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ABSTRACT

This study evaluated distribution of virulence factors and antibiotic resistance in clinical isolates of
Salmonella enteritidis and Salmonella typhimurium in three cities of Iran. Altogether 48 S. enteritidis
and S. typhimurium isolates were collected from patients at certain Iranian hospitals between May 2018
and September 2021. Antimicrobial susceptibility testing was performed by disk diffusion and broth
microdilution methods. The presence of antibiotic-resistance genes (blaTEM, blaSHV, blaCTX-M, blaNDM,

strA, strB, aadA1, tetA, tetB, floR, sul1, sul2, dfrA), integrons (classe 1 and 2), and virulence-associated
genes (invA, stn, sopB, spvC, rck, phoPQ) was investigated by PCR and sequencing. Antimicrobial agents
like trimethoprim-sulfamethoxazole and imipenem represent highly efficient agents with 97% suscep-
tibility. S. enteritidis and S. typhimurium exhibited high resistance to ciprofloxacin (n5 20, 71.43%) and
ceftazidime (n 5 9, 45%), respectively. Overall, 3 (6.25%), 13 (27.08%), and 6 (12.5%) isolates were
divided into strong, moderate, and weak biofilm producers, respectively. Moreover, blaCTX-M, blaTEM,
blaSHV, sul1, sul2, tetA, tetB, floR, strA, and strB resistant genes were detected in 10 (20.8%), 5 (10.4%),
1 (2.08%), 7 (14.58%), 1 (2.08%), 3 (6.25%), 2 (4.1%), 1 (2.08%), 2 (4.1%), 2 (4.1%), respectively.
Furthermore, 7 (14.58%) strains had classe 1 integron. All tested S. enteritidis strains had invA and sopB,
and all S. typhimurium strains had invA and phoPQ. However, spvC remained undetected in all isolates.
Extensive surveillance and efficient control measures against infection help to stop the upsurge of
various antibiotic-resistant isolates.
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INTRODUCTION

Salmonella spp. are gram-negative, facultative anaerobic, flagellated bacteria [1]. Being
among the major causative diarrhea agents, Salmonella induces a considerable illness burden.
There are outbreaks of foodborne illness linked to Salmonella that result in approximately
230,000 deaths worldwide yearly [1, 2]. Salmonella enteritidis and Salmonella typhimurium
isolates are the predominant cause of gastroenteritis and more than 2,500 serotypes have
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been described. Different serotypes of Salmonella exhibit
differences in pathogenicity, prevalence, and antibiotic
resistance. Patients under 5 and above 60 years old, as well
as immunocompromised patients, are exposed to the severe
infections induced by Salmonella gastroenteritis [2, 3]. The
frequency of Salmonella in gastroenteritis-induced children
was found 40% in an Iranian investigation [4]. Patients
with Salmonella-induced gastroenteritis do not require
antibiotic treatment however, patients with invasive Salmo-
nella infections were treated with ampicillin, cotrimoxazole
(trimethoprim-sulfamethoxazole), and chloramphenicol.
Another issue to consider is Multi-Drug-Resistant (MDR)
Salmonella, exhibiting resistance to three or more types of
antibiotics [4, 5]. The formation of MDR infections, passing
from animals to humans through the food chain, is deemed
to be responsible for the widespread applicability of antibi-
otics in livestock, poultry, and for the empirical salmonel-
losis treatment. The prevalence of MDR Salmonella among
patients has significantly increased in Iran over recent
years [5]. Common cases of antibiotic resistance in Salmo-
nella spp. primarily result from a number of mechanisms,
including chromosomal mutations, resistance spreading
through mobile genetic elements (primarily plasmids),
reduced antibiotic permeability of the cell wall, enzymatic
inactivation of antibiotics, efflux pump, and altered antibiotic
target positions [6, 7]. A large number of antibiotic-resistant
genes found in gram-negative microbes are detected in
integrons as a gene cassette. Integrons are genetic compo-
nents that incorporate foreign genes, such as antibiotic
resistance, into their structure. Several integron classes have
been reported in recent years. In clinical isolates of Enter-
obacteriaceae, class 1 integrons predominate [8, 9]. Bacteria
are responsible for the emergence of difficulties that arise in
hostile environments. One of the most important survival
strategies utilized by bacteria is the production of biofilms,
which are frequently implicated in numerous microbial ill-
nesses in the body and are thought to be the cause of more
than 60% of all microbial infections in humans. Biofilms have
an important role to play in antibiotic resistance [10, 11].
Salmonella’s pathogenicity is attributed to a variety of chro-
mosomal and plasmid factors [12]. Salmonella’s Type-3
Secretion Systems (T3SSs), being part of pathogenicity
islands, are important in the pathogenesis of the organism
[13]. In the same way that other pathogenicity islands are
necessary for bacterial virulence in a particular animal,
Salmonella pathogenicity islands (SPIs) represent substantial
gene cassettes in the Salmonella chromosome that encode
determinants charged with setting up a particular commu-
nication with the host [14, 15]. 20 SPIs have been described.
Different genes including invA, spv, and stn are important
virulence factors in salmonellosis [5, 16]. The genome con-
tains the invA gene, which produces a protein on the inner
membrane that causes epithelial cell invasion and salmonel-
losis [5, 16]. A quick and trustworthy method that is appli-
cable to diagnostic situations to identify Salmonella spp. is
PCR for the invA gene. The most prevalent and clinically
relevant genetic marker for the serovar causing salmonellosis
around the world is the invA virulence gene [5, 16].

