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Abstract: Animal-to-human transmission is frequently linked to commensal bacteria in the gastrointesti-
nal tract, as Campylobacter species. We provide a better insight into the existence of cytolethal distending
toxin (cdt) and flagellinA (flaA) genes in different antimicrobial resistance patterns (pandrug-resistance
(PDR), extensive drug-resistance (XDR) and multidrug-resistance (MDR)] in Campylobacter species recov-
ered from chickens, milk, and human sources in Egypt. Campylobacter species isolation rate was 89.44%,
being 79.50% and 20.50% for C. jejuni and C. coli, respectively. Animal samples (chickens and raw milk)
showed a higher prevalence of C. coli (21.17%); whereas C. jejuni was highly documented in human sam-
ples (83.33%). Testing of antimicrobial susceptibilities revealed that none of the examined campylobac-
ters was pansusceptible, while PDR (1.86%), XDR (65.53%), and MDR (32.61%) campylobacters were re-
ported. Molecular analysis revealed that 50%, and13.16% of the isolated campylobacters were positive
for the cdt and flaA genes, respectively. Interestingly, all flaA-positive isolates were cdt-positive C. jejuni.
Restriction fragment length polymorphism-polymerase chain reaction (RFLP-PCR) assay revealed a ge-
netic diversity among flaA harboring isolates presented as three different RFLP patterns of varying sizes
ranged from 112 to 647 bp, where flaA-RFLP pattern-I is overrepresented in C. jejuni isolates from various
origins (human, milk, and chicken sources). Evidence from this study showed the possibility of treatment
failure in campylobacteriosis due to the existence of resistant isolates to all antimicrobial drugs (PDR) and
the marked genetic variability of flaA-RFLP pattern that is useful in the epidemiological issues.

Key words: Campylobacter species; antimicrobial resistance; virulence genes; flagellin typing

Introduction common source of human Campylobacter infec-
tions (5).

A growing tendency of antimicrobial resistance
was documented in Campylobacter species detected
in the food chains and humans (6-9). Moreover,
the alarming level of multidrug-resistance (MDR),
extensive drug-resistance (XDR), as well as pan-
drug-resistance (PDR) in Campylobacter species is
epidemiologically significant not only because of
their resistance to numerous antimicrobial drugs,
but also because they encompass the worrisome
potential to be resistant to all of the authorized an-
timicrobial agents (10).

Thermotolerant Campylobacter species, particu-
latly C. jejuni and C. coli ranked the second most
emerging bacterial zoonotic pathogens after Sa/-
monella infection (1, 2). Campylobacter colonizes the
gastrointestinal tract (GIT) of a broad range of
domestic and wild animals, particularly chickens,
turkeys, and pigs, which considered the main res-
ervoirs of the bacteria (3). The foremost risk fac-
tors for getting human campylobacteriosis are
unpasteurized milk and unprocessed poultry
meat (4). Handling and utilization of contami-
nated undercooked poultry meat lasts the most
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In Campylobacter species, virulence features re-
lated to motility, colonization, intestinal adhe-
sion, toxin generation, and invasion have been
found. Carriage of these genes varies and helps to
elucidate the virulence differences among iso-
lates. The cytolethal distending toxin (cdt), a
toxin that activates cell cycle arrest and subse-
quent death in sensitive eukaryotic cells, is one of
the main well-studied virulence factors (11).

A broad genetic variability of Campylobacter
populations are related to a lot of mutations in
their surface antigens especially that gene encod-
ing for flagella (12). Restriction fragment length
polymorphism (RFLP) analysis of C. jejuni flagel-
lin gene that contains two compartments (flaA
and flaB) provides a great level of discrimination
power for better understanding the epidemiology
of campylobacteriosis (13,14). There were several
reports studied the presence of ¢df and flaA viru-
lence determinants in MDR Campylobacter species
(15-18). This is, however, the first study to look
at flaA typing of MDR, XDR, and PDR Campylo-
bacter species harboring ¢t genes obtained from
both animal and human origins in Egypt.

Material and methods
Samples

In the study, 360 samples of animal (n=308)
and human (n=52) origins were examined be-
tween March 2017 and September 2019. Animal
samples were attained from broiler chickens at
slaughter age (6 weeks; n = 248) and raw unpas-
teurized milk (n = 60); those were gathered from
Zagazig local pluck retail shops in Sharkia Gover-
norate, Egypt. Chicken samples comprised breast
meat (n = 55), cloacal swabs (n = 95), caecal parts
(n = 48), and internal organs (liver and spleen, n =
25 each). The human stools were collected from
diarrheic patients with gastroenteritis attending
numerous laboratories located at Zagazig, Sharkia
Governorate, Egypt. The samples were trans-
ferred in an icebox to the bacteriology laboratory
without delay for the bacteriological analysis. The
animal work was accredited by the committee of
Animal Protection and Research Ethics, Faculty of
Veterinary Medicine, Zagazig University. The hu-
man study was carried out in conformity with the
Wortld Medical Association's Declaration of Hel-
sinki. Besides, an informed written consent was
given by patients involved in the research study.

Campylobacter species isolation and molecular confir-
mation

Campylobacter isolation was performed under
microaerophilic conditions in accordance with a
previously defined protocol (19). Enrichment of
samples was done using Preston Campylobacter se-
lective enrichment broth (Oxoid, Cambridge,
UK), at 42 °C for 48 h. The broth was cultivated
on mCCDA, a modified charcoal-cefoperazone-
deoxycholate agar (Oxoid, Cambridge, UK) then
transmitted to the Oxoid’s Columbia agar (Ox-
oid, Cambridge, UK) complemented with 5% de-
fibrinated sterile sheep blood. Campylobacter colo-
nies have been confirmed by biochemical tests as
catalase, oxidase, nitrate reduction, as well as as-
sessing their resistance to cephalothin and na-
lidixic acid antibactetial agents (30 mg/disc, each)
(20). The hydrolysis of hippurate was tested for
biochemical identification of campylobacters into
C. coli and C. jguni (20). Using a QIAamp DNA
Mini extraction kit (Qiagen GmbH, Hilden, Ger-
many), the bacterial DNA was extracted follow-
ing the manufacturer's guidelines. Amplifications
of Campylobacter's 23S tRNA gene (21), besides C.
Jguni (mapA) and C. coli (cenE) species specific
genes (22) were conducted by conventional poly-
merase chain reactions (PCRs) using oligonucle-
otide primers mentioned in Table 1.

