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Abstract
Salmonellosis is a common foodborne zoonosis worldwide. The most common Salmonella serovar in humans is Salmonella 
enterica subsp. enterica serovar Enteritidis (50.3%) in the world. The main transmission route for S. Enteritidis is consump-
tion of contaminated poultry products. Therefore, it is important to determine the diversity and spread of chicken-originated 
S. Enteritidis isolates in order to monitor and control salmonellosis. Pulsed-field gel electrophoresis (PFGE) and multiple 
locus variable number of tandem repeats analysis (MLVA) are frequently used for typing of S. Enteritidis isolates. This study 
aimed to determine the antimicrobial resistance (AMR) profiles and MLVA and PFGE genotypes of chicken-originated S. 
Enteritidis isolates. A total of 200 S. Enteritidis isolated from chicken broiler, layer, and breeder flocks from different loca-
tions in Turkey were investigated by Kirby–Bauer disk diffusion method, PFGE, and MLVA. The AMR test indicated that 
57% of the S. Enteritidis isolates were susceptible to all antimicrobials, while 39% were resistant to at least one antimicro-
bial. The highest resistance (25%) was against ampicillin. Multi-drug resistance rate was low (21%) and mostly from broiler 
flocks (93%). All isolates were genotyped into 32 different PFGE genotypes (PT) and 34 different MLVA genotypes (MT). 
The dominant genotypes were PT6 (12.5%) and MT22 (50%). In specific sample groups, there was a correlation between 
genotypes, breeding type, geographic location, and isolation years of the isolates. There was no significant difference in the 
discrimination power of PFGE and MLVA. However, MLVA was more suitable for large sample groups and routine genotyp-
ing because it was easier, quicker, and less labor-intensive to use.
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Introduction

Salmonellosis is one of the leading foodborne infections 
worldwide [1]. The majority (99%) of human and animal sal-
monellosis infections are caused by S. enterica subsp. enterica. 
According to the EFSA 2019 zoonotic agents report, the most 
common Salmonella serovar in humans is Salmonella enterica 
subsp. enterica serovar Enteritidis (50.3%) [2]. Globally, S. 
Enteritidis is frequently reported as the most common cause 
of human salmonellosis [3]. The main transmission route for 
S. Enteritidis is consumption of contaminated eggs and poultry 
meat. Therefore, it is important to determine the phylogeny 

and epidemiology of chicken-originated S. Enteritidis isolates 
in order to understand the transmission routes and control sal-
monellosis [1, 4, 5].

Genotyping methods provide objective and reliable 
tools to determine the sources and transmission routes 
of S. Enteritidis outbreaks [6, 7]. The gold standard 
method, pulsed-field gel electrophoresis (PFGE), is fre-
quently used for genotyping of S. Enteritidis [3]. How-
ever, PFGE is labor-intensive and time-consuming, so it 
is less suitable for genotyping large sample groups. In 
addition, it has limited discriminatory power for genotyp-
ing genetically homogeneous pathogens like S. Enteritidis 
because it is based on single endonucleotidase analysis. 
Discriminatory power also varies depending on the plas-
mids, transposons, and integrons in the bacterial DNA [3, 
8]. Therefore, multiple locus variable number of tandem 
repeats analysis (MLVA) is usually recommended as an 
additional or an alternative genotyping method for deter-
mining the diversity of S. Enteritidis outbreaks. Some 
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researchers have reported that MLVA provides stronger 
discrimination in genotyping of S. Enteritidis isolates 
that PFGE indicates to be highly clonal [6, 8]. Whole 
genome sequencing (WGS) is becoming a gold standard 
method for genotyping of Salmonella agents. In recent 
years, WGS has been widely used because of it provides 
rapid and effective discrimination between Salmonella 
isolates [7].

Antimicrobial resistance (AMR) is a concern for human 
and animal health globally. In recent years, the reported 
incidence and spread of antimicrobial resistant Salmo-
nella have increased [9]. According to the World Health 
Organization’s (WHO) global report on surveillance of 
antimicrobial resistance, non-typhoidal multi-drug-resistant 
(MDR) Salmonella is considered a serious problem in many 
countries [10]. This microorganism which is transmitted to 
humans from contaminated food causes infections that are 
difficult to treat. Therefore, antimicrobial resistance moni-
toring of chicken-originated Salmonella is important for 
public and animal health [9, 10].

