relatively sta-
ble and extensive in the GenBank database according to La
Scola et al. (2003). Likewise, gltA gene is appropriate to
differentiate Bartonella species based on its accuracy and
specificity as described by Huang et al. (2019).

In view of the aforesaid, we investigated and charac-
terized Bartonella species circulating in small mammals’
ectoparasites from potentially high-risk areas of Kigoma and
Morogoro regions-Tanzania, through conventional PCR and
sequencing. Also, the ectoparasites that could be playing a
role as transmitters and natural reservoirs of Bartonella spp.
were morphologically identified. The findings herein pro-
vide useful information and insights will inform and stim-
ulate further studies towards understanding the risk of
identified Bartonella species to humans as well as the disease
ecology and transmission dynamics within and beyond the
current study regions.
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2 Materials and methods
2.1 Study area

Rodents and shrews were live trapped across the selected areas of
Kibondo and Kakonko districts in Kigoma region (Figure 1) as well as
Kilosa and Morogoro Rural district in Morogoro region (Figure 2). From
each district, two villages were purposively selected. One village had
reserved bush/forest/game reserves where traps were set from indoor,
peridomestic, farm/fallow to the natural habitats (forest/bush land/
game reserves). Another village had no natural habitats therefore traps
were set from indoor, peridomestic and farm/fallow land habitats only.
In Kigoma region, the study villages were Itumbiko (3°17'16.7"S 30°58'
38.9” E) Kihomoka (3°11'46.5"S 31°2'24.5" E), Kumhama (3°3516.4"S 30°40°
40.6"E) and Kigendeka (3°46'24.0"S 30°41'33.2"E) villages. In Morogoro
region, the study sites were Mamboya (6°1811.5"S 37°06'23.9" E), Magu-
bike (6°14'52.884"S 37°9'48.084"E), Kibuko (6°57'12.4236" S 37°50'46.98492"
E) and Mwarazi (7°0'44.94276" S 37°48'51.27084" E). Subsistence farming
is the main economic activity throughout the study villages. Secondarily,
there is also livestock keeping in some of the study villages both in
Kigoma and Morogoro region.
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2.2 Trapping of rodents and shrews

The trapping and handling of rodents and shrews protocol was
approved by the Institutional Review Board of Sokoine University of
Agriculture, and the Tanzania Wildlife Research Institute (TAWIRI).
Briefly, rodents and shrews were live trapped in different habitats
including indoor, peridomestic, farms and natural habitats (forests and
game reserves) from both districts (Figures 1 and 2). Rodents and shrews
were trapped using Live Sherman Traps (LFA 7.5 x 9 x 23cm) and
modified wire cage traps (locally made at the Institute of Pest Manage-
ment) baited with 2:1 (1000 g of peanut butter mixed with 500 g of maize
flour) as described by Mhamphi et al. (2023). The traps were set for three
consecutive days in each study site from 2020 to 2021 during the wet and
dry seasons. In each month a total of 200 traps were used in each study
village for up to six months making the total capture effort of 3600.

2.3 Collection and identification of ectoparasites

Rodents and shrews were removed from the traps, and then euthanized
following Sikes et al. (2016) guidelines. After death the ectoparasites
were brushed off the animals using a shoe shine brush into a basin.
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Figure 1: Map of Kakonko and Kibondo Districts in Kigoma region. Source: Authors.
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Figure 2: Map of Kilosa and Morogoro rural Districts in Morogoro region. Source: Authors.

Thereafter, the animals were morphologically identified to genus and or
species level according to Happold (2013). The ectoparasites were then
gently picked and stored in a separate micro vial containing 70 % ethyl
ethanol according to the host they were collected from. All carcasses
were preserved in 10 % formalin at the Institute of Pest Management of
the Sokoine University of Agriculture. The morphological identification
of the ectoparasites was done in the laboratory through a combination
of various published keys and illustrations according to Pratt and
Wiseman (1962); Pratt (1963), and Zumpt et al. (1966). The ectoparasites
were all screened microscopically before being sorted into their genera/
species. Subsamples of fleas were processed according to Paulraj et al.
(2021) to confirm their genus and or species because some distinctive
features in several fleas were not clear for identification to genus and/or
species level. Examination of the ectoparasites was done under a bright-
field digital microscope using 0.5 objective (Zeiss Primor Star Axiocam
ERc 5S). The identified ectoparasites from each host of the same genus
and or species were pooled (1-5 ectoparasites per pool) according to
their genus or species. A total of 141 pools were obtained including 55
pools of fleas, 76 pools for mites, eight pools of ticks and two pools of lice.

