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This study aimed to determine the sequence type (ST) of Bartonella henselae infecting small Indian
mongooses from Saint Kitts via multi-locus sequence typing (MLST). This investigation used stored
EDTA blood (n=22) samples from mongooses previously identified as positive for B. henselae.
Chocolate agar plates were enriched with Bartonella alpha-Proteobacteria growth medium (BAPGM)
to culture and isolate Bartonella from the blood samples. To perform MLST, DNA was extracted and
purified from isolates followed by amplification by conventional PCR (300-500 bp) for eight genes
(16S rDNA, batR, gltA, groEL, ftsZ, nlpD, ribC, and rpoB). Bartonella henselae STs were deposited in
the PubMLST repository. Out of 22 B. henselae-positive blood samples, isolates were obtained from
12 mongooses (54.5%; 12/22). Each mongoose was infected with one ST. The studied mongoose
population was infected with sequence types ST2, ST3, ST8, and a novel ST represented by ST38.
Bartonella henselae ST2, ST3 and ST8 infecting mongooses are known to circulate in humans and cats,
with ST2 and ST8 associated with Cat Scratch Disease (bartonellosis) in humans. The results presented
herein denote the circulation of B. henselae STs with zoonotic potential in mongooses with risk of B.
henselae transmission to humans.

The genus Bartonella belongs to the family Bartonellaceae of the sub-class Alpha-2-Proteobacteria. It comprises
facultative intracellular Gram-negative, haemotropic, slow-growing, vector-borne bacteria (Chomel et al.!).
Over the last 20 years, the number of Bartonella species identified from a wide range of mammals has increased
considerably’. Noteworthy, Bartonella bacteria are a seemingly ubiquitous genus with their DNA demonstrated
in a plethora of species throughout the animal kingdom, including, but not limited to, domestic? and wildlife
hosts®~°. Among the species known or suspected to be pathogenic for humans, Bartonella henselae is the genus’s
primary zoonotic agent, and cats are often natural asymptomatic reservoirs®. Though the domestic cat serves as
a primary host for B. henselae, this is the species most found in wild carnivores’.

The small Indian mongoose (Urva auropunctata) is a highly invasive, terrestrial carnivorous wild mammal
that belongs to the Herpestidae family, Feliformia superfamily, of ‘cat-like’ animal species, widespread in most
Caribbean islands and listed under the 100 worst invasive species (IUCN 2000). Mongooses were also recog-
nized as reservoirs of Bartonellae bacteria, with Bartonella henselae being detected in specimens from Japan®
and Grenada’. Our research group recently identified'® that B. henselae is also prevalent in mongooses and cat
fleas (Ctenocephalides felis) collected from them on the Island of Saint Kitts, Wes Indies.

In humans B. henselae is responsible for Cat Scratch Disease (CDS). Although CSD is usually a benign
self-limiting disease that develops as fever and lymphadenopathy, more recently, B. henselae has been found
in association with several unspecific health conditions. These include but are not limited to, central nervous
system syndromes, fever of unknown origin (FUO), hepatosplenic disease, negative blood culture endocarditis,
neuroretinitis, and musculoskeletal and cutaneous lesions'!.
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Although B. henselae is a zoonotic pathogen, the worldwide distribution of its sequence types (STs) is not
homogeneous. Multi-locus sequence typing (MLST) has shown that some of the STs of B. henselae are only
found in the feline population, representing a group of strains less pathogenic to humans'2. Until now, 37 STs of
B. henselae have been identified'®. Among the B. henselae strains described in humans, the strains classified into
ST1 are causative for most cases of CSD'. Other zoonosis-associated strains belong to ST2, ST5, and ST8. It is
postulated that those STs could possess additional virulence factors capable of coding for a more efficient trans-
mission from cats to humans or, alternatively, better survival of the pathogen in the human host". Conversely,
most feline STs belong to ST4, ST6, and ST7'S. ST5 was the only ST described in fleas so far'’.

