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Abstract. - OBJECTIVE: Salmonella isolates
have been discovered in many regions of the
world. We investigated the prevalence and re-
sistance of Salmonella isolates in raw milk of
healthy dairy cows on farms in different regions
of Henan Province, China.

MATERIALS AND METHODS: From July 2020
to November 2021, 422 raw milk samples were
collected. The minimum inhibitory concentra-
tions (MICs) of 16 antimicrobial agents against
89 Salmonella strains detected from the raw
milk samples were determined using the broth
microdilution method, and the resistance genes
for fluoroquinolones were identified using poly-
merase chain reaction.

RESULTS: Eighty-nine (21.09%) Salmonel-
la isolates were recovered from 422 raw milk
samples. The Salmonella strains exhibited high
resistance to amoxicillin (100.00%), tylosin
(95.50%), and lincomycin (95.50%). Additionally,
tigecycline showed good activity against Salmo-
nella, with an MIC, of 0.25 pg/mL. All Salmonel-
la isolates showed multidrug resistance (MDR),
and >50% of the strains showed resistance to
more than six antimicrobials. The strains from
Jiaozuo exhibited 100% resistance to amoxicil-
lin, terramycin, tylosin, and lincomycin. Two ef-
flux pump genes, ogqxA and ogqxB, had the high-
est carrying rates of 66.29% and 64.04%, re-
spectively. Additionally, the carrying rates of
oqxA and oqxB were high in Shangqiu, Zheng-
zhou, and Jiaozuo. The carrying rates of aac(6’)-
Ib-cr in Shangqiu and Zhengzhou were 33.33%
and 38.46%, respectively.

CONCLUSIONS: This study revealed a high
prevalence of Salmonella isolates obtained
from raw milk of healthy dairy cows in different
regions of Henan Province, China. The Salmo-
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nella strains exhibited various degrees of MDR.
Salmonella can be transmitted to humans via
consumption of contaminated raw milk; thus,
the presence of resistance genes poses a po-
tential threat to public health, highlighting the
need for vigilant monitoring of Salmonella iso-
lates.
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Introduction

Salmonella is a pathogenic microorganism that
causes zoonotic diseases. It is also a type of
major food-borne pathogen that is associated
with severe infections that pose serious risks to
human health!'?. Salmonella can infect people
through the food chain, and contaminated ani-
mal food is an important source. This strain is
prevalent throughout the world and often causes
enteritis, which is especially harmful to young
animals, such as young poultry. However, live-
stock and poultry and their dairy products are
the main carriers of Salmonella®*?, which can
cause gastroenteritis, typhoid fever, septicemia,
and intestinal diseases®. At present, there are a
number of reports on the isolation and identifi-
cation of Salmonella™. Salmonella has not only
been isolated from chickens® and pigs®’, but also
from humans® and the environment®. In addition,
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some Salmonella strains were found in children
with diarrhea'®. However, reports on Salmonella
isolated from raw milk of healthy dairy cows are
relatively scarce.

Antimicrobials, such as f-lactams, fluoro-
quinolones, aminoglycosides, and tetracyelines,
are frequently used to treat systemic bacterial in-
fections, including those caused by Salmonella'.

Fluoroquinolones, in particular, are extensive-
ly used owing to their strong efficacy against a
wide range of gram-negative bacteria'?. Further-
more, fluoroquinolones are one of the last-line
treatments for multidrug resistant (MDR) Sal-
monella infections in adults'®. Currently, because
of the long-term use of antimicrobial drugs, the
increasing frequency of antibiotic resistance has
become a universal problem'. The emergence of
MDR strains poses several challenges to clini-
cal facilities'>'e. In recent years, an increasing
number of MDR Salmonella isolates have been
reported''’’. Moreover, most Salmonella isolates
develop a large number of resistance genes, in-
cluding ogx4, ogxB, aac(6’)-1b-cr, gepA, gnrA,
qnrB, gnrC, gnrD, and gnrS'". However, there is
limited information about the prevalence, antimi-
crobial susceptibility, and fluoroquinolone resis-
tance genes of Salmonella isolates obtained from
raw milk in Henan Province, China. Therefore,
drugs that can be used to treat Salmonella infec-
tions should be urgently developed or improved
through sensitivity and resistance gene testing.

Since these antimicrobials are an important
part of drug therapy for humans and animals with
bacterial infections, resistance to these drugs
could ultimately pose a significant threat to hu-
man and animal health?®. This study aimed at
investigating the prevalence and resistance of
Salmonella isolates obtained from healthy dairy
cows on farms in different regions of Henan
Province, China. The results will be of great sig-
nificance to guide rational clinical drug use and
monitor drug resistance.

