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Introduction

Foodborne salmonellosis is a persistent concern, causing pub-
lic health problems leading to major economic losses in almost 
all countries despite vast improvements in hygienic processing of 
poultry and its products.1,2 Salmonella enterica and Campylobacter 
are considered the most important zoonotic agents implicated in 
foodborne illness as inferred from the high number of outbreaks 
caused by these pathogens.3,4 There are 6 subspecies of S. enterica 
with the vast majority of human infections caused by strains 

belonging to subspecies I, which exhibit high variability in viru-
lence, host adaptation and host specificity among its members.5 
Therefore, depending on serovars, cases of salmonellosis can dif-
fer in severity.6

The worldwide incidence of non-typhoidal salmonellosis is 
estimated at 1.3 billion cases with 3 million deaths annually.7 
In 2009, about 36 000 salmonellosis cases were reported to the 
Centers for Disease Control and Prevention (CDC).8 In Europe, 
in 2006 and 2007 Salmonella was the second most commonly 
reported pathogen with 160 649 and 151 995 cases of salmonellosis 
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This study was conducted to isolate Salmonella Enteritidis from poultry samples and compare their virulence and anti-
biotic resistance profiles to S. Enteritidis isolated from outbreaks in northern Jordan. Two hundred presumptive isolates 
were obtained from 302 raw poultry samples and were subjected to further analysis and confirmation. A phylogenic tree 
based on 16S rRNA sequencing was constructed and selected isolates representing each cluster were further studied 
for their virulence in normal adult Swiss white mice. The most virulent strains were isolated from poultry samples and 
had an LD50 of 1.55 × 105 CFU, while some of the outbreak isolates were avirulent in mice. Antibiotic resistance profiling 
revealed that the isolates were resistant to seven of eight antibiotics screened with each isolate resistant to multiple anti-
biotics (from two to six). Of the poultry isolates, 100%, 88.9%, 77.8%, 66.7%, and 50% showed resistance to nalidixic acid, 
ciprofloxacin, ampicillin, cephalothin, and cefoperazone, respectively. Two outbreak isolates were sensitive to all tested 
antibiotics, while 71.4% were resistant to cefoperazone and only 28.6% showed resistance to nalidixic acid. Salmonella 
outbreak isolates were genetically related to poultry isolates as inferred from the 16S rRNA sequencing, yet were pheno-
typically different. Although outbreak strains were similar to poultry isolates, when tested in the mouse model, some of 
the outbreak isolates were highly virulent while others were avirulent. This might be due to a variation in susceptibility of 
the mouse to different S. Enteritidis isolates.
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respectively.9,10 Within the genus Salmonella, S. Enteritidis and S. 
Typhimurium serovars are considered the major etiologic agents 
of foodborne illnesses.11 Poultry products still represent one of 
the major sources of salmonellosis worldwide12 with horizontal 
transmission as the major contributing factor of Salmonella con-
tamination of the poultry products and their processing plants.13

In Jordan, several Salmonella outbreaks associated with con-
sumption of contaminated poultry and mayonnaise are reported 
yearly (Jordan Food and Drug Administration [JFDA], personal 
communication). However, no exact figures can be obtained 
from Jordanian health authorities.

Although salmonellosis is a self-limiting disease among 
healthy people, it causes serious illness and fatalities among the 
immunocompromised and elderly, especially if the pathogen 
is multidrug-resistant.14 If transmission of Salmonella occurs 
between different hosts, genetic changes affecting the virulence 
of these pathogens could arise.15 Isolating and characterizing 
pathogenic bacteria is essential for understanding and manag-
ing bacterial diseases. When outbreaks of human salmonello-
sis occur, it is important for clinicians to be able to verify the 
virulence of associated isolates, particularly isolates from the 
suspected vehicle of infection.16 LD

50
 assays are often used as a 

standard measure of virulence.16,17 This test becomes important 
particularly when multiple, potentially pathogenic microorgan-
isms are isolated from the implicated samples. To pinpoint an 
implicated pathogen, the mouse pathogenicity testing is used as a 
reliable means for differentiating virulent from avirulent strains. 
In this test, the pathogen dose causing 50% mortality of test ani-
mals (often mice) within a week is calculated.

