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Abstract:

BACKGROUND: Poultry products have been recognized as
major sources of human gastrointestinal disease caused by
Salmonella spp. and severa outbreaks have been reported where
eggswerethesourceof humaninfection. OBJECTIVES: Thisstudy
was carried out to determine the prevalence of Salmonella spp. in
thequail egginterior contentsfromretail storesof Semnan, Iranand
to characterize theisolated Salmonella serovarsviaserotyping and
Multiplex PCRtechniques.M ETHODS: 140 packagesof quail eggs
(each package containing 12 eggs) were collected from different
batches during summer 2010 and tested for the presence of
Salmonella through conventional culture and serotyping methods.
RESULTS: From these samples, S. enteritidis was detected in the
egg contents of one package (0.71 %) out of 140 packages. This
isolate was confirmed by Multiplex PCR generated amplification
products for a random sequence that is specific for the genus
salmonellaand spv and sefA genes. CONCL USIONS: Accordingto
our results, S. enteritidisisthemost preval ent serotype of quail egg
content contaminant in the Semnan area of Iran and the multiplex
PCR method could be used as a reliable method of identifying

Salmonella serovars.

I ntroduction

Salmonella infection is the most frequent food-
borne gastrointestinal disease transmitted from
animals to humans, mainly through beef, poultry
meat, eggand milk (Gillespieet a ., 2003) (Riyaz-Ul-
Hassan et a., 2004). Poultry products have been
recognized asmajor sourcesof humanillness caused
by this pathogen (Amavisit et al., 2001; Corry et al.,
2002), and several outbreaks have been reported
where eggs were the source of human infection
(Amavisitet al., 2001; Berghold et al., 2003; Crespo
et a., 2005; Jamshidi et al., 2010); in particular, raw
or half cooked eggs (in mousse, mayonnaise,
beveragesand other food products) areat highrisk for
human (Moore and Madden, 1993; Gillespie et a.,
2005).Thereare morethan 2435 known serotypes of
Salmonella and many of these serotypes are well
documented human pathogens (Rahman, 2002)
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Salmonella enterica serovar Typhimurium and
Salmonella enterica serovar Enteritidis are the most
frequently isolated serovar from foodborne
outbreaks throughout the world and are responsible
for half of human infections (Herikstad et al., 2002;
Bhattacharjee et al., 2011). In chicken it has been
shown that both S. Typhimurium and S. Enteritidis
infectthereproductivetract and contaminateforming
eggs and thus can be present within the contents of
intacteggshells(Kelleretal.,1995,1997; Humphrey,
1994).

Since various Salmonella species have particul ar
antigenic profile and can show different disease
syndromes and host specificity, it is vita to
discriminate Salmonella serovarsfrom each other in
order to insurethat each pathogen and epidemiol ogy
iscorrectly recognized (Limet al., 2003).

Bacteriological method for detecting pathogens
typically involvesculturing theorganismin selective

191



Prevalence of Salmonella spp. in the quail egg...

media and identifying isolates according to their
morphological, biochemical, and/or immunological
characteristics. Thismethod is sensitive and permits
the specific detection of microorganismof interestin
complex environments such as foods and certain
clinica samples. However, the method is time
consuming and usually requires 5-11 days (Riyaz-
Ul-Hassanet a., 2004).

Rapid detection methods, such as DNA or RNA
probing, immunodetection methodsand nucleic acid
hybridization have been devel oped, but they do not
have enough sensitivity and specificity (Zhu et a.,
1996).

The advent of DNA amplification by the PCR
method and its application have significantly
improved the specificity, sensitivity and time
necessary for detection of microbial pathogensinthe
environment (Begj, 2003).

PCR has also become a vauable tool for
investigating food-borne outbreaks and identifying
pathogens (Riyaz-Ul-Hassan et al., 2004; Kapley et
al., 2000; Daum et al., 2002; Jamshidi et al., 2010).

The highest level of n-3 polyunsaturated fatty
acids, the best ratio of n-6/n-3 fatty acids and the
lowest cholesterol content in quail egg yolks in
comparisonto other bird species, i.e. hens, pheasants,
ostriches and ducks (Kazmierska, 2005) have led to
anincreasinginterestinconsumption of thequail egg
al over theworld and in Iran. Therefore, this study
was undertaken for the first time to determine the
prevalence of salmonella infection in the quail egg
content samples, collected from retail stores in
Semnan, Iran, using bacteriological and molecular
techniques.