2.4 DNA extraction and sequencing of ectoparasite
pools for Bartonella spp.

Each pool of unprocessed ectoparasites was subjected to DNA extraction
using Qiagen DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany)

according to the manufacturer’s protocol after washing with 70 %
ethanol and followed by sterile phosphate buffered saline Gutiérrez
et al. (2017). Each ectoparasites pool was crushed separately, in a sterile
motor and pestle containing 200 ul of tissue lysis buffer. The subsequent
procedures were done according to the manufacturer’s instructions. The
extracted DNA products were stored at —20 °C before the PCR test according
to the method developed by (Norman et al. 1995) with some amendments.
Forward primer BhCS871.p (5-GGGGACCAGCTCATGGTGG-3) and reverse
BhCS1137.n (AATGCAAAAAGAACAGTAAACA-3) targeting a 379 bp of the
genus-specific citrate synthase (gltA) gene were used. Three microliters
of DNA templates were added into the PCR reaction tube containing
12.5 pl of 2x master mix, 0.5l of 10 uM of each primer, and 8.5 ul of
nuclease-free water. Amplification was done by a thermal cycler by the
following parameters: an initial denaturing at 95 °C for 5 min, and 35
cycles of denaturation at 95 °C for 1 min, annealing at 56 °C for 1 min and
elongation at 72 °C for 1 min. Amplification was finalized by holding the
reaction mixture at 72°C for 10 min. The amplified products were
confirmed for the proper size of the amplicon using electrophoresis in
1.5% agarose gel. Then after, sequenced for the partial gltA gene by
using the same primers used to generate the PCR products. The
sequencing reactions were performed in the DNA Master cycler pro-384
(Eppendorf) using BigDye(R) Terminator Cycle Sequencing Kit version
3.1 (Applied Biosystems Forster City, CA) per the manufacturer's pro-
tocol. The fluorescent-labeled fragments were purified from the unin-
corporated terminators with the BigDyeXTerminatorsR Purification Kit
(Applied Biosystems, Foster City, CA). The samples were injected to
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electrophoresis in an ABI 3730x] DNA Analyser (Applied Biosystems,
Foster City, CA).

2.5 Statistical analysis

The number of ectoparasite pools of each genus or species collected
from different hosts and habitats in both regions was summarized and
calculated as percentage proportions of the positive pools using
Microsoft Excel. To evaluate the associations between Bartonella DNA
positivity and various variables including habitats, locality, host species,
and ectoparasites, a binomial generalized linear model (GLM) in R
software version 4.2.1 was employed.

2.6 Phylogenetic analysis

The obtained sequences were manually edited using BioEdit Sequence
Alignment Editor Software suite, version 7.2.6.1 to determine their
consensus for the amplified region of gltA genes. The ClustalW program
of the MEGA 11 software was used to align the obtained sequences before
submission to Basic Local Alignment Search Tool (BLAST) for species
identification using the National Center for Biotechnology Information
(NCBI) database in the GenBank. Thereafter, aligned together with the
selected DNA sequences with the highest similarity from the GenBank
using ClustalW for multiple sequence alignment. The evolutionary his-
tory was inferred by using the Maximum Likelihood method and
Tamura-Nei model (1993). According to the Akaike Information Crite-
rion (AICc), the best substitution model was T92+G with an AICc value of
3780.747. Phylogenetic analyses were conducted in MEGA 11 with the
robustness of 1000 bootstraps (Tamura et al. 2021).

3 Results

3.1 Collected small mammals and
ectoparasites

Out of 1147 rodents and shrews trapped, 616 (53.7 %) were
captured in Kigoma and 531 (46.3 %) in Morogoro. A total of
341 (29.7 %) rodents and shrews were infested with ecto-
parasites including fleas, mites, ticks, and lice (Table 1). In
Kigoma, the infested rodents were 211 (62.4 %) of the total
infested small mammals, no shrews were found infested

G.G. Mhamphi et al.: Zoonotic Bartonella spp. in rodents and shrews ectoparasites from Tanzania —— 45

from Kigoma. In Morogoro, 127 (37.2 %) rodents and 3 (0.9 %)
shrews were infested with ectoparasites. The identified
ectoparasites from rodent species including Mastomys
natalensis, Aethomys spp., Lemniscomys rosalia, Lemnisc-
omys striatus, Praomys spp., Rattus rattus, Arvicanthis spp.,
Lophuromys spp., Gerbilliscus spp., and shrews of the genus
Crocidura, consisted of five species of fleas; Dinopsyllus cf.
lypusus, Ctenophthalmus cf. calceatus, Xenopsylla cf. brasi-
liensis, Xenopsylla cf. cheopis and Nosopsylla cf. fasciatus
(Figure 3) as well as Haemophisalis ticks and Haplopleura
lice.

3.2 Detection of Bartonella DNA in
ectoparasite pools

Bartonella DNA was amplified in 49 pools (34.8 %) out of the
141 pools of all ectoparasites. For individual types of ecto-
parasite pools, Bartonella DNA was detected in 25 (32.9 %)
out of 76 pools of mite, 22 (40 %) out of 55 pools of flea species,
1 (12.5 %) out of eight pools of ticks and 1 (50 %) out of two
pools of lice (Table 2). Among the habitat variables, the farm
habitat detected 39.6 % slightly higher than 33.3% of the
indoor habitat. The natural habitat detected 22.2 % and the
peridomestic habitat detected 7.1 %. Statistically, there were
significant differences in the prevalence of Bartonella DNA
among two variables, namely habitats ()(2 = 8589, df = 3,
p = 0.035) and ectoparasites species (y* = 16.5646, df = 7,
p = 0.0243).

3.3 Phylogenetic analysis of g/tA sequences

Out of 49 Bartonella DNA confirmed by sequencing, 22 se-
quences were recovered, however, only 16 consensus se-
quences were successfully assembled. After being submitted
to BLAST in the NCBI database, seven sequences; five from
mites’ pools and two from fleas’ pools showed low similar-
ities (75-85 %) when compared to other Bartonella spp. in the
GenBank database. Therefore, only nine DNA sequences

Table 1: Total ectoparasite types collected from Kigoma and Morogoro regions.

