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Major Campylobacter jejuniin chicken carcasses are more multidrug-
resistant to different antibiotics than the standard strain.
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Abstract

Chickens are major reservoirs for Campylobacter jejuni. In this study, we assessed the multidrug
resistance (MDR) of C. jejuni found in chicken carcass obtained from different companies in Riyadh
city, Saudi Arabia and compared it with that of the standard strain of C. jejuni, ATCC 22931. Of the 30
strains tested, C. jejuni subsp doylei H1 exhibited the highest resistance to the tested antibiotics, with a
ratio of resistance of 92.86%. Moderate resistance to antibiotics (ratio of resistance, 50%) was noticed
for C. jejuni2 A2, C. jejuni1l B2, and C. jejuni2 I1. The lowest resistance to antibiotics was exhibited by
C. jejuni subsp doylei J1, with a ratio of resistance of 7.14%. The main cause of high variation in ratios
of resistance among the Campylobacter strains may be due to the overuse of antibiotics, especially by
poultry breeders or farmers. Transmission of Campylobacter spp. via chicken carcass contributes to the
emergence of antimicrobial resistance in C. jejuni, which in turn poses public health risk.
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Introduction

Gastroenteric disease in humans is caused by various gram-
negative bacteria, including Campylobacter jejuni [1-3]. The
most common type of foodborne gastroenteritis in humans is
C. jejuni bacterial gastroenteritis [4-5]. Campylobacteriosis, a
severe illness caused by Campylobacter species (spp), is a self-
limiting disease in healthy adults. However, in children, elderly
individuals, and immunosuppressed individuals, treatment with
antibiotics is required [6].

C. jejuni can be transmitted from poultry waste to humans
through many ways such as exposure to birds’ feces during
cleaning of the coops, bird handling, petting, and kissing or
through handling and consumption of contaminated eggs and
meat [7,8]. Chicken carcass may also be contaminated by C.
Jjejuni during the slaughtering process and handling, or from
water used for cleaning the carcass. Cross-contamination
between raw chicken and other ready-to-eat food via the
cook’ s hands or kitchen utensils, knives, and cutting boards
has also been reported [9].

Antimicrobial resistance (AMR) poses an additional risk
because infections caused by antimicrobial resistant
Campylobacter spp. may lead to increased morbidity and
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mortality due to higher chances of treatment failures with
different antibiotics [10-12].

Erythromycin has been recommended in patients with severe
intestinal infection and in immune compromised patients and is
considered the usual drug of choice for treatment of infections
by Campylobacter spp. [13-14]. Other antibiotics such as
tetracycline, gentamycin, and fluoroquinolone are also used in
the treatment of Campylobacter spp. infections, when
antimicrobial therapy is required [15]. In a study conducted in
Canada, Campylobacter spp. isolated from chicken samples
and slaughterhouse were found to be resistant to the antibiotics
fluoroquinolone and tetracycline [16-18]. High resistance of
Campylobacter spp. to these antibiotics was also reported in
studies conducted in China, Poland and Italy [19-21].

Antimicrobial agents are commonly used to control infections
in poultry and act as growth promoters in poultry. Similar
drugs are also used for treatment of infections in humans.
Thus, there exists an increased risk of these antibiotics to
become ineffective against various bacterial infections [22].

Studies have reported tetracycline, erythromycin, and
gentamicin resistance of C. jejuni and C. coli isolated from
poultry in Poland. These bacteria can be potentially transmitted



to humans and may compromise clinical treatment. In addition,
other studies have shown that treat Campylobacter infected
chickens with fluoroquinolones, develop quickly antibiotic-
resistant Campylobacter spp., to fluoroquinolones [23-24]. The
prevalence of antimicrobial-resistant Campylobacter spp. has
been reported in animal reservoirs in different countries
[25-28].

Overuse of antibiotics in animal feedings and meals is
considered to be the main factor leading to antimicrobial
resistance in enteric bacteria [19,20]. Until recently, the
purchase and use of antibiotics without veterinary prescriptions
was prevalent in many countries, including Canada, thus
resulting in improper usage of antibiotics [29].