Materials and Methods

Collection of Samples

From July 2020 to November 2021, a total
of 422 raw milk samples (Zhengzhou city, n =
102; Jiaozuo city, n = 76; Kaifeng city, n = 146;
Xuchang city, n = 44; and Shangqiu city, n = 54)
were obtained from healthy dairy cows on farms
in different regions of Henan Province, China.
All samples were transported to the laboratory
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under the required preservation conditions (in a
cooler with ice) within 6 h of collection and were
processed within 2 h to detect the presence of
Salmonella.

Isolation and Identification
of Salmonella

Isolation and identification of Salmonella were
performed by enrichment and sequential plating
onto selective plates, as previously described?.
The samples were incubated in Luria-Bertani
(LB) broth (Beijing Land Bridge Technology Co.,
Ltd, Beijing, China) at 37°C overnight. Colonies
were purified on selective agar (XLD and SS)
plates (Beijing Land Bridge Technology Co., Ltd,
China). The broth was streaked onto CHRO-
Magar Salmonella (CHROMagar, France) plates
and incubated at 37°C for 24 h to obtain presump-
tive isolates of Salmonella. These presumptive
Salmonella colonies were identified using the
VITEK 2 compact automated identification sys-
tem (BioMérieux, Marcy-I’Etoile, France). E. coli
ATCC 25922 was used as a quality control strain.

Molecular Identification of
the Host Cell Invasion (Inva) Gene
Bacterial genomic DNA was extracted from 2
mL of the bacterial cell suspension that was incu-
bated overnight in SS agar. Single colonies were
grown on LB agar and transferred to 2 mL of LB
broth. The samples were heated in a thermocycler at
99.9°C for 15 min and then immediately incubated
at -20°C for 15 min. This was followed by centrifu-
gation at 12,000 xg for 15 min. A total of 140 uL of
the supernatant was removed without disturbing the
pellet, and the pellet was then dissolved in ddH,O.
The extracted genomic DNA was stored at -20°C
and subsequently used as a Polymerase Chain Reac-
tion (PCR) template. The extraction of Salmonella
genomic DNA was performed according to the
previously described method’. Subsequently, a total
of 89 strains were screened for invA4 through PCR
using specific primers (F: 5-GTGAAATTATCGC-
CACGTTCGGGCAA-3' and R: 5“TCATCGCAC-
CGTCAAAGGAACC-3') as previously described
by Malorny et al®. E. coli ATCC 25922 was used
as a positive control.

Antimicrobial Susceptibility Testing

The minimum inhibitory concentrations
(MICs) of 16 antimicrobial agents (Supplemen-
tary Table I) against the 89 Salmonella strains
were determined using the broth microdilution
method according to the Clinical and Laborato-


https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-12038.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-12038.pdf

Resistance characterization of fluoroquinolones in Salmonella from raw milk

ry Standards Institute (CLSI) guidelines®. Stock
solutions of all antimicrobial compounds were
prepared to a final concentration of 5,120 pg/mL.
Each antimicrobial solution was sterilized by fil-
tration using 0.2-pm-pore-size filters.

E. coli ATCC 25922 was used as a reference
strain for quality control in the MIC determi-
nations. The MIC, and MIC, values were de-
termined, which represent concentrations of an
antibiotic that inhibits bacterial growth by 50% or
90%, respectively. The MIC breakpoints for most
antimicrobial agents were in accordance with the
CLSI criteria®*, while those for olaquindox and
mequindox were based on relevant references* .
If CLSI criteria were unavailable for some anti-
microbials, the results were interpreted according
to criteria of the European Committee on Antimi-
crobial Susceptibility Testing (EUCAST)*.

Determination of Resistance Genes

A total of 89 Salmonella strains were screened
for resistance genes through PCR using specif-
ic primers. Two efflux pump genes (ogxA4 and
ogxB)*" and resistance genes for fluoroquinolones
(aac(6’)-1b-cr, gepA, qnrA, gnrB, gnrC, gnrD, and
gnrS) were determined using PCR. The oligonu-
cleotide sequences, primers, and targets for PCR
amplification of resistance genes are shown in
the Supplementary Table I1. The PCR products
were sequenced and compared with sequences in
the National Center for Biotechnology Informa-
tion database (http:/www.ncbi.nlm.nih.gov).

Table I. Distribution of MICs of Salmonella isolates (n = 89).

Data Analysis

The 89 isolated strains were categorized as
sensitive (S) or resistant (R) based on the MIC
values and the CLSI interpretive criteria. In ad-
dition, the MIC range, MIC,, and MIC , were
determined.