Resistance to antibiotics can occur in any bacterial species 
where the pathogen might alter its permeability to the antibiotic, 
degrade the antibiotic, cause its efflux or lead to its inactivation 
by enzymatic means.18 Antibiotic resistance rates are reported to 
be rising for Salmonella worldwide with differing rates for vari-
ous countries.19 The widespread use of antibiotics in poultry feed 
at suboptimal doses as growth promoting agents and their pro-
phylactic use have likely contributed to the emergence of multi-
drug-resistant zoonotic pathogens, including Salmonella, which 
can be transmitted to humans via the food chain.20 To better 
understand this issue, it is important to study the patterns and 
prevalence of bacterial antimicrobial resistance toward the more 
commonly used antibiotics.

The objectives of this study were to: (1) compare the poul-
try isolates with S. Enteritidis isolates from recent salmonellosis 
outbreaks in Jordan for their virulence potential using a mouse 
pathogenicity assay, and (2) study and compare the antibiotic 
resistance patterns of confirmed S. Enteritidis isolates from poul-
try to those of outbreak isolates from humans.

Results

Isolation and biochemical identification of Salmonella spp.
Isolation of Salmonella starts by using the selective and dif-

ferential media which is then followed by biochemical identifica-
tion. In this study, two hundred (66%) of the 302 fresh poultry 

meat samples gave typical Salmonella colony morphologies on 
XLD, BGA, and S-S agar plates. Confirmation of bacterial iden-
tities using the Remel RapID™ ONE system indicated that 
145 (72.5%) isolates were likely (≥60% probability) Salmonella 
serovars while the remaining 48 isolates (24%) were identified 
as Citrobacter freundii and seven isolates (3.5%) were Proteus 
spp. All Salmonella serovars were S. enterica subspecies enterica 
(i.e., subspecies I) and utilized glucose, mannitol, and dulcitol; 
were unable to use lactose, sucrose, salicin, or urea and were 
H

2
S as well as ONPG positive.21 Of 43 isolates from this group 

(Salmonella other than subspecies I), 28 were tentatively identi-
fied as S. Choleraesuis, seven as S. Paratyphi, and there were four 
isolates each of S. Typhi and S. Pullorum. Similarly, all the seven 
outbreak isolates were subjected to the same procedure and were 
confirmed as S. Enteritidis.

Identification of Salmonella and S. Enteritidis by PCR
Strain identification is essential for effective investigation of 

outbreak sources as well as the types of microorganisms contami-
nating a food product. To confirm the identity of presumptive 
Salmonella isolates, PCR amplification was performed using uni-
versal primers targeting the InvA gene present in all Salmonella 
species as described by Rahn et  al.22 Of the 200 presumptive 
Salmonella food isolates and the seven outbreak isolates, 180 
tested positive using Salmonella-specific PCR assay targeting the 
InvA gene and amplifying a 284-bp fragment (Fig. 1A). In addi-
tion, primers targeting part of the sefA gene23 of S. Enteritidis 
(Fig.  1B) confirmed 45 isolates as S. Enteritidis while the rest 
tested negative (Table 1).

DNA sequencing of the 16S rRNA gene
To further confirm the identity of the 45 S. Enteritidis, 

the 16S rRNA gene was amplified using the universal primers 
Lwp58 and Lwp57.24 A fragment of approximately 1300 bp of 
the 16S rRNA gene was amplified from all isolates (Fig.  1C). 
The 16S rRNA gene PCR products of all S. Enteritidis isolates 
were sequenced using the same primers and their sequences were 
aligned and compared with Salmonella and non-Salmonella ref-
erence sequences. Based on a sequence match of 95% or more 
with any of the reference sequences, 18 of 38 poultry isolates 
were identified as S. Enteritidis in addition to all seven outbreak 
isolates.