Regions Fleas Mites Ticks Lice Total
Dinopsyllus ~ Ctenophthalmus Xenopsyllacf.  Xenopsylla  Nosopsyllus Laelaps Haemaphysalis Hoplopleura
cf. lypusus cf. calceatus  brasiliensis  cf. cheopis  cf. fasciatus spp. spp. spp.
Kigoma 55 60 5 3 3 126 2 2 259
Morogoro 0 0 8 18 0 198 8 6 238
Total 55 60 13 21 3 324 10 8 497
ectoparasites

Source: Authors.
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'Male and female Xenopsylla cf. brasiliensis|

Figure 3: Fleas’ species identified from rodents, as photographed using a Zeiss Primor Star Axiocam ERc 5S microscope. Source: Authors.

Table 2: Number of ectoparasites tested pools in brackets () and percentage of Bartonella DNA positive pools as determined by PCR targeting a fragment

of gltA gene.
Locality Ectoparasites
Mite species Fleas species Tick sp. Lice sp. Total
Laelaps Dino Noso Xch Xbr Ctenoph Haema Hoplo
Kigoma 29.2% (39) 33.3% (27) 333%(3) 0(1) 100 % (2) 833% (12) 0(6) - 36.7 % (90)
Morogoro 37.8% (37) - - 0(7) 0(1) 0(2) 50 % (2) 50 % (2) 29.4% (51)
Overall 32.9% (76) 33.3% (27) 33.3(3) 0(0/8) 66.7 % (3) 71.4% (14) 12.5% (8) 50 % (2) 34.8% (141)

Dino, Dinopsyllus cf. lypusus; Noso, Nosopsyllus cf. fasciatus; Xch, Xenopsylla cf. cheopis; Xbr, Xenopsylla cf. brasiliensis; Ctenoph, Ctenophthalmus cf. calceatus;

Haema, Haemaphisalis; Hoplo, Hoplopleura. Source: Authors.

were submitted and accepted to the GenBank database
(NCBI) with accession numbers (0Q382888-0Q382892 and
0Q504174-0Q504177). The phylogenetic tree of the Bartonella
sequences and the previous identified Bartonella genotypes
retrieved from the NCBI GeneBank were used to evaluate the
evolutionary relationship (Figure 4). Based on the maximum
likelihood phylogeny and reference sequences of the gltA
Bartonella gene obtained from the GenBank database;
phylogenetic analysis identified one B. elizabethae (acces-
sion number 0Q504174) from Xenopsylla brasiliensis with
98.71% similar to previously identified B. elizabethae from
Thailand with accession number JX158353.1. Bartonella sp.,
with accession number 0Q504177 in this study, is phyloge-
netically related to B. tribocorum with accession number

0P382454.1 previously identified from China. Five genotypes
with accession numbers 0Q382891; 0Q382888; 0Q382889;
00Q382890 and 0Q382892 from flea species (Dinopsylla
lypusus, and Ctenophthalmus calceatus) were closely related
to Ugandan and Kenyan Bartonella spp. with accession
numbers JX428746.1, MF443361.1, and KM233491.1 with more
than 99 % identity from blasting. Phylogenetically, Ugandan
and Kenyan Bartonella genotypes were closely related to the
South African Bartonella genotypes with GeneBank acces-
sion number AJ583114.1 as described in Figure 4. Bartonella
genotype from lice (0Q504175) phylogenetically is related to
JX428760.1 from Uganda and is closely related to genotype
FJ686050.1 from Israel with 98.89 % similarity to Bartonella
elizabathae with accession number LR134527.1 from the
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Figure 4: Phylogenetic tree showing the
relatedness of the Bartonella gltA gene
sequences detected from rodents and shrews
ectoparasites; fleas (FTZ), lice (LTZ), and ticks
(TT2) along with reference sequences from the
GenBank database. The phylogenetic tree was
constructed using the maximum likelihood
method. The tree with the highest log
likelihood (-1773.15) is shown. Evolutionary
analyses were conducted in MEGA 11 (2021).
The detected Bartonella genotypes and their
sources in this study are indicated by nodes of
different colors.

Figure 5: Median-joining network showing the evolutionary relationships and likely ancestral networks among Bartonella haplotypes based on the
379-bp sequence of gltA gene from fleas (FTZ), ticks (TTZ), and lice (LTZ) hosts.

GenBank database. Bartonella genotype (0Q504176) from
Haemophisalis tick detected in this study showed 98.94 %
similarity to Bartonella strain with accession number
AJ583115.1 from South Africa. Furthermore, the Median-
joining network (Figure 5) showed five clades, among them

four clades form different clusters, with different lineages
and unique haplotypes. Five genotypes related to Bartonella
spp. discovered in Ugandan, Kenyan and South African
Bartonella spp. formed one haplogroup/clade, different lin-
eages with independent haplotypes.
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4 Discussion

In this study, Bartonella DNA was found in the four primarily
ectoparasites (mites, fleas, ticks and lice) of rodents
including M. natalensis, Aethomys spp., L. rosalia, L. striatus,
Praomys spp., Rattus rattus, Arvicanthis spp., Lophuromys
spp., and shrews of the genus Crocidura, collected from
different habitats in Kigoma and Morogoro regions in
Tanzania. The detection of Bartonella DNA from various
habitats signifies a high prevalence of Bartonella species
genotypes in rodent and shrew ectoparasites in the study
areas. This implies that the Bartonella genus is more prev-
alent in small mammal’s ectoparasites from different hab-
itats. This could be contributed by high abundance of
ectoparasites and their hosts that lead to increased in-
teractions in the sampled habitats, resulting in the trans-
mission of the pathogens (Voordouw 2015). Furthermore,
vertical transmission between adult ectoparasites and the
larvae helps to maintain the bacteria to circulate within the
vector population (Brinkerhoff et al. 2010; Szubert-Krus-
zynska et al. 2019).

