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IntroductIon

Eggs are source of variety of important nutrients such 
as vitamin D, vitamin B12, selenium and choline. 

Moreover, egg yolks contain antioxidants which may 
help in prevention of Age-Related Macular Degenera-
tion (AMD), an eye disease in human (Chs, E, S 2010). 
However, raw eggs or inaccurately cooked eggs can lead 
to food borne infection (Savi et al., 2011). Salmonella is 
considered one of the most important foodborne patho-
genic organisms. There are more than  2610 known ser-
ovars of Salmonella and many of these serovars are human 
pathogens (Guibourdenche et al., 2010). In many cases, 
S. enterica serovar Enteritidis  and  Salmonella  enterica 

serovar Typhimurium contamination cause the salmo-
nellosis  in human (Asif et al., 2017). It is estimated that 
globally 93.8 million cases of gastroenteritis occur due 
to Salmonella species annually and about 80.3 million of 
these cases are food born and 155,000 deaths (Majowicz 
et al., 2010). In USA, there are estimates of 1.35 million 
infections, 26500 hospitalizations, and 420 deaths annual-
ly due to Salmonella  (CDC, 2020). Eggs in form of shell 
eggs, liquid, frozen and its dried products are used as an 
economical food source (Downes and Ito, 2001). Due to 
widespread use of eggs as a food source, the safety of this 
product is important. Eggshells and egg contents can be 
contaminated by the bacteria in a variety of routs, such as 
during egg formation in the hen reproductive system or 
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the environmental conditions (Howard et al., 2012). Fresh 
eggs can be contaminated by Salmonella species due to 
two possible mechanisms, i) contamination on the outer 
shell surface and ii) internal egg content. Internal egg con-
tent contamination can be due to penetration through the 
eggshell or by direct contamination of egg contents before 
egg laying which is due to infection of the reproductive 
organs. This is considered to be the major route of egg con-
tamination and it can be controlled by applying sanitary 
measures at the breeders level (hygiene practices, proper 
treatment and eventually vaccination (George et al., 2010). 
Contamination of eggs with Salmonella spp may occur 
by horizontal or vertical transmission at any stage of pro-
duction. In vertical transmission egg yolk, albumin, mem-
branes, or eggshells are contaminated in reproductive tract 
of the bird before eggs laying. While in horizontal trans-
mission Salmonella  spp is penetrated during or after egg 
laying via the egg shell from the gut or due to contaminat-
ed feces (Shinohara et al., 2008). Consumption of infect-
ed hen eggs with Salmonella spp is associated with many 
outbreaks of the disease in human population. Therefore, 
it is essential to determine the prevalence of the zoonotic 
Salmonella spp in table eggs for devising control meas-
ures for the disease. The present study was thus designed 
to investigate the prevalence and antimicrobial spectrum 
of Salmonella Typhimurium and Salmonella Enteritidis 
in poultry table eggs sold in general stores in Peshawar. 

MAtErIAL And MEthodS

The present study was carried out at Veterinary Research 
Institute (VRI), Khyber Pakhtunkhwa, Peshawar (34.0170° 
N, 71.5699° E). Identification of Salmonella isolates on 
conventional microbiological way was performed in Tu-
berculosis & Veterinary Public Health (VPH) section and 
Pathology and Bacteriology section of Center of Microbi-
ology and Bacteriology (CMB); whereas molecular confir-
mation using PCR technique was done in Genomic labo-
ratory, VRI, Khyber Pakhtunkhwa, Peshawar.   

Sample SIze and collectIon
Twenty (20) Union Councils were randomly selected and 
then five general stores/marketing outlets per Union Coun-
cil were randomly allocated. Similarly, 2 eggs per general 
store were collected in sterilized plastic bag.  A total of 200 
eggs were randomly collected from 100 marketing outlets 
located in 20 Union councils of Peshawar during the peri-
od from February  to August 2019. The samples were im-
mediately transported to CMB for further processing. 

