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The principal objective of this study was to assess the presence of Salmonella sp. in imported 
amphibians and reptiles. A total of 49 samples were collected from commercial pet shops and life 
science museums in Korea and examined via the traditional detection method (TDM) and the PCR 
method. Salmonella typhimurium and Salmonella enteritidis were screened via multiplex PCR (mPCR). 
The results of the TDM showed a positive isolation in 18.4% of the samples, whereas the PCR method 
had a 28.6% positive detection rate. These results indicate the possibility that humans can contact 
Salmonella infections from amphibians and reptiles. Our findings are also important from a public 
health standpoint. Additionally, the presence of Salmonella sp. in these samples indicates the necessity 
of appropriate quarantine practices to be established. 
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INTRODUCTION 
 
Salmonella species live within the intestinal tracts of both 
warm-blooded and cold-blooded animals. The genus 
Salmonella belongs to the family Enterobacteriaceae and 
is divided taxonomically into two species, Salmonella 
enterica and Salmonella bongori. S. enterica comprises 
six subspecies: S. enterica subsp. enterica (I), S. enterica 
subsp. salamae (II), S. enterica subsp. arizonae (IIIa), S. 
enterica subsp. diarizonae (IIIb), S. enteric subsp. 
houtenae (IV) and S. enterica subsp. indica (VI) (Tindall 
et al., 2005). However, for simplicity’s sake, S. bongori is 
generally commonly referred to as subsp. V. The most 
frequently encountered subspecies is S. enterica subsp. 
I. found primarily in mammals; this subspecies is the 
most   common   cause  of  human  disease  (Centers  for  
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Abbreviations: TDM, Traditional detection methods; mPCR, 
multiplex polymerase chain reaction; BPW, buffered peptone 
water; RV, Rappaport Vassiliadis; XLD, xylose lysine 
desoxycholate agar; BGA, brillant green agar; TSB, tryptic soy 
broth. 

Disease Control and Prevention, 2005). The other five 
subspecies of S. enterica, as well as S. bongori, are 
detected primarily in nonhuman hosts and only  
occasionally cause disease in humans (Bopp et al., 2003; 
McQuiston et al., 2008). Among the 2,541 total serotypes, 
1,504 are in S. enterica subsp. I (Popoff et al., 2004).

 

Salmonellae from serogroups B and D account for 
approximately two-thirds of all reported Salmonella 
infections (Mermin et al., 2004). The common serotypes 
causing disease in humans are Salmonella enteritidis 
(serogroup D) and Salmonella typhimurium (serogroup B) 
(Baggesen et al., 2000; Aktas et al., 2007). These two 
species are classed as Salmonella enterica subsp. I. 

Salmonellae are naturally detected in the gastro-
intestinal tracts of reptiles and amphibians (Kaufmann 
and Morrison, 1966; Kourany et al., 1970; Sharma et al., 
1977). A recent increase in the popularity of exotic reptile 
pets has resulted in an increase in the number of cases 
of reptile-associated salmonellosis (Centers for Disease 
Control and Prevention, 2003). Clinical cases of reptile-
associated salmonellosis have been on an uptick 
reported worldwide (Sanyal et al., 1997; Woodward et al., 
1997; De Jong et al., 2005; Kaibu et al., 2006). In Korea, 
5,000   and  127,000   kg   of   amphibians   and   reptiles,  



 
 
 
 
respectively, were imported at in 2009 (Korea Customs 
Service, 2010). Presently, there are no specific regu-
lations regarding quarantine practices on the importation 
of amphibians and reptiles in Korea. 

Traditional detection methods (TDM) for Salmonella are 
based on cultures using selective media and the 
characterization of suspicious colonies via biochemical 
and serological tests. These methods generally require 6 
days and generate many false positive results. However, 
there have been a few published studies that have 
described alternative or complementary methods for the 
identification of Salmonella at the subspecies level. With 
regard specifically to S. enterica subsp. I, several studies 
have been published that describe identifications at the 
serovar level using multiplex polymerase chain reaction 
(mPCR) assays (Herrera-León et al., 2004; Kim et al. 
2006). In S. enterica subspecies other than subsp. I, a 
great deal of sequence data have recently been 
published. It would clearly be useful to develop a practical 
multiplex PCR assay for Salmonella detection using 
those data. Therefore, in this study, we report and des-
cribe a newly-developed PCR assay for the rapid, reliable 
and easy detection of Salmonella from amphibians and 
reptiles, and evaluate the presence of S. typhimurium 
and S. enteritidis using specific mPCR assays for these 
two Salmonella serovars. 
 
 
MATERIALS AND METHODS 

 
Samples collection 
 
From April to September 2010, sterile swabs from 49 skin and anus 
samples (from 27 species) of imported amphibians and reptiles 

were aseptically collected from commercial pet shops and life 
science museums in Seoul, Korea. Thirty swab samples were taken 
from 20 reptile species and 19 swab samples originated from 7 
amphibian species. 
 