Batonella henselae STs can vary according to geographic distribution; most isolates of B. henselae are obtained
from cats in Asia (Japan and the Philippines)'4, Israel, North America'®, Central America (Guatemala)'® and
South America (Argentina)'® were the zoonotic type ST1. Conversely, there is little description of zoonotic
strains of B. henselae in the cat populations of Europe, (France, Germany, Italy, the Netherlands, and the United
Kingdom) and Australia'®.

In regions such as the Caribbean, where mongooses and domestic cats have direct interactions and share the
same ectoparasite, Ctenocephalides felis’, which is the vector for the bacteria®*?! it is possible that mongooses can
serve as potential reservoirs of infection with B. henselae STs that are found in cats but are also STs pathogenic
for humans. To date, all B. henselae STs deposited in PubMLST belong to cats, humans, or fleas (https://pubml
st.org/organisms/bartonella-henselae). We are not aware of studies involving wildlife. To that end, the aim of
this study was to determine the Sequence Type (ST) of B. henselae infecting small Indian mongooses from Saint
Kitts via MLST analysis.

Results

Culture and isolation of Bartonella henselae from mongooses’ blood

Out of 22 mongooses’ blood positive for B. henselae infection, Bartonella-like colonies were obtained from
12 blood samples and confirmed to be Bartonella bacteria via qPCR after the first passage. Accordingly, Bar-
tonella isolates (after six passages of subculturing the bacteria in six consecutive plates) were obtained from 12
mongooses (54.5%; 12/22), with a total of 22 pure isolates, five isolates from different plates obtained from one
mongoose; a total two isolates from six mongooses, and one isolate obtained from five mongooses.

Genotyping via multi-locus sequence typing (MLST) analysis of Bartonella henselae

All obtained isolates were confirmed to be B. henselae by gitA sequencing and Blastn analyses (with 99-100% of
query cover and 99.86-100% identity to B. henselae to GenBank deposited sequences: KY913627.1; KY913626.1;
MN107415.1; MN107415.3). MLST based on 16S rRNA, batR, ftsZ, gltA, groEL, nlpD, ribC, and rpoB genes was
achieved for all 22 isolates, resulting in the presence of three previously described STs (2, 3, and 8) and novel
sequence type represented by ST38. All the mongooses from which more than one colony was obtained were
infected with just one sequence type. Of the 12 mongooses, 33% (4/12) were bacteremic with ST3, followed
by 25% (3/12) infected with ST8, 25% (3/12) with ST2, and the less prevalent ST (16%; 2/12) was the newly
described ST38 (Table 1).

The new ST38 was closely related and originated from ST2. While this ST was only found in mongooses, the
other STs (STs 2, 3, and 8) described in mongooses have been reported in humans and cats. Of the B. henselae
STs detected in mongooses, ST8 is the most geographically dispersed worldwide, followed by ST2 and ST3 that
were only shared with a few countries and ST38 only described in St. Kitts. The relatedness of the B. henselae STs
found in the present study with those detected worldwide was assessed by GrapeTree analyses (Fig. 1).

Discussion

To date, 37 B. henselae sequence types have been described, with 28 unique STs from cats, eight shared between
cats and humans, and one described in cats, humans, and fleas (https://pubmlst.org/organisms/bartonella-hense
lae)*2. To the best of the authors’ knowledge, this is the first investigation exploring STs of B. henselae circulating
in a wildlife species, and the first study within the Caribbean that included B. henselae genotyping. This approach
has already been used for genotyping B. henselae in cats and/or humans from North America (USA), South
America (Argentina, Brazil)'>'*** Central America (Guatemala)'® Europe (United Kingdom, Germany, Italy,
France, Croatia, Spain, Germany and Czech Republic)'*-17?#* Asia (Japan, the Philippines, Turkey, Israel)'41>2,
and Oceania (Australia, New Zealand)!>%’.

