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ABSTRACT
The incidence of Salmonella species was determined in 1050 eggs including balady hen’s eggs, farm
hen’s eggs and duck’s eggs (350 eggs each represented by 70 samples as every 5 eggs constitute one
sample) and in 90 samples of egg-based products including mayonnaise, cream cake and custard (30
each) were collected from different localities in Assiut city, Egypt. Salmonella was recovered from 8.58,
5.72% of balady hen’s egg shells using Xylose Lysine Deoxycholate (XLD) agar and Salmonella Shigella
(SS) agar, respectively and could be isolated from egg content in a percentage of 1.43% by XLD agar.
Different serotypes of Salmonella were isolated from shells of balady hen’s eggs including S. typhimurium, S. anatum, S. infantis, S. kentucky while, S. enteritidis was the only serotype that recovered
from both shell and content. In case of farm hen’s eggs, S. kentucky and S. infantis could be identified
from positive shell and content samples, respectively at same percentage of 1.43% by using XLD agar.
On the other hand, Salmonella could not be detected on SS agar from both shell and content of all examined samples. Concerning duck’s eggs 4.29 and 1.43% of shell samples were contaminated with Salmonella by using XLD and SS, respectively. While, 2.86 and 1.43% of examined egg content samples
were positive using XLD and SS agar, respectively and S. typhimurium was the predominant serotype
which isolated from both shell and content samples. While, S. infantis was recovered from shell only
and S. kentucky was isolated from content only. Salmonella species were existed in 2 (6.66%) and 1 sample (3.33%) of the examined cream cake using XLD and SS agar, respectively while, none of the examined
custard and mayonnaise samples were positive for Salmonella on both media. S. kentucky, S. shubra
and S. enteritidis were isolated from the positive cream cake samples with an equal incidence of 3.33 %
for each. Although XLD agar was found to be comparatively better in recovering Salmonella species
than SS agar, the two media were found to be complementary to each other for recovering different
Salmonella serotypes. Detection of common invA gene in all isolated Salmonella serotypes by PCR assay
showed positive amplification of 284 bp fragment specific for the invA gene with total percentage of
100%. Screening of 12 isolates of S. typhimurium and S. enteritidis, which were the most prevalent
serotypes in the positive samples for stn, hilA and fimH virulence genes by multiplex PCR revealed varying distribution pattern. The public health hazards and the recommended measures required to prevent
contamination of eggs and its based products by Salmonella were discussed.
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Introduction
For thousands of years, eggs and its products have represented an important part of human diet as they are easy to
obtain and they are rich in nutrients, containing proteins, minerals, fats, vitamins and more. While eggs are highly nutritious
for humans, they are also nutritious for other living organisms.
Just as the yolk provides nutrients to a growing embryo, it is
also a nutritional resource for bacterial organisms when they
cross egg shells and membranes. Scientific Committee on Veterinary Measures relating to public health has identified eggs
and egg-based products containing raw eggs as a food group,
which pose a public health hazard (European Commission,
2003). Eggs and egg-based products that are improperly han*Corresponding author: Enas El-Prince
E-mail address: enas6262@yahoo.com