Antimicrobial susceptibility testing

Antimicrobial susceptibilities of the isolated
campylobacters was performed on Mueller-Hin-
ton agar media (Oxo0id-CM0337B, Cambridge,
UK) provided with defibrinated sterile sheep
blood (5%) under microaerobic conditions adopt-
ing the agar disc diffusion method (23) in compli-
ance with the Clinical and Laboratory Standards
Institute (CLSI) guidelines (24). Fourteen various
antimicrobial classes including 24 antimicrobial
discs (Oxoid, Cambridge, UK) were used includ-
ing penicillins [ampicillin (AM; 10 pg) and amoxi-
cillin (AX; 25 pg)], penicillin combinations [ampi-
cillin-sulbactam (SAM; 20/10 pg) and amoxycillin-
clavulanic acid (AMC; 20/10 pg)], cephalospot-
ines [cephalothin (KF; 30 pg), cefoxitin (FOX; 30
ng), cefoperazone (CEP; 75 pg), and cefepime
(FEP; 30 ug)], carbapenemes [meropenem (MEM,;
10 pg)], monobactams [azetronam (ATM; 30 pg)],
aminoglycosides [tobramycin (TOB; 10 ng), gen-
tamycin (CN; 10 pg), and amikacin (AK; 30 ug)],
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Table 1: Oligonucleotide primer sequences used in the study

Target Primer Sequence of primers (5'—3" Annealing tem- Amplicon Reference

gene name peratures ("C) (bp)

238 23SF  TATACCGGTAAGGAGTGCTGGAG 55 650 1)

tRNA 23SR ATCAATTAACCTTCGAGCACCG

mapA mapAF  CTATTTTATTTTTGAGTGCTITGTG 55 589 (22)
mapAR  GCTTTATTTGCCATTTGTTTTATTA

cenE, ceuEF  ATTTGAAAATTGCTCCAACTATG 58 462 (22
ceuER  TGATTTTATTATTTGTAGCAGCG

SflaA flaAF TACTACAGGAGTTCAAGCTT 55 702 (28)
flaAR GTTGATGTAACTTGATTTTG

edt gene  cdtF  CTTTATGACTGTTCTTCTAAATTT 42 2212 (29)

cluster cdtR GTTAAAGGTGGGGTTATAATCATT

F, forward; R, reverse; bp, base pair

macrolides [erythromycin (E; 15 pg), azithromy-
cin (AZM; 15 ug), and clarithromycin (CLR; 15
ng)], quinolones [nalidixic acid (NA; 30 pg) and
ciprofloxacin (CIP; 5 pg)], sulfonamides [sulfa-
methoxazole-trimethoprim  (SXT; 23.75/1.25
1g)], amphenicols [chloramphenicol (C; 30 pg)],
polypeptides [colistin (CT; 10 pg)], oxazolidones
[lenzolid (LNZ; 30 pg)], lincosamides [clindamy-
cin (DA; 2 pg)], and tetracyclines [doxycycline
(DO; 30 pg)].

In order to identify Campylobacter isolates as
susceptible, intermediate or resistant (25), the in-
terpretive guidelines of CLSI (for most antimi-
crobials) (24) or the European Committee for
Antimicrobial Susceptibility Testing (EUCAST)
(for macrolides) were followed. As previously re-
ported, multiple antibiotic resistance (MAR) indi-
ces were determined (26).The categorization of
isolates as PDR, XDR, and MDR were detected
as previously stated (27).

PCR-based determination of virnlence characteristics
and flaA-RELP assays

Campylobacter isolates showing variable antimi-
crobial resistance profiles (PDR, XDR, and
MDR) were exposed to DNA extraction, using
the above mentioned QIAamp DNA Mini kit as
recommended by the manufacturer. These iso-
lates were examined for virulence genes, namely
cytolethal distending toxins (¢d7) and flagellin A
(flaA), using cdt and flaA primer sets (28, 29) with
nucleotide sequences listed in Table 1. For flaA-
RFLP analysis, each flz4 amplicon (10 uL) was

digested for 1h at 37°C in a thermoshaker (Ana-
lytik Jena, Biometra) using 1pl. Fast Digest Mbol
restriction enzyme (ThermoFisher, Germany)
prepared in 2 uL of 10X FastDigest Green
buffer. Nuclease-free water was added to a 20 uL.
final reaction volume. The restriction fragments
were separated using 1.5% agarose gel (Starlab
GmbH, Hamburg, Germany) in tris boric EDTA
buffer at 200 V for 1 h, stained with ethidium
bromide and visualized under ultra violet light.
Documentation was done using a Bio Imaging
System (Syngene, Cambridge, UK).

Statistical analysis

To determine if there were significant differ-
ences between C. jeuni and C. coli in terms of an-
timicrobial resistance rate, we run Fihset's exact
test using GraphPad Prism version 8.0
(GraphPad Software Inc., San Diego, Califor-
nia,USA) and P-values were recorded based on a
cutoff level of 0.05.

Results

Ocenrrence of Campylobacter species in animals and
humans

Campylobacter ~ species isolation rate was
89.44%, being 79.50% for C. jeuni and 20.50%
for C. coli. Animal samples showed an increased
prevalence of C. co/i (21.17%) than human sam-
ples (16.67%). However, human samples showed
an elevated prevalence of C. jejuni (83.33%) than
animal samples (78.83%).
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Figure 1: Frequency of antimicrobial resistance of Campylobacter species isolated from various sources (chickens,

human and raw milk)

AM, ampicillin; AX, amoxicillin; AMC, amoxycillin-clavulanic acid; SAM, ampicillin-sulbactam; KF, cephalothin; FOX,
cefoxitin; CEP, cefoperazone; FEP, cefepime; MEM, meropenem; ATM, aztreonam; TOB, tobramycin; AK, amikacin;
CN, gentamicin; E, erythromycin; CLR, clarithromycin; AZM, azithromycin; NA, nalidixic acid; CIP, ciprofloxacin; C,
chloramphenicol; SXT, sulfamethoxazole-trimethoprim; LNZ, lenzolid; DA, clindamycin; CT, colistin; DO, doxycycline.