The phylogenetic analysis detected diverse genotypes
that clustered into five different clades, phylogenetically,
closely related to Bartonella spp. from Uganda (Bai et al.
2017), Kenya (Halliday et al. 2015), and South Africa (Pretorius
et al. 2004). Among them, two genotypes are identical to
zoonotic Bartonella species; B. elizabethae and B. tribocorum
discovered in X. brasiliensis from Rattus rattus and L. striatus
respectively. The sparse genotypes detected in this study
could be explained by the fact that the Bartonella genus has
divergent evolution and high genetic variety due to distinct
genetic characteristics (Han et al. 2022). This is also further
supported by the haplotype analysis which showed different
lineages with unique haplotypes in each clade. However,
four unique genotypes from Dinopsyllus lypusus and Cte-
nophthalmus caelcatus formed one haplogroup. This indi-
cate that fleas of the genus Dinopsyllus and Ctenophthalmus
shared related Bartonella genotypes. This study also, reports
for the first time unique Bartonella genotypes found in lice
and ticks from Morogoro region. Moreover, Bartonella
genotypes detected in mites from Morogoro and two pools of
fleas from Kigoma showed low sequences similarities (75—
85 %) below the cutoff point suggested by La Scola et al.
(2003) when compared with other Bartonella spp. in the
GenBank database. Such low similarities could be due to the
fact that the Bartonella genus has high genetic diversity with
distinct species and strains, therefore, the sequences avail-
able in the GeneBank may only represent a limited subset of
the overall Bartonella diversity (Gutiérrez et al. 2017). Also,
the sequences obtained from rodent ectoparasites may
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represent evolutionary divergence and specific regional
variants that are not well-represented in the GeneBank (Li
et al. 2015). Therefore, these genotypes could be new species
probably or need to be further confirmed by whole genome
sequencing. The zoonotic Bartonella spp. detected in this
study have been isolated from febrile patients in Thailand by
Kosoy et al. (2010), and also reported from ectoparasites in
Tanzania by Theonest et al. (2019); the Democratic Republic
of Congo by Gundi et al. (2012); Nigeria by Kamani et al. (2013)
and Slovakia by Spitalska et al. (2022).

Bartonella DNA has been reported in different rodent
and shrew ectoparasites worldwide. In Tanzania, this is the
first study to report Bartonella DNA in mites (Laelaps spp.),
ticks (Haemophisalis spp.) and lice (Hoplopleura spp). The
high percentage of Bartonella DNA detected in rodents
and shrews ectoparasites is comparable to other studies
conducted elsewhere; for instance, Theonest et al. (2019),
detected 27.5 % of Bartonella DNA in Xenopsylla cheopis from
Tanzania, Kamani et al. (2013), reported an overall of 28 % of
rodent ectoparasites pools collected in rodents from Nigeria,
Loan et al. (2015), reported 25% Bartonella prevalence in
chigger mites from China, Klangthong et al. (2015), detected
1.7-57.1% from different ectoparasites in Thailand, and
Dwuznik et al. (2019), reported prevalence of 11-57 % in tick
nymphs collected from rodents in Poland. The occurrence of
Bartonella DNA and the detected zoonotic Bartonella species
from fleas and other ectoparasites within the human habi-
tation has an implication on public health importance on the
transmission of bartonellosis to humans and domestic
animals.

5 Conclusions

This study confirmed the presence of potentially zoonotic
Bartonella spp., B. elizabethae and B. tribocorum, in ecto-
parasites collected from field and domestic rodents trapped
from various habitats. These findings emphasize their po-
tential role in the transmission of bartonellosis in the study
areas and beyond. Consequently, call for strategic and wider
screening of humans, companion animals and livestock
particularly across the human-animal-wildlife interfaces
since the reservoirs and vectors are widely spread. Also,
regular control of ectoparasites on companion and livestock
animals is recommended.

Acknowledgments: The authors are indebted to all who
participated in the fieldwork from each district, staff of the
Institute of Pest Management and Department of Wildlife
Management, Sokoine University of Agriculture. Special



DE GRUYTER

thanks to Mr. W. Magesa and Mr. A. Lupala from the
Department of Microbiology and Parasitology of the College
of Veterinary Medicine and Biomedical Sciences, Sokoine
University of Agriculture for their technical support.
Research ethics: This study was approved by the Institutional
Review Board of Sokoine University of Agriculture, Tanzania
(ref. no. SUA/ DPRTC/186/17), and the Tanzania Wildlife
Research Institute (TAWIRI) under the Tanzania Commis-
sion for Science and Technology (COSTECH), permit no. 2021-
139-NA2021-032 issued on 12th April 2021.