Accordingly, this study aimed to determine the AMR 
profiles and MLVA and PFGE genotypes of chicken-orig-
inated S. Enteritidis isolates. The epidemiological analy-
sis was performed by evaluating the AMR, PFGE, and 
MLVA findings together with the breeding type, isolation 
year, and geographic location of the isolates. The study 
also aimed to evaluate the advantages and disadvantages 
of MLVA and PFGE for genotyping S. Enteritidis isolates.

Material and methods

Salmonella Enteritidis isolates and conventional 
serotyping

The S. Enteritidis isolates were derived from the culture col-
lection at Ankara University, Faculty of Veterinary Medi-
cine, Microbiology Department. A total of 200 isolates 
were used which were isolated from broiler, broiler breeder, 
layer, and layer breeder chicken flocks located in 16 different 
cities around Turkey, 2018–2020 (Table 1). S. Enteritidis 
ATCC13076 was used as the positive control strain. The 
isolates were stored in 20% glycerol at – 80 °C before being 
grown overnight at 37 °C in nutrient agar. All isolates were 
confirmed by conventional serotyping with commercial Sal-
monella polyvalent and monovalent O and H antisera (SSI, 
Denmark).

Antimicrobial resistance test

The AMR test was performed using the Kirby–Bauer disk 
diffusion method on Mueller––Hinton agar [11] for the fol-
lowing 14 antimicrobials: ampicillin (AMP, 10 μg), gen-
tamicin (CN, 10 μg), cefotaxime (CTX, 30 μg), cefoxi-
tin (FOX, 30 μg), ceftazidime (CAZ, 30 μg), ceftriaxone 
(CRO, 30 μg), chloramphenicol (C, 30 μg), ciprofloxacin 
(CIP, 5 μg), meropenem (MEM, 10 μg), nalidixic acid (NA, 
30 μg), sulfonamides (S, 300 μg), tetracycline (TE, 30 μg), 

Table 1  Distribution of S. 
Enteritidis isolates by breeding 
type and geographical location

Region City Broiler Broiler breeder Layer Layer breeder

Aegean Afyon 5
Central Anatolia Ankara 1 7
Aegean Aydın 1
Marmara Balıkesir 53 1 1 1
Marmara Bilecik 6
Black Sea Bolu 12 1 1
Marmara Bursa 26 2
Marmara Çanakkale 25 1
Black Sea Düzce 2 1
Aegean İzmir 18 1 1
Central Anatolia Konya 2
Aegean Kütahya 2
Aegean Manisa 11 1
Marmara Sakarya 13 1
Black Sea Samsun 2
Aegean Uşak 1
Total 167 14 18 1
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trimethoprim (W, 5 μg), and trimethoprim-sulfamethoxazole 
(SXT, 25 μg) (Oxoid, UK). Escherichia coli ATCC25922 
was used as the quality control strain. The isolates were clas-
sified as resistant, intermediate, or susceptible in accord-
ance with Clinical and Laboratory Standard Institute (CLSI) 
guidelines [12]. MDR was defined as resistance to three or 
more drug classes [10].

Pulsed‑field gel electrophoresis analysis

PFGE was performed according to the standard operating 
procedure for PulseNet PFGE of Salmonella Serotypes [13]. 
The restriction endonuclease XbaI (Thermo Scientific, USA) 
was used for the digestion of bacterial DNA, while sepa-
ration was made using a contour-clamped homogeneous 
electric field (CHEF-DR III) apparatus (Bio-Rad, USA) 
in 1% agarose gel. Electrophoresis was performed as 
follows: pulse time 2.2–63.8 s, voltage 6 V, temperature 
14 °C, and time 19 h. The PFGE patterns were clustered 
using GelCompar II software v.6.6 (Applied Maths, Bel-
gium). Clustering was conducted using the unweighted 
pair group method with arithmetic averages (UPGMA) 
using the dice coefficient and a band position tolerance 
of 1.5%. PFGE genotypes (PT) were determined accord-
ing to the Tenover criteria for bacterial strain typing 
[14].