Research on multidrug resistance (MDR) of C. jejuni isolated
from chicken carcasses in Saudi Arabia is limited. To address
this knowledge gap, we evaluated MDR patterns in C. jejuni
isolates from chickens carcasses distributed in retail markets in
Riyadh city, Saudi Arabia.

Materials and Methods

C. jejuni ATCC 33291 was used as a positive control. Thirty
identified strains of C. jejuni were supplied by the Department
of Food Science and Human Nutrition, College of Food and
Agriculture Sciences, King Saud University.

Media used

Bolton broth was used as the activation media for C. jejuni
strains. Before inoculation, the broth was autoclaved at 121°C
for 15-20 min, followed by cooling to 50 °C and supplemented
with (Oxoid, SR0183) and laked horse blood (Oxoid SR0048).
For activation, C. jejuni strains were inoculated in Bolton broth
(Oxoid, CM0983). After inoculation, the tubes were incubated
under microaerobic conditions using gas generating Kkits
(Oxoid BR38) at 42°C for about 3-4 days. To test the antibiotic
sensitivity for C. jejuni strains, Campylobacter Agar Base
(Karmali), (Oxoid, CM0935) was used after autoclaving at
121°C, and cooling to 50°C and supplementing with (Oxoid,
SR020).

A comparison of antimicrobial susceptibility tests for C. jejuni
ATCC 33291 and thirty strains were performed. The tested
bacteria were obtained from overnight cultures inoculated from
single colonies into campylobacter blood-free selective agar
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(modified CCDA-preston), (Oxoid CMO0739) supplemented
with CCDA selective supplement (SR 155E), which were
applied to the surface of the same medium and used for the
agar disk diffusion method.

Antimicrobial susceptibility test

The antimicrobial susceptibility testing was performed by the
disk diffusion method according to the protocol of the Clinical
and Laboratory Standards Institute-CLSI for the following
antimicrobials. A total of 25 different antibiotic discs (Oxoid,
UK) containing the following components were prepared and
tested against C. jejuni strains: chloramphenicol (C 30 pg
CT0013B), kanamycin (K 30 pg, CT0025B), ciprofloxacin
(Cip 5 pg, CT0425B), linezolid (LZD 30 pg CT1650B),
nalidixic acid (NA 10 CT0424B), Neomycin (N 30 pg,
CTO0033B), ampicillin (AMP 10 pg, CT0003B), Amoxycillin/
clavulanic acid (AMC 30 pg, CT0223B), Colistin (CT 25 ng
CT0065B), Ticarcillin (TIC 75 pg CT0167B), Vancomycin
(VA 5 png CTO0188B), Doxycycline (DO 30 pg CTO0018B),
Nitrofurantoin (F 100 pg CT0034B) and Erythromycin (E 15
pg CT0020B). The diameters of the zones of inhibition (mm)
were measured using the criteria recommended for C. jejuni by
CLSI [30].

Results and Discussion

The results of antimicrobial susceptibility testing are explained
in Table 1. Resistance to antibiotics in C. jejuni strains was
categorized in three groups. The first group exhibited the high
rates of resistance to antibiotics and included C. jejuni subsp
doylei H1 (92.85%), C. jejuni 2 C2 and C. jejuni 2 AS
(78.57%), and C. jejuni 2 E1, E2, E3, C. jejuni 2 Al, and C.
jejuni subsp. doylei Bl (71.42%). Moderate resistance to
antibiotics was observed in C. jejuni 2 A6, C. jejuni 2 C4, C.
jejuni subsp. Doylei D3, C. jejuni 2 F2, and C. jejuni 2 H1
(64.28%), C. jejuni 2 A3, A4, and C. jejuni 2 Gl, G3
(57.14%). Also, moderate antibiotic resistance of 50% was
observed in C. jejuni 2 A2, C. jejuni 1 B2, and C. jejuni 2 11.
The third group with the lowest resistance to antibiotics
included C. jejuni ATCC 33291, C. jejuni subsp doylei F1, and
C. jejuni 2 B3, 57.15%, 42.85%, 35.71%, respectively, C.
jejuni 2 C3, C. jejuni 2 D2, C. jejuni 2 E4 and C. jejuni 2 G2
(28.57% each), and C. jejuni 2 C1 (21.42%), C. jejuni 1 DI
(14.28%) and C. jejuni subsp doylei J1 (7.14%).