Upon initially conducting the MLST, purified isolates following three culture passages were used. Regret-
tably, incomplete gene amplification from the 8 loci led to an inability to obtain a comprehensive MLST profile.
Consequently, a new attempt was made after six culture passages, akin to the authors’ approach with the cat
blood samples utilized for Whole Genome Sequencing in previous experiments®. On the contrary, another
previous research revealed that using isolation in chocolate agar followed by MLST in cats across up to three
passages was enough for a complete MSLT profile?. The authors are unsure if the inability to retrieve all genes
after only three passages was due to the host species (mongooses). Considering this, the authors advocate for
the implementation of these multiple culture passages, especially for the MLST on mammals different from their
preferred host, as the new standard protocol.

In our study, ST2, ST3, ST8, and the newly described ST38 were detected in mongooses’ blood. Previously,
ST2, ST3, and ST8 were described in humans and cats, with ST8 being the most geographically dispersed from
the three known STs detected in our study, with reports in European countries, New Zealand, and Argentina.
Otherwise, ST1, ST5, and ST6 have a worldwide distribution, as they are present on three continents (America,
Europe, and Oceania)"® but were not detected in the B. henselae isolates from the Caribbean mongooses. Whether
this is because those STs do not infect mongooses or they do not circulate within the Caribbean region, is yet to
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Locus

Mongoose ID | Isolate ID pubMLSTID | 16S | batR |ftsZ | gltA | groEL | nlpD | ribC | rpoB | Sequence type (ST)
1 1132’336 476 1 2 1 1 1 1 1 1 8
1 113]‘3”;)26 477 1 2 1 1 1 1 1 1 8
1 1138"56 478 1 2 1 1 1 1 1 1 8
1 IEBXIZ, p 479 1 2 1 1 1 1 1 1 8
1 ?;”;,26 480 1 2 1 1 1 1 1 1 8
22 Box2 22AP6 | 481 1 1 1 1 2 1 1 1 2
24 Box3 24AP6 | 482 1 2 1 1 1 1 1 1 8
24 Box3 24AP6 | 483 1 2 1 1 1 1 1 1 8
27 Box327BP6 | 484 1 1 1 1 2 1 1 1 2
32 Box2 32CP6 | 485 1 2 1 1 2 1 1 1 3
46 Box2 46AP6 | 486 1 1 1 1 2 1 1 1 2
46 46B 491 1 1 1 1 2 1 1 1 2
42 Boxl 42.1B | 487 1 2 1 1 2 1 1 1 3
4 Box1 42.2C | 488 1 2 1 1 2 1 1 1 3
21 21A 489 1 2 1 1 2 1 1 1 3
21 21B 490 1 2 1 1 2 1 1 1 3
48 48A 492 1 2 1 1 1 1 1 1 8
48 48C 493 1 2 1 1 1 1 1 1 8
12 12C 494 1 2 1 1 2 1 1 1 3
50 50A 495 1 1 1 1 2 1 1 2 38
50 50B 496 1 1 1 1 2 1 1 2 38
67 67D 497 1 1 1 1 2 1 1 2 38

Table 1. Allelic profile and sequence type (ST) results of multi-locus sequence typing (MLST) analysis of 22
Bartonella henselae isolates from blood in a total of 12 small Indian mongooses from Saint Kitts and Nevis.

be determined. ST8 is seemingly the most frequent ST infecting humans, along with ST1, ST2 (detected in this
study) and ST5. Bartonella henselae strains belonging to ST1 may be more likely to be associated with zoono-
sis in Australia, Japan, and potentially the United States, however, this association does not necessarily apply
elsewhere'®. Other less frequent STs in humans include ST3 (detected in this study), ST4, ST6, ST7, and ST9%. In
Spain, all three STs found in our study (ST2, ST3, ST8) were associated with human infection'”, while ST2 also
infected humans in Australia?’. On the other hand, ST2 and ST8 have been encountered infecting humans with
symptoms of Cat Scratch Disease (CSD) in the UK' and ST2 in Romania®. Investigations within the Caribbean
should survey the STs circulating and causing disease in humans.