* Significant; ** high significant

Campylobacter isolates were integrated in 222
chicken samples (89.52%), represented as 77.48%
C. jeguni and 22.52% C. coli. An equal isolation rate
of C. jguni was found in human stools and
chicken breast muscles (83.33% each), followed
by neatly equal to 72% in each of chickens’ inter-
nal organs, cecal parts, and cloacal swabs.
Whereas the isolation percentage of C. co/i from
chicken breast muscles was 16.67% but from in-
ternal organs, cecal parts, and cloacal swabs
sources was close to 22% each. Moreover, C. je-
Juni was recovered from 44 of 52 (84.62%) raw
milk, while C. co/i was recorded by a lower per-
centage (15.38%). The isolated campylobacters
were genotypically confirmed by PCR-based de-
tection of the 650 bp amplicon for 23S rRNA
gene then further verified as C. jgjuni and C. coli by
yielding 589 bp amplicons for map.A and 462 bp
amplicons for cenE genes, respectively.

Antimicrobial resistance patterns of Campylobacter
Species

The antimicrobial susceptibility testing of 322
Campylobacter isolates including 256 C. jejuni and

06 C. coli against 24 antimicrobial agents repre-
senting14 antimicrobial classes are presented in
Figure 1.

The results showed that all campylobacters
isolated from human and animal origins were re-
sistant to amoxicillin, ampicillin, erythromycin,
and cephalothin (100% each). Furthermore, close
to 90% of Campylobacter isolates showed re-
sistance to azithromycin, clarithromycin, nalidixic
acid, sulfamethoxazole-trimethoprim, and clinda-
mycin. Ciprofloxacin resistance was common in
a large proportion of C. jeuni and C. coli (72.66%
and 60.61%, respectively). Conversely, lower re-
sistance percentages were reported for amikacin
(29.69% and 40.91%) and cefoxitin (37.89% and
54.55%) against C. jgjuni and C. coli 1solates, re-
spectively. Interestingly, alarming meropenem re-
sistance was observed in one third population of
C. jejuni and C. coli isolates (32.81% and 33.33%,
respectively). Statistical analysis showed non-sig-
nificant (P > 0.05) variations in the resistance of
either C. jejuni or C. coli recovered from chickens
(Figure 1A), humans (Figure 1 B), and raw milk
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(Figure 1 C) to most of the examined antimicro-
bials.

Campylobacter isolates showed PDR, XDR, and
MDR patterns. Of note, no examined isolate was
pansusceptible, and 1.86% (6/322) of Campylobac-
ter isolates showed resistance to all antimicrobial
agents tested being a PDR pattern including clo-
acal swabs (n = 2) and human stools (n = 4). Ex-
tremely increased percentage of Campylobacteriso-
lates (65.53%; 211/322) showed XDR profiles.
However, 32.61% (105/322) of the isolates pre-
sented MDR patterns.

Regarding the isolation source, close to half
population of both Campylobacter species isolated
from raw milk were MDR. While 74.42% C. jejuni
and 66% C. coli of a chicken source were XDR.
Also, 65% of C. jguni and 75% of C. coli origi-
nated from human stools exhibited XDR, and
MDR patterns, respectively.

A distinct 160 antimicrobial resistance pat-
terns with MAR indices ranged from 0.5 to 1.00
were extracted from the antibiogram analysis of
Campylobacter isolates. The most pronounced an-
tibiotype numbers among the 105 MDR Canpyi-
obacter isolates were 22, 26, and 34 (n= 4; 3.81%
each). While, the most recurrent XDR profile was
for antibiotype 134 that was observed in 3.32%
of these strains (n = 7) and identified in C. jejuni
isolated from chicken cloacal swabs followed by
antibiotypes 127, 151, and 159 (n = 6; 2.84%
each) (Table 2).

Distribution of cdt and flaA virulence genes and char-
acterization of flaA-RELP patterns among Campyl-
obacter species

Thirty-eight Campylobacter isolates (29 C. jejuni
and 9 C. coli) representing all sample origins
[chickens (27), raw milk (5), and humans (6)] re-
sistant to at least 14 antimicrobial agents and cat-
egorized as MDR (n = 6), XDR (n = 30) and
PDR (n = 2) were examined for the existence of
¢dt and flaA virulence genes using PCR assays. As
shown in Table 2, half of the examined isolates
gave positive results for the cdf gene cluster
(19/38 = 50%); those exhibiting PDR, XDR, and
MDR patterns. Also, most of ¢cdf-positive isolates
were C. jeguni (78.95%) and originated from a
chicken origin (73.68%).

Only five of the screened isolates had flaA
gene (5/38 = 13.16%), including one MDR iso-
late from a human source, and four XDR isolates
originated from chicken, and milk sources (2 for
each). All flaA-positive isolates were C. jeuni and
possessed the cdf genes.

The PCR-RFLP analysis of flzA gene of the
five isolates revealed three different RFLP pat-
terns of varying sizes ranged from 112 to 647bp
(Figure 2). Campylobacter isolates exhibiting each
flaA-RFLP pattern is presented in Table 2. FlaA-
RFLP pattern-I corresponding to similar banding
pattern of ~565 bp and ~202 bp was existed in
three C. jejuni isolates with a relationship among
the isolates of various sources (human, milk, and
chicken sources) indicating the possibility of hav-
ing the same origin. Further types (flaA4-11 and
IIT) corresponding to ~647 bp and ~112 bp
bands, and 361 bp and 235 bp bands, respectively
were detected only in one C. jeuni isolate origi-
nated from chicken, and milk sources, respec-
tively.