dled can be a source of foodborne microorganisms, such as
Salmonella, which is one of the most prevalent causes of foodborne illness (Howard et al., 2012; Galis et al., 2013). It has
been the second after Campylobacter most commonly
recorded cause of zoonotic disease in Europe. In 2012, a total
of 91,034 confirmed cases of human salmonellosis were reported in the European Union, the EU notification rate for confirmed cases was 22.2 per 100,000 populations and the
case-fatality rate was 0.14% as 61 deaths due to non-typhoidal
salmonellosis (European Food Safety Authority, 2014). The
genus Salmonella comprises two species, the first one is S. enterica, which is divided into six subspecies. The second species
named S. bongori (formerly called S. enterica subspecies bongori V). Species and subspecies can be distinguished on the
basis of characters and antigenic formulae into 2501 serovars
(Solari et al., 2003). However, a recent report from the Centre
for Infectious Disease Research and Policy classifies members
of the Salmonella species into more than 2541 serotypes
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(serovars) according to their somatic (O) and flagellar (H) antigens (CIDRAP, 2006). People generally acquire salmonellosis
through foodborne exposure and direct contact with infected
animals. A variety of investigations of outbreaks and sporadic
cases have indicated that the most common food vehicles of
salmonella infections in humans are poultry and poultry products, including raw and uncooked eggs (Hennessy et al., 2004;
Plym and Wierup, 2006). In the United States between 1985
and 2002 contamination of eggs was identified as the source
of 53% of all cases of Salmonella reported to the Centre for
Disease Control and Prevention (Food Drug Administration,
2009). The two most commonly identified causative agents of
foodborne salmonellosis are S. enterica serotypes typhimurium and enteritidis (Galis et al., 2013).
There are two pathways for eggs to become internally
contaminated with Salmonella, direct contamination during
egg formation in hen’s ovary and oviduct (vertical transmission). Whereas, indirect contamination occurs after egg has
been laid and Salmonella contaminating egg from colonized
gut or from contaminated feces penetrates through the shell
membrane (horizontal transmission) to egg. Such route is facilitated by moist egg shells, storage at ambient temperature
and shell damage (De Reu et al., 2006; Howard et al., 2012).
Both S. enteritidis and S. typhimurium have been demonstrated to have the ability to colonize the reproductive tract
of hens (Gantois et al., 2008), however, S. enteritidis is more
frequently isolated from the internal contents of eggs due to
its ability to adhere better to reproductive tract mucosa compared to S. typhimurium (Wales and Davies, 2011). Although
various bacterial pathogens have contaminated chicken's
eggs, Salmonella accounts for the majority of documented
cases (Spitzer, 2016). Certain food items have been specifically
associated with cases of human salmonellosis and these include homemade desserts, ice cream and drinks containing
raw eggs, shop-bought sandwiches containing mayonnaise or
eggs, lightly cooked eggs and fried eggs “sunny-side up”
(Molbak and Niemann, 2002). So that, Salmonella was isolated
from eggs and egg-based products in different countries including Mexico, England, Yemen, Egypt, Japan, Turkey, Korea
and Ethiopia by several investigators (Martinez et al., 2005; Little et al., 2007; Taha et al., 2010; Abd El Tawwab et al., 2013;
Murakami et al., 2013; Can et al., 2014; Min Chan et al., 2015;
Tsegaye et al., 2016). Considering the facts that emergence of
egg associated salmonellosis as a leading foodborne disease,
pandemic nature of Salmonella and globalized nature of trade
and commerce, it is assumed important to study the incidence
of Salmonella in various types of consumed eggs and its based
products in Assiut governorate and to determine the risk associated with this commodity.

Table 1. List of primers used for PCR amplification

2

Materials and methods
Collection of samples

A total of 1050 eggs including balady hen’s eggs, farm
hen’s eggs and duck’s eggs (350 eggs each represented by 70
samples as every 5 eggs constitute one sample). Also, 90 samples of egg-based products including mayonnaise, cream cake
and custard (30 samples each) were collected from different
localities in Assiut city, Egypt.
Preparation of samples
Egg samples

Egg shells were tested as described by Moats (1980) and
contents were prepared and evacuated according to Speck
(1984).
Egg-based product samples

Samples were released aseptically from their containers
and were prepared according to APHA (1992).
Isolation of Salmonella species

Salmonella species were isolated and identified biochemically according to Andrews and Hammack (2001) and ISO6579 (2002).
Serological identification of Salmonella

According to Kauffman-White scheme (Kauffmann, 1974)
for the determination of somatic (O) and flagellar (H) antigens
using Salmonella antiserum (DENKA SEIKEN Co., Japan).
Polymerase Chain Reaction (PCR)

PCR was applied for detection of invasion A (invA) gene in
all isolated Salmonella species and for identification of virulence factors including, enterotoxin (stn), hyper-invasive locus
(hilA) and fimbrial (fimH) genes in both S. typhimurium and S.
enteritidis by using primers (Pharmacia Biotech) as shown in
Table 1.

Results and Discussion

The present study showed that Salmonella was recovered
from 8.58, 5.72% of balady hen’s egg shells using Xylose Lysine
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Deoxycholate agar (XLD) and Salmonella Shigella (SS) agar, respectively (Table 2).
Shell surfaces can be contaminated congenitally from carrier hens, which disseminate the organisms to widely distributed areas that receive the infected eggs. Also shells can be
contaminated by excreta of farm animals live with balady
chicken in the same place as a bad habit of Egyptian farmers,
where Dhillon et al. (1974) showed that contaminated water,
environment and intestinal tract are the main sources of shell
contamination.
The egg shell incidence using XLD agar was in agreement
with that indicated by Hussien et al. (2009) as 9% and by Rashwan (2013) as 7.83%. While, it was lower than that observed
by Adil et al. (2012) (34.12%) and El Sherif and Hassan (2013)
(26.67%). However, El-Prince (1988); Korashy et al. (2008) and
El-Kholy et al. (2014) failed to detect Salmonella in all of examined egg shell samples. Moreover, Salmonella could be detected in balady hen’s egg content in a percentage of 1.43%
by using XLD agar only. Nearly similar result was recorded by
El Jakee et al. (2016) (1.3%). While, highest percentages were
obtained by Osman et al. (2011); Adil et al. (2012) and El Sherif
and Hassan (2013). In the contrary, Salmonella species could
not be isolated from balady hen’s egg content by Msallam
(2008) and Arif (2013). This variability may be referred to the
health status of hens as transovarian transmission of Salmonella to eggs and the extent of shell contamination and the
subsequent penetration of the shell (De Buck et al., 2004).