Multiple locus variable number tandem repeat 
analysis

Bacterial DNA was extracted by boiling the bacterial 
suspensions at 100 °C for 10 min. MLVA was performed 
according to the standard operating procedure for PulseNet 

MLVA of S. Enteritidis [15]. Seven VNTR loci (SE1, SE2, 
SE3, SE5, SE6, SE8, and SE9) were amplified by multiplex 
PCR using specific fluorescent primers. The amplification 
was conducted by an initial denaturation at 95 °C for 5 min, 
34 cycles of 94 °C for 20 s, 65 °C for 20 s, 72 °C for 20 s, 
and a final elongation at 72 °C for 5 min. The amplicons 
were analyzed by capillary electrophoresis using an ABI 
3500 Genetic Analyzer (Applied Biosystems, USA). The 
allele types were assigned using GeneMapper software 5.0 
(Applied Biosystems, USA). For each isolate, the MLVA 
genotypes (MT) were determined from the combination of 
VNTR loci alleles.

Results

Antimicrobial resistance test

Among the S. Enteritidis isolates studied, 113 (57%, 
113/200) were susceptible to all the tested antimicro-
bials, while 77 (39%, 77/200) were resistant to at least 
one antimicrobial. The highest resistance rate (25%, 
49/200) was against AMP, while the highest intermedi-
ate resistance rate (23%, 46/200) was against CIP, and 
the highest susceptibility rate (100%, 200/200) was 
against SXT (Fig. 1). Forty two (21%, 42/200) of the 
S. Enteritidis isolates were MDR, of which most were 
of broiler origin (93%, 36/42). There were 25 different 
MDR patterns, of which the most frequent (14%, 6/42) 
was the AMP-CTX-CAZ-CRO-MEM-S hexa-resistant 
pattern, followed by AMP-CTX-CAZ-CRO-MEM 
(12%, 5/42), AMP-CTX-MEM-S (10%, 4/42), and 
CTX-CAZ-MEM (10%, 4/42) (Fig. 2). One isolate was 

Fig. 1  Percentage distribu-
tion of resistant, intermediate, 
and susceptible S. Enteritidis 
isolates. The percentages for 
resistant isolates are indicated 
by the numerical values
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resistant to nine antimicrobials, with an MDR pattern 
of AMP-CTX-CAZ-CRO-FOX-CIP-MEM-NA-S.

Pulsed‑field gel electrophoresis analysis

The S. Enteritidis isolates were grouped into XbaI-PFGE 
patterns with similarity indices ranging from 52.8 to 
100% (Fig. 3). The isolates were divided into two major 
clusters, A and B. Cluster A was larger, with 57.5% 
(115/200) of the isolates. Analysis of the XbaI-PFGE pat-
terns according to the Tenover criteria (1995) identified 
32 different PFGE genotypes (PT1-PT32). The majority 
of genotypes were grouped in cluster B, with 20 different 
PTs (PT13-PT32). The isolates in cluster A showed less 
diversity in the number of PT (n = 12). The predominant 
PFGE genotype in all samples was PT6 (12.5%, 26/200). 
PT6 was also predominant in 2018 (n = 13), whereas 
PT2 was predominant in 2019 (n = 12) and PT25 in 2020 
(n = 10) (Fig. 4).

Multiple locus variable number tandem repeat 
analysis

Thirty-four different MLVA genotypes (MT1-MT34) 
were detected (Fig. 3), of which 20 different MTs were 
represented by just one isolate. The predominant MT 
was MT22, with 50% (100/200) of all isolates, followed 
by MT6, with 12.5% (25/200) (Fig. 5). MT22 was the 
dominant MLVA genotype in 2018 and 2019 (n = 13 
and n = 67, respectively), whereas it was MT6 in 2020 
(n = 11) (Fig. 6). While the highest number of alleles was 
detected at SE5 locus, no diversity was observed at SE6 
locus (Table 2).

Discussion

S. Enteritidis is the most common Salmonella serovar 
causing foodborne outbreaks worldwide. The major 
source for S. Enteritidis infections is poultry products. 
The genotyping methods are frequently used to detect 
diversity and spread of S. Enteritidis isolates, such as 
PFGE and MLVA [3, 16]. In the present study, chicken-
originated S. Enteritidis isolates were genotyped using 
MLVA and PFGE, while the AMR and MDR profiles 
were determined for all S. Enteritidis isolates. The AMR, 
MLVA, and PFGE results were compared in terms of the 
identified isolates’ breeding type, isolation year, and geo-
graphical location.