Materialsand M ethods

Sample collection: Quail Eggs were collected
randomly from local supermarkets in Semnan city
over aperiod of 3 monthsin summer, 2010 (from 22
May to 22 Aug 2010). In this regard, Semnan was
divided to five main regions (north, south, west, east
and center of city) according to their source of quail
eggs. During the experiment, atotal of 140 packages
of eggs (containing 12 eggs in each package) in
different batch numbers were analyzed for the
presence of Salmonella in egg content. Every
package from each store was transported to the
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laboratory on crushed ice. The sampleswerekeptin
the refrigerator at 4°C for about 4 hours till testing.
Experiment was done in a completely randomized
design including four replications (time), five
treatments (regions) and seven observations in each
replicate. SAS package software (ver. 9.1) was used
for statistical analysis in genera linear model
procedureand Duncan's multiplerangetest wasused
to compare treatment means (0.=0.05).

Culturing method for isolation and identifica-
tion of Salmonella spp.: In order to collect the egg
contents, the surfaces of the eggs were sterilized by
immersion in 70% acohol for 2 min, flamed for
removing residual alcohol, and then cracked with a
sterile knife. Egg contents of each package were
mixed thoroughly, and 25 mL of mixed egg content
wasinoculatedinto 225 mL of peptonebufferedwater
1% and incubated at 37°C for 24 h. After pre-
enrichment,0.1 mL of theculturesof all sampletypes
were transferred to 10 mL of Rappaport-Vassiliadis
(RV) medium (Merck) and 1 mL to 9 mL of
tetrathionate broth (Merck) and incubated at 43?C
and 37°C, respectively for 24 h for selective
enrichment. The cultures were then streaked onto
Xylose lysine desoxycolate (XLD) (Merck) and
Hektoen enteric agar (HE) (Merck), andincubated at
37°C for 24 h. The plates were observed for typical
Salmonella-likecoloniesandrandomly, two colonies
per plate were picked, purified and confirmed by
routine biochemical and serological tests as
recommended by Douglas Watman (Douglas
Waltmanetal., 1998).

The suspected colonies were subjected to
multiplex PCR assay for final confirmation and
identification of Salmonella spp.

Multiplex PCR Amplification: The typical
Salmonellacolonieson sel ectivemediathat had been
confirmed as Salmonella strains by biochemical and
serological tests were employed as templates for
Multiplex PCR assay. S. enteritidis (ATCC-13076)
wasused aspositivecontrol and steriledistilled water
was used as negative control. One of the bacterial
colonies that was confirmed as Salmonella spp. by
biochemical and serological tests, was cultured on
LB agar overnight and after the growth of isolated
Salmonella strain on LB agar, one colony was
selected for DNA extraction. Genomic DNA was
extracted from isolated strain with the AccuPrep®
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Table 1. Sequence of oligonucleotides used as primersinthe multiplex-PCR.

primers Sequence(5'-3") Tar get gene fr/:gr?npelrilct?gp)
ST11 GCCAACCATTGCTAAATTGGCGCA Random sequence 429
ST14 GGTAGAAATTCCCAGCGGGTACTGG Random sequence
SEFA2 GCAGCGGTTACTATTGCAGC sefA
SEFA4 TGTGACAGGGACATTTAGCG sefA 310
S1 GCCGTACACGAGCTTATAGA spv
A ACCTACAGGGGCACAATAAC spv 220

Genomic DNA Extraction Kit (BIONEER, Korea)
according to themanufacturer's protocol.

A volume of 3 L of the supernatant was used as
template for amplification by Multiplex PCR assay.
The sequence of the three pairs of primers for the
Multiplex PCRisshownin Table 1. Whilethe ST11
and ST14 primers are specific for the genus
Salmonella, theS1and $4 primersand the SEFA2 and
SEFA4 primers are specific for the S enteritidis
serovar, they can distinguish this serovar from non-
enteritidis serovars of Salmonella. (Pan, 2002;
Mirzaei, 2010).