ISolatIon of Salmonella Spp
2.3 Egg shell surface. A sterile cotton swab, soaked in ster-
ilized normal saline was swabbed on egg surface and im-
mersed in 10 ml normal saline solution followed by trans-

mission to 90 ml of buffered peptone water and incubated 
at 37°C for 18 hours (Singh et al., 2010a). 

egg albumIn and YolK
Eggs surface was sterilized by immersion in 70% alcohol 
for 2 min, air dried in biosafety cabinet Class-II/A2 for 10 
minutes then cracked with a sterile knife. Samples of egg 
yolks and egg albumins were examined separately by add-
ing 5 ml of each sample to 5 ml of normal saline solution. 
The solution was transferred to 90 ml of buffered peptone 
water and incubated at 37°C for 18 hours as described by 
(Singh et al., 2010b). 

SelectIve enrIchment of Salmonella
One ml pre-enriched sample was added in 10 ml of 
Tetrathionate Broth for all samples individually and incu-
bated at 37°C for 24 hours and then streaking was done on 
Salmonella Shigella (SS) Agar and incubation at 37°C for 
24 hours.  Black centered colonies were considered positive 
for Salmonella and were streaked again on SS agar to get 
pure culture. After getting pure culture, some colonies were 
preserved in nutrient broth and glycerol for further molec-
ular studies as described by (Ahmad et al., 2020).

antIbIotIc SenSItIvItY teSt of Salmonella 
ISolateS
Twelve (12) number of isolates were tested by Kirby 
Bauer disc diffusion technique on Mueller Hinton Agar 
(MHA) for antibiotic sensitivity test. Nine antimicrobial 
discs (Oxoid®) were used for antimicrobial susceptibility 
test including Ampicillin, Chloramphenicol, Erythromy-
cin, Gentamicin, Kanamycin, Ciprofloxacin, Streptomycin, 
Amoxicillin- clavulanic acid and Cefotaxime-Clavulanic 
Acid. Antibiotic sensitivity profile was determined as de-
scribed by (“Clinical & Laboratory Standards Institute: 
CLSI Guidelines” n.d.).

dna extractIon
DNA extraction was carried out through heat boiling 
method. Samples preserved in glycerol stock were cultured 
on SS Agar and then a single colony of Salmonella was 
inoculated in 1ml Nutrient broth and incubated prop-
erly. Next day, the Eppendorf tubes were centrifuged at 
12000rpm. The supernatant was discarded without dis-
turbing the pellet. To the pellet, 200µl sterile distilled wa-
ter was added and vortexed properly. Now these tubes were 
kept in water bath containing boiling water for ten min-
utes at 100oC then centrifuged at 10,000 rpm for 10 min-
utes. Then extracted DNA was subjected to PCR reactions. 

pcr ScreenIng uSIng SpecIfIc prImerS
The isolates of Salmonella were confirmed through PCR 
using gene specific primers. A highly conserved Type III 
secretion system gene invA was targeted for genus confir
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table 1: Prevalence of Salmonella Enteritidis and Salmonella Typhimurium in table eggs. 
Sample type no of Samples total positive 

n (%)
Positive for Salmonella  
Enteritidis n (%)

Positive for Salmonella  
typhimurium  n (%)

Eggs 200 22 (11.00%) 17 (77.27%) 5 (22.73%)

table 2: Prevalence of Salmonella Enteritidis and Salmonella Typhimurium in eggs’ Shell, Albumin and Yolk.
Sample type no of Samples Positive for S. Enteritidis-n(%) Positive for S. typhimurium –n(%) total positive n (%)
Shell 200 07 (3.5%) 02 (1%) 9 (4.5%)
Albumin 200 07 (3.5%) 03 (1.5%) 10 (5%)
Yolk 200 06 (3%) 0 6 (3%)

table 3: Antibiotic Sensitivity Testing of Salmonella Enteritidis and Salmonella Typhimurium
S. # Antimicrobial Agent Antimicrobial  

concentration
total no result 

Sensitive
n (%)