Both S. typhimurium and S. enteritidis contain this marker
[5]. Non phagocytic cell invasion is aided by SopB [17].
It was discovered that SopB influenced cytoskeletal rear-
rangements, host cell invasion, phospholipase C activation,
membrane fission, chloride homeostasis, and nuclear mRNA
export [17, 18]. The rck open reading frame (ORF) on the
pefI-srgC operon encodes an outer membrane protein that
confers resistance to complement-mediated killing. Recent
research has shown that Rck contributes to Salmonella’s
invasion of non phagocytic cell lines [19, 20]. PhoPQ is a
global regulatory system of more than 200 genes and in
Salmonella, this system is involved in adaptation to extra-
and intracellular environments during infection. It also
regulates environmental adaption to low Mg2þ conditions
[21, 22]. The Salmonella pathogenicity island-2 type-three
secretion system transports SpvC into the host cell. SpvC was
demonstrated to suppress MAP kinase signaling and
exhibited phosphothreonine lyase activities [23]. Recently,
diarrhea and dysentery have increased dramatically in the
central part of Iran, and S. enteritidis and S. typhimurium are
considered one of its main causes. The major goal of this
paper was to assess the distribution of virulence factors,
antimicrobial resistance patterns, and molecular causes of
antibiotic resistance among clinical isolates of S. enteritidis
and S. enteritidis from patients who were admitted to hos-
pitals in Tehran, Qom, and Babol. In addition, to confirm
the relationship between biofilm formation and the rise of
antibiotic resistance, the capacity of isolates to produce
biofilm was investigated.

MATERIALS AND METHODS

Ethical statement

For the sake of patients’ confidentiality, anonymity was
honored and no personal information was requested.

Bacterial isolates

From May 2018 to September 2021, the total number of
48 Salmonella isolates (S. enteritidis: 28, S. typhimurium: 20)
were collected from patients in three cities of Iran (Tehran,
Qom, and Babol). All samples were transferred to the
Microbiology Department and were verified via conven-
tional biochemical tests and maintained at �70 8C in a
trypticase soy broth supplemented with 20% glycerol.

Antimicrobial susceptibility testing

In line with Clinical and Laboratory Standards Institute
(CLSI) guidelines, antimicrobial susceptibility of each
S. enteritidis and S. typhimurium isolate on Mueller Hinton
agar (Merck, Germany) was specified through the Kirby-
Bauer disk diffusion test (Mast Group, Merseyside, UK)
[24]. Disks of ampicillin 10 mg (AMP), ceftazidime (CAZ,
30 μg), cefotaxime (CTX, 30 μg), imipenem (IPM, 10 μg),
gentamicin (GEN, 10 μg), amikacin (AK, 30 μg), tetracycline
(TET, 30 μg), chloramphenicol (CHL, 30 μg), ciprofloxacin
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Table 1. Resistance phenotypes and incidence of integrons, resistance genes and virulence factors in Salmonella isolates

Isolate Serovar City Gender Resistance phenotype
Integrons/resistance

genes Virulence factor Biofilm

SE1 S. enteritidis Babol female CIP, NA - invA, sopB, stn -
SE2 S. enteritidis Babol female CIP, NA - invA, sopB, stn -
SE3 S. enteritidis Babol female AMP, CAZ, CTX, AK,GM,