Reactionswiththeseprimerswerecarriedoutina
total volume of 25 pL amplification mixture
consisting of 2.5 pL of 10X reaction buffer (500 mM
KCl, 200 mM Tris-HCl), 0.8 pL dNTPs (10 mM), 1
puL MgCl2(50mM), 1.25 UL of each primer (10 uM),
0.6 pL of Tag DNA polymerase (Fermentase) and 3
ML of extracted DNA as template and 9.6 pL of
distilled water.

Amplification was performed in Techne TC-
512 thermocycler (Techne, UK). The cycling
conditions were as follows. 35 cycles of
denaturation at 94°C for 30s, annealing at 56°C for
90s, elongation at 72°C for 30s, and final extension
period for 10 min at 72°C. Amplified products were
electrophoresed in 1.8% agarose gel and a 100-bp
DNA ladder was used asasize marker.

After stainingwith ethidium bromide, thegel was
visualized with UV gel documentation

apparatus (BIORAD, UK).

Results

Performing microbiological testsshowed that the
quail egg contentsof one package (around 0.71%) of
140 packages were suspected Salmonella genus and
according to serological tests, this isolate was
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Figurel. Multiplex -PCR assay using threesetsof primers. The
429-bp amplified product from random sequencegenespecific
for Salmonella spp., 310 and 250bp from sefA and spv gene
specific for Senteritidis. Lane (1): 100-bp molecular weight
marker; Lane (2): S. enteritidis as positive control; Lane (3):
Positive samplefor Senteritidis; Lane (4): negativecontrol.

identified as S enteritidis. The M-PCR method
confirmed thisresult by producing 429, 310 and 250
base pair amplification products from a random
sequence (specific for the genus Salmonella), sefA
and spv in both ATCC-13067 strain of S enteritidis
(used as positive control) and the isolated strain of
Salmonella enteritidisfrom quail eggs (Figure1).

Discussion

Prevalence levels of Salmonella spp. contamin-
ation of egg contentsin other countrieswerereported
to vary from zero in Poland (Radkowski, 2001) to
1.8%inIndia(Sureshetal., 2006). Thesereportsare,
for the most part,not related to quail eggs. In astudy
conducted by Ozbey (2008) for determining the
presenceof Salmonella spp. in 448 egg samplesfrom
chickens, ducksand quails, 3 samplesof quail eggs
(0.66%) were positive for Salmonella (Ozbey et al.,
2008), which resembles our results. In another study
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performed on 123 liquid whole quail eggsin Turkey,
5.69% Salmonella contamination was detected
(Erdogrul, 2004), which is much higher than its
contamination found in this study. This difference
may be affected by local factors.

Similar to theresults of thisstudy, Senteritidisis
the most frequently isolated serovar from the
eggshellsand egg contentsin some countriessuch as
Turkey (Musgrove et al., 2005; Erdogrul, 2004).
Although some authors mentioned that the most
frequentisolatefromeggsinlranwasS.typhimurium
(Jamshidi et al., 2010),inthisstudy it is Senteritidis.

In chicken it has been shown that both S
typhimuriumandS. enteritidisinfect thereproductive
tract and contaminate forming eggsbut S. enteritidis
persistsafter eggsarelaid (Keller etal., 1995, 1997).
It hasbeen proved that aspecific gene possibly aters
S enteritidisinteraction with egg albumin compon-
ents, but S. typhimuriumdoesnot havethisprotective
gene (Clavijo et a., 2006). In addition to the
reproductive tract, egg contamination by Salmonel-
lae can occur through contact with Salmonella-
contaminated equipment, personnel, environment,
infected wild birdsand rodents (Cox et al., 2000).

Inthepresent study, ST11 and ST 14 primerswere
used for specific detection of Salmonella at thegenus
level which target the randomly cloned sequence
specificfor thegenus Salmonella. Ontheother hand,
for specific detection of S enteritidis, S1 and $4
primers which target Salmonella plasmid virulence
gene (spv) and SEFA2 and SEFA4 primers which
target S enteritidisfimbrial antigen gene(sefA) were
used, and detection of both of these genesis very
important to distinguish S enteritidis from
Salmonella non-Enteritidis strains (Pan, 2002;
Mirzaei, 2010).