50°

Results

Isolation and Identification
of Salmonella

Between 2020 and 2021, a total of 89 (21.09%)
Salmonella isolates were recovered from 422 raw
milk samples obtained from healthy dairy cows
on farms, which comprised 102 samples from
Zhengzhou city (26 isolates, 25.49%), 76 from
Jiaozuo city (26 isolates, 34.21%), 146 from Kai-
feng city (23 isolates, 15.75%), 44 from Xuchang
city (2 isolates, 4.55%), and 54 from Shangqiu
city (12 isolates, 22.22%). Thus, the prevalence
of Salmonella isolates was the highest in Jiaozuo
city (34.21%).

Antimicrobial Susceptibility Testing

The results of the antimicrobial susceptibility
testing for 89 Salmonella strains are presented
in Tables 1 and II. Sa/monella strains showed
high resistance to amoxicillin (100.00%), tylosin
(95.50%), lincomycin (95.50%), and oxytetracy-
cline (80.90%). Moderate resistance was observed
for doxycyclin (55.00%), erythromycin (46.10%),

Distribution of MIC (pug/ml)
Antimicrobials 5122 2567 1287 64 32 16 8 4 2 1 0.5 0.25°
Terramycin 4 13 42 11 1 1 6 5 2 1 3
Ceftiofur 5 3 5 4 1 8 21 24 18
Cefquinome 1 1 3 4 5 2 5 10 57
Doxycyclin 8 18 23 18 3 8 6 1 4
Gentamicin 1 1 2 3 10 8 16 7 8 33
Amikacin 1 1 10 14 29 19 15
Erythromycin 1 9 31 32 8 4 2 1 1
Tylosin 38 23 18 6 1 2 1
Enrofloxacin 1 6 11 8 63
Florfenicol 12 10 5 2 4 13 29 10 3 1
Ciprofloxacin 1 1 9 19 1 9 1 5 43
Amoxicillin 47 2 10 20 7 1 2
Lincomycin 34 37 9 1 1 3 3 1
Tigecycline 1 1 3 3 24 57
Mequindox 2 15 34 11 8 13 6
Olaquindox 1 6 12 13 18 21 11 4 3

Including higher than this tested MIC value; *Including lower than this tested MIC value.
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Table Il. Susceptibility of Salmonella isolates (n = 89).

Resistance Senstivity
breakpoints  breakpointsa MIC Range R S MIC, MIC,
Antimicrobials (ug/mL) (ug/mL) (ug/mL) (%) (%) (ug/mL) (pg/mL)
Oxytetracycline >16 <4 0.25-> 512 80.9% 12.4% 128 256
Ceftiofur >8 <2 0.25->256 20.2% 79.8% 1 64
Cefquinome >8 <2 0.25-> 256 15.7% 82% 0.25 16
Doxycyclin >16 <4 0.25-64 55% 24.7% 16 32
Gentamicin >16 <4 0.25-> 512 7.9% 80.9% 1 8
Amikacin > 64 <16 <0.25-16 0% 100% 1 4
Erythromycin >32 <8 0.25->128 46.1% 18% 16 64
Tylosin >32 <8 0.25-> 512 95.5% 4.5% 256 512
Enrofloxacin >4 <0.5 <0.25-4 1.1% 79.8% 0.25 1
Florfenicol >32 <2 0.25-> 128 30.3% 48.3% 4 128
Ciprofloxacin >4 <1 0.125-> 512 34.8% 55.1% 0.5 64
Amoxicillin >1 <0.12 8-> 512 100% 0% 512 512
Lincomycin >4 <0.5 1-> 512 95.5% 0% 256 512
Tigecyclineb >0.5 <05 <0.25-8 8.99% 91.01% 0.25 0.5
Mequindoxc > 64 <16 1-64 2.2% 80.9% 16 32
Olaquindoxc > 64 <16 0.5->128 7.86% 78.7% 8 32

Note: *MIC (pg/mL) results were calculated according to CLSI (2020) breakpoint criteria; *The breakpoints for tigecycline was
interpreted according to criteria of the European Committee on Antimicrobial Susceptibility Testing (EUCAST, 2022); °The
breakpoints for olaquindox and mequindox were based on reference values (Hansen et al, 2004; Hansen et al, 2005).

ciprofloxacin (34.80%), and florfenicol (30.30%).
The rate of resistance to gentamicin, enrofloxa-
cin, mequindox, olaquindox, and tigecycline was
below 10%. All Salmonella isolates were sus-
ceptible to amikacin. In addition, tigecycline, a
new class of glycylcyclines, showed good activity
against Salmonella, with an MIC, of 0.25 pg/mL.
Tigecycline is known to exhibit broad-spectrum
activity against most gram-negative bacteria.

