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 A B S T R A C T

Campylobacter species have been presently recognized as the most frequent cause of enteric infections worldwide. To date, the preva-
lence and significance of Campylobacter infections in Georgia have not been assessed. This study aims to partially address this circum-
stance and provide some information on the prevalence of Campylobacter species in retail chicken meats sold in Tbilisi supermarkets.
A total of 200 chicken meats were purchased during a two-year period. The purchased meat samples represented 6 different Georgian 
chicken meat producers. After isolation, 74 samples (37 %) were found to be harboring either Campylobacter jejuni or Campylobacter 
coli, as confirmed by MALDI TOF mass spectrometry.  The isolated C. jejuni and C. coli strains were tested for antibiotic susceptibility 
by the disc diffusion method. C. jejuni and C. coli demonstrated high resistance to several types of antibiotics, such as ampicillin (28 
% and 51 %, respectively), ciprofloxacin (79 % and 97 %, respectively) and tetracycline (28 % and 51 %, respectively).
This study concludes that 37 % of Georgian chicken meat harbors Campylobacter species. Most certainly, the real rate of contamination 
of chicken meat with these microorganisms is much higher, due to the difficulty of their isolation. Phenotypically, the local C. jejuni 
isolates differ from those of C. jejuni ATCC 33560.
Further studies are needed to show the clonality of the Campylobacter isolates, as well as their association with the diarrheal disease 
among patients diagnosed with enteric infections in Georgia.
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Introduction

Campylobacter spp. are short and motile, 
curved microaerobic Gram-negative rods common 
to many different animal hosts including livestock, 
wild animals and pets (Battersby et al., 2016). In 
humans, Campylobacter infections are strongly 
associated with the consumption of contaminated 
chicken meat, although there are other ways of ac-
quiring Campylobacter infections (Kinana et al., 
2007). Out of 39 Campylobacter species identified 
to date, the most frequently isolated and clinically 
important species are C. jejuni and C. coli, which 
share 86.6 % of the genome (Kinana et al. 2007).

Infections due to Campylobacter spp. have been 

on the rise worldwide during the past two decades, 
along with the resistance of Campylobacter spp. 
to various antibiotics (Agunos et al., 2014). Oc-
currence of campylobacter-related enterocolitis in 
the world amounts to 400-500 million cases yearly 
(Vlieghe et al., 2008). It has also been estimated 
that worldwide 50 % of chicken meat is contami-
nated with Campylobacter spp. (Vandeputte et al., 
2019).

Poultry has been recognized as the major res-
ervoir of Campylobacter spp. (Connerton et al., 
2018), (Hakeem & Lu, 2021). Prevalence of Cam-
pylobacter spp. in raw farm-raised chicken meat 
varies from country to country, however up to 100 
% of birds may harbor this pathogen at slaughter 
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age. In poultry, colonization with Campylobacter 
spp. is not associated with any clinical signs. These 
microorganisms are localized mostly in the cecum 
and the cloacal crypt of birds (Le et al., 2012). 
Various organs, such as the liver, the small intes-
tine, and gizzard usually also contain this patho-
gen (Epps et al., 2013). Contamination events with 
Campylobacter spp. occur during slaughter, lead-
ing to cross-contamination of the carcasses with 
rates as high as 100% (Hakeem & Lu, 2021).

In the past scientists ascribed the diversity of C. 
coli and C. jejuni strains to their abundance in wild 
birds and animals. Increasing evidence, however, 
suggests that anthropogenic factors are the driv-
ing force in the evolution of these microorganisms 
(Sheppard & Maiden, 2015). Industrial farms, with 
extremely large numbers of broilers, opened a nov-
el niche for Campylobacter spp. resulting in the 
emergence of C. jejuni lineages able to colonize 
multiple hosts. In parallel, expansion of particu-
lar C. coli lineages common to both agricultural 
animals and sick humans have been taking place 
along with the emergence and proliferation of re-
sistant lineages of C. jejuni and C. coli with genet-
ic exchange between these lineages (Sheppard & 
Maiden, 2015).