Phylogenetic analysis of the confirmed S. Enteritidis isolates
To understand the diversity of the S. Enteritidis isolates, phy-

logenetic analysis based on the 16S rRNA sequences was con-
ducted. The 25 S. Enteritidis isolates fall into 7 distinct 16S 
rRNA clusters designated A–G (Fig.  2). Clusters A, B, D, E, 
and G contained more than one isolate, while clusters C and 
F each contained only one isolate. Cluster A was a group of 11 
S. Enteritidis strains that contained 44% of the isolates. The 
remaining clusters contained 20% (cluster B), 12% (cluster E), 
16% (clusters D and G), and 8% (cluster F and C) of the isolates. 
Both the outbreak and poultry isolates co-clustered in groups A, 
B, and E indicating similar phylogeny, while the other groups 
contained only the food isolates.

Virulence testing in mice
To understand variation in virulence of the S. Enteritidis 

isolates, representatives from both poultry and outbreak 
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S. Enteritidis isolates were tested in a normal mouse model for 
their virulence by LD

50
 determination. The experiment was con-

ducted at three separate times (Table 2) and results were the aver-
age of the three experiments. Four of the seven poultry isolates 
(15, 17, 28, and 32) were avirulent while three isolates (157, 164, 
and 180) exhibited strong virulence with percentages of killed 
mice ranging from 86.7 to 100 in each group. In contrast, only 
one isolate (Q1) was virulent among the chosen three outbreak 
isolates, which killed an average of 86.7% mice in each group. 
The other two outbreak strains were avirulent since isolate Q3 
failed to kill more than two mice (average 46.7%) in any group 

while Q5 failed to kill more than one mouse (20%) in any group. 
When the LD

50
 was calculated for these strains, the values for the 

poultry isolates ranged from 1.07 × 106 CFU for isolate 15 to a 
non-lethal dose (failed to kill more than one mouse) for isolate 
35, while the LD

50
 for the virulent poultry strains ranged from 

1.55 × 105 (isolate 157) to 3.24 × 105 CFU for isolate 164. When 
the LD

50
 values were determined for outbreak isolates, the val-

ues ranged from 2.65 × 106 CFU for isolate Q5 to a non-lethal 
dose (failed to kill mice) for isolate Q3. Additionally, the LD

50
 

for the virulent outbreak strain Q1 was 4.5 × 105 CFU. In gen-
eral, the death rate of mice injected with isolate 157 and 164 was 

Figure 1. A 2% agarose gel showing the PCR amplification of a 284 bp, 312 bp and 1300 bp fragment from the InvA gene (A), SefA gene (B), and the 16S 
rRNA gene (C) respectively. M, ladder marker (Biobasic); N, non-template negative control; P, positive control (DNA from S. Enteritidis).

Table 1. A summary of the RemelRapID™ ONE results, PCR and 16S rRNA sequencing of Salmonella isolates from poultry and outbreak

RemelRapID™ ONE Salmonella universal PCR S. Enteritidis specific PCR 16S rRNA identification

No. of positive samples (%) 152 (73.4%) 180 (87%) 45 (21.7%) 25 (55.6%)

No. of negative samples (%) 55 (26.6%) 27 (13%) 162 (78.3%) 20 (44.4%)
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significantly (P < 0.05) higher than that of mice injected with 
other isolates. Moreover, the effect of isolates 35 and Q3 on the 
viability of injected mice was insignificant (P < 0.05).

Antimicrobial testing
When the 25 confirmed S. Enteritidis isolates were tested for 

their susceptibility to eight of the commonly used antimicrobial 
agents in agriculture/human medicine, resistance patterns varied 
considerably (Table 3). Twenty of the 25 tested S. Enteritidis iso-
lates were resistant to two or more antibiotics while 16 isolates 
(65%) were resistant to at least three antibiotics. No resistance 
was observed for CAZ, a member of the cephem family, while 
only four poultry isolates showed resistance to SXT, a folate path-
way inhibitor. Resistance to other cephem member (CEF) and 
phenicols (C) was detected in nine and eight poultry isolates, 
respectively, while five of seven outbreak isolates were resistant 
to CEF, and no outbreak isolate was resistant to C. The high-
est resistance frequency was observed to NA (quinolones), CIP 