As shown in Table 111, all Sa/monella isolates
in this study had an MDR phenotype, and more
than half of the strains were resistant to more than
six antimicrobials. Among them, the strains from

Jiaozuo city exhibited the most severe resistance,
with the largest number of resistant drugs, and
100% resistance to amoxicillin, terramycin, ty-
losin, and lincomycin was observed.

Prevalence of Resistance Genes

As shown in Table 1V, a total of 89 Salmonella
isolates were evaluated for 9 resistance genes,
and the presence of resistance genes was found
to be varied among strains from different areas.
Two efflux pump genes, ogxA and ogxB, had the
highest carrying rates of 66.29% and 64.04%,
respectively. In addition, the carrying rates of the

Table Ill. The data of resistant Salmonella isolates (n = 89) from different regions.

Resistance rate Resistance rate The ratio of 6 kinds of
Regions 100% 0% tolerance drugs

Zhengzhou (n=26)  Amoxicillin Ceftiofur, Cefquinome, Amikacin, 34.62%
Mequindox, Tigecycline

Jiaozuo (n = 26) Amoxicillin, Terramycin, Amikacin, Enrofloxacin, Mequindox 84.62%

Tylosin, Lincomycin

Kaifeng (n =23) Amoxicillin Ceftiofur, Cefquinome, Amikacin, 26.1%
Enrofloxacin, Florfenicol, Ciprofloxacin

Xuchang (n=2) Amoxicillin, Tylosin Ceftiofur, Cefquinome, Doxycyclin, 0%
Amikacin, Enrofloxacin, Florfenicol,
Ciprofloxacin, Tigecycline,
Mequindox, Olaquindox

Shanggqiu (n = 12) Amoxicillin, Terramycin Ceftiofur, Cefquinome, Enrofloxacin, 58.34%
Mequindox, Olaquindox
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Table IV. The carrying rate of resistant genes in Salmonella isolates (n = 89) obtained from different regions.

Carrying rate in different regions
Resistance Zhengzhou Jiaozuo Kaifeng Xuchang Shangqiu Carrying

genes (n = 26) (n = 26) (n = 23) (n=2) (n=12) rate
0gxA 88.46% 69.23% 30.43% 0% 91.67% 66.29%
0gxB 84.61% 69.23% 26.08% 0% 91.67% 64.04%
qepA 0% 0% 0% 0% 0% 0%
aac(6))-1b-cr 38.46% 3.84% 13.04% 0% 33.33% 20.22%
qnrA 0% 0% 0% 0% 0% 0%
qnrB 77% 0% 0% 0% 8.3% 3.37%
qnrC 0% 0% 0% 0% 0% 0%
qnrD 0% 0% 0% 0% 0% 0%
qnrS 26.9% 3.8% 26.1% 0% 16.7% 17.97%

fluoroquinolone resistance genes aac(6’)-1b-cr,
gnrS, and gnrB were 20.22%, 17.97%, and 3.37%,
respectively. However, the carrying rates of other
fluoroquinolone resistance genes, namely, gepA4,
gnrA, gnrC, and gnrD, were all 0%.

In addition, the carrying rates of resistant
genes differed considerably among strains from
different areas; for example, the carrying rates of
0gxA and ogxB in strains from Shangqiu, Zheng-
zhou, and Jiaozuo cities were higher than those in
strains from the other cities. The carrying rates
of aac(6’)-1b-cr in strains from Shangqiu and
Zhengzhou cities were 33.33% and 38.46%, re-
spectively, whereas that in strains from Xuchang
city was 0%.

Discussion

This study revealed a high prevalence of Sal-
monella isolates in healthy dairy cows on farms
from different regions of Henan Province, China.
The prevalence of the isolates (21.90%) in this
study was higher than that previously reported
studies>. However, the prevalence of Salmonella
isolates in this study was lower than that previ-
ously reported in slaughtered pigs (29.21%)’. The
classical method for the isolation of Salmonella
involves pre-enrichment, selective enrichment,
and biochemical identification and is difficult
to use for a large number of samples. inv4 has a
highly conserved sequence associated with Sal-
monella invasion, and PCR amplification of inv4
can greatly reduce the working time and improve
work efficiency?.