A new allelic combination described as B. henselae ST38% was found in the mongooses from St. Kitts. This
novel ST38 originated from ST2 that was previously detected in cats and/or humans from Australia, Spain, and
the UK?2. ST38 represents a clonal evolution as described previously?**. Bartonella henselae displays specific
adaptations of a complex facultative intracellular lifestyle that enables the colonisation of distinct mammalian
reservoir hosts. This remarkable host adaptability has a multifactorial basis and is thought to be driven by hori-
zontal gene transfer (HGT). Highly efficient HGT is described for Bartonellae and could thus drive evolution
of this genus, expected to occur through the recurrent transmission bottlenecks during the complex infection
cycle of these pathogens in their mammalian reservoir hosts and arthropod vectors®. Ctenocephalides felis fleas,
vectors of B. henselae among cats, may have an important role in the generation of the genetic diversity of this
agent. Homologous recombination among genotypes of the same or different species of Bartonella can occur in
the vector intestine®**!. Future investigations should aim to explore if ST38 is only circulating on a specific host
(mongooses) or specific geographical area (St. Kitts).

Only single ST infections were documented in mongooses from this study in St Kitts. Although possible in
cats, co-infection with more than one B. henselae STs are infrequently described. Three studies have described
co-infections so far. ST1 and ST5 were detected in the blood of one cat in Brazil'®; ST5 and ST7 in a cat, and
ST6 and ST8 in another cat from the UK and B. henselae type I (Houston I) and Type II (Marseille) STs were
documented in experimental co-transmission of the two B. henselae, to Specific Pathogen Free (SPF) kittens
by the natural vector, the cat flea®. The latter study®* hypothesized that co-infection with ST1 and ST2 resulted
in in vivo competition between the two STs, with a selective advantage of ST2 over ST1 during the 2 years of
persistent bloodstream infection. It is possible that the absence of co-infections observed in mongooses is due to
competition between STs or that co-infection does not occur in this animal species. Future longitudinal studies
should explore those hypotheses.
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Figure 1. Relatedness of the Bartonella henselae sequence types (STs) detected in small Indian mongooses
from Saint Kitts in the present study by (A) sequence type; (B) sample source; (C) geographical distribution.
Mongooses’ samples in (B) are identified as mongooses. The parenthesis in each colored coded column
represents the numbers of samples per ST (A), per source (B) and per country (C).

The results presented herein denote the circulation of B. henselae STs with zoonotic potential in mongooses
(ST2, ST3, ST8), with a possible risk of B. henselae infection in humans. Encounters between mongooses and
humans throughout the Caribbean islands are known to be frequent, and direct human exposure to this wild
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mammal was described before in Puerto Rico, resulting in a bite*’. The small Indian mongoose is a highly
invasive, terrestrial wild mammal* widespread in most Caribbean islands. Being a member of the Herpestidae
family, the mongooses fall under Feliformia (NCBI: txid48418), a suborder of carnivores which also includes
animals such felines, hyenas, and civets. Bartonella henselae is described in several wildlife species from the sub-
order Feliformia, being identified in wild cats, civets, and mongooses®. Wildlife provides blood meals for vector
growth and reproduction, serves as pathogen reservoirs, and can disperse vectors and pathogens®; as such, it
is important to identify B. henselae STs in wildlife, including but not limited to mongooses. By 2050, invasive
mongoose populations are likely to expand their geographic distribution across island and continental ecosystems
beyond the Caribbean including North America and Europe®*. When hosts disperse vectors and their associated
pathogens into new, and suitable environments, a rise in vector-borne diseases may follow*®. The recognition
of the STs infecting mongooses within the Caribbean for the first time provides the foundation for preventative
measures to be applied, which might include a selection of an appropriate strain for the development and/or
improvement of local diagnostic tests®” and future vaccine development?.