(fluoroquinolones), AM (Penicillin), and CEP (Cephem) with 18, 
16, 14, and 12 of the poultry isolates exhibiting resistance to these 
antibiotics, respectively. In contrast, the outbreak isolates did not 
exhibit high resistance profiles, with 2, 1, 1, and 1 isolates exhibit-
ing resistance NA, CIP, AM, and CEP, respectively. Table 4 shows 
a summary of differences in antibiotic resistance between poultry 
and outbreak strains. Furthermore, two of the outbreak isolates 
did not show any resistance to any of the tested antibiotics, three 
isolates showed only intermediate resistance to one antibiotic, and 
only two isolates exhibited multidrug resistance. In contrast, all 
18 poultry isolates exhibited multidrug resistance.

Discussion

To study the virulence and LD
50

 and antibiotic resistance of 
the confirmed S. Enteritidis isolates, the isolates were subjected 

Figure 2. 16S rRNA gene phylogenetic tree of S. Enteritidis isolates. A neighbor-joining analysis was used with Felsenstein correction (500 bootstrap 
replicates). Letters indicate the phylogenetic group while Lpw denotes the name of the primer used for the 16S rRNA sequencing.
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Table 2. Results for mouse virulence test and LD50 for selected outbreak and poultry strains of S. Enteritidis in normal mice

Isolate ID Origin of isolate
*Average % of deaths of mice given 107 CFU/

mouse and observed for 1 wk≤ Virulence§ LD50

15 Poultry 53.3abc ± 50.3 None virulent 1.07 × 106

17 Poultry 46.7abc ± 50.3 None virulent 4.73 × 106

28 Poultry 33.3bc ± 57.7 None virulent 8 × 106

35 Poultry 0c ± 0 None virulent No LD50
€

157 Poultry 93.3a ± 11.5 virulent 1.55 × 105

164 Poultry 100a ± 0 virulent 3.24 × 105

180 Poultry 86.7ab ± 11.5 virulent 2.28 × 105

Q1 Outbreak¥ 86.7ab ± 11.5 virulent 4.5 × 105

Q3 Outbreak 20c ± 34.6 None virulent No LD50

Q5 Outbreak 46.7abc ± 46.2 None virulent 2.65 × 106

≤Data are the average of three separate experiments (n = 3). §Strains were considered virulent if at least 60% of the five mice injected i.p. with 107 CFU/
mouse died within 1 wk. ¥Salmonella isolates were isolated from food which was implicated in foodborne Salmonella outbreaks in Jordan. €No lethal dose 
was detected. *Percentages with different letters means are statistically significant at P < 0.05.

Table 3. Antibiograms of all confirmed S. Enteritidis isolates tested against commonly used antibiotics in Jordan