Different serotypes of Salmonella were isolated from balady hen’s egg shells including S. typhimurium, S. anatum and
S. kentucky each of 1.43% using both agars. While, S. infantis
could be recovered from 1.43% of balady hen’s egg shell samples using XLD agar (Table 3). Moreover, S. enteritidis was recovered from balady hen’s egg shells in percentages of 2.86
and 1.43% by using XLD and SS agar, respectively and was isolated from egg contents in a percentage of 1.43% by using
XLD agar. S. enteritidis is known to have unusual ability to colonize in ovarian tissues of hens and transmitted vertically to
be presents within the contents of intact shell eggs, therefore
it is not surprising that it was isolated from shells and contents
(Olsen and Hammack, 2000). Moreover, Shirota et al. (2001)
suggested that S. enteritidis was more associated with human
foodborne disease outbreaks than other Salmonella serotypes
particularly those associated with egg and egg products which
results in more deaths than any other pathogen. Lower S. enteritidis incidence (0.6%) from egg content was detected by El
Jakee et al. (2016), however, Osman et al. (2011) showed
higher value.
In the case of farm hen’s eggs, the incidence of Salmonella
in shell samples was 1.43% (by using XLD agar only) (Table 2).
This indicates that eggs were contaminated either during its
lays through the contaminated cloacae or from direct contact
with contaminated nest, litter, trays and transport boxes after
collection and delivered to markets.
This result agreed to some extent with those of Musgrove

Table 2: Incidence of Salmonella species in the examined egg and egg-based products sample

Table 3. Incidence of different Salmonella serotypes in the examined egg and egg- based products sample

XLD: Xylose Lysine Deoxycholate agar, SS: Salmonella Shigella agar
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et al. (2005) (1.19%) and Wilson (2007) (1.8%), while, Murchie
et al. (2007) demonstrated lower incidence of shell contamination in island of Ireland (0.04%). However, the value of Salmonella in farm hen’s egg shell is lower than that of Almario
(2014) (10.7%); Min Chan et al. (2015) (17%); and Zubair et al.
(2017) (4.85%). On the other hand, Favier et al. (2001) failed
to isolate Salmonella from 122 egg shell samples.
In addition, one sample (1.43%) out of 70 examined egg
content samples was contaminated with Salmonella by using
XLD agar. Low incidence of content contamination may be attributed to the antimicrobial effect of egg albumen and also
may be due to low contamination rate (Thammasuvimol et al.,
2006; Van Immerseel, 2010). Also, Salmonella could not be isolated on SS agar from both shell and content of all examined
farm hen’s egg samples. However, S. kentucky (one strain from
shell) and S. infantis (one strain from content) were identified
(1.43% for each) as shown in Table 3.
Although, there are relatively low incidence of positive
samples in farm hen’s eggs the pathogens represent a potential risk to consumers on the basis that all Salmonella are potentially pathogenic (Zansky et al., 2002; Kabir, 2009).
The incidence of Salmonella in examined duck’s egg shell
samples was 4.29% on XLD agar and 1.43% on SS agar (Table
2). Nearly similar result was obtained by Harsha et al. (2011),
while, higher values were conducted by Korashy et al. (2008)
and Suksangawong (2008), however, Rezk and Saleh (2008);
Adzitey et al. (2012); Nor Faiza et al. (2013) and Sedeek and
Aioub (2014) could not detect Salmonella in all of examined
duck’s egg shell samples. In case of duck’s egg contents, 2.86
and 1.43% of samples were contaminated with Salmonella by
using XLD and SS agar, respectively. Bad habits of ducks as
laying eggs near dirty and damp places, in addition to rapid
deterioration of the antibacterial activity of albumen on storage give the chance to raise the rate of contamination in
duck’s eggs. There is also a practice of eating raw eggs among
the villagers as they consider it more nutritious. Hence the
prevalence of Salmo¬nella in duck’s eggs poses definite threat
to unwary consumers.