It is believed that some Salmonella serovars
(rough Salmonella isolates) which, because of
devel oping new specificitiesontheir cell surfaceand
causing the diversity of O antigens can not be
identified by traditional serotyping methods, can be
identified by molecular typing methods (Malorny et
a., 2007); but in our study, both molecular and
conventional tests had the sameresults.

Even though the origina population of S
enteritidisinliquidegg seemstobelow, they havethe
ability to increase to a disease causing level.
Temperature abuse of the egg product can lead to
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higher numbers of organisms that may not be
completely eliminated by current pasteurization
protocols; moreover, the increased resistance of
Senteritidis in undesirable circumstances such as
sated egg yolk products have been previousy
documented (Cotteril and Glauert 1968; Palumbo et
al., 1995); inthisregard, Center for Disease Control
and Prevention (CDC) believesthat S. enteritidisis
one of the most common serovars associated with
human disease and is therefore of considerable
importanceto public health (CDC asreference)
According to our results, it seems that S
enteritidisisthemost prevalent serotypeof quail egg
content contaminant in the Semnan area of Iran and
themultiplex PCR method could beused asareliable
method of identifying Salmonella serovars; in
addition, this study confirmed that the quail eggisa
significant reservoir of food-bornepathogenssuchas
Salmonella. Incidentally, new on-farminitiativesin
food safety, such astheapplication of hazard analysis
critical control point systems, will help reduce the
risk of Salmonella transmission through quail eggs.
Moreover, proper refrigeration, cooking, and
handling should prevent most egg saf ety problems.

Acknowledgment

Theauthorswishtothank Mr. Iradj Ashrafi Tamai
and Mr. Ghasem Jafari for their excellent technical
assistance and support.

References
1. Amavisit, P, Browning, GF., Lightfood, D.,

Anderson, C.S. (2001) Rapid PCR detection of
Salmonellain horse faecal samples. Vet. Microbiol.
79: 63-74.

2. Bgj,AK., Steffan, R.J,, Dicesare, J., Haff, L., Atlas,
R.M. (1990) Detection of coliform bacteriain water
by polimerase chain reaction and genes probes. Appl.
Environ. Microbiol. 56: 307.

3. Berghold, C., Kornschober, C., Weber, S. (2003) A
regional outbreak of S. Enteritidis phage type 5,

1JVM (2012), 6(3):191-196



Jebelli Javan, A.

traced back to the flocks of an egg producer, Austria.
Euro. Surveill. 8: 195-198.

4. Bhattacharjee, P, Panigrahi, S., Lin, D., Logue,
C.M., Sherwood, J.S., Doetkott, C., et a. (2011) A
comparative qualitative study of the profile of
volatile organic compounds associated with
Salmonella contamination of packaged aged and
fresh beef by HS-SPME/GC-MS. J. Food. Sci.
Technal. 48: 1-13.

5. CDC: Salmonella Surveillance: Annual Summary.
(2004) Atlanta, Georgia: US Department of Health
and Human Services.

6. Clavijo, R.l., Loui, C.,Anderson, GL., Riley, L.W.,
Lu, S. (2006) Identification of genes associated with
survival of Salmonellaenteric serovar Enteritidisin
chicken egg albumen. Appl. Environ. Microbiol.
72:1055-1064.

7. Corry, JE.L.,Allen, V.M., Hudson, W.R., Bresline,
M.F., Davies, R.H. (2002) Source of Salmonellaon
broiler carcasses during transportation and
processing: modes of contamination and method of
control. J. Appl. Microbiol. 92: 424-432.

8. Cotteril, O.J., Glauert, J.(1968) Thermal resistance of
Salmonellae in egg yolk products containing sugar
and salt. Poult. Sci. 48: 1156-1166.

9. Cox, N.A., Berrang , M.E., Cason, JA. (2000)
Salmonella penetration of egg shells and
proliferation in broiler hatching eggs - a review.
Poult. Sci. 79: 1571-1574.

10. Crespo, P.S., Hernandez, G, Echeita, A., Torres, A.,
Ordonez, P, Aladuena, A. (2005) Surveillance of
foodborne disease outbreaks associatedwith
consumption of eggs and egg products: Spain, 2002-
2003. Euro. Surveill. 10: E050616.2.