Table 1. Antimicrobial resistance of 24 h cultures of Campylobacter jejuni based upon development of inhibitory zone diameters after application

of discs containing specific antimicrobial agents.

Antibiotics C30 K30 CIP5 LZD NA N AMP AMC CT TIC VA5 DO F300 E No. of Resistance % Sensitivity %
Microorganisms 30 30 30 25 30 25 75 30 15  strains
C. jejuni ATCC 20 25 20 20 20 20 10 R R 15 R R R R 6 42.85 57.15
33291
C. jejuni 2 A1 R 12 12 R R 13 R R R R R R 20 R 10 71.42 28.58
C. jejuni 2 A2 12 13 13 R 15 10 R R R R R 20 R 15 7 50 50
C. jejuni 2 A3 R R 15 R 17 10 12 R R R R 8 18 R 8 57.14 42.86
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C. jejuni 2 A4 R 8 16 R 18 8 R R 10 R R R 20 R 8 57.14 42.86
C. jejuni 2 A5 20 15 R R R R R R R R R R 20 R 1 78.57 2143
C. jejuni 2 A6 R 10 12 R R 12 R R 15 R R R 22 R 9 64.28 35.72
C. Jjejuni subsp. R 8 12 R 10 R R R R R R 20 R R 10 71.42 28.58
Doylei B1

C. jejuni 1 B2 R 13 R R 15 12 R 14 R 15 R 18 R 15 7 50 50

C. jejuni 2 B3 R 15 14 R 15 14 15 14 14 15 R 18 R 12 4 28.57 71.43
C. jejuni 2 C1 20 15 15 R 15 14 14 15 R 15 R 20 10 12 3 21.42 78.58
C. jejuni 2 C2 R R 16 R 10 R R R R R R R 18 R 1 78.57 2143
C. jejuni 2 C3 12 12 14 R 22 12 12 R 14 14 R R 15 12 3 28.57 71.43
C. jejuni 2 C4 R R 18 R 20 R R R 25 R R 12 20 R 9 64.28 35.72
C. jejuni 1 D1 20 20 12 20 R 16 20 15 R 75 20 20 18 18 2 14.28 85.72
C. jejuni 2 D2 R R 18 R 10 15 8 15 18 15 R 20 13 13 4 28.57 71.43
C. jejuni subsp. R 10 R R R 13 R R 15 R R 8 21 R 9 64.28 35.72
Doylei D3

C. jejuni 2 E1 R 14 20 R R R R R 12 R R R 20 R 10 71.42 28.58
C. jejuni 2 E2 R R R R 20 R R R 10 R R 10 20 R 10 71.42 28.58
C. jejuni 2 E3 R R 12 R R R R R 8 R R R 20 8 10 71.42 28.58
C. jejuni 2 E4 18 R 15 R R 12 15 15 R 15 20 12 20 20 4 28.57 71.43
C. jejuni  subsp 13 15 16 22 R R 16 20 R 15 R 15 20 R 5 35.71 64.29
doylei F1

C. jejuni 2 F2 R 12 20 R 20 20 R R 15 R R R R R 9 64.28 35.72
C. jejuni 2 G1 R 13 10 R R 12 R R 13 R R 8 20 R 8 57.14 42.86
C. jejuni 2 G2 16 14 12 16 R 10 R 16 15 R 14 15 18 R 4 28.57 71.43
C. jejuni 2 G3 R R 14 22 R R 15 15 R 22 R 10 R R 8 57.14 42.86
C. jejuni subsp R R R R R R R R R R R R 20 R 13 92.85 7.15
doylei H1

Mean zones of inhibition for common antibiotics tested as; chloramphenicol ( C 30 pg), kanamycin (K 30 ug), ciprofloxacin (Cip 5 pg), linezolid (LZD 30 pg), nalidixic acid
(NA 10), neomycin (N 30 pg), ampicillin (AMP 10 pg), amoxycillin/clavulanic acid (AMC 30 pg), colistin (CT 25 pg), ticarcillin (TIC 75 pg), vancomycin (VA 5 ug),

doxycycline (DO 30 pg), nitrofurantoin (F 100 pg), and erythromycin (E 15 pg).