Although most of human campylobacteriosis 
cases are self-limiting, complications may occur as 
post-infection sequelae (Yang et al., 2019). Seri-
ously debilitating post-infection complications in-
clude Guillain Barre syndrome, Reiter’s syndrome 
and Irritable Bowel Syndrome (IBS). Additional-
ly, children, the elderly and immunocompromised 
patients may suffer complications resulting from 
Campylobacter infections (Facciolà et al., 2017).

In most developing countries, costly reagents 
as well as difficulties of culturing Campylobacter 
spp. make the isolation and identification of these 
microorganisms challenging (Ghorbanalizadgan et 
al., 2019). Often identification of Campylobacter 
spp. is not a part of the routine laboratory workup. 
For these reasons, many cases of human campylo-
bacteriosis in developing countries are frequently 
misdiagnosed.

An equally important issue is the uncontrolled 
use of antibiotics and antimicrobial substances 
in the meat and other agriculture industries (Ser-
wecińska, 2020). Whether the particular poultry 
farms involved in this study engage in the use of 
antibiotics for sub-therapeutic purposes, could not 
be confirmed. However, judging from the high lev-
els of resistance observed against penicillin, fluo-

roquinolones and tetracyclines among the isolat-
ed Campylobacter spp., it may be concluded that 
birds are frequently exposed to these substances in 
local poultry farms (Yang et al., 2019).  

Materials and Methods

Sample Collection

Samples were collected over a two-year peri-
od, from fall 2018 to fall 2020. During this time 
chicken carcasses, chicken livers, chicken breasts 
and thighs from various meat producers were pur-
chased in Tbilisi supermarkets. The samples, as 
packaged, were placed in clean plastic bags and 
kept in a cooler bag until needed. Usually, the 
purchased samples were processed for the isola-
tion of Campylobacter spp. within 2-3 hours from 
purchase. One separate chicken carcass or a single 
package of chicken livers were treated as one iso-
lation instance. Overall, about 200 samples of 6 
different producers were purchased resulting in 74 
isolates. Seasonality was not taken as a factor in 
this study.

Isolation and Culturing of Campylobacter

Sampling

Chicken breasts and thighs were sampled with 
sterile cotton swabs. Chicken carcasses were sam-
pled in multiple areas. The swabs were then placed 
for enrichment into sterile 15 mL conical tubes 
containing 5 mL of buffered peptone water. At the 
same time, parts of the skin (about 15 g of the neck, 
wing, and thigh or rump area) were removed and 
placed for enrichment into a sterile 50 mL conical 
tube containing 25 mL of buffered peptone water. 
Chicken livers were placed in a sterile petri dish 
and minced with a sterile lancet, after which the 
minced portion of the liver was transferred into a 
15 mL tube with peptone water for the enrichment 
step.

Enrichment Media and Conditions

Samples were enriched using buffered peptone 
water (pH 7.0), (Biolife, Italy). The enrichment 
time did not exceed 2 hours. The incubation tem-
peratures of 37oC and 42oC were tested prior to 
conducting isolations of Campylobacter spp. (data 
not shown).  The optimal growth temperature for 
isolation of Campylobacter spp. was determined to 
be 37oC (data not shown).
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Culture Media

Dehydrated Cefoperazone Charcoal Deoxicho-
late Agar/mCCDA/Campylobacter Blood Free Me-
dium Base, Bolton (Biolife, Italy) was used for in-
oculating the enriched samples. Campylobacter Se-
lective Supplement (Liophilchem, Spain) contain-
ing cefoperazone (16 mg/L) and amphotericin B 
(5 mg/L) was added into the medium after cooling 
off to 50oC, according to the manufacturer’s instruc-
tions (Liofilchem, Italy). Samples were inoculated 
at 50 uL per plate using the four-quadrant isolation 
method. Sample inoculation on mCCDA agar plates 
was performed in quadruplicates, to increase the 
chance of isolation.