In this study, we observed high resistance
rates. The resistance rates to doxycyclin (55.00%)
and ciprofloxacin (34.80%) were similar to those

observed in previous studies**. The primary
reason for the high resistance rates may be the
use of antimicrobials on dairy farms. The rate
of resistance to amoxicillin was up to 100%,
which may be associated with the frequent use
of amoxicillin as an antibacterial as well as the
sources and number of samples. However, the
rate of resistance to tylosin was higher than 95%,
indicating that long-term clinical application of
amoxicillin and tylosin resulted in low sensitivity
of Salmonella to tylosin or even complete drug
resistance. In this study, the rates of resistance
to fluoroquinolones were not high, but the rate
of intermediation was high, which suggested that
long-term use of these antimicrobials would lead
to resistance, resulting in an increased resistance
rate. These results were similar to the drug resis-
tance of strains isolated from medical, food, and
animal sources in various countries>. In this
study, strains from Jiaozuo city showed the most
severe drug resistance, with the largest number
of resistant antimicrobials, and showed 100%
resistance to amoxicillin, terramycin, tylosin, and
lincomycin, which may be related to the frequen-
cy or habits of drug use.

Salmonella isolates that were resistant to three
or more classes of antimicrobials were defined as
MDR. In our study, the emergence of MDR strains
were consistent with previous studies®!12-32:33,

A total of 89 Salmonella isolates were MDR,
and more than half of the strains were MDR to
six or more antimicrobials, among which amox-
icillin resistance was the most severe, which
is consistent with previous reports'**. In addi-
tion, tigecycline showed good activity against
Salmonella in this study. However, tigecycline
resistance was recently identified for different
pathogens, especially in MDR strains'>*. At pres-
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ent, the emergence and spread of Salmonella
resistance, especially those of MDR Salmonella,
has been inevitable, which has posed a great
threat to human and animal health. Antimicrobial
agents should be used with caution during food
animal breeding. Therefore, rational drug use
should be practiced according to actual needs to
avoid abuse. Regional differences and other fac-
tors, such as drug crossing or drug combinations,
should be considered to avoid severe resistance
caused by a single drug.

Plasmid-mediated fluoroquinolone resistance
genes aac(6))-1b-cr, qepA, qnrA, gnrB, qnrC, gn-
rD, and gnrS) are responsible for the low-level
resistance to fluoroquinolones. gnrB and gnrC are
the most widely distributed genes, whereas gnr4
and aac(6’)-1b-cr are rarely reported in Europe,
America, and Japan®®. The distribution of gnrC,
gnrD, gepA, ogxA, and ogxB is relatively limit-
ed¥’8, In this study, the rate of detection of the
resistance genes gepA, gnrA, gnrC, and gnrD was
0%, that of aac(6’)-Ib-cr and gnrS was approx-
imately 20%, and that of gnrB was only 3.37%,
which is consistent with previous findings®. In
addition, the rate of detection of ogx4 and ogxB
in this study was higher than 60%, which is con-
sistent with the findings of a previous study?’.
The fluoroquinolone resistance genes identified
in this study included ogxA, ogxB, aac(6’)-1b-
cr, and gnrS. We found that the resistance genes
carried by the strains differed among the five, and
strains from Zhengzhou and Shanggqiu cities had
a higher carrying rate, which may be attributed
to differences in the number and frequency of
fluoroquinolone application in different regions.

In this study, two efflux pump genes, ogxA4
and ogxB, had a high rate of detection, but the
resistance phenotype was associated with very
low resistance rates. According to a previous
study*, even if bacteria carry resistance genes,
the resistance phenotype is not highly resistant,
which may be attributed to gene expression, the
antibacterial activities of different antimicrobials,
differences in enzyme stability and genotype
popularity, or the presence of chromosomal mu-
tations. There may also be other resistance mech-
anisms, warranting further investigation.

Conclusions
This study provides insight into the resis-

tance characterization of clinical Salmonella
isolates from raw milk of healthy dairy cows.

Salmonella isolates exhibited varying degrees
of MDR. Cephalosporins, aminoglycosides, and
other antibiotics can be used as antimicrobials
for clinical consideration or cross-use with fluo-
roquinolones to avoid the development of severe
drug resistance. It is crucial to supervise the
prevalence of Salmonella strains in raw milk.
Furthermore, Salmonella can be transmitted to
humans through the consumption of contami-
nated raw milk, which raises food safety con-
cerns. The presence of resistance genes poses
a potential threat to public health, highlighting
the need for vigilant monitoring of Salmonella
isolates. Future epidemiological studies should
include a larger number of strains and samples,
and supervision for resistance detection should
be strengthened.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

We thank Xiaoshen Li (South China Agricultural Universi-
ty, CHINA) for reading this manuscript and providing help-
ful feedback.