No. Isolate ID
Antibiotic

AMa CEF CEP CAZ C CIP NA SXT Totald

1 15b I S R S S S I R 4

2 17b R R R S S R R S 4

3 28b S S S S S R R S 2

4 31b S S S S S R R S 2

5 32b S S S S S R R S 2

6 35b S S S S S R R S 2

7 37b R S R S S I R S 4

8 39b R I I S R R R S 5

9 51b I S R S S S R S 3

10 100b R S R S S I R S 4

11 123b R R I S R R R I 6

12 136b R I I S R R R S 5

13 143b R I I S R R R S 5

14 157b R I I S R R R S 5

15 164b R S S S S R R R 4

16 175b R R R S R R R I 6

17 177b R I S S R R R S 5

18 180b R R I S R R R S 5

19 Q1c S S S S S S S S 0

20 Q2c S I S S S S S S 1

21 Q3c S I S S S S S S 1

22 Q4c R R R S S S R S 3

23 Q5c S I S S S R R S 3

24 Q6c S S S S S S S S 0

25 Q7c S I S S S S S S 1

aAM, ampicillin (penicillin family); CEF, cefoperazone (cephem family); CEP, cephalothin (cephem family); CAZ, ceftazidime (cephem family); C, chloram-
phenicol (phenicols family); CIP, ciprofloxacin (fluoroquinolones family); NA, nalidixic acid (quinolones family); SXT, sulphamethoxazone–trimethoprim 
(folate pathway inhibitors family); bpoultry isolates; chuman outbreak isolates; dtotal number of antibiotic families to which each isolate is exhibiting 
intermediate or full resistant.
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to a final confirmation step based on 16S rRNA sequencing and 
a phylogenetic tree was constructed with seven clusters (Fig. 2). 
The 16S rRNA gene is considered the most useful housekeeping 
genetic marker for studying the phylogenetic and evolutionary 
relationships among closely related bacteria, and thus is funda-
mental for analysis of phylogenetic relationship among bacterial 
taxa.25-27 However, 25 of the 45 (55.6%) PCR-confirmed isolates 
were confirmed as S. Enteritidis, while the other 20 isolates were 
found to be other Salmonella spp. Nevertheless, none of the 16S 
rRNA-confirmed isolates that scored low in RapID™ ONE was 
found positive with 16S rRNA in the present work. Interestingly, 
among the isolates there were 11 typhoid Salmonella strains 
(seven S. Paratyphi and four S. Typhi), indicating that poul-
try might possess multiple Salmonella strains. It is noteworthy 
mentioning that among the isolated strains was S. Typhi. Since 
S. Typhi enters the food chain through the fecal-oral route, these 
isolates could have been transmitted from infected workers to the 
chicken carcass or due to human wastes contaminating process-
ing water.28

Representatives from each cluster of the phylogenetic tree 
were tested for their LD

50
 in normal white Swiss mice. The 

mouse was chosen as a model for the virulence test according to 
accepted practices, recognizing that there are similarities between 
mice and human immune systems although there were instances 
where results using this model can be different.16,29 Nearly half 
of the poultry isolates (3/7) were more virulent than the single 
outbreak strain found pathogenic here. As expected, some of the 
poultry isolates were avirulent to mice which could be explained 
by the fact that some isolates exhibit different host specificity; 
while causing a systemic infection in one host they might cause 
asymptomatic colonization in other host (such as the mouse 
in this study).30,31 Alternatively, these differences in virulence 
might be attributed to deferential regulation of virulence genes. 
However, it was interesting to see that only one outbreak isolate 
was virulent while two failed to show any virulence or ability to 
kill 50% of tested mice. This could be due to physiological differ-
ences between humans and animals, which might have led to the 
selection of bacterial strains that are better adapted to one host vs. 
other.5 It has also been reported that some S. Enteritidis mutants 

can cause salmonellosis in humans, but fail to cause any form of 
infection in mice. Such mutants might lose the ability to survive 
in the macrophages of the host and thus lose its virulence.32

The development of multiple antimicrobial resistances among 
foodborne pathogens has emerged as a major public health con-
cern worldwide. This has led to rethinking the use of antibiot-
ics in animal feed as growth promoters, since it is possible that 
this use of antibiotics may contribute to the emergence of multi-
drug-resistant organisms and facilitate the transfer of resistance 
genes to human pathogens.33 In general, all 18 S. Enteritidis iso-
lates from poultry were multidrug-resistant, showing resistance 
toward two to six antibiotics while only two isolates of the seven 
outbreak strains showed multidrug resistance. The high percent-
age of multidrug-resistant Salmonella might be consistent with 
the fact that stable resistance elements do exist and might be 
genetically linked to other resistance determinants and therefore, 
drug use might not only result in resistance against the drug used 
but also yield multidrug-resistant phenotypes that confer selec-
tive advantage to such strains.19