Company A=1, Company B=2, Company C=3, Company D=4, Company E=5, Company F=6, Company G=7, Company H=8, Company 1=9 and Company J=10

Figure 1 shows the percentage of resistance to different
antibiotics tested against all C. jejuni strains. Fourteen
commonly antimicrobial agents used against Campylobacter
sp. were used. Vancomycin (VA 5 pg) exhibiftated resistance
with 26 Campylobacter strains (86.66%), followed by linezolid
(LZD 30 pg) with 24 strains (80%). Resistance to
Erythromycin (E 15 pg), amoxycillin/clavulanic acid (AMC)
was observed in 20 strains of Campylobacter (66.66%).
Resistance to ticarcillin (TIC 75 pg), ampicillin (AMP 10 pg),
and chloramphenicol (C 30 pg) were observed equally in 19
different strains (63.33%). Fifteen (50%) were resistant to
colistin (CT 25 pg), and 13 (43.33%) resistant to nalidixic acid
(NA 10), 12 (40.00%) doxycycline (DO 30 pg), 11 (36.66%)
kanamycin (K 30 pg), 10 (33.33%) resistant to neomycin (N 30
ng,), 7 (23.33%) were resistant nitrofurantoin (F 100 pg), 5
(16.66%) resistant to ciprofloxacin (Cip 5 pg).
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Results in Table 2. depict the antimicrobial class and the ratio
of resistance to every antibiotic by C. jejuni. All classes of
antibiotics showed to be resistant by C. jejuni; for example,
vancomycin of glycopeptide class is the first antibiotic has
shown resistant by C. jejuni strains than other antibiotic tested,
followed by linezolid of oxazolidone class. Macrolides class
included erythromycin and nitrofurantoin also considered from
high resistant by C. jejuni. Doxycycline from tetracycline
group was resistant by C. jejuni strains. Also, Penicillin class
comprised Ticarcillin and Ampicillin were resistant by C.
jejuni. Quinolones class contained ciprofloxacin and nalidixic
acid appeared resistant by C. jejuni. Aminoglycosides class of
antibiotics (neomycin and kanamycin) moderate efficacy
against C. jejuni.
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Figure 1. Ratio of antibiotic resistant against C. jejuni strains.

Table 2. Antibiotic resistance profile of C. jejuni strains against 10 antibacterial classes and 14 agents.

Antimicrobial

Chicken

Class Agent C. jejuni (n=30) Prevalence of resistance % ;revalence of sensitivity
o
B- lactam Amoxycillin/Clavulanic acid 20 66.66 33.34
Aminoglycosides Neomycin 10 33.33 66.67
Kanamycin 1" 36.66 63.34
Macrolides Erythromycin 20 66.66 33.34
Nitrofurantoin 7 23.33
Quinolones Ciprofloxacin 5 16.66 83.34
Nalidixic acid 13 43.33 56.67
Tetracyclines doxycycline 12 40 60
Polymyxin Colistin 15 50 50
Ticarcillin 19 63.33 36.67
Penicillin Ampicillin 19 63.33 36.67
Glycopeptide Vancomycin 26 86.66 13.34
Oxazolidone Linezolid 24 80 20
Other Chloramphenicol 19 63.33 36.67
10 14 - - -