Funding

This study was supported by grants from the Natural Science
Foundation of Henan Province (Grant No. 222300420481),
the Henan Post-doctoral Research Project Start-up Fund-
ing (Grant No. 19030075), the Henan of Chinese Medi-
cine Special Research Project (Grant No. 20192Y1019, 20-
217Y2144), and the Henan University of Chinese Medi-
cine Research Start-up Funding (Grant No. RSBSJJ2018-11,
RSBSJJ2018-32).

Availability of Data and Materials
The data supporting the findings of this study are included
within the manuscript and its supporting information.

Authors’ Contribution

BGL, GZH, and EPX participated in study conception and
design and prepared the manuscript. BGL, MX, YTG, YD,
and HW participated in sample collection and performed
the experiments. GMZ, HW, MB, and GZH analyzed the re-
sults and reviewed the manuscript. BGL, GZH, and EPX re-
vised the manuscript and coordinated the whole project. All
authors read and reviewed the final manuscript.

Consent for Publication
Not applicable.



Resistance characterization of fluoroquinolones in Salmonella from raw milk

Ethics Approval and Consent to Participate
With regard to our study’s use of animals, this study proto-
col was reviewed and approved by the Henan University of
Chinese Medicine animal ethics committee, and all exper-
iments were performed in accordance with the regulations
and guidelines established by this committee. The own-
ers of the farm animals from which samples were collected
consented to their animals being used in this study.

1)

5)

6)

7)

10)

References

He MY, Zhu BT, Wang MQ, Liu Y, Li SY, Luo T,
Fu WWE, Shao CC, Ma Y. Analysis of drug resis-
tance characteristics of food-borne Salmonella in
Wuhan area. J Food Saf Qual 2021; 12: 78-85.

Wang W, Chen J, Shao XF, Huang P, Zha J, Ye
YW. Occurrence and antimicrobial resistance of
Salmonella isolated from retail meats in Anhui,
China. Food Sci Nutr 2021; 00: 1-10.

Vo ATT, Duijkeren EV, Fluit AC, Heck MEOC, Ver-
bruggen A, Maas HME, Gaastra W. Distribution
of Salmonella enterica serovars from humans,
livestock and meat in Vietham and the Domi-
nance of Salmonella Typhimurium Phage Type
90. Vet Microb 2006; 113: 153-158.

Zhu HW, Fang YH, Wang YL, Wei JZ, Liu JJ,
Zhan SH, Zhao HW, Sun P, Wang GJ, Li Y. In-
vestigation of Salmonella contamination in broiler
slaughter and processing chain and ERIC-PCR
analysis of its sources. Food Sci 2012; 33: 48-53.

Oueslati W, Rjeibi MR, Benyedem H, Mamlouk
A, Souissi F, Selmi R, Ettriqui A. Prevalence, risk
factors, antimicrobial resistance and molecular
characterization of Salmonella in Northeast Tuni-
sia broiler flocks. Vet Sci 2022; 9: 12.

Wang G, Zhao YJ, Jiao XA, Suolang SZ, Chen X.
Isolation, identification and drug resistance phe-
notype of Salmonella from Tibetan pigs in parts of
Tibet. Chin J Vet Sci 2020; 40: 1506-1510.

He HX, Liu LH, Liu JF, Jin Y, Wang XS, Hao YH,
Wang YB, Yang X, Chen LY, Yang HH, Zheng GJ.
Prevalence, antimicrobial resistance phenotypes
and antimicrobial resistance genes of Salmonel-
la isolates from pig slaughtering. J Food Saf Qual
2021; 12: 3034-3040.

Jacob JJ, Solaimalai D, Muthuirulandi Sethuvel
DP, Rachel T, Jeslin P, Anandan S, Veeraragha-
van B. A nineteen-year report of serotype and an-
timicrobial susceptibility of enteric non-typhoid-
al Salmonella from humans in Southern India:
changing facades of taxonomy and resistance
trend. Gut Pathog 2020; 12: 49.

Tesfaye H, Alemayehu H, Desta AF, Eguale T.
Antimicrobial susceptibility profile of selected En-
terobacteriaceae in wastewater samples from
health facilities, abattoir, downstream rivers and
a WWTP in Addis Ababa, Ethiopia. Antimicrob
Resist Infect Control 2019; 8: 134.

Song XX, Fang DH, Quan YQ, Feng DJ. The
pathogenic detection for 126 children with di-

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

arrhea and drug sensitivity tests. Eur Rev Med
Pharmacol Sci 2017; 21: 95-99.