11. Daum, L.T., Barnes, W. J., Mc Avin, J.C., Neidert,
M.S., Cooper, L.A., Huff, W.B., et al.(2002) Real-
time PCR detection of Salmonellain suspect foods
from a gastroenteritis outbreak in Kerr County,
Texas. J. Clin. Microbiol. 40: 3050-3052.

12. Douglas Waltman, W., Gast, R.K., Mallinson, E.T.
(1998) Salmonellosis. In: A Laboratory Manual for
the Isolation and I dentification of Avian Pathogens.
Swayne, D.E., Glisson, J.R., Jackwood, M.W.,
Pearson, J.E., Reed, W.M. (eds.). The American
Association of Avian Pathologists, Kennett Square.
Pennsylvania, USA. p. 4-13.

13.Erdogrul, O. (2004) Listeria monocytogenes,
Yersinia enterocolitica and Salmonella enteritidisin

1IVM (2012), 6(3):191-196

Iranian Journal of Veterinary Medicine

Quail Eggs. Turk. J. Vet. Anim. Sci. 28: 597-601

14.Gillespie, B.E., Mathew, A.G., Draughon, FA.,
Jayarao, B.M., Oliver, S.P. (2003) Detection of
Salmonella enterica somatic groups C1 and E1 by
PCR-enzymelinked immunosorbent assay. J. Food.
Prot. 66: 2367-2370.

15. Gillespie, I.A., Obrien, S.J., Adak, GK., Ward, L.R.,
Smith, H.R. (2005) Foodborne general outbreaks of
Salmonella Enteritidis phage type 4 infection,
England and Wales, 1992-2002: where are the risks?
Epidemiol. Infect. 133: 795-801.

16. Herikstad, H., Motarjemi, Y., Tauxe, R.V. (2002)
Salmonella surveillance: a global survey of public
health serotyping. Epidemiol. Infect. 129: 1-8.

17.Humphrey, T.J.(1994) Contamination of egg shell
and contents with Salmonella enteritidis: A review.
Int. J. Food. Microbiol. 40: 21- 31

18. Jamshidi, A., Kalidari, GA., Hedayati, M. (2010)
Isolation and identification of Salmonella enteritidis
and Salmonella typhimurium from the eggs of retail
stores in Mashhad, Iran using conventional culture
method and multiplex PCR assay. J. Food. Safety. 30:
558-568

19.Kapley, A., Lampel, K., Purohit, H.J. (2000)
Thermocycling steps and optimization of multiplex
PCR. Biotechnol. Lett. 22: 1913-1918.

20.Kazmieraka, M., Jarosz, B., Korzeniowska, M.,
Trziszka, T., Dobrzanski, Z. (2005) Comparative
analysis of fatty acid profile and cholesterol content
of egg yolk of different bird species. Pol. J. Food.
Nutr. Sci. 14: 69-73

21.Keller, L.H., Benson, C.E., Krotec, K., Eckroade,
R.J. (1995) Salmonella enteritidis colonization of the
reproductive tract and forming and freshly laid eggs
of chickens. Infect. Immun. 63: 2443-2449.

22.Keller, L.H., Schifferil, D.M., Benson, C.E., Aslam,
S., Eckroade, R.J. (1997) Invasion of chicken
reproductive tissues and forming eggsis not unique
to Salmonella enteritidis. Avian. Dis. 41: 535-539.

23.Lim, Y.H., Hirose, K., lzumiya, H., Arakawa, E.,
Takahashi, H., Tergjima, J., et al. (2003) Multiplex
polymerase chain reaction assay for selective
detection of Salmonella enterica serovar
Typhimurium. Jpn. J. Infect. Dis. 56: 151-155.

24.Malorny, B., Bunge, C., Helmut, R. (2007) A real-
time PCR for detection of Salmonella Enteritidisin
poultry meat and consumption eggs. J. Microbiol.
Methods. 70: 245-251.

195



Prevalence of Salmonella spp. in the quail egg...

25.Mirzaie, S., Hasanzadeh, M., Ashrafi, 1. (2010)
Identification and characterization of Salmonella
isolates from captured house sparrows. Turk. J. Vet.
Anim. Sci. 34: 181-186.

26.Moore, J.,, Madden, R.H. (1993) Detection and
incidence of Listeria speciesin blended raw eggs. J.
Food. Prot. 56: 652- 654, 660.