The spread of MDR Salmonella isolates causes failure in 
antimicrobial treatment of salmonellosis. MDR Salmonella 
is transmitted to humans via the food chain, especially from 
contaminated poultry products. Hence, the WHO includes 
Salmonella for monitoring on its priority pathogen list 
[16–18]. In this study, 57% of S. Enteritidis isolates were pan-
susceptible to antimicrobials, while 77 isolates (39%) were 
resistant to at least one antimicrobial. This resistance rate 
(39%) was lower than those reported in studies from Thailand 
(86.8%), Iran (97.7%), and China (100%) [3, 16, 19].

The S. Enteritidis isolates in this study were most fre-
quently resistant to AMP (25%). Previous studies in Turkey 
have reported varying rates. Kahraman et al. [20] reported 
12.5% AMP resistance in Salmonella isolates, while the 
National Salmonella Control Program (NSCP) [21] found 
12.3% average AMP resistance across all S. Enteritidis iso-
lates, but 10% resistance in broiler isolates and 33.3% in 
layer isolates specifically. In the present study, AMP resist-
ance rates in broiler and layer isolates were 23% and 50%, 

Fig. 2  Percentage distribution 
of common MDR patterns in S. 
Enteritidis isolates
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Fig. 3  Dendrogram of AMR, 
PFGE, and MLVA results, and 
source details of S. Enteritidis 
strains. A red box represents 
high antimicrobial resistance; 
an orange box represents 
intermediate resistance; a green 
box represents susceptibility to 
antimicrobials
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respectively. Thus, our findings are compatible with those 
from the NSCP in detecting higher AMP resistance in layer 
than broiler isolates. Considered together, our results indi-
cate that both average AMP resistance and AMP resist-
ance based on breeding types increased between 2018 and 
2020. This may lead to failure in treatment of S. Enteritidis 
infections.

The present study also detected resistance to CTX (21%), 
CAZ (15%), and CRO (12%), whereas neither the NSCP [21] 
nor Guran et al. [22] reported resistance to cephalosporins 
(e.g., CTX, CAZ, and CRO) in chicken-originated Salmo-
nella isolates in Turkey. However, our findings are compatible 

with Wei et al. [3], who reported “increased resistance 
to cephalosporins” in China. Therefore, monitoring and 
further studies focused on cephalosporin group antibiot-
ics are needed.

The frequency of MDR S. Enteritidis detected in our 
study (21%) was lower than that in previous studies from 
South Korea (52.8%), Iran (68.2%), and China (81%) [3, 
9, 16]. This may be because of the comprehensive NSCP 
strategies implemented to control S. Enteritidis in Tur-
key. In our study, AMP was the common antimicrobial in 
the four most frequent MDR patterns, which is compat-
ible with Utrarachkij et al. [19].

Fig. 4  Distribution of S. Enter-
itidis PFGE genotypes by years

Fig. 5  Percentage distribu-
tion of common S. Enteritidis 
MLVA genotypes
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PFGE is the current gold standard method for genotyping 
S. Enteritidis strains in outbreaks [3]. However, its ability 
to discriminate between genetically homogenous S. Enter-
itidis strains is limited [23]. Therefore, MLVA is commonly 
used as an additional or alternative genotyping method 
due to its greater discriminatory power for S. Enteritidis 
strains [8]. The strains in the present study fell into 32 dif-
ferent PT and 34 different MT groups, with no significant 
difference between the discrimination power of PFGE and 
MLVA. Mezal et al. [1] found 41 strains in the most com-
mon PFGE pattern by genotyping poultry and clinically 
originated S. Enteritidis strains with MLVA and PFGE, 
whereas they detected 14 different MLVA genotypes. They 
therefore concluded that PFGE has limited discriminatory 
power, so MLVA is more useful in genotyping of clinical and 
poultry-originated strains. Liu et al. [24] genotyped clini-
cal-originated S. Enteritidis strains with MLVA and PFGE, 
and detected 29 different PFGE genotypes and 33 differ-
ent MLVA genotypes, with no significant difference in the 

discrimination powers of MLVA and PFGE. However, their 
MLVA indicated that two different outbreaks had the same 
origin and were closely related epidemiologically.

Our results for AMR, PFGE, and MLVA were evaluated 
together using an XbaI-PFGE dendrogram. Firstly, clusters 
A and B were examined in terms of the strains’ breeding 
types. Broiler strains constituted 92% of the strains in cluster 
A, while cluster B included 37% of the broiler strains, 67% 
of the layer strains, and one laying breeder strain. Thus, the 
predominant cluster A had less diversity in terms of breeding 
types than cluster B.