CIP, NA
blaCTX-M, blaTEM, int1,

sul1
invA, sopB, stn, rck moderate

SE4 S. enteritidis Babol female - - invA, sopB, stn -
SE5 S. enteritidis Babol male AMP, AK,GM, CHL, CIP,

NA
strA invA, sopB, stn moderate

SE6 S. enteritidis Babol male CIP - invA, sopB, stn -
SE7 S. enteritidis Qom female AK, CIP, NA - invA, sopB, stn, rck weak
SE8 S. enteritidis Qom female CIP, NA - invA, sopB, stn -
SE9 S. enteritidis Qom male AMP, CTX, AK, CIP, NA blaCTX-M invA, sopB, stn moderate
SE10 S. enteritidis Qom male CIP, NA - invA, sopB, stn -
SE11 S. enteritidis Qom male CIP, NA - invA, sopB, stn -
SE12 S. enteritidis Qom male - - invA, sopB, stn -
SE13 S. enteritidis Qom male - - invA, sopB, stn -
SE14 S. enteritidis Tehran female - invA, sopB, stn -
SE15 S. enteritidis Tehran female AMP, CAZ, CTX, CIP, NA blaCTX-M invA, sopB, stn moderate
SE16 S. enteritidis Tehran female CIP - invA, sopB, stn -
SE17 S. enteritidis Tehran female CIP, NA - invA, sopB, stn, rck weak
SE18 S. enteritidis Tehran female - - invA, sopB, stn -
SE19 S. enteritidis Tehran female CHL, CIP, NA floR invA, sopB, stn moderate
SE20 S. enteritidis Tehran female - - invA, sopB, stn -
SE21 S. enteritidis Tehran male AMP, CAZ, CTX, AK,GM,

CHL, CIP, NA
blaCTX-M, blaTEM,int1,

sul1, sul2
invA, sopB, stn, rck strong

SE22 S. enteritidis Tehran male AMP, CAZ, AK,GM, CIP,
NA

blaCTX-M, int1, strB, sul1 invA, sopB, stn, rck moderate

SE23 S. enteritidis Tehran male CIP, NA - invA, sopB, stn weak
SE24 S. enteritidis Tehran male CIP, NA invA, sopB, stn -
SE25 S. enteritidis Tehran male - - invA, sopB, stn -
SE26 S. enteritidis Tehran male NA - invA, sopB, stn -
SE27 S. enteritidis Tehran male CIP, NA - invA, sopB, stn weak
SE28 S. enteritidis Tehran male CIP, NA - invA, sopB, stn -
ST1 S. typhimurium Babol female AMP,

CAZ,CTX,TET,AK,GM,
CHL, CIP

blaCTX-M, blaTEM, int1,
sul1

invA, phoPQ, stn,
rck

strong

ST2 S. typhimurium Babol male AMP, CAZ,CTX,TET,
AK,GM

blaCTX-M, tetB, strB invA, phoPQ, stn,
rck

moderate

ST3 S. typhimurium Babol male - - invA, phoPQ, stn -
ST4 S. typhimurium Babol male - - invA, phoPQ, stn,

rck
-

ST5 S. typhimurium Qom female - - invA, phoPQ, stn,
rck

-

ST6 S. typhimurium Qom male - - invA, phoPQ, stn,
rck

-

ST7 S. typhimurium Qom male AMP, CAZ,TET, AK, CHL,
CIP

- invA, phoPQ, stn,
rck

moderate

ST8 S. typhimurium Qom male AMP, CAZ,CTX,TET, CHL blaCTX-M invA, phoPQ, stn,
rck

moderate

ST9 S. typhimurium Tehran female AMP, CAZ,CTX, TET,
CHL, CIP

blaTEM,int1, sul1 invA, phoPQ, stn,
rck

moderate

ST10 S. typhimurium Tehran female CIP - invA, phoPQ, stn weak
ST11 S. typhimurium Tehran female - - invA, phoPQ, stn -
ST12 S. typhimurium Tehran male - - invA, phoPQ, stn,