1000
647 bp

565 bp

Figure 2: Agarose gel electrophoresis showing flaA-
RFLP-PCR patterns of C. jeguni isolates. PCR ampli-
cons revealed three different RFLP patterns of vary-
ing sizes
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Table 2: Antimicrobial resistance patterns and multiple antibiotic resistance indices of Campylobacter species
isolated from human and animal sources

Iso- Campylo- car A o MAR  Antimicrobial
late bacter spe- Source RFLP Antimicrobial resistance pattern . .
. genes index resistance type
No. cies pattern
- Chicken mus- AX, AM, SAM, AMC,KF, FEP, CEP, TOB, CN E, AZM, CLR,
! C-Jgmni cle i i CIP,NA, SXT, C, CT, LNZ, DA 0.79 MDR
- Chicken mus- AX, AM, AMC, KF, TOB, CN, E, AZM, CLR, CIP, NA, SXT, C, ,
2 C.j gjuni e - - CT,INZ, DA, DO 0.71 XDR
- Chicken cloa- AX, AM, SAM, AMC , KF,CEP, ATM, TOB, CN , E, CLR, CIP, ,
3 C-Jgmni cal swab i i NA, SXT,C, CT, DA, DO 075 XDR
- Chicken or- AX, AM, AMC, KF, FOX, FEP, ATM, TOB, E, AZM, CLR, CIP, ,
4 C.jgni gans * ) NA, SXT, CT, LNZ, DA, DO 075 XDR
B . Chicken mus- AX, AM, SAM ,KF, FEP, ATM, TOB, CN, AK, E, AZM, CLR, ,
> C. ol cle i i NA, SXT, CT, LNZ, DA, DO 075 XDR
. Chicken mus- AX, AM, SAM ,KF,FEP, ATM, TOB, CN, AK, E, AZM, CLR, NA, ,
6 C. ol cle " - SXT, CT, LNZ, DA, DO 075 XDR
- Chicken mus- AX, AM, SAM, AMC KF, FOX, ATM, CN, E, AZM, CLR, CIP, ,
7 C-Jgmni cle i i NA, SXT, C, LNZ, DA, DO 075 XDR
v., Chicken mus- AX, AM, AMC, KF, FEP, CEP, ATM, AK CN, E, AZM, CLR, ,
8 C-Jgmni cle * - CIP,NA SXT,C, CT,LNZ DA 0.79 XDR
- Chicken mus- AX, AM, AMC, KF, FEP, CEP, TOB, CN, E, AZM, CLR, CIP
0 C. gt cle + NA, SXT, C, CT, LNZ DA, DO 0.79 XDR
- Chicken cloa- AX, AM, SAM, AMC, KF, CEP, CN, AK, E, AZM, CLR, CIP
10 e cal swab + NA, SXT, G, CT, LNZ, DA, DO 0.79 XDR
I o Chicken mus- AX, AM, SAM, AMC, KF, FOX, FEP, ATM, TOB, CN, AK, E, 088 DR
Jg cle ) ) AZM, CLR, CIP, NA, SXT, C, LNZ DA, DO - ‘
— Chicken caccal AX, AM, SAM, AMC, KF, FOX, FEP, CEP, IMP, ATM, TOB, CN
12 Gl part E, AZM, CLR, CIP, NA, SXT, CT, DA, DO 088 XDR
- Chicken cloa- AX, AM, AMC, KF, CEP, FEP, IMP, ATM, TOB, CN, E, CLR
13 C- gt cal swab + CIP, NA, SXT, C, CT, DA .DO 0.79 XDR
— Chicken cloa- AX, AM, SAM, AMC, KF, FOX, FEP, ATM, TOB, CN, E, CLR
14 Gl cal swab + NA, SXT. C, CT, LNZ, DA, DO 0.79 XDR
_ - Chicken cloa- AX, AM SAM,AMC, KF CEP, FEP, IMP, ATM, CN, AK, E, AZM, i
15 e cal swab + - CLR, NA, SXT, G, LNZ DA, DO 083 XDR
M C ol Chicken cloa- AX, AM, AMC, KF, CEP, FEP, ATM, CN, AK, E, AZM, CLR, 083 DR
cal swab B B CIP, NA, SXT, C, CT, INZ, DA, DO B
- Chicken mus- AX, AM, AMC, SAM, KF, FEP, CEP, ATM ,CN , E, AZM, CIR, i
17 C- gt cle - - CIP,NA, SXT,C, CT, INZ, DA, DO 083 XDR
ey Chicken mus- AX, AM, SAM, AMC, KF, FEP, ATM, TOB, CN, E, AZM, CIR, B
18 C.jgmmi cle + - CIP, NA, SXT, C, CT, INZ, DA, DO 0.83 XDR
ey - AX, AM, SAM, AMC, KF, FEP, CEP, ATM, TOB, AK, E, AZM
19 C.jgmmi Chicken organ + CLR, CIP, NA, SXT, C, CT, INZ, DA, DO 0.88 XDR
; Chicken cloa- AX, AM, SAM, AMC, KF, FEP, IMP, ATM, TOB, CN, AK, E, B}
20 Gl cal swab - - AZM, CLR, CIP, NA, SXT, C, CT, LNZ, DA 0.88 XDR
iy - AX, AM, SAM, AMC, KF, FOX, CEP, FEP, IMP, ATM, TOB, CN, . B}
21 C. coli Chicken organ - - AK | E, AZM, CLR, NA, SXT, C. CT, DA, DO 0.92 XDR
iy Chicken cloa- /647 AX, AM, AMC, KF, CEP, FEP, IMP, ATM, CN , E, AZM, CLR
2 Cjgmi cal swab 112 NA, SXT, C, CT, LNZ, DA, DO 079 XDR
; Chicken caccal AX, AM, AMC, KF, FOX, CEP, IMP, ATM, TOB, CN, E, AZM, B}
B G el part i i CLR, CIP, NA, SXT, C, CT, LNZ, DA, DO 088 XDR
... - +/565 AX, AM, SAM, AMC, KF, FEP, IMP,ATM, TOB,CN, E, AZM
2 Cjgmi Chicken organ 202 CLR, CIP, NA, SXT, C, CT, LNZ, DA, DO 088 XDR
. o Chicken caccal AX, AM, AMC, KF,CEP, FEP, IMP, ATM, TOB, CN, AK, E, 002 DR
Sy part ) ) AZM, CLR, CIP, NA, SXT, C, CT, LNZ, DA, DO :
.., Chicken mus- AX, AM, SAM ,AMC, KF, FOX, FEP, CEP, IMP, ATM, TOB, E, - B}
% Cjgmi cle i i AZM, CLR, CIP, NA , SXT, C, CT, LNZ DA, DO 0:92 XDR
- Chicken cloa- AX, AM, SAM,AMC, KF, FOX, CEP, FEP, IMP, ATM, TOB, CN,
z Cjgmi cal swa * i AK , E, AZM, CLR, CIP,NA SXT, C, CT,LNZ, DA, DO ! PDR
... . +/565 AX, AM, SAM, KF, FOX, CEP, FEP, ATM, E, AZM, CLR, NA
28 C. jejuni Raw milk + 202 SXT, C. CT. INZ, DA, DO 0.75 XDR
- . /361 AX, AM, SAM, AMC, KF, CEP, FEP, ATM, TOB, E, AZM,
29 C. jojuni Raw milk + 235 CLR, NA, SXT, C, CT, DA, DO 0.75 XDR
o ¢ jgumi O ] ] AX, AM, SAM, AMC, KF, FOX, CEP, FEP, ATM, E, AZM, CLR, 07 DR