Author contributions: GGM, LLM, EVGK: conceptualization,
methodology, investigation, data curation, formal analysis,
writing-original draft, writing- review and editing. VM:
sample processing, analysis, and review of draft manuscript.
CML: data curation, formal analysis, review and editing.
ASK: writing-original draft, writing-review and editing.
AWM: investigation, writing-review and editing. ASK, LLM,
EVGK: supervision. All authors read and approved the final
version of the manuscript.

Competing interests: The authors state no conflicts of
interest.

Research funding: This research was funded by The Africa
Centre of Excellence for Innovative Rodent Pest Manage-
ment and Biosensor Technology Development (ACE IRPM &
BTD-RAT TECH) at the Institute of Pest Management of the
Sokoine University of Agriculture Tanzania (ACEII-credit no.
5799-T7).

Data availability: The raw data can be obtained on request
from the corresponding author.

References

Alila, D.O. (2020). Comparison of abundance and diversity of small
mammals between the wooded grassland and primary forest in
Pande game reserve, Tanzania. Tanz. J. Sci. 3: 17-28.

Alvarez-Fernandez, A., Edward, B., Breitschwerdt, E.B., and Solano-Gallego,
L. (2018). Bartonella infections in cats and dogs including zoonotic
aspects. Parasites Vectors 11: 624.

Andric, B., Velkovski, A., Jovanovic, M., Markovic, M., and Golubovic, M.
(2018). Increased risk of Bartonella infections in humans. Open J. Clin.
Diagnos. 8: 25-45.

Ansil, B.R., Mendenhall, I.H., and Ramakrishnan, U. (2021). High prevalence
and diversity of Bartonella in small mammals from the biodiverse
Western Ghats. PLoS Negl. Trop. Dis. 15: €0009178.

Asyikha, R., Sulaiman, N., and Mohd-Taib, F.S. (2020). Detection of Bartonella
sp. in ticks and their small mammal hosts in mangrove forests of
Peninsular Malaysia. Trop. Biomed. 37: 919-931.

Bai, Y., Osikowicz, L.M., Kosoy, M.Y., Eisen, RJ., Atiku, L.A., Mpanga, J.T.,
Boegler, K.A., Enscore, R.E., and Gage, K.L. (2017). Comparison of
zoonotic bacterial agents in fleas collected from small mammals or
host-seeking fleas from a Ugandan region where plague is endemic.
mSphere 2: €00402-e00417.

G.G. Mhamphi et al.: Zoonotic Bartonella spp. in rodents and shrews ectoparasites from Tanzania —— 49

Billeter, S.A., Gundi, V.A.K.B., Rood, M.P., and Kosoy, M.Y. (2011).
Molecular detection and identification of Bartonella species in
Xenopsylla cheopis fleas (Siphonaptera: Pulicidae) collected from
Rattus norvegicus rats in Los Angeles, California. Appl. Environ.
Microbiol. 77: 7850-7852.

Brinkerhoff, R.J., Kabeya, H., Inoue, K., Bai, Y., and Maruyama, S. (2010).
Detection of multiple Bartonella species in digestive and reproductive
tissues of fleas collected from sympatric mammals. ISME /. 4: 955-958.

Cheslock, M.A. and Embers, M.E. (2019). Human bartonellosis: an
underappreciated public health problem? Trop. Med. & Infect. Dis. 4: 69.

de Sousa, K.C.M., do Amaral, R.B., Herrera, H.M., Santos, F.M., Macedo, G.C.,
de Andrade Pinto, P.C.E., Barros-Battesti, D.M., Machado, R.Z., and
André, M.R. (2018). Genetic diversity of Bartonella spp. in wild
mammals and ectoparasites in Brazilian Pantanal. Microb. Ecol. 76:
544-554.

Diarra, A.Z., Kone, AK., Doumbo Niare, S., Laroche, M., Diatta, G., Atteynine,
S.A., Coulibaly, M., Sangare, A.K., Kouriba, B., Djimde, A, et al. (2020).
Molecular detection of microorganisms associated with small mammals
and their ectoparasites in Mali. Am. J. Trop. Med. Hyg. 103: 2542-2551.

Durden, L.A. (2019). Lice (Phthiraptera). In: Mullen, G.R. and Durden, L.A.
(Eds.). Medical and veterinary entomology. Academic Press,
Cambridge, Massachusetts, US, pp. 79-109.

Dwuznik, D., Mierzejewska, E.J., Drabik, P., Kloch, A., Alsarraf, M., Behnke,
J.M., and Bajer, A. (2019). The role of juvenile Dermacentor reticulatus
ticks as vectors of microorganisms and the problem of ‘meal
contamination. Exp. Appl. Acarol. 78: 181-202.

Eisen, L. (2020). Vector competence studies with hard ticks and Borrelia
burgdorferi sensu lato spirochetes: a review. Ticks Tick Borne Dis 11:
101359.

El Hamzaoui, B., Zurita, A., Cutillas, C., and Parola, P. (2020). Fleas and flea-
borne diseases of North Africa. Acta Trop. 211: 105627.

Garcia,).C., Nufiez, M.)., Castro, B., Fernandez, J.M., Portillo, A., and Oteo, J.A.
(2014). Hepatosplenic cat scratch disease in immunocompetent
adults: report of 3 cases and review of the literature. Medicine 93:
267-279.