Results obtained in the present study differ from those 
reported by Dias de Oliveira et al.34 and Fernandez et al.35 who 
found a smaller percentage of tested isolates which showed 
multiple resistances, while the rest exhibited complete sensitiv-
ity. However, they reported susceptibility of all their isolates to 
ceftazidime (cephem family) which is identical to the present 
results, and may reflect the lower use of this antibiotic in both 
countries. The other two tested members of the cephem family 
showed around 30% resistance. In the present study, the high-
est number of resistant isolates was obtained for poultry isolates 
against nalidixic acid. Similarly, Hur et al.36 reported 89% resis-
tance of S. Enteritidis to nalidixic acid. Others reported some-
what lower resistance profiles to S. Enteritidis. For instance, 
Antunes et al.20 and Ribeiro et al.37 reported resistance to nali-
dixic acid in 50% and 60% of tested isolates, respectively. In 
contrast, Han et  al.,38 Dias de Oliveira et  al.,34 and Fernandez 
et  al.35 reported a strikingly low level (7.4%, 7.7%, and 10%, 
respectively) of isolates resistant to nalidixic acid in USA, Brazil, 
and Vietnam, respectively. The very high frequency of resistance 
to nalidixic acid observed in Jordan and in the other studies con-
ducted in Brazil, Portugal, and Korea,20,37,39 could be due to its 
use in agriculture, possibly in poultry feed. This is of particular 
importance as quinolones family are used for treatment of inva-
sive Salmonella infections.39

It is worth mentioning here that a relatively high level of resis-
tance (78% of poultry isolates) was observed toward ampicillin, 
which is important because it was the drug of choice for treat-
ment of systemic salmonellosis in humans until late 1980s.40 
Nonetheless, higher resistance to ampicillin was reported in a 
study conducted in Turkey where it was reported that 85.2% of 
Salmonella isolates were resistant to this antibiotic.41 In contrast, 
Zou et al.42 reported that only 2.35% of the tested isolates were 
resistant to ampicillin while Fernandez et al.35 reported a 13.6% 
resistance to the same antibiotic.

Resistance to ciprofloxacin was high, with 89% of the iso-
lates resistant to this antibiotic. In contrast, Hanson et al.43 and 
Fernandez et  al.35 did not observe Salmonella isolates resistant 

Table 4. Summary of antimicrobial resistance profiles among the outbreak 
and poultry isolates of S. Enteritidis

Antimicrobial agents
No. of resistant isolates (%)

Outbreaka Poultryb

Ampicillin (AMP) 1 (14.3) 14 (77.8)

Cefoperazone (CEF) 5 (71.4) 9 (50)

Cephalothin (CEP) 1 (14.3) 9 (66.7)

Ceftazidime (CAZ) 0 (0) 0 (0)

Chloramphenicol (C) 0 (0) 8 (44.4)

Ciprofloxacin (CIP) 1 (14.3) 16 (88.9)

Nalidixic acid (NA) 2 (28.6) 18 (100)

Sulphamethoxazone–Trimethoprime 
(SXT)

0 (0) 4 (22.2)

an = 7; bn = 18.
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to ciprofloxacin. Chloramphenicol resistance was also found in 
45% of the isolates, a number far higher than that reported by 
Dias de Oliveira et al.,34 where only 1.1% of isolates were resis-
tant to this antibiotic, and in results reported by Van et al.44 and 
Yildirim et  al.41 who found chloramphenicol resistance in 8% 
and 10.2% of isolates, respectively. The very low percentage of 
isolates resistant to this antibiotic in Brazil or Vietnam is prob-
ably due to the ban on using this antibiotic in animal feed put 
in place in the 1970s. The relatively high proportion of resis-
tance to this antibiotic in Jordan suggests that such a ban on 
the use of this antibiotic in animal feed is not enforced or does 
not exist. Resistance of the poultry isolates to cephalothin and 
cefoperozone, both members of the cephem family, was 67% and 
50%, respectively. These rates appeared far higher than results 
reported in Brazil35 where complete sensitivity to cefoperozone 
and only low resistance to cephalothin was reported. The differ-
ences in antibiotic resistance between countries likely reflect the 
frequency of using these antimicrobials and the nature of rules 
and regulations that govern their use.