Zhang JF, Shang K, Park JY, Lee YJ, Choi YR,
Kim SW, Cha SY, Jang HK, Wei B, Kang M. An-
timicrobial resistance and PFGE molecular typ-
ing of Salmonella enterica serovar gallinarum iso-
lates from chickens in South Korea from 2013 to
2018. Animals 2022; 12: 83.

Kang MS, Kim A, Jung BY, Her M, Jeong W, Cho
YM, Oh JY, Lee YJ, Kwon JH, Kwon YK. Char-
acterization of antimicrobial resistance of recent
Salmonella enterica serovar gallinarum isolates
from chickens in South Korea. Avian Pathol 2010;
39: 201-205.

Browne AJ, Hamadani BHK, Kumaran EAP, Rao
P, Longbottom J, Harriss E, Moore CE, Dunachie
S, Basnyat B, Baker S, Lopez AD, Day NPJ, Hay
Sl, Dolecek C. Drug-resistant enteric fever world-
wide, 1990 to 2018: a systematic review and me-
ta-analysis. BMC Med 2020; 18: 1.

Seo KW, Kim JJ, Mo IP, Lee YJ. Molecular char-
acteristic of antimicrobial resistance of Salmo-
nella gallinarum isolates from chickens in Korea,
2014 to 2018. Poult Sci 2019; 98: 5416-5423.

Liu BG, Sun HR, Pan YS, Zhai YJ, Cai T, Yuan XL,
Gao YL, He DD, Liu JH, Yuan L, Hu GZ. Preva-
lence, antimicrobial resistance, and molecular
characterization of Staphylococcus aureus iso-
lates from animals and humans in Henan Prov-
ince, China. Gut Pathog 2018; 10: 31.

Khalifa HO, Oreiby A, El-Hafeez AAA, Latif A, Latif
AAE, Okanda T, Kato Y, Matsumoto T. High B-Lac-
tam and quinolone resistance of Enterobacteriace-
ae from the respiratory tract of sheep and goat with
respiratory disease. Animals 2021; 11: 2258.

Haque A, Akter MR, Islam SKS, Alam J, Neo-
gi SB, Yamasaki S, Kabir SML. Salmonella galli-
narum in small-scale commercial layer flocks: oc-
currence, molecular diversity and antibiogram.
Vet Sci 2021; 8: 71.

Al-Gallas N, Khadraoui N, Hotzel H, Tomaso H,
El-Adawy H, Neubauer H, Belghouthi K, Ghedi-
ra K, Gautam HK, Kumar B, Laouini D, Zarrouk
S, Abbassi MS, Aissal RB. Quinolone resistance
among Salmonella kentucky and typhimurium
isolates in Tunisia: first report of Salmonella typh-
imurium ST34 in Africa and qnrB19 in Tunisia. J
Appl Microbiol 2020; 130: 1-12.

Lee S, Park N, Yun S, Hur E, Song J, Lee H, Kim
YS, Ryu S. Presence of plasmid-mediated quino-
lone resistance (PMQR) genes in non-typhoidal
Salmonella strains with reduced susceptibility to
fluoroquinolones isolated from human salmonel-
losis in Gyeonggi-do, South Korea from 2016 to
2019. Gut Pathog 2021; 13: 35.

Liu BG, Wu H, Zhai YJ, He ZP, Sun HR, Cai T,
He DD, Liu JH, Wang SM, Pan YS, Yuan L, Hu
GZ. Prevalence and molecular characteriza-
tion of ogxAB in clinical Escherichia coli isolates
from companion animals and humans in Henan
Province, China. Antimicrob Resist Infect Control
2018; 7: 18.



B.-G. Liu, M. Xie, Y.-T. Gong, Y. Dong, G.-M. Zheng, H. Wu, G.-Z. Hu, M. Bai, E.-P. Xu

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

GB 4789. 4-2016. China Food and Drug Adminis-
tration. National standard for food safety, food mi-
crobiology test: Salmonella test [S].

Malorny B, Hoorfar J, Bunge C, Helmuth R. Multi-
center validation of the analytical accuracy of Sal-
monella PCR: Towards an international standard.
Appl Environ Microbiol 2003; 69: 290-296.

Clinical and Laboratory Standards Institute (CL-
Sl). Performance Standards for Antimicrobial
Suseptibility Testing. 30th ed. CLSI supplement
M100. Wayne, PA: Clinical and Laboratory Stan-
dards Institute; 2020.

Hansen LH, Johannesen E, Burmglle M,
Soerensen AH, Serensen SJ. Plasmid-encoded
multidrug efflux pump conferring resistance to
olaquindox in Escherichia coli. Antimicrob Agents
Chemother 2004; 48: 33323337.