rck
-

ST13 S. typhimurium Tehran male AMP, CAZ,CTX,TET, CHL tetA invA, phoPQ, stn,
rck

moderate

ST14 S. typhimurium Tehran male - - invA, phoPQ -
(continued)
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(CIP, 5 μg), trimethoprim-sulfamethoxazole (TS, 2.5 μg),
and nalidixic acid were used. Minimum Inhibitory Con-
centrations (MICs) of 5 antibiotics such as imipenem, cef-
tazidime, cefotaxime, ciprofloxacin, and tetracyclines were
obtained by broth microdilution method, and the result was
analyzed in line with the CLSI guidelines [24]. The antibiotic
powders were bought from Sigma-Aldrich. In the case of
disk diffusion and MIC results, a quality control strain
namely, Escherichia coli ATCC 25922 was applied. MDR
Salmonella represents any isolate exhibiting resistance to
three or more antibiotic classes.

Phenotypic detection of β-lactamases

The phenotypic confirmatory disc diffusion method is used in
this section to study extended-spectrum beta-lactamase
(ESBL) phenotype. Discs containing ceftazidime (30 μg),
cefotaxime (30 μg), ceftazidime/clavulanic acid (30 μg/10 μg),
and cefotaxime/clavulanic acid (30 μg/10 μg) were applied,
as previously reported [25, 26]. Klebsiella pneumoniae
ATCC700603 and E. coli ATCC 25922 were considered ESBL
positive and negative controls, respectively.

Biofilm formation assay

Basically, plate microtiter method has been used to identify
biofilms in agreement with other studies [25, 27]. The OD of
each well was then measured at 492 nm for analysis. Cate-
gorization of isolates was performed in previous studies
based on such criteria as strong (4 3 ODc < OD), moderate
(23 ODc < OD _ 43 ODc), weak biofilm producer (ODc <
OD _2 3 ODc), and no biofilm producer (OD _ ODc).

Detection of multidrug-resistant and virulence factor
genes

The DNA extraction kit (GeNet Bio Company, Daejeon,
Korea; Cat. No, K-3000) was applied to extract DNA based
on the instructions given by manufacturers. Resistant genes
were detected via PCR and their identities were verified
through sequencing. Isolates were screened via PCR ampli-
fication using specific primers to detect virulence genes
(invA, stn, sopB, spvC, rck and phoPQ), ESBL-encoding genes
(blaTEM, blaSHV, blaCTX-M), carbapenemase gene (blaNDM),

aminoglycoside-resistance genes (strA, strB, aadA1), tetracy-
cline-resistance genes (tetA, tetB), amphenicols-resistant
genes (floR), sulfonamides-resistant genes (sul1, sul2),
trimethoprim-sulfamethoxazole-resistant gene (dfrA), and
integrons (classes 1 and 2) [5, 28–31]. Forward and reverse
primers were used for DNA sequencing at Macrogen Com-
pany (Korea).

Statistical analysis

SPSS software, 21.0 (SPSS Inc., Chicago, IL, USA) was
employed for Chi-squared test to investigate possible
considerable differences between datasets. P 5 0.05 was
assumed to be statistically significant.

RESULTS

Bacterial isolates

In this study, 48 non-duplicate non-consecutive isolates of
S. enteritidis and S. typhimurium were gathered from
30 (62.5%) male and 18 (37.5%) female population among
six hospitals in Iran during May 2018 to September 2021.
The patients ranged between 1 and 67 years in age. All
isolates were collected from fecal samples taken from those
who had been referred to medical centers and hospitals
in Qom, Tehran, and Babol cities (Tehran: 27, Qom: 11,
Babol: 10) (Table 1).

Antimicrobial susceptibility testing

Antibiotic-resistance patterns of 48 isolates of S. enteritidis
and S. typhimurium are shown in Table 2. All S. enteritidis
isolates exhibited sensitivity to tetracycline, imipenem, and
trimethoprim-sulfamethoxazole, while the lowest rate of
resistance was observed among S. typhimurium isolates
for imipenem and trimethoprim-sulfamethoxazole 1 (5%).
Table 3 shows the MIC ranges, MIC50, MIC90, and per-
centages of isolates resistant, intermediate, or susceptible to
seven antimicrobial agents. From the antibiotic susceptibility
tests, the number of MDR isolates was 16 (S. enteritidis: 8,
S. typhimurium: 8) (Table 1).