Gebrezgiher, G.B., Makundi, R.H., Meheretu, Y., Mulungu, L.S., and
Katakweba, A.A.S. (2022). A decade-long change in the elevational
distribution of non-volant small mammals on Mount Meru, Tanzania.
Diversity 14: 454.

Gongalves, 0.)., Rozental, T., Guterres, A., Teixeira, R.B., Andrade-Silva, B.E.,
Costa-Neto, F.S., Furtado, M.C., Moratelli, R., D’Andrea, P.S., and
Lemos, E.R.S. (2020). Investigation of Bartonella spp. in Brazilian
mammals with emphasis on rodents and bats from the Atlantic Forest.
Int. J. Parasitol. Parasites Wildl. 13: 80-89.

Gundi, A.K.B., Kosoy, M., Makundi, R.H., and Laudisoit, A. (2012).
Identification of diverse Bartonella genotypes among small mammals
from Democratic Republic of Congo and Tanzania. Am. J. Trop. Med.
Hyg. 87: 319-326.

Gutiérrez, R., Vayssier-Taussat, M., Buffet, J.P., and Harrus, S. (2017).
Guidelines for the isolation, molecular detection, and characterization
of Bartonella species. Vector Borne Zoonotic Dis. 17: 42-50.

Han, HJ., Li, Z.M,, Li, X,, Liu, J.X., Peng, Q.M., Wang, R., Gu, X.L,, Jiang, Y.,
Zhou, C.M,, Li, D., et al. (2022). Bats and their ectoparasites
(Nycteribiidae and Spinturnicidae) carry diverse novel Bartonella
genotypes, China. Transbound. Emerg. Dis. 69: e845-e858.

Halliday, J.E.B., Knobel, D.L., Agwanda, B., Bai, Y., Breiman, R.F., Cleaveland,
S., Kariuki Njenga, M.K., and Kosoy, M. (2015). Prevalence and diversity
of small mammal- associated Bartonella species in rural and urban
Kenya. PLoS Negl. Trop. Dis. 9: e0003608.



50 —— G.G. Mhamphi et al.: Zoonotic Bartonella spp. in rodents and shrews ectoparasites from Tanzania

Hao, L., Yuan, D., Guo, L., Hou, W., Mo, X., Yin, ., Yang, A., and Li, R. (2020).
Molecular detection of Bartonella in Ixodid ticks collected from yaks
and plateau pikas (Ochotona curzoniae) in Shiqu county, China. BMC
Vet. Res. 16: 235.

Happold, D.C.D. (2013). Mammals of Africa. Volume 3: rodents, hares and
rabbits. Bloomsbury Publishing, London, pp. 27-691.

Huang, K., Kelly, P.J., Zhang, J., Yang, Y., Liu, W., Kalalah, A., and Wang, C.
(2019). Molecular detection of Bartonella spp. in China and St. Kitts. Can.
J. Infect. Dis. Med. Microbiol. 2019: 3209013.

Kabeya, H., Colborn, J.M,, Bai, Y., Lerdthusnee, K., Richardson, J.H.,
Maruyama, S., and Kosoy, M.Y. (2010). Detection of Bartonella tamiae
DNA in ectoparasites from rodents in Thailand and their sequence
similarity with bacterial cultures from Thai patients. Vector Borne
Zoonotic Dis. 10: 429-434.

Kamani, J., Morick, D., Mumcuoglu, K.Y., and Harrus, S. (2013). Prevalence
and diversity of Bartonella species in commensal rodents and
ectoparasites from Nigeria, West Africa. PLoS Negl. Trop. Dis. 7: 5.

Kaminskiené, E., Paulauskas, A., BalCiauskas, L., and Radzijevskaja, J. (2022).
Bartonella spp. detection in laelapid (Mesostigmata: Laelapidae) mites
collected from small rodents in Lithuania. J. Vector Ecol. 47: 195-201.

Klangthong, K., Promsthaporn, S., Leepitakrat, S., Schuster, A.L., McCardle,
P.W., Kosoy, M., and Takhampunya, R. (2015). The distribution and
diversity of Bartonella species in rodents and their ectoparasites across
Thailand. PLoS One 10: e0140856.

Kosoy, M., Bai, Y., Sheff, K., Morway, C., Baggett, H., Maloney, S.A., Boonmar,
S., Bhengsri, S., Dowell, S.F., Sitdhirasdr, A., et al. (2010). Identification
of Bartonella infections in febrile human patients from Thailand and
their potential animal reservoirs. Am. J. Trop. Med. Hyg. 82: 1140-1145.

Kriigel, M., Pfeffer, M., Krél, N., Imholt, C., Baert, K., Ulrich, R.G., and
Obiegala, A. (2020). Rats as potential reservoirs for neglected zoonotic
Bartonella species in Flanders, Belgium. Parasites Vectors 13: 1-12.

La Scola, B., Zeaiter, Z., Khamis, A., and Raoult, D. (2003). Gene-sequence-
based criteria for species definition in bacteriology: the Bartonella
paradigm. Trends Microbiol. 11: 318-321.

Lappin, M.R. (2018). Update on flea and tick associated diseases of cats. Vet.
Parasitol. 254: 26-29.

Light, J.E., Smith, V.S., Allen, J.M., Durden, L.A., and Reed, D.L. (2010).
Evolutionary history of mammalian sucking lice (Phthiraptera:
Anoplura). BMC Evol. Biol. 10: 292.

