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Abstract

Background: Campylobacter is an important and common cause of human gameritis\These

species can cause diarrhea, hematochezia, meningitis, septicemia, an(‘h Milain-Barre
®

\'

Objectives: This study determined the prevalence of Campylobacter a~ts species in healthy

syndrome.

pet rabbits, guinea pigs, hamsters, and squirrels referr(%}to the Saal]‘Animal Teaching Hospital,
Faculty of Veterinary Medicine, University of Tehran. Fo —aroducing animals are the most
important source of infection in humans. While ra@n inca pig meat and fur consumption
have increased in many countries, little is kx/n Weir role as a source of infection. The

true incidence of Campylobacter may be underest d.

Methods: Fecal samples from 9; s, 4 vginea pigs, 2 hamsters, and 2 squirrels were
acquired and assessed for t e’presen op campylobacter species by culture and Multiplex
Polymerase Chain Reactior&?CRNtatistical analysis was done using SPSS version 26.0
software. Chi-square a Fist\{act tests were used to analyze qualitative data

r

Results: Five samples from rﬁgbits, one sample from hamsters, and one sample of squirrels were
positivefor pNa!er spp. no campylobacter spp. were detected in guinea pigs. All the

species we ‘ gjuni.no campylobacter was isolated in culture.



Conclusion: According to the results of this study, Campylobacter spp. was detected in healthy

rabbits, hamsters, and squirrels. In addition, age, gender, and sexual status ﬁd not have a

significant effect on Campylobacter infection. Furthermore, rabbits and rodent t as pets

should be considered an important source of zoonotic pathogens for hummhey ‘can be

reservoirs of Campylobacter spp. and can infect people and other ani‘aw:dﬂing these
.

organisms in their stools.

@
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Introduction 0

Gu? t al., 2023; Aboi et al., 2019; Kaakoush et
al., 2015). The genus Campyloba&t@des any species, and in most cases, C.jejuni and C.

coli are common pathogens. ii o8t humatwiifections occur due to ingesting contaminated poultry

gastroenteritis in humans around the worl

Campylobacter has been described as the (St p;iVMacterial food-borne disease that causes

products and direct contact inf&d animals (Berthenet et al. 2019), unpasteurized milk, or
contaminated water (K@n\:&zom; Steinhauserova et al., 2000; Koene et al., 2009; Chaban
etal., 2010; Parsonﬁt al.;2040; Ansarifar et al., 2023).

These 5\&0 can ¢aus¢ diarrhea, hematochezia, meningitis, septicemia, and human Guillain-
Barte synd

¢ (Einsterer et al., 2022; Brooks et al., 2017). Food-producing animals may be the
most si 'ﬁc;&

source of infection for humans. Although the consumption of rabbit and guinea



pig meat and fur has increased in many countries, their role as a source of infection remains

poorly understood (Tawab et al., 2017). @

Campylobacter jejuni is one of the significant causes of gastroenteritis a \e world.
Additionally, C. jejuni contamination may lead to autoimmune conditions suchias Guillain-Barré
syndrome (GBS) and Miller-Fisher syndrome. Many Campylobac‘ger ‘pec\ ({onsidered
pathogens in humans and animals (Man SM. 2011). In hubeigs, Campylobacter species

ich inchk inflammatory bowel
diseases (IBD), Barrett's esophagus, and colorectal (R}ICGI‘S (C)staﬁo-Rodriguez et al., 2017

have been associated with some gastrointestinal situations,

Poosari et al., 2021). They have also been stated to be weorried about extra gastrointestinal
manifestations, including bacteremia, lung infectiw b?cesses, meningitis, and reactive

arthritis, in individual cases and small cohort‘ su%

Nowadays, keeping rabbits and rodents% peMa growing trend worldwide. In Iran, in
particular, housing animals such a>s , guinea pigs, and hamsters as pets has increased due

to cultural and religious issue$h Mea il’, children who have the most contact with these
animals at home may be expeosed anections. It seems that these animals can be clinically

asymptomatic and onlyGh gN of transmission to humans

Studies have demonstrated a correlation between Campylobacter infection in dogs and their

owner& ddi Meria in their stools (Damborg et al., 2004; Holmberg et al. 2015;

Giaeomelliet al2015; Karama et al.,2019). Reservoir dogs can infect their owners and other
anima ars&s et al., 2010; Fox, 2012; Iannino et al., 2022)



So far, there have been few descriptions of Campylobacter spp. isolation from rabbits, specially,

C. jejuni (Prescott & Bruin-Mosch, 1981) and a Campylobacter-like organisr! (Revez etal.,

2008) \

Various methods, including direct microscopy, culture, serology, PCR, etc., have been developed

to detect Campylobacter infection (Fox, 2012). - \ 4

It seems that the true incidence of Campylobacter may be un@m& due to the limitations
of routine culture methods. Molecular methods based on PCR can be an alternative to culture to

detect Campylobacter. A .