When the outbreak isolates were examined for resistance to 
the same antibiotics tested for the poultry isolates, outbreak iso-
lates were sensitive to most of the antibiotics except for cefopero-
zone, to which 71% were resistant. These results were consistent 
with results reported by the US Food and Drug Administration 
report45 where percentages of resistance were greater in isolates 
of veterinary origin than those from human origin. Similarly, 
Denny et al.9 found that all S. Enteritidis isolates from humans 
in Europe were sensitive to all tested antimicrobials includ-
ing nalidixic acid, sulphonamides, and ampicillin. In contrast, 
Fernandez et al.35 reported that S. Enteritidis isolates from hospi-
talized patients in Brazil exhibited a broader spectrum of antibi-
otic resistance profiles than the non-human isolates.

In conclusion, not all S. Enteritidis isolates were virulent in 
mice, regardless of the host. However, there was variation in 
pathogenicity among the outbreak as well as poultry isolates. The 
antibiotic resistances of Salmonella isolates in Jordan were both 
similar and different from those in other countries, but resistance 
was regarded as being more frequent than desirable. It is apparent 
that more strict rules regarding the use of antibiotics in animal 
agriculture and the hygienic operation of abattoirs and poultry 
meat processing plants should be observed. Indeed, these results 
can be used to establish epidemiological baseline data set con-
cerning pathogenicity and antibiotic resistance profiles, which 
will be pivotal for the establishment of Salmonella surveillance 
program in Jordan.

Materials and Methods

Salmonella outbreak isolates
Seven Salmonella outbreak strains isolated by the Jordan Food 

and Drug Administration (JFDA) from foodborne salmonello-
sis cases which occurred in Northern Jordan between 2006 and 
2008 were used. Initially, the isolates were identified and char-
acterized as S. Enteritidis in JFDA laboratories and were further 

confirmed in our laboratory at the Jordan University of Science 
and Technology.

Collection of poultry samples
A total of 302 fresh poultry meat samples were collected 

between October 2008 and June 2009 from many local retail 
markets in northern Jordan. The samples were procured from 
fresh poultry carcasses, either whole chicken or chicken parts and 
packaged individually in sterile plastic bags. The individual sam-
ples were transported in insulated boxes with frozen ice packs, 
stored at 4 °C and were examined within 24 h for the presence of 
Salmonella and other closely related species.

Culture identification of presumptive Salmonella isolates 
from poultry samples

The Iso46 method was used to identify presumptive 
Salmonella from poultry samples. Briefly, approximately 30 g of 
each poultry meat sample were aseptically cut into small pieces 
using sterile disposable blades and placed into sterile stomacher 
bags containing 100 mL of lactose broth (Oxoid) for pre-enrich-
ment. Samples were pummeled 2 min in a stomacher (Model 
400, A.J. Seward), and incubated for 18 h at 37 °C. Then 2 mL 
were transferred into sterile conical tubes containing 8 mL of 
Selenite Cystine broth (Merck) and incubated at 37 °C for 48 h. 
Upon completion of the pre-enrichment, one loopful of the 
Selenite Cystine broth was streaked in quadrants onto Xylose 
Lysine Deoxycholate agar (XLD, Oxoid), Salmonella–Shigella 
agar (S-S, Oxoid), and Brilliant Green Agar (BGA, Oxoid) for 
isolation of Salmonella. All plates were incubated at 37 °C for 
24  h. Typical colonies of Salmonella on XLD, S-S, and BGA 
were identified by their morphological characteristics and were 
then streaked onto Nutrient Agar (Oxoid) plates and incubated 
at 37 °C for 24 h.

Biochemical identification and molecular confirmation of 
Salmonella spp.

Presumptive Salmonella isolates were subjected to RapIDTM 
Biochemical testing (Remel) as per manufacturer’s instructions 
followed by molecular confirmation of the isolates by univer-
sal PCR using primers for the InvA gene (Table 5) that detects 
Salmonella in general. Positively identified isolates were subjected 
to S. Enteritis specific PCR primers for sefA gene (Table 5). PCR-
confirmed isolates were further subjected to final confirmation 
method using the 16S rRNA sequencing following the method 
described by Woo et al.24 The universal primer pair Lpw57/58 
(Table 5) and the BigDye Termination Kit (Life Technologies) 
were used in this method. These primers amplify the 7 16S rRNA 
genes in Salmonella. These genes are SEN_r020, SEN_r001, 
SEN_r006, SEN_r014, SEN_r017, SEN_r011, and SEN_r010. 
Confirmed Salmonella enterica Enteritidis isolate (ATCC 13076) 
was used as a positive control, while an E. coli isolate was used as 
a negative control.