Intermediate
n (%)

resistant
n (%)

1 Ampicillin 10 µg 12           0(0) 0(0) 12 (100)
2 Chloramphenicol 30 µg 12 (7) 58.33 1(8.33) 4 (33.33)
3 Erythromycin 15 µg 12 0 (0) 0 (0) 12 (100)
4 Gentamicin 10 µg 12 9 (75) 0(0) 3 (25)
5 Kanamycin 30 µg 12 5 (41.67) 3 (25) 4 (33.33)
6 Ciprofloxacin 05 µg 12 0 (0) 6 (50) 6 (50)
7 Streptomycin 10 µg 12 5 (41.67) 4 (33.33) 3 (25)
8 Amoxicillin- Clavulanic acid 20/10 µg 12 1 (8.33) 1 (8.33) 10 (83.33)
9 Cefotaxime- Clavulanic acid 30/10 µg 12 0 (0) 6 (50) 6 (50)

table 4: List of primers for the detection of various Salmonella genes.
Gene oligonucleotide Sequence At Size (bp) reference
InvA GCTGGTTTTAGGTTTGGCGG

CAAAGGTGACGCTATTGCCG
60°C 412 (Yasin et al.,2020)

rfbJ CCAGCACCAGTTCCAACTTGATAC
GGCTTCCGGCTTTATTGGTAAGCA

65°C 663 (Moosavy et al., 2015)

fliC ATAGCCATCTTACCAGTTCCCCC 
GCTGCAACTGTTACAGGATATGCC

65°C 183 (Moosavy et al., 2015)

fljB ACGAATGGTACGGCTTCTGTAACC 
TACCGTCGATAGTAACGACTTCGG

65°C 526 (Moosavy et al., 2015)

ST11 GCCAACCATTGCTAAATTGGCGCA 
GGTAGAAATTCCCAGCGGGTACTGG

65°C 429 (Moosavy et al., 2015)

SPV GCCGTACACGAGCTTATAGA 
ACCTACAGGGGCACAATAAC

65°C 250 (Moosavy et al., 2015)

SefA GCAGCGGTTACTATTGCAGC 
TGTGACAGGGACATTTAGCG

65°C 310 (Moosavy et al., 2015)

mation. S. Typhimurium and S. Enteritidis were screened 
individually in two separate PCR reactions by targeting 
serovars specific genes i.e rfbJ, fliC, fljB for S. Typhimurium 
and ST11, SPV, SefA for S. Enteritidis. The detail of prim-
ers is given in Table 4. The amplified PCR products were 
analyzed by 1.5% agarose gel electrophoresis, stained with 
Ethidium Bromide and visualized under gel documenta-
tion system (Fas-Digi®). 

rESuLtS

A total of 200 egg samples were processed in which the 
number of positive samples for Salmonella through selec-
tive enrichment was 22 (11.00%) as shown in Table 1. Out 
of 22 positive samples 17 (77.27%) were found to be Sal-
monella Enteritidis, whereas, 5 (22.73%) of the isolates were 
found to be Salmonella Typhimurium as shown in Table 1.
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Figure 1: Antibiogram of Salmonella Isolates against 
various antibiotics. AM=Ampicillin, C=Chlorampheni-
col, ER=Erythromycin, G=Gentamicin, K=Kanamycin, 
C=Ciprofloxacin, S=Streptomycin, AMC=Amoxicillin- 
Clavulanic acid, CTC=Cefotaxime- Clavulanic acid.

Figure 2: Gel electrophoresis image of invA gene. M 
represents 100bp Ladder while L4 represents 412 base pair 
product of invA gene.

Figure 3: Gel electrophoresis image of rfbJ, fljB and fliC. M 
represents 100bp molecular ladder whiel L1 shows 663bp, 
526bp and 183bp products of Salmonella  Typhimurium 
specific gene i.e. rfbJ, fljB and fliC, respectively.