Concerning Salmonella serotypes it is noticeable that, the
predominant serotype in duck’s eggs was S. typhimurium
which isolated from 3 shell samples (4.29%) on XLD agar and
isolated from content with equal incidence of 1.43% by using
each of both media. Also, one isolate of S. infantis was recovered from egg shell on SS agar, while, S. kentucky was isolated
from one egg content sample by using XLD agar (Table 3).
Regarding to egg-based products, none of examined custard and mayonnaise samples were pos¬itive for Salmonella
on both media. While, Salmonella species were existed in 2
(6.66%) and 1 sample (3.33%) of the examined cream cake
using XLD and SS agar, respectively. S. kentucky and S. shubra
were isolated from the positive cream cake samples with an
incidence of 3.33% for each using XLD agar. While, by using
SS agar S. enteritidis could be isolated in percentage of 3.33%
(Tables 2 and 3). Unlike this study, Gumus et al. (2005); Meldrum et al. (2006) and Siriken et al. (2009) did not find Salmonella in any of cream cake samples. While, higher percentage
(16%) was indicated by Can et al. (2014) in cream cake samples
produced in Turkey.
In the present study, XLD agar was found to be comparatively better in recovering Salmonella than SS agar as Salmonella species were isolated from 16 (3.14%) out of 510 egg
and egg-based product samples using XLD agar. While, by
using SS agar they were isolated from 7 (1.37%) (Table 2). This
result is in harmony with that postulated by Rall et al. (2005);
Rashwan (2013) and Taha et al. (2013).
In this study PCR assay was carried out for detection of
invA gene (common gene) in all of the 23 isolated Salmonella
strains. All isolates showed positive amplification of 284 bp
fragment specific for the invA gene with total percentage of
100% as shown in Table 4 and Fig. 1. Therefore, PCR method
based on invA gene is a rapid and reliable method for detection and confirmation of Salmonella as a complementary to
conventional culture methods (Rodulfo et al., 2012). This result
is in conformity to previous studies observed by Karmi (2013);
Ezzat et al. (2014) and Osman et al. (2014).

Fig. 1. Agarose gel electrophoresis of PCR of invA (284 bp) gene for demonstration of Salmonella species isolated from the examined
samples of eggs and egg-based products. Lane M: 100 bp ladder as molecular size DNA marker. Lane 1: Control positive Salmonella strain
for invA gene. Lane 2: Control negative. Lanes from 3 to 25: The 23 positive Salmonella strains for invA gene.
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Table 4. Results of PCR of the isolated Salmonella species from the
examined egg and egg-based products samples.

respectively. 2 of the 3 genes were found in 2 isolates of S. enteritidis, while, the other 3 isolates were carried only one gene
as shown in Table 5 and Fig. 2.

Table 4. Results of PCR of the isolated Salmonella species from the
examined egg and egg-based products samples.

To assess the virulence of Salmonella isolated from the examined egg and egg-based product samples, the distribution
of 3 virulence genes namely stn, hilA and fimH genes was determined in the isolates of S. typhimurium and S. enteritidis
because of their higher prevalence in the examined samples
and also they are the most commonly isolated Salmonella
from foodborne outbreaks. For this purpose, multiplex polymerase chain reaction (MPCR) technique was used which uses
pairs of primers that allow the simultaneous detection and
identification of different specific DNA sequences in the same
sample at the same time (Maciorowski et al., 2005).
Varying distribution pattern of these virulence genes was
observed among S. typhimurium and S. enteritidis isolates. Incidences of stn, hilA and fimH in S. typhimurium isolates were
42.86, 71.43 and 57.14%, respectively. Only one isolate of 7 S.
typhimurium isolates was positive for the three virulence
genes evaluated, 3 isolates carried single gene and the other
3 isolates carried 2 genes. The distribution of stn, hilA and
fimH in S. enteritidis isolates was found to be 40, 60 and 40%,

It was clear that gene pattern was not the same for all isolates, the variety in number and distribution of different virulence markers among screened Salmonella serovars suggests
that within those serovars there are different pathotypes potentially responsible for different clinical syndromes in the
host.
Therefore, to improve the quality of eggs and its based
products and to safeguard the consumer from being infected
with Salmonella all precautions showed be adopted during
their handling and production.

Fig. 2. Agarose gel electrophoresis of multiplex PCR of stn (260 bp), hilA (497 bp) and fimH (1008 bp) virulent genes for characterization
of both S. typhimurium and S. enteritidis.
Lane M: 100 bp ladder as molecular size DNA marker. Lane 1: Control positive for stn, hilA and fimH genes. Lane 2: Control negative.
Lane 3: Positive S. typhimurium strain for hilA gene. Lane 4: Positive S. typhimurium strains for stn, hilA and fimH genes. Lane 5: Positive
S. typhimurium strain for fimH gene. Lane 6: Positive S. typhimurium strains for hilA and fimH genes. Lane 7: Positive S. typhimurium
strain for stn gene. Lane 8: Positive S. typhimurium strains for stn and hilA genes. Lane 9: Positive S. typhimurium strains for hilA and
fimH genes. Lane 10: Positive S. enteritidis strains for stn and hilA genes. Lane 11: Positive S. enteritidis strain for fimH gene. Lane 12:
Positive S. enteritidis strain for hilA gene. Lane 13: Positive S. enteritidis strain for stn gene. Lane 14: Positive S. enteritidis strain for hilA
and fimH gene.
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