All Campylobacter strains found in chicken obtained from
different companies were identified as MDR. They were
resistant to the tested antibiotics and either more or less
resistant than C. jejuni ATCC 33291. This observation may be
attributed to the overuse of antibiotics in animal feed by
poultry breeders or farmers. These results are consistent with
those of several similar studies that reported that the antibiotic
resistance of C. jejuni isolated from chicken was due to
improper and/or overuse of antibiotics in the human population
and in animal husbandry, thus leading to increase in the
incidence of antibiotic-resistant infections and emergence of

new and more resistant strains. The understanding of the
mechanism of AMR and its effect on C. jejuni is important to
identify new strategies to reduce AMR and develop novel
therapies for both human and veterinary populations [31]. The
problem of antibiotic overuse and the resistance developed by
C. jejuni is a major concern for public health. Several studies
have been carried out in the last decade to investigate the
antibiotic-resistance in C. jejuni strains and have concluded
that the resistance is influenced by drug usage in chicken
feedings or in animal production and human medicine.
Contamination of carcasses in slaughterhouse, and through
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equipment also exhibited antibiotic resistant strains of C. jejuni
and C. coli [32-35].

In a study on antibiotic resistance of Campylobacter strains, it
was reported that resistance to tetracycline, amoxicillin-
clavulanic acid, erythromycin, and gentamicin were 77.8, 55.6,
25.3, and 9.1%, respectively [36]. Similar prevalences (up to
70%) for macrolide, tetracycline, and amoxicillin-clavulanic
acid resistance have been previously described [37-38].

Varga et al., 2019 found that 40% of Campylobacter spp.
isolates exhibited high prevalence of resistance to tetracycline
and low prevalence of resistance (5-14% of isolates) to
ciprofloxacin and nalidixic acid and a very low prevalence of
resistance (<5% of isolates) to gentamicin, telithromycin,
clindamycin, azithromycin, erythromycin, and florfenicol [38].
C. jejuni isolates from chicken showed a high frequency of
resistance to tetracycline, while C. coli demonstrated a
moderate frequency of resistance (15-39% of isolates). C.
jejuni isolates from turkey exhibited a high frequency of
resistance to tetracycline. C. coli isolates from turkey showed a
high frequency of resistance to tetracycline and a moderate
frequency of resistance to ciprofloxacin and nalidixic acid. In
the C. jejuni isolates from other poultry species, a high
frequency of resistance to ciprofloxacin was observed. In the
C. coli isolates from other poultry species, a high frequency of
resistance to tetracycline and a moderate frequency of
resistance to nalidixic acid were seen.

Campylobacter isolates were resistant to nalidixic acid (91.4%)
ciprofloxacin  (87.9%), tetracycline (87.2%), kanamycin
(30.6%), erythromycin (19.4%), and chloramphenicol (1.3%).
Campylobacter isolates from human also showed similar
resistance to the six antibiotics tested. Emergence of MDR in
Campylobacter isolates to four or more antimicrobials with
resistance ratio ranging from 28 to 43.5% is a serious health-
threatening concern [39]. Resistance to fluoroquinolones and
ciprofloxacin is closely correlated to resistance to nalidixic
acid [1]. In Korea, ciprofloxacin is currently used in the poultry
industry instead of nalidixic acid [40]. In European Union,
reduced use of antibiotics has led to decrease in antibiotic
resistant microorganisms without compromising animal health
and significantly increased the cost of production [41].

Our results corroborate with those by Ge et al. [42], who
isolated 378 Campylobacter strains from raw meat sold in
retail stores and studied the antibiotic resistance. The isolates
showed the highest resistance to tetracycline (82%), followed
by erythromycin (54%), nalidixic acid (44%), and
ciprofloxacin (35%). In the United States, Campylobacter
strains were found to be resistant to the following three major
antibiotics: tetracycline, ciprofloxacin and nalidixic acid.
Reports indicate that antibiotics resistance of Campylobacter
sp. isolated from poultry meat and human samples are
increasing each year [42-45]. Increased use of fluoroquinolone
antibiotics in animal food in different has led to the its
enhanced resistance in Campylobacter and is considered to be
a big problem all over the world [41,45-46].
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Nalidixic acid (a first-generation drug of quinolone)-
susceptible strains of Campylobacter were also found to be
susceptible to ciprofloxacin and can be considered as markers
of ciprofloxacin susceptibility [45]. In Korea, data obtained
from 2000-2002 showed that Campylobacter isolates
demonstrated MDR to four or more antibiotics ranging from 28
to 43.5%, thus indicating that it could be a health-threatening
factor.