Regarding the MDR S. Enteritidis strains, 26% were in 
the predominant PT genotype PT6, while 55% were in the 
predominant MT genotype MT22. This indicates that MDR 
was more common in the predominant genotypes. Both 
Fardsanei et al. [16] and Wei et al. [3] found no correlation 
between the S. Enteritidis strains’ AMR profiles and PFGE 
genotypes. In the present study, however, all the hexa-resist-
ant strains with the dominant MDR profile AMP-CTX-CAZ-
CRO-S-MEM-S were MT22. That is, there was a correlation 
between the predominant MLVA genotype and predominant 
MDR pattern. Regarding breeding type, the majority of 
MDR S. Enteritidis strains (93%) originated from broiler 
samples, indicating that AMR levels were quite high in S. 
Enteritidis strains of broiler chicken origin.

The genotyping results were also compared by geo-
graphic location, isolation year, and breeding type of the 
strains. Regarding all S. Enteritidis strains, there was no 
significant correlation between genotypes, AMR patterns, 
and geographic location, isolation year, and breeding type 
of strains. However, there were correlations for specific 
sample groups. All strains isolated from layer chickens 
located in Afyon were grouped in cluster B2. These strains 

Fig. 6  Distribution of S. Enter-
itidis MLVA genotypes by years

Table 2  Number of variants for seven VNTR loci in S. Enteritidis 
isolates

VNTR locus Repeat size (bp) Number of 
variants

SE1 7 5
SE2 7 8
SE3 12 4
SE5 6 9
SE6 33 1
SE8 86 2
SE9 9 3
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were PT32 genotype isolated in the years of 2019 and 
2020. Regarding the MLVA genotypes of these strains, 
the single 2019 strain was MT6, whereas the 2020 strains 
were MT4. MLVA was able to discriminate between the 
strains from the breeding type, geographical location, and 
PFGE genotype by isolation year. Moreover, the single 
repeat difference at the SE2 locus between the MT4 and 
MT6 genotypes showed that the strains were genetically 
related. Thus, MLVA was able to identify the genetic simi-
larities of the strains while discriminating between them 
based on isolation year. The strains isolated from broiler 
breeders from Ankara were grouped in cluster B1. These 
strains were PT25 and MT10 genotypes, isolated in 2020. 
The analysis demonstrated that the strains with the same 
geographic location, isolation year, and breeding type also 
had the same genotype. One broiler strain from Ankara 
was grouped in cluster A1. This strain was PT6 and MT22. 
Finally, the PFGE and MLVA genotypes varied when the 
breeding type was changed. That is, PFGE and MLVA 
discriminated by breeding type for this sample group.

Overall, our findings indicated that MLVA was easier, 
quicker, and less labor-intensive to use than PFGE. PFGE 
was thought more difficult to implement as it involves 
many manual processes including the preparation of the 
chemicals. In addition, PFGE lacks a confirmation step, 
whereas MLVA results could be confirmed by electropho-
resis before completing the analysis. Thus, MLVA is a 
suitable method for large sample groups. Regarding the 
VNTR loci, SE5 and SE2 were the most diverse in this 
study, which is compatible with Mezal et al. [1], Wei et al. 
[3], and Liu et al. [24]. Considering all studies, the most 
diverse locus was found between 2014 and 2020, which 
suggests that future MLVA genotyping studies can use the 
SE5 locus to differentiate closely related strains.

Conclusions

In this study, MLVA and PFGE were applied to genotype 
chicken-originated S. Enteritidis isolates. AMR profiles 
were investigated for all isolates. More than half (57%) 
of the S. Enteritidis isolates were pan-susceptible to anti-
microbials. The most frequently detected resistance was 
against AMP (25%). Almost all MDR S. Enteritidis iso-
lates (93%) came from broiler samples. The most frequent 
MDR pattern (14%) was the AMP-CTX-CAZ-CRO-MEM-
S hexa-resistant pattern. All strains were genotyped into 
32 different PFGE genotypes (PT) and 34 different MLVA 
genotypes (MT). No significant difference was observed in 
the discrimination power of the two methods. Among the 
chicken-originated S. Enteritidis strains circulating in our 
country, the dominant genotypes were PT6 and MT22. For 

specific sample groups, there was a correlation between 
the strains’ genotypes, breeding type, geographic loca-
tion, and isolation year. Given that it is easy and quick to 
implement, and has high discriminatory power, MLVA was 
considered a more effective tool than PFGE for genotyping 
S. Enteritidis strains.
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