Loan, H.K., Cuong, N.V., Takhampunya, R., Klangthong, K., Osikowicz, L.,
Kiet, B.T., Campbell, J., Bryant, J., Promstaporn, S., Kosoy, M., et al.
(2015). Bartonella species and trombiculid mites of rats from the
Mekong Delta of Vietnam. Vector Borne Zoonotic Dis. 15: 40-47.

Li, D.M., Hou, Y., Song, X.P., Fu, Y., Q., Li, G.C,, Li, M., Eremeeva, M.E., Wu,
H.X., Pang, B., Yue, Y.J., et al. (2015). High prevalence and genetic
heterogeneity of rodent-borne Bartonella species on Heixiazi Island,
China. Appl. Environ. Microbiol. 81: 7981-7992.

Maaz, D., Kriicken, J., Blimke, J., Richter, D., McKay-Demeler, )., Matuschka,
F.-R., Hartmann, S., and von Samson-Himmelstjerna, G. (2018). Factors
associated with diversity, quantity and zoonotic potential of
ectoparasites on urban mice and voles. PLoS One 13: e0199385.

Martind, J., Hyp3a, V., and Stefka, J. (2018). Host specificity driving genetic
structure and diversity in ectoparasite populations: coevolutionary
patterns in Apodemus mice and their lice. Ecol. & Evol. 8:
10008-10022.

Mhamphi, G.G., Katakweba, A.S., ApiaMassawe, W.A.W., Makundi, R.H.,
Machang’u, R.S., Komba, E.V.G., and Mnyone, L.L. (2023). Prevalence
of Bartonella spp. in rodent and shrew species trapped in Kigoma and
Morogoro Regions, Tanzania: a public health concern. AIMR 17: 156-
163.

DE GRUYTER

Mihalca, A.D. and Sandor, A. (2013). The role of rodents in the ecology of
Ixodes ricinus and associated pathogens in Central and Eastern
Europe. Front. Cell. Infect. 3, https://doi.org/10.3389/fcimb.2013.
00056.

Minnick, M.F., Anderson, B.E., Lima, A., Battisti, ].M., Lawyer, P.G., and
Birtles, R.J. (2014). Oroya fever and Verruga Peruana: bartonelloses
unique to South America. PLoS Negl. Trop. Dis. 8: €2919.

Norman, A.F., Regnery, R., Jameson, P., Greene, C., and Krause, D.C. (1995).
Differentiation of Bartonella-like isolates at the species level by
PCR-restriction fragment length polymorphism in the citrate synthase
gene. J. Clin. Microbiol. 33: 1797-1803.

Obiegala, A., Pfeffer, M., Kiefer, D., Kiefer, M., Krél, N., and Silaghi, C. (2021).
Bartonella spp. in small mammals and their fleas in differently
structured habitats from Germany. Front. Vet. Sci. 7: 625641.

Oguntomole, O., Nwaeze, U., and Eremeeva, M.E. (2018). Tick-flea-and
louse-borne diseases of public health and veterinary significance in
Nigeria. Trop. Med. Infect. Dis. 3: 3.

Okaro, U., Addisu, A., Casanas, B., and Anderson, B. (2017). Bartonella
species, an emerging cause of blood-culture-negative endocarditis.
Clin. Microbiol. Rev. 30: 709-746.

Oteo, J.A., Maggi, R., PortilloBradley, J., Garcia-Alvarez, L., San-Martin, M.,
Roura, X., and Breitschwerdt, E. (2017). Prevalence of Bartonella spp. by
culture, PCR and serology, in veterinary personnel from Spain.
Parasites Vectors 10: 553.

Panthawong, A., Grieco, J.P., Ngoen-Klan, R., Chao, C.C., and
Chareonviriyaphap, T. (2020). Detection of Anaplasma spp. and
Bartonella spp. from wild-caught rodents and their ectoparasites
in Nakhon Ratchasima province, Thailand. J. Vector Ecol. 45:
241-253.

Paulraj, P.S., Renu, G., Ranganathan, K., and Ayyakani, V. (2021). A rapid
protocol for clearing, staining, and mounting of Arthropoda:
Trombiculidae, Pediculidae and Pulicidae. North-West J. Zool. 17:
1-5.

Pratt, D.H. (1963). Mites of public health importance and their control:
training guide. In: Insect Control Series, part IX. US Department of Health,
Education, and Welfare Public Health Services, C. D. C. Atlanta, GA.
Publication no. 772.

Pratt, D.H. and Wiseman, J.S. (1962). Fleas of public health importance and
their control: training guide. Insect Control Series, Part VIL. US
Department of Health, Education, and Welfare Public Health Services, C. D.
C. Atlanta, GA. Publication no. 772.

Pretorius, A.M., Beati, L., and Birtles, R.J. (2004). Diversity of bartonellae
associated with small mammals inhabiting Free State province, South
Africa. Int. J. Syst. Evol. Microbiol. 54: 1959-1967.

Reeves, W.K., Szumlas, D.E., Moriarity, J.R., Loftis, A.D., Abbassy, M.M.,
Helmy, I.M., and Dasch, G.A. (2006). Louse-borne bacterial pathogens
in lice (Phthiraptera) of rodents and cattle from Egypt. J. Parasitol. 92:
313-318.