Our data regarding antimicrobial class appeared that group
under each class different in the effect on Campylobacter
strains; these may be due to concentration differences or
effectiveness of active substances between agents. Resistance
to B-lactam antibiotics appears to be mediated by B-lactamase
production, intrinsic resistance, and limited efficacy against
Campylobacter spp. Our results indicated that C. jejuni was
resistant to amoxycillin/clavulanic acid containing p-lactam
structure [46].

Aminoglycoside class of antibiotics have efficacy against C.
jejuni and little resistance appeared in comparison to other
classes of antibiotics. The resistance of C. jejuni to
aminoglycoside class of antibiotics was conferred by drug
modification proteins. Campylobacter spp. has been reported
to have different modifying enzymes against aminoglycoside
class of  antibiotics, including 3-aminoglycoside
phosphotransferase types I, III, IV and VII, 3,9-
aminoglycoside adenyl transferase and 6-aminoglycoside
adenyl transferase [46].

Macrolides class of antibiotics also exhibited ineffectiveness
against C. jejuni strains and our results concurred with other
authors who reported that macrolide resistance in
Campylobacter is mainly associated with target modification
and active efflux [27,47-50]. Resistance in Campylobacter to
macrolides is mediated by modification of the ribosomal target
and can occur either by enzyme-mediated methylation or by
point mutation in the 23S rRNA and/or ribosomal proteins L4
and L22 [27,51]. It has been reported that rRNA methylation
leads to macrolide resistance in C. rectus [52]. The most
common mechanism for macrolide resistance in C. jejuni and
C. coli is point mutations in domain V of the 23S rRNA
[27,51,53].

C. jejuni also showed resistance to quinolones class of
antibiotics (ciprofloxacin and nalidixic acid). It has been
reported that Campylobacter spp. when exposed to
fluoroquinolone (FQ), ciprofloxacin-resistant mutants will
inevitably emerge [54]. Many studies about rapid development
of FQ resistant mutants in chickens originally infected with
FQ-susceptible C. jejuni, but this happened when treated with
enrofloxacin [24,55-58].

Resistance of Campylobacter isolates, recovered from various
animal species, to tetracycline has been reported to be
conferred by tet(O) [5]. There are no other test resistance genes
that have been found in Campylobacter until now, tet(O)
encodes a ribosomal protection protein [59]. It binds on an
open A site on the bacterial ribosome of Campylobacter spp.
and binds it in such a manner that it induces a conformational



change that results in the release of the bound tetracycline
molecule [60]. Resistance of C. jejuni to tetracycline is also
associated with the CmeABC multidrug efflux pump [71,27].
Other studies have explained that resistance of Campylobacter
spp. to tetracycline can be attributed to a plasmid-encoded
tet(O) gene [72], transferred between C. jejuni and C. coli in
this genes through plasmids take place horizontally in the
intestinal tract of human and animals [72-74].

In recent years, the resistance of C. jejuni and C. coli against
different antibiotics has increased throughout the world. A high
rate of resistance to macrolides, fluoroquinolones, and
aminoglycosides is emerging and has been investigated in both
human and animal isolates.

Many antimicrobial classes of antibiotics known by their broad
activity spectrum such as tetracyclines and macrolides, are
often used in the treatment of poultry diseases. They have been
used in poultry production as growth promoter for over 30
years. These antibiotics inhibit the pathogenic microflora and
create unfavourable metabolites such as cadaverine, putrescine,
and increasing the poultry production effects. Unfortunately,
humans and animals are also treated with the antibiotics of the
same chemical group such as tetracycline, used in human to
treat respiratory disease, erythromycin used to treat of
campylobacteriosis, while aminoglycosides used in general
therapy because its oto and nephrotoxic activities.

Conclusion

Resistance gene of Campylobacter spp can be transferred
horizontally between C. jejuni strains in the intestinal tract of
food animals and humans. To reduce the development and
spread of MDR in Campylobacter strains, antibiotic or addition
in poultry meals or water as growth promotion or to kill the
pathogenic bacteria without any veterinary prescription must
be stopped.
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