Table 1. Continued

Isolate Serovar City Gender Resistance phenotype
Integrons/resistance

genes Virulence factor Biofilm

ST15 S. typhimurium Tehran male AMP, CAZ,CTX,TET,
AK,GM, CHLTS,IMI

blaCTX-M, blaTEM, blaSHV,
int1, sul1

invA, phoPQ, stn,
rck, sopB

strong

ST16 S. typhimurium Tehran male AMP - invA, phoPQ, stn,
rck

-

ST17 S. typhimurium Tehran male - - invA, phoPQ, stn -
ST18 S. typhimurium Tehran male CAZ,CTX, AK - invA, phoPQ, stn moderate
ST19 S. typhimurium Tehran male - - invA, phoPQ, stn,

rck
weak

ST20 S. typhimurium Tehran male CAZ.CTX, AK,GM, CHL,
CIP

blaCTX-M, int1, strA, sul1 invA, phoPQ, stn,
rck

moderate
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Phenotypic detection of β-lactamases

Herein, the recurrent ESBL-producing S. enteritidis and
S. typhimurium were 7 (25%) and 9 (45%) in number,
respectively. The prevalence percentage of ESBL-producing
S. enteritidis and S. typhimurium that were resistant to
cephalosporin and other antibiotics was considerably higher
than that of non-ESBL-generating strains (P < 0.05).

Biofilm formation

The results of biofilm formation assay on polystyrene were
strong in 3 (6.25%) isolates (S. enteritidis: 1, S. typhimurium: 2)
and moderate in 13 (27%) isolates (S. enteritidis: 6,
S. typhimurium: 7), while 6 weak isolates (12.5%) (S. enter-
itidis: 4, S. typhimurium: 2) and 26 isolates (54.16%)
(S. enteritidis: 17, S. typhimurium: 9) did not form biofilm.
Among 7 ESBL-producing S. enteritidis, 1 (3.57%) and
6 (21.43%) isolates were strong and moderate biofilm pro-
ducers, respectively. Moreover, among 9 ESBL-producing
S. typhimurium, 2 (10%) and 7 (35%) isolates were strong
and moderate biofilm producers, respectively, and all isolates
enjoyed the biofilm formation capability (Table 1).

PCR screening for genes of virulence factor

As for virulence genes in S. enteritidis, all isolates contained
invA, sopB, and stn genes. Among the virulence genes, rck
was found in 5 (17.85%) isolates. The phoPQ gene was not
detected in S. enteritidis. In the case of S. typhimurium, all
isolates carried invA and phoPQ genes and stn, rck, and sopB
were found in 19 (95%), 14 (70%), and 1 (5%), respectively.
The spvC gene was not detected in any S. typhimurium and
S. enteritidis strain (Tables 1 and 4).

PCR screening for genes of antimicrobial resistance

There were 16 (33.3%) ESBL-producing isolates detected,
and blaCTX-M, blaTEM, and blaSHV were found in 10 (20.8%),
5 (10.4%), and 1 (2.08%) isolates, respectively. Among the
48 isolates, none of the isolates were MBL-producing strain,
no blaNDM positive strain was found in this study. Out of
48 isolates, 7 (14.58%) had classe 1 integron while classe 2
integron was not detected in our isolates. Out of 28
S. enteritidis isolates, sul1, floR, strA, and strB genes were
detected in 3 (10.7%), 1 (3.57%), 1 (3.57%), and 1 (3.57%)
isolates, respectively. Among 20 S. typhimurium isolates, the
frequencies of sul1, sul2, tetA, tetB, strA, and strB genes were
4 (20%), 1 (5%), 3 (15%), 2 (10%), 1 (5%), and 1 (5%),
respectively. Based on the results, none of tetA, tetB, aadA1,
and dfrA genes were identified in S. enteritidis isolates, and
none of floR, aadA1, and dfrA genes were seen in S. typhi-
murium isolates (Tables 1 and 5).