NA, SXT, C, CT, LNZ, DA, DO
- . AX, AM, SAM, AMC, CEP, KF, ATM, FOX, AK, E, AZM, CIR, ] B}

31 C. jojuni Raw milk + - NA, SXT, C, CT, LNZ, DA, DO 0.79 XDR
- . AX, AM, SAM, AMC, KF, FOX, CEP, FEP, IMP, ATM, TOB, . B}

32 C.Jgnni Raw milk . . CN, E, AZM, CLR, CIP,NA, SXT, C, CT, INZ, DA 092 XDR

AX, AM, AMC, KF, FEP, CN, E, AZM, CLR, CIP, NA, SXT, C,

33 C. joguni Human stool - - or 0.58 MDR
; AX, AM, KF, FOX, CEP, FEP, ATM, TOB, AK, E, AZM, NA, -

34 C. coli Human stool + - $XT, CT, DA 0.63 MDR
B - AX, AM, AMC, KF, FEP, CN, E, AZM, CLR, CIP, NA, SXT, C, -

35 C. jejuni Human stool - - CT. NZ, DA, DO 0.71 MDR
- +/565, AX, AM, KF, FOX, CEP, FEDP, ATM, TOB, CN, E, AZM, CLR, -

36 C. jejuni Human stool + 202 NA, CT, LNZ, DA, DO 0.71 MDR

X, AM, SA {E,F b i A b
. C i Human stool ] ] AX, AM, SAM, KF,FOX, CEP, FEP, ATM, TOB, E, AZM, CLR, 07 DR

NA, SXT, C, LNZ, DA, DO

" ool AX, AM, SAM, AMC, KF, FOX, CEP, FEP, IMP, ATM, TOB, ; PDR
uman stoo i i CN, AK, E, AZM, CLR, CIP, NA, SXT ,C, CT,LNZ, DA, DO

MDR, multiple drug-resistance; XDR, extensively drug-resistance; PDR, pan drug-resistance; AMA, antimicrobial agent; AM,
ampicillin; AX, amoxicillin; AMC, amoxycillin-clavulanic acid; SAM, ampicillin-sulbactam; KF, cephalothin; FOX, cefoxitin;
CEP, cefoperazone; FEP, cefepime; MEM, meropenem; ATM, aztreonam; TOB, tobramycin; AK, amikacin; CN, gentamicin; E,
erythromycin; CLR, clarithromycin; AZM, azithromycin; NA, nalidixic acid; CIP, ciprofloxacin; C, chloramphenicol; SXT, sulfa-
methoxazole-trimethoprim; LNZ, lenzolid; DA, clindamycin; CT, colistin; DO, doxycycline

C. jejuni
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Discussion

Currently, an emerging problem among cam-
pylobacters is the elevating resistance to major
antibiotics in use, particularly macrolides and
fluoroquinolones (30, 31). Campylobacter species
transmission to humans is owing to consumption
of impropetly cooked poultry products and raw
unpasteurized milk (32, 33). Several studies re-
ported the ¢df and flaA virulence determinants in
Campylobacter species (15-18). However, no re-
ports investigated their existence in different an-
timicrobial resistant patterns (PDR, XDR, and
MDR) among Campylobacter species recovered
from chicken, milk, and human origins in Egypt.

Previous studies showed the association of C.
Jejuni only with poultry and human samples with-
out detection of C. c/i (16). Conversely, we de-
tected both Campylobacter species in humans and
animals with a higher occurrence rate of C. jejuni
(79.50%) than that of C. co/i (20.50%). Overall,
most isolated campylobacters were recovered
from chicken samples (89.52%), while previous
studies reported varying rates of Campylobacter
prevalence in chickens ranging from 24 to 62%
(34, 35).

Unneglectable percentage of campylobacteri-
osis in human cases (23%) in Egypt is due to con-
sumption of unpasteurized milk; also, cross-con-
tamination with campylobacters could occur dur-
ing milking of cattle (36). Previously, 82.86 % of
Campylobacter isolates were reported in raw milk
(37); thus, raw milk was considered as a second
main source of Campylobacter infections (38). We
reported C. jeuni prevalence rate of 84.62% in
raw milk samples, which have been previously
documented with a nearly equal prevalence rate
(74.28%) (37), while a lower prevalence rate
(34%) was detected previously (39).

The shortage of cleanliness in food processing
can cause Campylobacter transmission to humans
dealing with food-producing animals especially
poultry and milk, the main reservoirs for Canpy/-
obacter species. Alarming elevated percentage of
C. jguni in human stools (83.33%) was found in
this study that have been previously documented
with a high prevalence rate of 66.67% (37). Con-
versely, lower prevalence of 27.5%, 16.66%, and

4.07% were reported in previously published re-
searches in Egypt (34), (40), and (41), respec-
tively.