This study was carried out to define more clearly the role o hementioned animals as potential
reservoirs and possible sources of infection in Ims. e main role of this work was to

determine Campylobacter's occurrence amon altwits, guinea pigs, and hamsters.

f \a

Due to the authors’ knowledge, this is the first study to estimate the frequency of campylobacter
==
infection in healthy rabbits, guinea}p s,,and hamsters in Iran.

Q 5
Material and meth ‘\\\

Sample collection ( = 4

From Wﬁ&w M {0 March 2023, the feces of 92 apparently healthy rabbits, four guinea
h

pig% r\S'ECI‘S, and two squirrels were referred to the Small Animal Teaching Hospital of

Faculty Veterinary Medicine, University of Tehran were examined. All animals were

apparently healthy and had a standard diet. Fresh feces were collected from each animal and
5



fecal samples were maintained in microtubes containing 1 ml of normal saline. Just one pet from
each household was included in this study. Cases were selected between the onsg with standard
diets such as Hay and washed fresh green vegetables. Statistical analysis was by using

SPSS version 26 software. Chi-square and Fisher's exact tests were conductedyto “analyze

qualitative data. p<0.05 will be considered significant. ‘ \ y
©
CUItU re o \ . 4

In this study, each sample was mixed for 1 minute using Krotator in order to obtain a

homogeneous suspension. All samples were examine irect culture less than 1 hour after

sampling. Charcoal Cefoperozone Deoxycholate Agari(CCDA) the media were designated.

These media were stored in the dark at 4C¥'n rs;id bags for less than two weeks before
in

After inoculation, all plates were incu C under a microaerobic atmosphere for

inoculation. Samples were inoculated by strea M each suspension directly onto media.
&d a&

approximately 48 hours. Plates \@led ér gray, flat, irregular, and spreading colonies

typical of Campylobacter. From‘each s l! 3 colonies showing the same morphotype referable

to Gram-negative curved o iral\i bacterial were cloned. All the selected colonies were

subjected to genus-specific lﬁ(\r campylobacter. Finally, samples were stored at -20°C until

DNA extraction. f o
DNA e&& \\)

ExN;f jcterial DNA was performed using a commercial stool DNA extraction kit
(SinaPure'®BNA, SinaClon, Iran) according to the manufacturer’s instructions.



Stool samples from 92 rabbits, four guinea pigs, two hamsters, and two squirrels were collected
and analyzed for the presence of campylobacter species. Thus, DNA extraction ﬁﬁn stools was
done, and specimens were analyzed by multiplex PCR for identification of the campylobacter
genus. The first set of primers used in this study was specific for the genus, whm second pair
was specific for campylobacter species. Three different samples subjecte Win,g analysis

best matched with C. jejuni from the GenBank database and confirmed'the precision of multiplex

PCR assay. N o A \ o
Q

Multiplex PCR
®

A multiplex PCR technique was used to detect Campylobacter spp. and identify the most
common species (Yamazaki-Matsune et al., 2007; ' DeBoer etal., 2015). For species
identification, PCR was performed initially vgmeMsal Campylobacter 16s rRNA((Linton
et al., 1996)and Flagellin(Oyofo et al. 1992) All IMositive samples were then subjected to a
second PCR for differentiation of C.@from‘. coli (Table 1).Primers used in this study for
PCR are listed in Table 1. Multif)l!x P

2.5 ul of 10X PCR buffer (S*mel, 200 mM Tris-HCI, SinaClon, Iran), 0.5 pl of ANTP mix
(10 mM, SinaClon, Irane MIZ (50 mM, SinaClon, Iran), 2 pl template DNA, 0.2 uM of
primers C412F, ClﬁSR, C-ly -3, CCI8F, CC519R, CU61F, CU146R, MG3F, CF359R, CLF,
CLR, HYO lxld HWTZS SR; and 1U of SinnaGen Smar Taq DNA polymerase (SinaClon,
Iran). Amplification of DNA was done in a Techne TC-512 Thermal Statistical analysis was
dor\dng S}‘S version 26.0 software. Chi-square and Fisher's exact tests were used to analyze
qualitativesdata Cycler (Techne TC-512, England). The PCR conditions were 95°C for 15 min