Regier, Y., O’Rourke, F., and Kempf, V.A. (2016). Bartonella spp. - a chance to
establish one health concepts in veterinary and human medicine.
Parasites Vectors 9: 1-12.

Reis, C., Cote, M., Le Rhun, D., Lecuelle, B., Levin, M.L., Vayssier-Taussat,
M., and Bonnet, S.I. (2011). Vector competence of the tick Ixodes
ricinus for transmission of Bartonella birtlesii. PLoS Negl. Trop. Dis. 5:
e1186.

Saengsawang, P., Kaewmongkol, G., Phoosangwalthong, P., Chimnoi, W.,
and Inpankaew, T. (2021). Detection of zoonotic Bartonella species in
ticks and fleas parasitizing free-ranging cats and dogs residing in
temples of Bangkok, Thailand. Vet. Parasitol. Reg. Stud. Rep. 25:
100612.


https://doi.org/10.3389/fcimb.2013.00056
https://doi.org/10.3389/fcimb.2013.00056

DE GRUYTER

Siewert, L.K., Dehio, C., and Pinschewer, D.D. (2022). Adaptive immune
defense prevents Bartonella persistence upon trans-placental
transmission. PLoS Pathog. 18: €1010489.

Sikes, R.S., and Animal care and use committee of the American Society of
Mammalogists (2016). 2016 guidelines of the American Society of
Mammalogists for the use of wild mammals in research and
education. /. Mammal. 97: 663-688.

Szubert-Kruszynska, A., Stanczak, )., Cieniuch, S., Podsiadty, E., Postawa, T.,
and Michalik, J. (2019). Bartonella and Rickettsia infections in
Haematophagous Spinturnix myoti mites (Acari: Mesostigmata) and
their bat host, Myotis myotis (Yangochiroptera: Vespertilionidae), from
Poland. Microb. Ecol. 77: 759-768.

§pitalské, E., Minichova, L., Hamsikova, Z., Stanko, M., and Kazimirova, M.
(2022). Bartonella, Rickettsia, Babesia, and hepatozoon species in fleas
(Siphonaptera) infesting small mammals of Slovakia (Central Europe).
Pathogens 11: 886.

Tamura, K. and Nei, M. (1993). Estimation of the number of nucleotide
substitutions in the control region of mitochondrial DNA in humans
and chimpanzees. Mol. Biol. Evol. 10: 512-526.

Tamura, K., Stecher, G., and Kumar, S. (2021). MEGA 11: molecular
evolutionary genetics analysis version 11. Mol. Biol. Evol. 38: 3022-
3027.

Theonest, N.O., Carter, R.W., Amani, N., Doherty, S.L., Hugho, E., Keyyu, ).D.,
Mable, B.K., Shirima, G.M., Tarimo, R., Thomas, K.M., et al. (2019).

G.G. Mhamphi et al.: Zoonotic Bartonella spp. in rodents and shrews ectoparasites from Tanzania —— 51

Molecular detection and genetic characterization of Bartonella species
from rodents and their associated ectoparasites from northern
Tanzania. PLoS One 14: e0223667.

Tsai, Y.L, Chuang, S.T., Chang, C.C., Kass, P.H., and Chomel, B.B. (2010).
Bartonella species in small mammals and their ectoparasites in
Taiwan. Am. J. Trop. Med. Hyg. 83: 917-923.

Voordouw, M.J. (2015). Co-feeding transmission in Lyme disease pathogens.
Parasitology 142: 290-302.

Wechtaisong, W., Bonnet, S.I., Chomel, B.B., Lien, Y.Y., Chuang, S.T., and
Tsai, Y.L. (2021). Investigation of Transovarial Transmission of
Bartonella henselae in Rhipicephalus sanguineus sensu lato ticks using
artificial feeding. Microorganisms 9: 2501.

Yin, P.W., Guo, X.G,, Jin, D.C., Song, W.Y., Zhang, L., Zhao, C.F., Fan, R., Zhang,
Z.W., and Mao, K.Y. (2021). Infestation and seasonal fluctuation of
gamasid mites (Parasitiformes: Gamasida) on indochinese forest Rat,
Rattus andamanensis (Rodentia: Muridae) in Southern Yunnan of
China. Biology 10: 1297.

Yu, X.J. and Tesh, R.B. (2014). The role of mites in the transmission and
maintenance of Hantaan virus (Hantavirus: Bunyaviridae). J. Infect. Dis.
210: 1693-1699.

Zumpt, F., Haeselbarth, E., and Segerman, J. (1966). The arthropod parasites
of vertebrates in Africa South of the Sahara (Ethiopian Region). Vol. Il
(Insecta Excl. Phthiraptera). South African Institute of Medical Research,
Johannesburg.



	Detection and characterization of zoonotic Bartonella spp. in rodents and shrews ectoparasites from Kigoma and Morogoro reg ...
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Trapping of rodents and shrews
	2.3 Collection and identification of ectoparasites
	2.4 DNA extraction and sequencing of ectoparasite pools for Bartonella spp.
	2.5 Statistical analysis
	2.6 Phylogenetic analysis

	3 Results
	3.1 Collected small mammals and ectoparasites
	3.2 Detection of Bartonella DNA in ectoparasite pools
	3.3 Phylogenetic analysis of gltA sequences

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