The haphazard use of antimicrobials in veter-
inary and human medicine resulting in drug re-
sistance (42). Here, all Campylobacter isolates from
animal and human sources were resistant to
erythromycin. Also, ciprofloxacin resistance was
common in a large portion of isolates from ani-
mal and human sources. Furthermore, alarming
meropenem resistance in one third population of
C. jejuni and C. coli was found. This indicating an
emerging situation especially as erythromycin,
and ciprofloxacin are the mostly used for Campy/-
obacter infections treatment in humans, and the
meropenem is the last-resort for treating campyl-
obacteriosis (43).

Counteract the extend of antimicrobial re-
sistant campylobacters in humans and livestock
animals is essential by continuing detection of
the resistance rates (30). Herein, we detected 160
different drug resistance patterns while testing
24 antimicrobials among 14 antimicrobial cate-
gories (Table 2). Interestingly, all isolated cam-
pylobacters were classified into MDR, XDR,
and PDR without detection of any isolate as a
pansusceptible.

A disturbing circumstance has been consid-
ered worldwide due to the increase of MDR Ca-
pylobacter strains (44). Here, 32.61% of Campylobac-
ter isolates recovered from humans and animals
exhibited a MDR pattern, that is closely similar to
previously reported studies (37, 45).

Furthermore, the most worrying issue is the
beginning of recording resistance to all classes of
antimicrobial agents except two or fewer (XDR),
and resistance to all antimicrobial agents among
all categories (PDR) as previously documented
(37, 46). In this research, we detected a high per-
centage of XDR (65.53%) and alarming (1.86%)
PDR Campylobacter isolates.

Remarkably, cdt and flagellin are important
virulence factors in Campylobacter infection. Till
date, several studies showed the relation between
antimicrobial resistance and the ¢/ and flaA de-
tection in MDR Campylobacterisolates (15, 16, 18).
However, no reports detect the ¢df and flaA in
PDR or XDR Campylobacter isolates. Herein, we
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reported that a half of analyzed Campylobacter iso-
lates displayed MDR, XDR, and PDR patterns
were cdt-positive. Conversely, previous data
showing that the ¢4 gene cluster was highly abun-
dant (90%-100%) if the isolate was of human or
animal origin (47 - 50). Interestingly, the ¢ gene
cluster was discovered here for the first time in C.
coli, while most of cdt-positive isolates were C. je-
Juni (78.95%). Previously, no cdt genes were re-
ported in C. co/i isolates (17).

Several studies reported flzd gene in 100 %
of Campylobacter isolates (16, 17). Our study pre-
sented that only 13.16% of Campylobacter isolates
had the flaA gene, all were MDR or XDR C. jejuni
cdt-positive. While no flaA gene was found in C.
coli or PDR isolates.

The PCR-RFLP analysis of flaA gene using
Mbol restriction endonuclease, revealed three dif-
ferent RFLP patterns indicating extensive genetic
variability of C. jguni isolates. FlaA-RFLP pat-
tern-1 (~565 bp and ~202 bp) was presented in
three C. jejuni isolates with a relationship among
the isolates of various origins (human, milk, and
chicken), which is in accordance with a previous
report (51). While, further types (fL.aA-1I, III)
corresponding to ~647 bp and ~112 bp bands,
and 361 bp, and 235 bp bands, respectively were
detected only in C. jejuni isolates from chicken,
and milk sources, respectively as reported in a
previous study (52).

Conclusion

This report showed an alarming existence of
PDR and XDR Campylobacter species in animals
and humans. Moreover, it represented the rela-
tion between antimicrobial resistance and the
harboring of ¢t and flaA genes in PDR or XDR
Campylobacter isolates that has not been reported
previously rather than the MDR isolates. Further-
more, extensive genetic variability of C. jgjuni was
noticed among XDR and PDR isolates, while us-
ing flaA-RFLP assay.

Authors declare no conflict of interest.

E.Y.E and N.K.A. contributed equally to the
conception and design of the study. A.H. carried
out the classical microbiological techniques and
molecular genetic studies. N.K.A. and A.H.S.
participated in the analysis and interpretation of
data and wrote the initial draft of the manuscript;

A.A.H. participated in the design of the study and
in the analysis and interpretation of data. All au-
thors revised the manuscript critically for im-
portant intellectual content and gave the final ap-
proval of the version to be published.

References

1. Epps SV, Harvey RB, Hume ME, Phillips TD,
Anderson RC, et al. Foodborne Campylobacter:
infections, metabolism, pathogenesis and reservoirs.
Int J Environ Res Public Health 2013; 10: 6292-6304.

2. Mohamed MEM, Mohamed RE., Gharieb RM,
Amin MA and Ahmed HA. Antimicrobial Resistance,
Virulence associated genes and biofilm formation of
Salmonella Species isolated from different sources. Zag
Vet J (2021); 49: 94-108

3. Kramer JM, Frost JA, Bolton FJ, Wareing DR.
Campylobacter contamination of raw meat and poultry
at retail sale: identification of multiple types and com-
parison with isolates from human infection. J Food
Prot 20005 63: 1654-1659.

4. Butzler |.P. Campylobacter, from obscutity to
celebrity. Clin Microbiol Infect 2004; 10: 868-876.

5. Kurinci¢ M, Berce I, Zorman T, Smole Mozina
S. The prevalence of multiple antibiotic resistance in
Campylobacter spp. from retail poultry meat. Food
Technol Biotechnol 2005;43: 157-163

6. Melero B, Juntunen P, Hinninen M.L, Jaime I,
Rovira | Tracing Campylobacter jejuni strains along the
poultry meat production chain from farm to retail by
pulsed-field  gel  electrophoresis, and  the
antimicrobial resistance of isolates. Food Microbiol
2012; 32: 124-128.

7. Wieczorek K, Kania I, Osek J. Prevalence and
antimicrobial resistance of Camspylobacter spp. isolated
from poultry carcasses in Poland. ] Food Prot 2013;
76:1451-1455.