Figure 1. (continued)

Conclusions

This study investigated B. henselae sequence types (STs) circulating in a wildlife species and was the first study
within the Caribbean that incorporated B. henselae genotyping. Only single ST infections were observed in mon-
gooses from Saint Kitts. The sequence types ST2, ST3, ST8 and a novel ST represented by ST38, were identified in
mongooses blood isolates. Bartonella henselae ST2, ST3 and ST8 infecting mongooses are known to circulate in
humans and cats, with ST2 and ST8 associated with Cat Scratch Disease in humans. The results presented herein
denote the circulation of B. henselae STs with zoonotic potential in mongooses with possible risk of B. henselae
transmission to humans within the Caribbean, since encounters between mongooses and humans throughout
the islands are known to be frequent. The novel ST38 originated from ST2 and represents a clonal evolution
of Bartonellae in a certain geographical region and/or host, and future investigations should aim to explore its
geographic dispersion and other reservoirs.

Methods

Mongooses samples origin

The research was conducted with mongooses’ stored blood samples. Animals were captured in Saint Kitts
(17.3578°N, 62.7830° W) between August 2019 and January 2020 and bled by venipuncture of the cranial vena
cava and released in the same trapping location. All methods were carried out in accordance with relevant
guidelines and regulations and reported in accordance with ARRIVE guidelines and extensive information on
the sampling procedure can be found in'?. The use of mongooses’ samples for research was approved by the
RUSVM Institutional Animal Care and Use Committee (IACUC) (TSU7.24.19). Hence, this study used PCR
EDTA blood (n =22) stored samples (— 80 °C) from mongooses previously identified as positive for B. henselae'
via DNA sequence analyses (nBLAST), phylogenetic inference and haplotype diversity.
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Culture and isolation of Bartonella henselae from mongooses’ blood

Culture and isolation from 22 EDTA blood samples from B. henselae-positive mongooses was attempted. Accord-
ingly, the samples were diluted 1:2 in Schneider’s Insect medium and 2.0 pg/mL amphotericin B to enhance the
Bartonella isolation and reduce fungal contamination, respectively, as previously recommended™. Briefly, 100 uL
of each diluted sample was directly plated on chocolate agar and incubated at 37 °C with a 10% CO, atmosphere.
After growth in the first plate, any small, round, and Bartonella-like colony was: (1) diluted in 300 uL Bartonella
alpha-Proteobacteria growth medium (BAPGM)* and sub-cultured with a loop for re-isolation in two chocolate
agar plates, each subdivided into three and identified as sub-colonies A, B, C and sub-colonies D, E F; (2) diluted
in 200 pL of PBS for DNA extraction by a thermal protocol (i.e. 95 °C for 12 min). DNA was collected from the
supernatant after centrifugation at 4 °C at 8500 rpm for 5 min. and submitted to gPCR for Bartonella spp.*. Only
colonies molecularly confirmed as Bartonella spp. were subsequently re-inoculated in BAPGM enriched agar
chocolate plates, with a total of six passages, until pure isolated cultures were obtained (up to eight weeks). DNA
was extracted from the pure isolated colonies using the Illustra Tissue and Cells genomic Prep Mini Spin Kit,
following the manufacturer’s recommendations. Extracted DNA was submitted to Bartonella sp. conventional
(c)PCR for gltA*! for sequencing and further confirmation that the pure isolates corresponded to B. henselae.