27.Musgrove, M.T., Jones, D.R., Northcutt, JK.,
Harrison, M.A., Cox, N.A., Ingram, K.D., et
al.(2005) Recovery of Salmonella from commercial
shell eggs by shell rinse and shell crush
methodol ogies. Poult. Sci. 84: 1955-1958.

28.0zbey, G, Tatli Seven, P, Muz, A., Ertas, H.B.,
Cerci, |.H. (2008) Isolation of Salmonella spp. From
faecal samples of cracked egg fed hens and
polymerase chain reaction (PCR) confirmation.
Bulg. J. Vet. Med. 11: 103-112.

29. Palumbo, M.S., Beers, S.M., Bhaduri, S., Palumbo,
S.A. (1995) Thermal resistance of Salmonella spp.
and Listeria monocytogenesin liquid egg yolk and
egg yolk products. J. Food. Protect. 58: 960- 966.

30.Pan, T.M., Liu, Y.J. (2002) Identification of
Salmonella Enteritidisisolates by polymerase chain
reaction and multiplex polymerase chain reaction. J.
Microbiol. Immunoal. Infect. 35: 147- 151.

31. Radkowski, M. (2001) Occurrence of Salmonella
spp. in consumption eggs in Poland. Int. J. Food.
Microbiol. 64: 189-191.

32.Rahman, H. (2002) Some aspects of molecular
epidemiology and characteristics of Salmonella
Typhimurium isolated from man and animals. Indian.
J. Med. Res. 115: 108-112.

33.Riyaz-Ul-Hassan, S.; Verma, V. and Qazi, GN.
(2004) Rapid detection of Salmonella by polymerase
chainreaction. Mal. Cell. Probes. 18: 333-339.

34.Suresh, T., Hetha, A.A.M., Sreenivasan, D.,
Sangeetha, N., Lashmanaperumalsamy, P. (2006)
Prevalence and antimicrobial resistance of
Salmonella enteritidis and other Salmonellasin the
eggs and egg-storing trays from retails markets of
Coimbatore, South India. Food .Microbiol. 23: 294-
299.

35.Zhu, Q., Lim, C.K., Chan, Y.N. (1996) Detection of
Salmonella typhi by polymerase chain reaction. J.
Appl. Microbiol. 80: 244-251.

196

Jebelli Javan, A.

1JVM (2012), 6(3):191-196



Abstractsin Persian Language

J1E (¥ 0l 0,93 IR (31l ol aloea

Soe (o ol ydazs Ol 5 plez uls 0L g e (o linlde Olgr o OIS
20l el cOliann ol ((Kpels 0Kl

(YA sloalayed 1 ol Ghoudy « WAY slocuiigryayl Vo rallie ol 5a)

DS

@55 515 b se ,3Migalls & 5 (a0 pand ylate dy dlllas ()l tBAB Ll 13,55 (Sloig et ] 3 LS Lo p 55 LT
PCRw&uﬂyg%UgdemM)lobMIlgO’l‘)lg).uua::}niﬁgow)e(«bd[m&b”éob)})an.&.«i‘:d..é).c sl oz il
S s 05leus 3l g (o ppeisalisio bolas 51 (83,92 (o y s 055 30 WY Jolidsp1aS ,45) il 056 4t V0 415 g .o p Lol
Ol gl 038,518 ole3 T, 50 (Kl yasg i 4 9y 4 Mo galls a5 ko dy g 305 65 Ta AR (a5 5 Ciliseo
YR PN E [ AR VPV BRWARC (P VVNV/RYAR ) PUow | S5 PUOWTE ot RYCHIPCE 0 IRV R D PPN (W OV
28,8 13030 590 )5 g0 uiSS ) ( madaia y\ Wogalls s Mog el oliaisl) sef A 5 spv sy (sla54SPCR sy,
055 (10 Ol i )5 1ol oSy 5 mald i 50V Vo gall 52800 ol 1 ol gl (bl o ¢ ol (6 St
Wogadlus (gl )15 s yauseis ;3 Blg5 oo dloiel B ST G lsie 4 PCR oSy (50 pizead 9 Ml oo (liows (gl iz als

23,5 LB oslaiwl 5 50

Email: jebelli ja@profssemnanacir +ANETVTYTOE: s +AAEYVDTYITAN 250 Y g hnodo (%

203