8. Abdollahpour N, Zendehbad B, Alipour A,
Khayatzadeh J. Wild-bird feces as a source of
Campylobacter jejuni infection in children's playgrounds
in Iran. Food Control 2015; 50:378-381.

9. El-sayed Y. El-Naenaeey, Marwa 1. Abd El-Ha-
mid and Eman K. Khalifa. Foodborne Campylobac-
ter species: Taxonomy, Isolation, Virulence Attributes
and Antimicrobial Resistance. Zag Vet | (2020); 48:
414-432

10. Brink A, Feldman C, Richards G, Moolman J,
Senekal M. Emergence of extensive drug resistance
(XDR) among Gram-negative bacilli in South Africa
looms nearer. SAM]J: S Afri Med J 2008; 98: 586-592.

11. Heywood W, Henderson B, Nair SP.
Cytolethal distending toxin: creating a gap in the cell
cycle. ] Med Microbiol 2005; 54: 207-216.



Antimicrobial resistance, virulence-associated genes, and flagellin typing of thermophilic Campylobacter

163

12. Hendrixson DR.A phase-variable mechanism
controlling the Campylobacter jejuni FlgR response
regulator influences commensalism. Mol Microbiol
2006; 61: 1646-1659.

13. Khoshbakht R, Tabatabaei M, Hosseinzadeh
S, Aski HS, Seifi S. Genetic characterization of
Campylobacter jejuni and C. coli isolated from broilers
using flaA  PCR-restriction  fragment length
polymorphism method in Shiraz, Southern Iran.
Jundishapur ] Microbiol 2015; 8: €18573.

14. Thomrongsuwannakij T,  Blackall PJ,
Chansiripornchai N. A study on Campylobacter jejuni
and Campylobacter coli through commercial broiler
production chains in ‘Thailand: antimicrobial
resistance, the characterization of DNA gyrase
subunit A mutation, and genetic diversity by flagellin A
gene restriction fragment length polymorphism.
Avian Dis 2017; 61: 186-197.

15. Koviacs JK, Cox A, Schweitzer B, Maréti G,
Kovacs T, et al. Virulence Traits of Inpatient
Campylobacter jejuni lsolates, and a Transcriptomic
Approach to Identify Potential Genes Maintaining
Intracellular Survival. Microorganisms 20205 8: 531.

16. Ammar AM, El-Naenaeey E-SY, El-Malt R,
El-Gedawy AA, Khalifa E, et al. Prevalence,
Antimicrobial ~ Susceptibility, =~ Virulence  and
Genotyping of Campylobacter jejuni with a Special
Reference to the Anti-Virulence Potential of Eugenol
and Beta-Resorcylic Acid on Some Multi-Drug
Resistant Isolates in Egypt. Animals 2021;11: 3.

17. Ghorbanalizadgan M, Bakhshi B, Lili AK|
Najar-Peerayeh S, Nikmanesh B. A molecular survey
of Campylobacter jejuni and Campylobacter coli virulence
and diversity. Iran Biomed | 2014; 18: 158-164.

18. Lee J, Jeong J, Lee H, Ha J, Kim §, et al.
Antibiotic susceptibility, genetic diversity, and the
presence of toxin producing genes in Campylobacter
isolates from poultry. Int ] Environ Res Public Health
2017; 14: 1400.

19. Vandepitte J, Verhaegen ], Engbaek K,
Rohner P, Piot P, et al. Basic laboratory procedures in
clinical bacteriology. J. Vandepitte ... [et al.], 2nd ed.
Wortld Health Otganization, (2003), https://apps.
who.int/iris/handle/10665/42696.

20. Quinn PJ CM, Markey B and Carter CR. Caw-
Pylobacter spp. In: clinical veterinary microbiology, Edi-
tion 1. Wolfe Publishing, London, (1994); 268-272.

21. Wang G, Clatk CG, Taylor TM, Pucknell C,
Barton C, et al. Colony multiplex PCR assay for
identification and differentiation of Campylobacter
Jeuni, C. coli, C. lari, C. upsaliensis, and C. fetus subsp. fetus.
J Clin Microbiol 2002; 40: 4744-4747.

22.Shin E.J , Lee Y.H. Comparison of three
different methods for Campylobacter isolation from

porcine intestines. ] Microbiol Biotechnol 2009; 19:
647-650.

23. Bayer A.W, Kirby W.M, Sherris J.C, Turck M.
Antibiotic susceptibility testing by a standardized
single disc method. Am ] Clin Pathol 1966; 45: 493-
496.

24. CLSI Performance Standards for
Antimicrobial Susceptibility Testing. 26th ed. CLSI
supplement M100S, (2016): Wayne, PA. Clinical and
Laboratory Standards Institute.

25. Testing  EcoAS. Breakpoint tables for
interpretation of MICs and zone diameters. Version
7.1, valid from 2017-03-10. (2017): URL: http://www
eucast.org/fileadmin/src/media/PDFs/EUCAST_fi
les/Breakpoint_tables/v_71_Breakpoint_Tables pdf
(1211 2017).

26. Tambekar D, Dhanotkar D, Gulhane S,
Khandelwal V, Dudhane M. Antibacterial
susceptibility of some urinary tract pathogens to
commonly used antibiotics. Afr ] Biotechnol 20006;
5:1684-5315

27. Magiorakos AP, Srinivasan A, Carey RB,
Carmeli Y, Falagas ME, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clin
Microbiol Infect 2012; 18: 268-281.

28. Scarcelli E, Piatti RM, Harakava R, Miyashiro
S, Campos F, et al. Use of per-rflp of thefla a gene for
detection and subtyping of Campylobacter jejuni strains
Potentially related to Guillain-barré syndrome,
isolated from humans and animals. Braz ] Microbiol
2009; 40: 952-959.

29. Bang DD, Nielsen EM, Scheutz F, Pedersen
K, Handberg K, et al. PCR detection of seven
virulence and toxin genes of Campylobacter jejuni and
Campylobacter coli isolates from Danish pigs and cattle
and cytolethal distending toxin production of the
isolates. ] Appl Microbiol 2003; 94: 1003-1014.