Genotyping via multi-locus sequence typing (MLST) analysis of Bartonella henselae

To identify B. henselae sequence types (STs), DNA obtained from all B. henselae blood isolates after six passages
were amplified by cPCR (300-500 bp products) for eight genes (16S rDNA, batR, gltA, groEL, fisZ, nlpD, ribC,
and rpoB), to perform MLST, according to a previously described protocol'>?’. Each reaction mixture comprised
12.5 uL of 2 x PCR master mix (Promega®, Madison, WI, USA), 0.5 uL of a 20 pmol/uL solution of both forward
and reverse primers (Table 2), 10.5 pL sterile, distilled water, and 1 uL DNA extracted from the B. henselae colony.

As positive and negative controls for the cPCR, DNA extracted from blood of a B. henselae naturally infected
cat* and nuclease-free water (Promega®, Madison, W1, USA) were used, respectively. The thermic profile con-
sisted of 96 °C for 5 min followed by 40 cycles of 96 °C for 10 s, 55 °C for 10 s and 72 °C for 50 s, with a final
extension step of 72 °C for 10 min'>*". A T100TM Thermal Cycler (Bio-Rad, Hercules, CA, USA) was used for all
the cPCR reactions. The PCR products were stained with SYBR® Safe DNA gel stain (Thermo ScientificTM, USA)
and run in a 1.5% agarose gel electrophoresis. The positive bands at expected sizes were purified by enzymatic
reaction using Exo-CIP™ Rapid PCR Cleanup Kit (New England Biolab inc., Ipswich, MA, USA), according to
the manufacturer’ instructions. Sequencing of the purified DNA was performed in Macrogen (Seoul, Korea). To
obtain consensus sequences, forward and reverse sequences were processed in Geneious Prime 7.1. Percentages
of identity were obtained using BLASTn*’.

Bartonella henselae obtained consensus sequences had their strain identified (ST), according to the online
database of B. henselae MLST and were deposited in the PubMLST repository (https://pubmlst.org/organisms/
bartonella-henselae)?, under the numbers: 476-494. Bartonella henselae STs found in this study were compared
to other worldwide B. henselae STs from humans, domestic cats, and fleas, deposited at the MLST bank (https://
pubmlst.org/organisms/bartonella-henselae). A Graphtree was constructed using the pubMLST tool** to rep-
resent (A) the frequency of each B. henselae ST available on pubMLST; (B) the sample source and (C) their
distribution by country.

Ethics approval

This study’s Animal capture and handling were approved by the University of Montreal’s Animal Use Ethics Com-
mittee (CEUA 19-Rech-1993 and 19-Rech-1945), and the use of the samples was endorsed by the Ross University
School of Veterinary Medicine (RUSVM) Institutional Animal Care and Use Committee (IACUC #TSU7.24.19).

Data availability
The datasets generated and analyzed during the current study are available in the PubMLST (https://pubmlst.
org/organisms/bartonella-henselae) repository submission number: 476-494.

Loci Product size (bp) | Forward primer Reverse primer

16STDNA | 472 5'-AGAGTTTGATCCTGGYTCAG-3' | 5-CTTTACGCCCARTAAWTCCG-3'

batR 487 5-GACCGCAATATTTTGACATC-3" | 5-GCATCCATCAAAGCATCACGACTT-3'
ribC 283 5'-AGCGAGGATCAAAACAAC-3' 5'-GCTCTTCAACACAATTAACG-3'
groEL 369 5-GTTGATGATGCCTTGAAC-3' 5 TGGTGTGTCTTTCTTTGG-3'

gltA 338 5-GGGGACCAGCTCATGGTGG-3' 5'-AATGCAAAAAGAACAGTAAACA-3
nlpD 494 5-GGCGCTGGTATGATACAA-3' 5'-GACATCTGTGCGGAAGAA-3'

fisZ 483 5'-GCCTTCTCATCCTCAACTTC-3' | 5-CTTTGTTTTAAACGCTGCC-3'

rpoB 471 5'-CTGGACGTACATCCTACA-3' 5'-AACAGCAGCTCCTGAATC-3'

Table 2. Primers used for amplification and sequencing of the eight loci evaluated for the Bartonella henselae
MLST scheme.
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