Wag carried out in a final volume of 25 ul containing



followed by 25 cycles of 95°C for 0.5 min, 58°C for 1.5 min 72°C for 1 min, and finally 72°C

for 7 min. The PCR products were analyzed by electrophoresis in 2% (w/v) agarog gel in TBE

buffer (0.5X), then stained with safe stain, and visualized under UV light. \
C\N

Results and Statistical analysis

Five out of 92 (5.4%) samples were positive for Campylobacter spp. ifi'rabb hﬂle no positive
cases were detected in 4 samples taken from guinea pigs. o@aﬁ Qlt of 2 samples of
hamsters (50%) and 1 out of 2 samples of squirrels (SOQwere p‘ltlve

Overall, no sample was positive by culture.

Eventually, age, gender and lifestyle had no gﬂﬁ@ffe n Campylobacter infection. (A p-

value less than 0.05 was statistically consider

Sequencing analysis was performed 0 ys for checking mapA gene and flagellin A

gene. (GenBank accession numbe?: 1@‘36, OR891687)

Table 1. Primers used for 1d ﬁca genus and species of Campylobacter by polymerase
chain and multiplex pO‘ﬁ\%m reaction.

Target pti Me sequence (5°-3”) PCR product size

AQ )



16S
genus

al, 2011
rRNA

Flagellin
Oyofo et

al.1992

MapA
C. jejuni

al.2015

CampF

Wangroongsarb et

CampR

MDmapAl
Ashrafi et

MDmapA?2

N
O

f} of Campylobacter species in rabbits, guinea pigs, hamsters and

\

AGTCTTGGCAGTAATGCACCTAACG 408

¢

Q

N
ATATGCCATTGTAGCACGTGTGTCC p N )

ATGGGATTTCGTATTAAC o ‘ \

o R
GAACTTGAACCGATT ‘\
N S .

CTATTTTATTT TGTG 589

GCTTT G%F | l GTTTTATTA

GtQ’J

No of
samples

campylobacter spp. C.jujeni C.coli
positive
9






16S rRNA

.- \QQ

Figure 1. Multiplex polymerase chain reaction for detec ampylobacter: C- :control
negative, 1-7 samples, C.J: campylobacter jejuni, yylobacter coli, M: Gene Ruller, 408
bp: fragment represents Campylobacter gen

gure 2: Multiplex polymerase chain reaction for
detection of Campylobacter genus; M; Gene Ruller,
flagellin :408 bp: fragment represents Campylobacter

genus
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mapA gene
1000 . L. .
: 8 Figure 3: 589 b@ne}t cgre?ﬁlds to C. jejuni
589bp

el species; lvntrol ne{ative; 2-8 samples; 9:control

500
400

positive, M: e Ruller,

300
200 3
100 ’

>Q,
('\\

Camp * ythe main causes of bacterial gastroenteritis in humans (Aboi et al.,
20\ ush et aI , 2015; Yamazaki-Matsune et al., 2007; Chaban et al., 2010; Parsons et al.,
10)

Discussion

20 the importance of this infection in humans in developed countries, this paper

focused on the occurrence of Campylobacter spp. in healthy rabbits, guinea pigs, hamsters, and

12



squirrels referred to the Small Animal Teaching Hospital of Faculty of Veterinary Medicine,
University of Tehran. Until now, few data are available on the role of rabbit mefas a potential
source of Campylobacter spp. in humans (Piccirillo et al., 2011) and also the of these
animals as a reservoir.A few studies have been carried out in some countrim not'in Iran.

Therefore, more information on the epidemiology of this bacterium is im‘; \ )
@

This zoonotic disease has gained importance due to there lﬁen'wcreas@interest in these
pets owing to many cultural and religious reasons in Iran. Considering th‘act that some of these
animals are not kept in cages and are moving freely in\he home'and they are in direct contact
with humans; the risk of human infection, especially children, increases. Some researches have
shown that the owners of other companion animalm g?and cats are at increased risk of
campylobacter transmission (Hald & Madsens 1997; Steinhauserova et al., 2000; Koene et al.,
2009; Chaban et al., 2010; Parsons et al., 0). \

Rabbits also can be bred for the gr%n ofdr or meat. Their meat can be considered as a

source of human campylobacterfosis ( b’et al., 2017).