30. Mshana S, Joloba M, Kakooza A, Kaddu-
Mulindwa D. Campylobacter spp among Children with
acute diarrhea attending Mulago hospital in Kampala-
Uganda. Afr Health Sci 2009; 9: 201-205.

31. Ammar A M, Abd El-Aziz N K| Elgdawy A A,
Emara M S, Hamdy M M. Genotyping and antimicro-
bial resistance of Campylobacter jejuni: A review. Adv
Anim Vet Sci 2019; 7: 129-136.

32. Friedman CR, Hoekstra RM, Samuel M,
Marcus R, Bender J, et al. Risk factors for sporadic
Campylobacter infection in the United States: a case-
control study in FoodNet sites. Clin Infect Dis 2004;
38: 5§285-5296.

33. Neimann J, Engberg |, Molbak K, Wegener
HC. A case—control study of risk factors for sporadic


http://www/

164

EI-S. Y. EI-Naenaeey, N. K. Abd El-Aziz, A. H. Sewid, A. Hashem, A. A Hefny

Campylobacter infections in Denmark. Epidemiol
Infect 2003; 130: 353-366.

34, Abushahba MF, Ahmed S, Ibrahim A, Mosa
H. Prevalence of zoonotic species of Campylobacter in
broiler chicken and humans in Assiut governorate,
Egypt. Approaches in Poultry, Dairy and Veterinary
Science 2018; 3: 260-268.

35. Jouahri M, Asehraou A, Karib H, Hakkou A,
Touhami M. Prevalence and control of thermo-
tolerant Campylobacter species in raw poultry meat in
Morocco. Meso: prvi hrvatski ¢asopis o mesu 2007; 9:
262-267.

36. Jun W, Guo YC, Ning L. Prevalence and risk
assessment of Campylobacter jejuni in chicken in China.
Biomed Environ Sci 2013; 26: 243-248.

37. Abd El-Aziz NK, Ammar AM, Hamdy MM,
Gobouri AA, Azab E, et al. First report of aacC5-
aadA7A4 gene cassette array and phage tail tape
measure protein on class 1 integrons of Campylobacter
species isolated from animal and human sources in
Egypt. Animals 2020;10: 2067.

38. Leedom JM. Milk of nonhuman origin and
infectious diseases in humans. Clin Infect Dis 2006;
43:610-615.

39. Wicker C, Giordano M, Rouger S, Sorin
M.L, Arbault P. Campylobacter detection in food
using an ELISA based method. Int ] Med Microbiol
2001; 291: 1-12.

40. Hassanain NA. Antimicrobial resistant
Campylobacter jejuni isolated from humans and animals
in Egypt. Glob Vet 2011; 6: 195-200.

41. El-Hamid MI, El-Aziz A, Khairy N, Samir M,
Remela A, et al. Genetic diversity of Campylobacter
Jguniisolated from avian and human sources in Egypt.
Front Microbiol 2019; 10: 2353.

42. De Vries SP, Vurayai M, Holmes M, Gupta S,
Bateman M, et al. Phylogenetic analyses and
antimicrobial resistance profiles of Campylobacter spp.
from diarrhoeal patients and chickens in Botswana.
PloS One 2018; 13: ¢0194481

43. Ghunaim H, Behnke JM, Aigha I, Sharma A,
Doiphode SH, et al. Analysis of resistance to
antimicrobials and presence of virulence/stress
response genes in Campylobacter isolates from
patients with severe diarrhoea. PLoS One 2015; 10:
c0119268.

44, Mdegela R.H, Nonga H.E, Ngowi H.A,
Kazwala RR. Prevalence of thermophilic
Campylobacter infections in humans, chickens and
crows in Morogoro, Tanzania. ] Vet Med, Series
B2006; 53: 116-121.

45. glesias-Torrens Y, Miré E, Guirado P, Llovet
T, Mufioz C, et al. Population structure, antimicrobial
resistance, and virulence-associated genes in
Campylobacter jejuni isolated from three ecological
niches: gastroenteritis patients, broilers, and wild
birds. Front Microbiol 2018; 9: 1676.

46. Shin E, Hong H, Oh Y, Lee Y. First report and
molecular characterization of a Campylobacter jejuni
isolate with extensive drug resistance from a travel-
associated human case. Antimicrob Agents and
Chemother 2015; 59: 6670-6672.

47. Rozynek E, Duzierzanowska-Fangrat K,
Jozwiak P, Popowski |, Korsak D, et al. Prevalence of
potential virulence markers in Polish Campylobacter
Jeuni and  Campylobacter coli isolates obtained from
hospitalized children and from chicken carcasses. |
Med Microbiol 2005; 54: 615-619.

48. Fox ]G, Rogers AB, Whary MT, Ge Z, Taylor
NS, et al. Gastroenteritis in NF-xB-deficient mice is
produced with wild-type Camplyobacter jejuni but not
with C. jguni lacking cytolethal distending toxin
despite persistent colonization with both strains.
Infect Immun 2004;72: 1116-1125.

49. Jain D, Prasad KN, Sinha S, Husain N.
Differences in virulence attributes between cytolethal
distending toxin positive and negative Campylobacter
Jeguni strains. | Med Microbiol (2008); 57: 267-272.

50. Findik A, Ica T, Onuk EE, Petrcin D, Kevenk
TO, et al. Molecular typing and ¢’ genes prevalence
of Campylobacter jejuni isolates from various sources.
Trop Anim Health Prod (2011); 43: 711-719.

51. Steinhauserova I, Ceskova J, Nebola M.
PCR/restricion  fragment length polymorphism
(RFLP) typing of human and poultry Campylobacter
Jejuni strains. Letters appl Microbiol (2002); 34: 354-
358.

52. Tsai H-J, Huang H-C, Tsai H-L, Chang C-C.
PCR-based restriction fragment length polymorphism
(RFLP) analysis of Campylobacter jejuni isolates from
humans, chickens and dogs in northern Taiwan. ] Vet
Med Sci (2006); 68: 815-819.