Culturing Conditions

37oC and 42oC temperatures were tested for 
culturing Campylobacters. Candles and anaer-
obic jars were used to create microaerobic at-
mosphere. It was determined that 37oC worked 
better for isolation of Campylobacter spp. 42oC 
temperature was used for subculturing isolated 
strains.

Identification of Campylobacter spp.

Staining:
Initially, Gram’s staining kit (Deltalab, Italy) was 

used and then a single 1 % carbol fuchsin (Deltalab, 
Italy) stain to rapidly identify presumptive colonies 
of Campylobacter spp.

Confirmation by Campylobacter Latex 
Agglutination Test

Catalase activity and Campylobacter Latex Ag-
glutination Test (Liofilchem, Italy) were used to 
confirm suspect colonies as Campylobacter spp. 
C. jejuni ATCC 33560 strain served as positive 
control.

Subculturing

Colonies that morphologically and microscopi-
cally resembled those of Campylobacter spp. were 
carefully picked with the blunt end of a sterile 10 
μL inoculation loop, transferred onto the first quad-
rant of the CCDA agar plate and then inoculated on 
four quadrants. The inoculation loop was sterilized 
in between each quadrant. Each strain was subcul-

tured from a discreet colony until pure culture was 
obtained (usually 2-3 times).

MALDI-TOF Mass Spectrometry

Campylobacter species were identified by 
Mass Spectrometry performed on Matrix As-
sisted Laser Desorption Ionization Time of 
Flight mass spectrometer (MALDI-TOF MS; 
Vitek-MS, Biomérieux, Nürtingen, Germany) 
at the Institute for Medical Microbiology and 
Hospital Hygiene of the University Hospital, 
Magdeburg.  

Briefly, bacterial cultures were plated on Co-
lumbia blood agar (Oxoid) and incubated under 
microaerophilic conditions. After 48 hours, a sin-
gle bacterial colony from a monoculture was used 
for identification. For this purpose, a colony was 
touched very lightly with the tip of a sterile tooth-
pick and spread upon predefined spot on a barcod-
ed slide with 48 spots, which were first pre-treated 
with 5 μL of the matrix solution. After all samples 
were transferred on the slide, it was run on the 
Mass-Spectrometer.

Antibiotic Susceptibility Testing

Kirby Bauer disk diffusion method was used to 
determine antibiotic susceptibility of the Campy-
lobacter spp. Testing was performed on all con-
firmed Campylobacter isolates and interpreted 
according to the guidelines provided by 2022 Eu-
ropean Committee on Antimicrobial Susceptibility 
(EUCAST).

Antibiotic disks (Oxoid) were placed on Muel-
ler Hinton Agar plates supplemented with 5 % 
sheep’s blood and inoculated with 0.5 McFarland 
standard of each respective bacterial strain mono-
culture. The susceptibility plates were incubated 
for 48 h at 37°C under microaerophilic conditions, 
after which the inhibition zones were measured. 
The zone diameters were interpreted as susceptible 
(S), or resistant (R) after the EUCAST guidelines 
(Paintsil et al., 2021).

Isolates resistant to at least one antibiotic from 
each of the following antimicrobial groups - tetra-
cyclines, macrolides, and quinolones - were con-
sidered multi-drug resistant (MDR), which is de-
fined as resistance to three or more antimicrobials 
of any substance group.
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Table 1. Breakpoints for Determination of Antibi-
otic Resistance of Campylobacter Isolates - C. coli 

and C. jejuni*

Antibiotic
(disk concentration)

Zone Diameter
(mm)

S≥ R<

Tetracycline (30 μg) 30 30

Ciprofloxacin (5 μg) 50 26

Erythromycin (15 μg) C. coli 20 20

Erythromycin (15 μg) C. jejuni 24 24

Ampicillin (10 μg) 13* 7*

Chloramphenicol (30 μg) 18* 18*

Kanamycin (30 μg) 15* 7*

Streptomycin (25 μg) 22* 13*

Figure 2. Campylobacter spp. Isolate 
               Stained with Carbol Fuchsin

Results

Colony Appearance
On CCDA agar Campylobacter jejuni colonies 

were observed as large, off-white, droplet-like or ir-
regular-shaped and elongated, mucoid colonies. Cam-
pylobacter coli colonies were often observed as gray-
ish-brown, oval-shaped or rounded, discrete, medi-
um- to- smaller sized colonies. However, intermediate 
looking colonies were often observed as well.