DISCUSSION

The most significant cause of gastrointestinal infections in-
cludes non-typhoid Salmonella. Typhimurium and Enter-
itidis serovars of Salmonella are particularly significant.
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According to a study from Iran, Enteritidis and Typhimu-
rium serovars are among the most prevalent serovars in
humans that cause salmonellosis. According to the nation
and serovar, the mortality rate from non-typhoid salmo-
nellosis ranges from 1 to 4 percent. The prevalence of this
illness is up to 63 percent. Particularly in underdeveloped
nations and in instances of antibiotic resistance, this rate is
higher in the elderly, children, and individuals with
compromised immune systems. In the current research,
antibiotic resistance was higher and the symptoms were
more severe in three patients with diabetes. Of the incor-
porated isolates, the highest resistance in S. enteritidis was
related to ciprofloxacin (n 5 20, 71.43%) and nalidixic acid
(n: 19, 67.86%) and in S. typhimurium to ceftazidime (n5 9,
45%). In a study performed on 26 isolates of S. typhimurium,
Jafari et al. reported the highest resistance of isolates to
ceftazidime, cefotaxime, amikacin, and tetracycline (100%)
and the lowest resistance to imipenem (3.85%) and nalidixic
acid (7.69%), being significantly greater than the values
obtained in our study [6]. Fardsanei et al. pointed to the high
prevalence of resistance to cefuroxime (n 5 20, 74.1%) and
ciprofloxacin (n 5 13, 48.2%) [5]. Ghaznavi et al. found the
greatest antibiotic resistance to nalidixic acid (71.4%) and
tetracycline (8.42%) [32]. Biofilms appear to be linked to
various microbial infections, which is 80% of all infections
by one estimate. Based on our results of antibiotic sensitivity
tests, 16 isolates were MDR. Recently, MDR strains are
increasing in number throughout various parts of the world,
including Iran [5, 6, 33]. Antibiotic resistance in a biofilm
remains much higher than that in non-biofilm bacteria and
might be greater by as much as 5,000 times [10]. According
to the results of our study, 3 (6.25%), 13 (27.08%), and
6 (12.5%) isolates were respectively considered strong,
moderate, and weak biofilm generators. All the MDR and
ESBL-generating strains, formed biofilms, and the three
isolates that formed strong biofilms were all ESBL positive.
Many studies have confirmed biofilm production in clinical
isolates of Salmonella. Ethan et al. investigated the ability of
71 strains of Salmonella enterica derived from products,
meat, or clinical sources to form biofilms. According to their

results, all Salmonella isolates produced a considerable
amount of biofilm upon their cultivation in a proper me-
dium [34]. Based on previous findings, compared to other
species, S. typhimurium strains are stronger producers in
biofilm formation in different environmental conditions
[35]. Plasmids and integrons represent easily spreadable el-
ements. Counteracting the spread of antibiotic-resistant
genes and nosocomial infections remains the most prob-
lematic challenge. There have been numerous reports about
the link between the presence of plasmid-dependent anti-
biotic-resistant genes such as ESBL and an increase in
multiple resistance strains, which can be very dangerous. In
our paper, ESBL-generating S. enteritidis and S. typhimu-
rium had frequency rates of 25% and 45%, respectively. So
far, the ESBL-generating enzymes are detected around the
world, especially many countries in Africa, Asia, Australia,
the Europe, and Americas. It is concerning that ESBL and
MBL are so prevalent and have spread so widely over the
world [36]. In our study, ESBL-generating strains had a
higher percentage of resistance than other isolates, being in
agreement with the results of previous studies. Jafari et al.
examined 26 isolates of S. typhimurium and found that a
total of 15 isolates (57.69%) tested positive for broad-spec-
trum beta-lactamases, with the blaTEM accounting for the
majority of these cases (34.61%). [6]. Yang et al. in Korea
focused on S. enteritidis and S. typhimurium which were
isolated from animal samples. Only five out of the 40
S. enteritidis isolates and 22 S. typhimurium isolates had
blaTEM and blaSPE genes found [6]. Also, there are several
reports on the relationship between the presence of ESBL
genes and plasmid-dependent quinolone resistance genes,
which can be very dangerous. In our study, the prevalence of
integron class I was 7 (14.58%). In our study, as in previous
studies, the prevalence of integron class I was higher;
therefore, Jin et al. reported the prevalence of integron class
I at 13% while Abdel Aziz et al. determined its prevalence
at 83% [28, 37]. Fortunately, the prevalence of MBL genes
among Salmonella strains is not widespread. In the current
study, blaNDM gene remained undetected in all the isolates.
One of the most widely used antimicrobials is sulfonamide.