Total number of Salmonella isolates from different egg 
components was 25 (12.5%). Nine (9) (4.5%) isolates were 
detected in eggshell, 10 (5%) isolates were detected in albu-
min; whereas,7 (3.5%) isolates were detected in yolk (Ta-
ble 2). The prevalence of Salmonella enterica Enteritidis 

was found to be 7 (3.5 %) from both eggshell and albumin 
contents and 6 (3%) from yolk content of eggs; whereas, 
the prevalence of Salmonella Typhimurium was found to be 
2 (1%) from egg shell, 3 (1.5%) from albumin contents. The 
prevalence of Salmonella Typhimurium from egg yolk was 0 
(Table 2). It is pertinent to mention here that Salmonella 
enterica Enteritidis was isolated from both albumin and 
yolk content of 03 number of eggs (Figure 5).

Figure 4: Gel electrophoresis image of SPV and ST11 
and SefA. M represents 100bp molecular ladder whiel L1 
shows 429bp, 310bp and 250bp products of Salmonella  
Enteritidis specific gene i.e. ST11, SefA and SPV, 
respectively.

Figure 5: Percentage prevalence of Salmonella Enteritid-
is and Salmonella Typhimurium from egg shell and egg 
albumin.

The antimicrobial sensitivity pattern of 50% (n=12) iso-
lates was done by Kirby-Bauer disk diffusion method. The 
Salmonella strains were interpreted as sensitive, interme-
diate and resistant based upon the formation of zone of 
inhibition using Clinical and Laboratory Standard insti-
tute (CLSI, 2019). The Salmonella Isolates were found 
to be highly resistant to the commonly used antibiotic 
in poultry industry. Highest resistance was noted against 
Ampicillin and Erythromycin (100%), followed by Amox-
icillin-Clavulanic acid (83.33%), Ciprofloxacin and Cefo-
taxime-Clavulanic acid (50%), Chloramphenicol and Kan-
amycin (33.33%); whereas, least resistant (25%) was found 
against Gentamicin and Streptomycin. Gentamicin was 
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found highly effective against 75 % of Salmonella isolates 
followed by Chloramphenicol, which was effective against 
58.33% of isolates; and Kanamycin and Streptomycin 
which were effective against 41.67 % isolates of Salmonella 
spp. Ampicillin, Ciprofloxacin and Cefotaxime-Clavulanic 
acid showed no efficacy (0%) against Salmonella isolates 
(Figure 1 and Table 3).

PCR screening of 25 biochemically confirmed Salmonella 
isolates revealed that (40%) isolates carried invA gene (Ta-
ble 4). The isolates were then screened for S. Typhimurium 
and S. Enteritidis specific genes in two separate PCR reac-
tions. Out of 25 isolates, 20 were identified to be S. Enter-
itidis while 5 were S. Typhimurium. The results of PCR are 
shown in Figure 2, Figure 3 and Figure 4. 

dIScuSSIon

The epidemiological studies depict that association be-
tween occurrence of Salmonellosis in human population 
and presence of Salmonella species in poultry products ex-
ist. Eggs contents can be contaminated with Salmonella 
species in the infected ovary of the hen. While contamina-
tion of egg shell can occur at any stage from laying to shift-
ing to retail stores like contact with fecal material, feed, 
transportation, storage or during handling. In the present 
study, it was recorded that 11% eggs were contaminated 
with Salmonella. Our results were in agreement with simi-
lar studies conducted in Uruguay  (9.35% ) (Betancor et al., 
2010) and India (7.5%) (Singh et al., 2010a).