Microscopy
Microscopy of the isolated strains revealed fine, 

pleomorphic, gram-negative rods. Staining of the 
local Campylobacter isolates did not reveal the 
classic “seagull wing” shape. Rather, the stained 
bacteria appeared either having a somewhat elon-
gated and serpentine shape, or having a shorter, 
comma-like or “S”-shape appearance.

Catalase Test
All suspect colonies displayed somewhat de-

layed catalase activity. Data not shown.

Latex Agglutination Test
The latex agglutination test kit was intended to 

identify C. jejuni isolates. This test was used at the 
initial stage to confirm the suspect colonies and it 
was observed that all suspect colonies resulted in 
agglutination, as compared to the positive control. 
Data not shown.

Speciation of the Campylobacter Isolates using 
MALDI TOF Mass Spectrometry

By using Mass Spectrometry analysis, 74 iso-
lates that were presumed to belong to Campylo-

Figure 1. Campylobacter spp. Isolate
                 on a CCDA Plate

bacter spp. were identified as C. jejuni (n=39) and 
C. coli (n=35).

Table 2. Speciation of Campylobacter Isolates 
using MALDI TOF Mass Spectrometry

ID-ed Species N of Isolates Prevalence
C. jejuni 39 isolates 19.5 %
C. coli 35 isolates 17.5 %

Antibiotic Susceptibility Testing

Among the 35 isolates of C. coli, the highest re-
sistance was observed to ciprofloxacin (97. 14 %), 
ampicillin (51.43 %), and tetracycline (51.43 %). 
One strain (CC- 20) was also resistant to both strep -
tomycin and chloramphenicol (2.86 %).
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Resistance of the C. jejuni isolates to the same 
antibiotics appeared somewhat lower, however still 
at alarmingly high percentages: 28 % of the isolates 
were resistant to ampicillin and tetracycline, while 
79 % showed resistance to ciprofloxacin.

As a result, 60 % of C. coli isolates and 28 % of 
C. jejuni isolates demonstrated resistance to at least 
three different classes of antibiotics, and thus quali-
fying as MDR (multi drug resistant) strains.

Discussion

This study is the first example of isolation of 
Campylobacter spp.  from Georgian retail chick-
en meats. Various published methods, notably that 
of Oyarzabal et al., recommend mCCDA agar and 

CCDA antibiotic supplement containing cefopera -
zone and amphotericin B, for isolation of Campylo-
bacter spp. (Oyarzabal et al., 2013).

The abundance of co-contaminant bacterial 
species made isolation of Campylobacter chal-
lenging in this study. Firstly, the antibiotic sup-
plement did not inhibit many Gram-positive and 
some Gram-negative bacterial species. Secondly, 
allowing 48 h enrichment time resulted in the in-
hibition of slower-growing Campylobacter spp. by 
the faster-growing co-contaminant bacteria that also 
thrived in microaerobic conditions and 42oC. Thus, 
to limit the unwanted growth of irrelevant species, 
37oC was used as the enrichment temperature, while 
the enrichment time was cut down to 2 hours.

Figure 4. % Resistance of C. jejuni Isolates to Various Antibiotics

Figure 3. % Resistance of C. coli Isolates to Various Antibiotics
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Since Bolton broth also caused exuberant growth 
of irrelevant bacteria, sample enrichment was per-
formed using buffered peptone water. It was essen-
tial that meat samples were completely submerged 
in the liquid. Vortexing samples several times during 
the enrichment step and prior to inoculation was 
also important to dislodge the bacteria from meat. 
50 μL of sample was inoculated onto four different 
mCCDA agar plates after incubation.