Table 3. MIC of the S. enteritidis and S. typhimurium clinical isolates (n 5 48)

Antibiotic

MIC(μg ml�1) NO (%)

Range 50% 90% sensitive intermediate resistant

ceftazidime ≤1- ≥64 4 32 28 (58.3%) 6 (12.5%) 14 (29%)
cefotaxime ≤1- ≥64 1 8 28 (58.3%) 7 (14.58%) 13 (27%)
tetracycline ≤1- ≥32 4 32 36 (75%) 5 (10.4%) 7 (14.58%)
ciprofloxacin ≤1- ≥64 8 32 14 (29%) 10 (20.8%) 24 (50%)
imipenem ≤1- ≥8 1 2 43 (89.5%) 4 (8.3%) 1 (2.08%)

Table 4. The features related to virulence genes in isolates

invA stn sopB phoPQ rck spvC

S. enteritidis (N:28) 28 (100%) 28 (100%) 28 (100%) - 5 (17.85%) -
S. typhimurium (N:20) 20 (100%) 19 (95%) 1 (5%) 20 (100%) 14 (70%) -

328 Acta Microbiologica et Immunologica Hungarica 69 (2022) 4, 323–331

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 04/21/23 07:18 AM UTC



Pathogens that are food-borne are more resistant when
antimicrobials are used in animals. Resistance to sulfon-
amides among Salmonella spp. is linked to the presence of
sul genes [30]. Maka et al. tested sulfonamide-resistant iso-
lates for the existence of sul1, sul2, sul3, and int1 genes using
multiplex PCR. In sum, 44.0% (37/84) isolates contained
the sul1 gene and 46.4% (39/84) were sul2 positive; however,
the sul3 gene was not identified in all the studied sulfon-
amide-resistant isolates [30]. Antunes et al. studied the
relation between the existence of sul genes and integron
classes. According to the results, all isolates carrying sul
genes had at least one integron class. This relationship was
also true in our study [38]. Tetracyclines were employed to
enhance feed efficiency and growth in cattle, pigs, and
poultry. The most often seen active efflux systems in Sal-
monella are tet(A), tet(B), tet(C), tet(D), tet(G), and tet (H)
[39]. In our study, the prevalence of tet genes was lower than
that in other studies and was observed only in 10.4% of the
isolates. Adesij et al. found that 66% of the isolates exhibited
resistance to tetracycline, of which all of them carried tetA
gene, 30% tetB, and 35% tetC [40]. floR, cmlA, and cat1
genes frequently operate as mediators of fenicol resistance in
Salmonella and other bacteria. We observed the floR gene in
simply one of the samples resistant to chloramphenicol [39].
In the study of Asgharpour et al., the floR gene was seen in
all chloramphenicol-resistant isolates, while in our study,
this gene was identified in only one of the chloramphenicol-
resistant isolates [41]. In previous studies, there was a cor-
relation between the presence of aadA gene and integron
classes, while in our study, this gene was not observed even
in integron-positive isolates. Today, streptomycin is rarely
used due to toxic side effects. strA and strB genes encode
resistance to streptomycin. Pezzella et al. identified strA
and strB genes in 84% of streptomycin-resistant isolates [42].
Li Long et al. concluded that most (83.9%) Salmonella
isolates carried four antimicrobial-resistant genes, especially
blaTEM-1, strA, strB, sul2, and tetB genes [43].

CONCLUSION

The dominant rise of MDR isolates affecting patients with
severe infections hospitalized at critical wards and immu-
nocompromised individuals is quite concerning. It should be
noted that non-essential antimicrobial drug prescription
corresponds to normal flora removal, hence significant
spread of MDR isolates. In the near future, the appearance
and expansion of integrons, ESBL, and other antibiotic-
resistant genes in S. typhimurium and S. enteritidis will
restrict the available options of treatment and put the public
health in danger. As demonstrated by our findings, MDR
strains represent a new hazard to various units and must be
handled through opportune identification and solid isolation
methods, which facilitate attenuating the horrendous con-
sequences and decreasing mortality rate in critically ill pa-
tients. This paper illustrated the fast-paced appearance of
substantially drug-resistant S. typhimurium and S. enteritidis
isolates in hospitalized subjects. It was found that the
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adopted molecular mechanisms played a substantial role in
enhancing resistance to antimicrobials, namely cephalospo-
rins. Additional factors namely other virulence factors, efflux
pumps, and porins are the mechanisms that remain to be
explored further in the future.
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