Hansen LH, Sgrensen SJ, Jorgensen HS, Jen-
sen LB. The prevalence of the OgxAB multidrug
efflux pump amongst olaquindox-resistant Esch-
erichia coli in pigs. Microb Drug Resist 2005; 11:
378-382.

The European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST). Breakpoint tables
for interpretation of MICs and zone diameters.
Version 12.0, 2022. http://www.eucast.org.

Liu BG, Sun HR, Zhai YJ, Yuan L, Liu JH, Pan YS,
Pei YL, Hu GZ. Resistance, ogxAB and fexA genes
and spa typing of Staphylococcus aureus isolated
from animals. Chin J Vet Sci 2019; 39: 445-450.

Darwin KH, Miller VL. Molecular basis of the in-
teraction of Salmonella with the intestinal muco-
sa. Clin Microbiol Rev 1999; 12: 405-428.

Xia F, Zheng X, Wu J, Qian MR, Yang H, Tang B.
Antimicrobial resistance of foodborne pathogenic
bacteria in Shaanxi Province. J Food Sci Biotec
2021; 40: 10-18.

Li BB, Jin J, Zhao HR, Liu L, Li SS, Hou HY. Anal-
ysis of antimicrobial resistance of food-borne Sal-
monella isolates from different samples. Chin J
Health Lab Tec 2021; 31: 1927-1930.

Wang Y, Yang BW, Sheng HJ, Li YL, Shi CL, Shi
XM, Xiao YP, Yang H. Effect of methyl-directed
mismatch repair gene deficiency on ciprofloxa-
cin resistance in Salmonella hypermutators. Food
Sci 2021; 42: 162-170.

Licker M, Anghel A, Moldovan R, Hogea E,
Muntean D, Horhat F, Seclaman E, Tamas L, An-

33)

34)

35)

36)

37)

38)

39)

40)

ghel M, Baditoiu L. Genotype-phenotype correla-
tion in multiresistant Escherichia coli and Klebsi-
ella pneumoniae strains isolated in Western Ro-
mania. Eur Rev Med Pharmacol Sci 2015; 19:
1888-1894.

Pignanelli S, Zaccherini P, Schiavone P, Nar-
di Pantoli A, Pirazzoli S, Nannini R. In vitro anti-
microbial activity of several antimicrobial agents
against Escherichia coli isolated from commu-
nity-acquired uncomplicated urinary tract infec-
tions. Eur Rev Med Pharmacol Sci 2013; 17: 206-
209.

Chen CX, Ran PP, Xi GJ. Drug sensitivity test of
Salmonella isolated from sick yak to fluoroquino-
lones, aminoglycosides and B-lactam drugs. J
Southwest Univ Nationa (Natur Sci Edit) 2014; 40:
659-662.

Mohanty S, Mahapatra A. In vitro activity of tige-
cycline against multidrug-resistant Enterobacte-
riaceae isolates from skin and soft tissue infec-
tions. Ann Med Surg 2021; 62: 228-230.

Ho PL, Chau PH, Yan MK, Chow KH, Chen JHK,
Wong SCY, Cheng VCC. High burden of extend-
ed-spectrum B-lactamase-positive Escherichia
coli in geriatric patients. J Med Microbiol 2014;
63: 878-883.

Fashae K, Hendriksen RS. Diversity and antimi-
crobial susceptibility of Salmonella enterica sero-
vars isolated from pig farms in Ibadan, Nigeria.
Folia Microbiol 2014; 59: 69-77.

Asai T, Sato C, Masani K, Usui M, Ozawa M, Ogi-
no T, Aoki H, Sawada T, lzumiya H, Watanabe H.
Epidemiology of plasmid-mediated quinolone re-
sistance in Salmonella enterica scrowar Typh-
imurium isolates from food-producing animals in
Japan. Gut Pathog 2010; 2: 17.

Jiang HX, Song L, Liu J, Zhang XH, Ren YN,
Zhang WH, Zhang JY, Liu YH, Webber MA, Og-
bolu DO, Zeng ZL, Piddock LJ. Multiple trans-
missible genes encoding fluoroquinolone and
third-generation cephalosporin resistance co-lo-
cated in non-typhoidal Salmonella isolated from
food-producing animals in china. Int J Antimicrob
Agents 2014; 43: 242-247.

Liu FP, Zhao YL, Li CW, Liu LX, Li R, Luo PZ, Lu
SL, Zhang XY. Drug resistance gene detection
and the resistance correlation analysis in Salmo-
nella isolated from chickens. Chin J Pre Vet Med
2013; 35: 627-630.