Microscopy required some optimization as well. 
Initially, every suspect colony was stained using the 
Gram’s method. Due to the fact that safranin stains 
Campylobacter poorly, resulting in bad microscopic 
visualization of the sample, we used another, fast 
direct staining method described by Mushi et al. for 
quickly identifying Campylobacter colonies. As a 
result, smears of suspect colonies were stained for 
30 sec with 1 % carbol fuchsin and immediately ex-
amined for the presence of curved or pleomorphic 
rods (Mushi et al. 2014). The positive colonies were 
subcultured until pure culture was obtained. This 
technique saved a lot of time during the process of 
screening bacterial colonies.

Biochemically, Campylobacter spp. are relatively 
inert and they poorly hydrolyze sugars. To distinguish 
between species, scientists rely on a few biochemical 
characteristics (Burnett et al., 2002). One such bio-
chemical test is identification of C. jejuni by its abil-
ity to hydrolyze hippurate. However, about 10% of 
C. jejuni isolates are incapable of hydrolyzing hippu-
rate. Moreover, there is another, hippuricase-positive 
species-C. avium, first isolated in Italy in 2006 from 
chicken (Miller et al., 2017). To avoid confusing 
results, for species identification purposes we used 
MALDI TOF mass spectrometry. This method relies 
on databases of previously run and validated pro-
files of microorganisms and delivers results that are 
almost 100 % accurate. University of Magdeburg’s 
Laboratory of medical Microbiology and Hygiene 
kindly provided us with this service.

Proportions of the poultry isolates of C. jejuni 
and C. coli among Campylobacter spp. isolated in 
a specific country vary geographically. In Canada, 
for example, C. jejuni dramatically outnumbered 
C. coli among Campylobacter spp. isolated from 
chicken: 87 % vs. 12 % (Dramé et al., 2020). In a 
Brazilian study, all 87 % of the total Campylobacter 
isolates turned out to be C. jejuni exclusively (Ro-
drigues et al., 2021). In other countries C. coli was 
isolated at the rates equal to or exceeding those of 
C. jejuni. For example, a recent Australian study 
found that the majority of Campylobacter isolates 

from fresh and frozen chicken carcasses and meats 
were those of C. coli (50-77%), whereas C. jejuni 
isolates were more common (50-88%) in beef, 
pork and lamb (Walker et al., 2019). A 2020 Chi-
nese study identified C. jejuni and C. coli at almost 
equal numbers (233 and 231, respectively) among 
the 464 isolates of Campylobacter spp (Tang et al., 
2020). A 2016 Italian study identified more C. coli 
than C. jejuni among their campylobacter isolates 
(Pergola et al., 2017). A higher percentage (75.5 
%) of C. coli was also identified among the Cam-
pylobacter isolates from chicken meat compared 
to C. jejuni (24.5 %) in a 2011-2013 Polish study 
(Szczepanska et al., 2017). However, another Polish 
study concluded that C. jejuni, not C. coli, was the 
predominant Campylobacter species in Polish poul-
try meats (Szosland-Fałtyn et al. 2018). A similar 
2015 study from Thailand also identified more C. 
coli (n=94) than C. jejuni (n=36) among the isolates 
from samples taken in and around chicken farms 
and hatcheries (Thomrongsuwannakij et al., 2017) 
and an Argentinian study of 2011-2013 found that 
C. jejuni outnumbered C. coli both in kosher (36% 
to 2 %) and conventional (26 % to 4 %) meats. This 
finding agreed with previous studies conducted in 
Argentina where C. jejuni isolates significantly out-
numbered those of C. coli (Guirin et al., 2020).

Thus, the fact that the prevalence of C. coli and 
C. jejuni in Georgian chicken is somewhat equal is 
not unusual and agrees with reports from other re-
search groups.  