In this study, contamination rate of Salmonella in eggs 
shell was found 4.5% while 8 % in eggs content (Albu-
min 5% and yolk 3 %).  However, In similar study con-
ducted In Pakistan, contamination rate in commercial eggs 
were found 40% in eggs shells while egg contents 8.33% 
(Akhtar et al., 2010) in which our results were in agree-
ment with egg content contamination rate. Similarly, in 
another study, the prevalence of Salmonella  species was 
recorded 34.12 % in eggs shell and 12.69% in egg con-
tent (Shahzad et al., 2012). In another study on prevalence 
of Salmonella species in South India, the contamination 
of egg shell with salmonella species was 6.1%, while in 
egg contents it was 1.8% (Suresh et al., 2006), the con-
tamination value of egg shell is closed to the findings of 
the current study. Moreover, we recorded that in 22 con-
taminated eggs, 77.27% were Salmonella Enteritidis while 
22.73% were Salmonella Typhimurium. These results are 
also in agreement with  other study conducted in Pakistan 
in which Salmonella  Enteritis was recorded as 75%  while  
other serovars, S. Typhimurium, S. paratyphi B, S. pollorum 
and non-typable Salmonella e was less than 25% of the 
total isolates in poultry (Akhtar et al., 2010). Salmonella 
Enteritidis make colonies in ovaries and tissues surround-

ing ovaries of laying hens. There is a vertical transmission 
of infection from breeders to layers and which results in 
transmission to human through consumption of raw eggs 
(Akhtar et al., 2010). In a study in Europe few outbreaks 
occurred in human due to consumption of eggs in which, 
3.5% were caused by S. Typhimurium and 77.2% by S. En-
teritidis (Hazards (BIOHAZ) 2010). Salmonella Enteritid-
is is frequently isolated serovar from the egg contents and 
eggshells (Musgrove et al. 2005). Few studies in Iran have 
reported S. Typhimurium as a most frequent isolate ( Jafari, 
et al., 2006). In another study, Salmonella Typhimurium was 
isolated from all of the egg shell samples ( Jamshidi et al., 
2010).

The use of antimicrobials in poultry industry for preven-
tion of infections has been the source of antibiotic resist-
ance in non-typhoidal Salmonella  (Mehdi et al., 2018). 
The results of in vitro susceptibility test showed that all 
isolates were highly resistant to Ampicillin (100%), Eryth-
romycin (100%) and Amoxicillin-Clavulanic acid (83.33%) 
while moderately resistant to Ciprofloxacin (50%), Cefo-
taxime-Clavulanic acid (50%) Kanamycin (33.333%) and 
Chloramphenicol (33.33%). Our results are in line with 
other findings who found 76.66%  and 75 % of Salmo-
nella  isolates of poultry origin were resistant to Ampicil-
lin (Rafiullah et al., 2018; Uddin et al., 2018). In similar 
study, 100 % of Salmonella  isolates were found resistant 
to Erythromycin (Akhtar et al., 2010).  Findings  of this 
study are  also in close agreement to another study wherein 
the authors reported  47.7% of Salmonella  isolates were 
resistant to Ciprofloxacin and 41.1% to Chloramphenicol 
(Ahmad et al., 2020). In another study, 43% of Salmonella  
enterica isolates collected from poultry were found resist-
ant to Ampicillin, Amoxicillin-Clavulanic acid, Ceftiofur, 
Cefoxitim and Ceftriaxone (Diarra and Malouin, 2014).

In conclusion, poultry table eggs are carrier of zoonotic 
strains of Salmonella in the Peshawar region that is poten-
tially a high a threat to public health. Moreover, the dom-
inant serovars like S. Enteritidis and S. Typhimurium are 
highly resistant and virulent and are of great public health 
concern. The results of the present study showed that 
both eggs shells and contents were contaminated which 
suggest that sources of contamination were most proba-
bly the poultry farms as well as at retail shops. Similarly, 
poor transportation, storage condition and handing could 
further enhance contamination of the eggs. Therefore, a 
proper surveillance system is urgently needed that could 
ensure a routine sampling pattern from different regions 
of Khyber Pakhtunkhwa to monitor trends in the burden 
of Zoonotic Salmonellosis due to resistant strains includ-
ing the detection of epidemics. Furthermore, the use of 
antimicrobials in poultry industry needs to regularize to 
protect and improve human health. Moreover, the general 
public may be advised to properly disinfect the eggs before 
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storing and always fully cook the eggs.
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