Phylogenetic analysis of the isolates based on 16S rRNA 
sequencing

Aligned 16S rRNA sequences were used for constructing the 
phylogenetic tree by the neighbor-joining method47 using the 
MEGA Align package. Maximum likelihood phylogenetic anal-
ysis with bootstrap values for n = 500 replicates48 was performed 
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to estimate the confidence of tree topologies. Representatives 
from these clusters were tested in a mouse model for their patho-
genicity by LD

50
 determination.

Mouse LD
50

 determination
Mouse pathogenicity was determined as described by Stelma 

et al.16 with modifications. Briefly, Salmonella isolates represent-
ing food and outbreak strains as inferred from the phylogenetic 
tree were grown overnight at 37 °C in 5 mL nutrient broth 
(HiMedia). The original CFU/mL of overnight cultures was 
determined using McFarland standards and diluted to 108 CFU/
mL. This was followed by serial 10-fold dilutions (102–107) in 
sterile PBS. Then 0.1 mL of each dilution was injected intra-
peritonially into five Swiss white mice (approx. 20 g each). Two 
groups of control mice were used in each experiment; one group 
was given 0.1 mL sterile PBS while a second group was not 
injected. The mice were observed for one week, and deaths were 
recorded. Strains that killed three (60%) or more mice (received 
a dose of 107 CFU/ mouse) within the first week were consid-
ered virulent. The virulence of selected isolates of S. Enteritidis 
was estimated by determining the 50% lethal dose (LD

50
) as 

described by Reed and Muench.49 The results were the average of 
three separate experiments with 310 mice used for each experi-
ment. Experiments in mice were conducted upon the approval 

of the Jordan University of Science and Technology (JUST) 
Animal Care and Welfare committee. Mice were cared for as per 
the protocols of JUST Animal Care and Welfare Committee. 
Statistical analysis was performed using the GLM procedure. 
Least Significant Differences (LSD) was calculated and P < 0.05 
was considered statistically significant.

Antimicrobial susceptibility testing
The antibiotic susceptibility of the 25 confirmed S. Enteritidis 

isolates (16S RNA sequencing) was determined for 8 antibiotics 
(ceftazidime [CAZ], cephalothin [CEP], cefoperazone [CEF], 
sulphamethoxazone-trimethoprim [STX], nalidixic acid [NA], 
ciprofloxacin [CIP], ampicillin [AM], and chloramphenicol [C]) 
using the disk diffusion method on Muller Hinton Agar plates 
(Oxoid) as described in the Clinical and Laboratory Standards 
Institute guidelines.50
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Table 5. Primer sequences of amplified genes, PCR conditions used and product size of each amplicon

Gene Primers 5′…….3′
Amplification conditions Product 

size (bp)
References

Temp Time No. of cycles

InvA
139: GTGAAATTAT CGCCACGTTC GGGCAA

141: TCATCGCACC GTCAAAGGAA CC

94 °C 5 min 1

284 22

94 °C 30 s

3555 °C 45 s

72 °C 45 s

72 °C 10 min 1

SefA
Sef167: AGGTTCAGGC AGCGGTTACT

Sef478: GGGACATTTA GCGTTTCTT

94 °C 45 s 1

312 23

94 °C 20 s

3557 °C 15 s

72 ° 15 s

72 °C 2 min 1

16S rRNA
Lwp57: AGTTTGATCC TGGCTCAG

Lwp58: AGGCCCGGGA ACGTATTCAC

94 °C 2 min 1

1381 24

94 °C 2 min

4055 °C 2 min

72 ° 1 min

72 °C 7 min 1
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