Due to the widespread practice of antibiotic use 
in food animals in the past decades in order to pre-
vent and control infections, or even to enhance the 
growth of food animals, C. jejuni and C. coli have 
often been reported as resistant to penicillins (Wiec-
zorek & Osek, 2013). In this study too, all Campylo-
bacter isolates were resistant to penicillin G. How-
ever, resistance to ampicillin was somewhat lower 
among C. jejuni isolates compared to C. coli (28 % 
vs. 53 %). These findings are similar to a 2011 Irish 
study, which detected resistance to ceftifur (58 %), 
ampicillin (25 %) and nalidixic acid (17 %) among 
C. jejuni strains (Madden et al., 2011).

Resistance of Campylobacter spp. to tetracy -
cline is also frequently reported worldwide, since 
tetracycline is the most widely used antibiotic in 
avian production due to its low cost (Wieczorek and 
Osek, 2013). In this study, 51 % of C. coli strains 
and 28 % of C. jejuni strains were found to be resis-
tant to tetracycline. The tet(O) gene, which causes 
this resistance, seems to have global presence and 
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has been detected in many parts of the world. For 
example, an Irish research group reported that 100 
% of the chicken isolates of thermophilic Campy-
lobacters were harboring the tet(O) gene (Lynch et 
al., 2020). Resistance to tetracycline was also high- 
98 % and 56 %-among all Campylobacter isolates 
in a 2017 study conducted in Thailand, while most 
isolates were also MDR strains (Thomrongsuwan-
nakij, Blackall, and Chansiripornchai, 2017).

Resistance to ciprofloxacin was the highest 
among the Campylobacter spp. isolated in this 
study. Similarly, Polish scientists reported that 91 % 
of C. jejuni isolates were resistant to this antibiot-
ic (Wieczorek and Osek, 2013). An Indian research 
group observed that the highest rate of resistance 
among the C. jejuni isolates from chicken meat was 
to nalidixic acid and ciprofloxacin - 81.25 % and 
63.46 %, respectively (Sathiamoorthi, T., Joseph 
Sahayarayan, J. and Arivoli, A., 2016). High re-
sistance levels to tetracycline, ciprofloxacin and 
nalidixic acid (79.1 %, 72.1 % and 65.1 %, respec -
tively) were observed in a 2017 Italian study as well 
(Pedonese et al., 2017). High incidence of fluoro-
quinolone resistance was seen among the isolates of 
both species (100 % and 98.9 % in C. jejuni and C. 
coli, respectively) in a study conducted in Thailand.

Antibiotic resistance finds its way to wild bird 
populations as well. For example, tetracycline and 
fluoroquinolone resistant strains of C. coli and C. 
jejuni were identified in storks by a 2015 Polish 
study (Szczepańska et al., 2015).

Our findings are in agreement with reported by 
other scientists from around the world, indicating at 
the growing tendency of antibiotic resistance among 
Campylobacter spp.  An extremely worrisome trend 
is the emergence of MDR Campylobacter strains. 
As mentioned previously, many isolates of Cam-
pylobacter spp. from Georgian retail chicken have 
shown resistance to 3 antibiotics of different class-
es: penicillins, tetracyclines and fluoroquinolones. 
One C. coli isolate (CC-20) showed additional re-
sistance to chloramphenicol (a macrolide drug) and 
streptomycin (an aminoglycoside drug).

Conclusion

Georgian retail chicken harbors at least two Cam-
pylobacter species, C. jejuni and C. coli, with high per-
centage of MDR strains among them. High resistance 
to Ciprofloxacin and Tetracycline point to circulation 
of these antibiotics in local farms.  Previous scientif-
ic opinion that the majority (90 %) of the food-borne 

illnesses are associated with C. jejuni, may no longer 
be valid. Prevalence of certain Campylobacter spp. in 
types of meats and in human and animal hosts clear-
ly varies geographically (Igwaran & Okoh, 2019). 
Therefore, it remains to be ascertained which Campy-
lobacter species are associated more frequently with 
human campylobacter infections in Georgia.
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