Based on the results of thi *ok\thhrerall prevalence of Campylobacter spp. was 7% (7 out of
100 samples). Cam?lo ct\;\

(50%), and one out of two squirrels (50%), and no campylobacter was isolated from guinea pig

sample\Alﬁ' lated campylobacters were C. jejuni. Similar results were shown that C.
h

jejuni was the mest prevalent species 26 (11.30%) in samples taken from rabbits in Tawab's
study 1 gyphTawab etal., 2017).

13

r 18olates were 5 out of 92 (5.4%) in rabbits, 1 out of 2 in hamsters



The age of studied cases was between 1 month to 8§ years.

¢
In another study, Prescott and Bruin-Mosch (1981) identified Campylobacter in l&ly rabbits

and reported a carriage rate for C. jejuni of 11.3% (14 positives out of 12 ples). More
recently, Kohler et al. (2008) reported a carriage rate of 0.04% at a mterhouse in
Switzerland. Comparable results were also obtained in studies in Spaig (‘odrl - a(leja etal.,
2004; 2006) and in Italy (Cerrone et al., 2004). However, th. veibeen several reports on the
occurrence of Campylobacter spp. in rabbits at farm level in with Nnewhat contradictory
results. In contrast to this research Piccirillo et al. (20&) and Marin et al. (2003) suggested that
this pathogen appeared to be absent in rabbits, while Revez et.al. (2008) reported a carriage rate
for Campylobacter spp. of 92.3% (36 positives W m‘ples). It seems that differences
between these data in various researches‘dy Wated to variation between evaluated

population, geographical and environmen conMs.

A study conducted in Iran by Ra>h al. (411) revealed that one out of fifteen squirrel
samples tested positive for (i Jejuni. Si i&rly, in Southern Italy, 8.3% of 60 samples were

positive for C. jejuni through a‘PCR assay (Dipineto et al. 2009). In agreement with the results of
this study, both mentioned SN‘&““ identified the strain as C. jejuni. Needless to say, the role
of this rodent in tl;epidemiglogy of campylobacter is not yet fully understood, and further
research is needed. Wition, Gebhart et al. reported that high level of Campylobacter was
isolatecNﬂNB\out of 72 healthy hamsters in one study in the U.S. (Gebhart et al., 1989).
Nagamine an§ colleagues revealed the first report of co-infection of Helicobacter spp. and

Campylobaetér sp. in asymptomatic Siberian hamsters in 2015. However, in Marshall’s study,

14



rats took second place for campylobacter infection rate; further research is required to ascertain

[ ¢

the significance of hamsters in the epidemiology of campylobacter.

In contrast to the results of current work, in one research in 2016 done by Grah, s levels of

Campylobacter Spp. were identified in guinea pigs raised for food in Ecuador, (Graham et al.,

2016). In favor of this research, in Marshall's study (1989), the preval;nc‘ of oﬁacter was

7%; this data shows that the prevalence of campylobacb g"nea pigsican be low or
@ ¥

Finally, it can be said that this study found no correlation between age, gender, or sexual status

and bacterial shedding in any of these animals. Q N

Conclusions and suggestion ‘ V

undetectable.

According to the results of this study, it w&iete ined that Campylobacter spp. shedding in
rabbits, hamsters, and squirrels. C$ acter;:n important cause of enteric disease in
humans, and these companio atlimals s!rve as the source of infection. The fact that a few
hundred bacteria can lead to&ﬁcal&ease in humans shows the importance of this issue. So,
veterinarians should w pe\v&‘s regarding the zoonotic potential of this organism,

especially in childr£ 7

Considﬂfg t th%lc’me is unavailable for Campylobacter testing programs for the diagnosis
in fist visi

can beeffective preventative way to prevent the transmission of infection to humans.

It is recommended to conduct this investigation on a broader range of species and a larger

number of animals and also sick animals with diarrhea in order to obtain more precise
15



conclusion.
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Figure 1. Polymerase chain reaction forﬁfc@of pylobacters genus. C- :(Control
Negative), 1-7: (Positive Samples), C.j C.Montrol Positive for Campylobacters

jejuni and coli) M: Gene Ruler, 408 bp. J\

¢

Figure 2: Polymerase cha* rea(w for detection of Campylobacters Jejuni. 1 :(Control
Negative), 2-8: (Positi Sa‘N, 9: (Control Positive for Campylobacters jejuni) M: Gene

Ruler, 589 bp r v
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