 
Traditional detection methods (TDM) and PCR method 

 
The TDM assays for the detection of different Salmonella subsp. 

were conducted as previously described (Hendriksen, 2003). In 
brief, swab samples were cultured in buffered peptone water (BPW) 
at 37°C for 24 h followed by selective enrichment of 0.2 in 2 ml of 
Rappaport Vassiliadis (RV) broth. After 24 h, Xylose lysine 
desoxycholate agar (XLD), and brillant green agar (BGA) (BD Difco, 
Spark, MD, U.S.A) were used as selective agar. The presumptive 
positive colonies were grown for 24 h in 2 ml of tryptic soy broth 
(TSB) at 37°C. The DNA of bacterial cultures was employed as 

template in PCR. The GapA (encoding for glyceraldehyde-3-
phosphate dehydrogenase) housekeeping gene was amplified and 
sequenced as previously reported for the identification of 
Salmonella via BLAST search (McQuiston et al., 2008). 

In an effort to evaluate the efficacy and accuracy of the PCR 
Salmonella detection method, we selected a Salmonella enterotoxin 
gene (stn) primer set (Makino et al., 1999). Swab samples were 
cultured for 24 h in RV broth at 37°C, followed by buffered peptone 
water (BPW). The BPW was incubated for 24 h at 37°C. DNA was 
extracted from the BPW as described previously. PCR was carried 
out as described previously (Ziemer and Steadham, 2003). The 
BPW was then subcultured onto XLD agar and BGA. The presump-  
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tive positive colonies were identified via gapA gene amplification 
and sequencing. 
 
 
Multiplex PCR for detection of S. typhimurium and S. 

enteritidis 
 
In order to detect S. typhimurium and S. enteritidis, multiplex PCR 
(mPCR) was carried out as previously described, using DNA 
extracted from the cultured BPW and isolates (Moussa et al., 2010). 
We selected 3 target genes--stn, sefA (S. Enteritidis fimbrial 
antigen) (Doran et al., 1996), and fliC (H1-i antigen specific for S. 
Typhimurium) (Soumet et al., 1999). The primers (Macrogen, Seoul, 

Republic of Korea) employed in this study are listed in Table 1. 
 
 
Statistical analysis 

 
The data obtained from TDM and PCR methods were compared 
using Wilcoxon signed ranks test. Differences were considered 
significant at p < 0.05. 

 
 
RESULTS AND DISCUSSION 
 
While the TDM revealed positive isolation of 9 Salmonella 
subsp. (18.4%) in 49 examined samples, the PCR 
method detected 14 Salmonella subsp. (28.6%). All 
isolates isolated by TDM were also detected by PCR. 
However, 5 isolates detected by the PCR method were 
not isolated via the TDM. Three of these originated from 
the amphibians and 11 originated from reptiles. The 
Salmonella subsp. identification of the isolates revealed 
that 6 subsp. I, 2 subsp. II, 1 subsp. IIIa, 3 subsp. IIIb, 1 
subsp. IV, and 1 subsp. V. Subsp VI were not isolated 
from any of the samples examined. S. typhimurium was 
detected in the Savanna monitor (Varanus 
exanthematicus)-1 sample, but S. enteritidis was not 
detected (Figure 1). 

In this study, the presence of Salmonella from 
amphibians and reptiles was evaluated via TDM and PCR 
methods. The predominant subsp. identified was S. 
enterica subsp. I, a major source of Salmonella infection 
in humans. Additionally, S. typhimurium was isolated from 
the Savanna monitor (Varanus exanthematicus). These 
findings reflect the possibility of human Salmonella 
infection from amphibians and reptiles, which are impor-
tant from a public health perspective, as an estimated 3 
to 5% of all cases of salmonellosis in humans are 
associated with exposure to exotic pets (Woodward et al., 
1997). 

Presently, there are no specific regulations concerning 
quarantine practices on the importation of amphibians 
and reptiles into Korea. Consequently, amphibian and 
reptile samples may constitute a source of amphibian- 
and reptile-associated salmonellosis. Amphibian-reptile-
associated salmonellosis has been increasingly reported 
worldwide, and this problem makes an important 
consideration about the importation restrictions on 
amphibian and reptiles (Sanyal et al., 1997; Woodward et 
al., 1997;  De Jong  et al.,  2005;  Kaibu  et al.,  2006).  In  
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Table 1. Primers sequences used for amplification of DNA for the detection of Salmonella species in this study. 
 

Primer 
name 

Sequence (5'-3') 
Annealing 

temperature (℃) 
Cycle 

Size of amplified 
product (bp) 

Specificity 

gapA 
TAT GAC TAT CAA AGT AGG TA 

GTT GGA GTA ACC GGT TTC GT 
55 35 924 - 

 

stn 
CTT TGG TCG TAA AAT AAG GCG 

TGC CCA AAG CAG AGA GAT TC 
55 35 260 Salmonella sp. 

 

fliC 
CGG TGT TGC CCA GGT TGG TAA T 

ACT GGT AAA GAT GGC T 
55 35 620 S. typhimurium 

 

sefA 
GAT ACT GCT GAA CGT AGA AGG 

GCG TAA ATC AGC ATC TGC AGT AGC 
55 35 488 S. enteritidis 

 

 
 

 

 

 

 

 

 

620 bp 

p 

260 bp 

p 

 
 

Figure 1. Amplification products obtained using the mPCR for detection of S. typhimurium and S. enteritidis in isolates from imported 
amphibians and reptiles. Lane M shows molecular weight marker using 100 bp ladder; lane 1, Varanus exanthematicus; lane 2, 
Testudo graeca ibera; lane 3, Tiliqua nigrolutea; lane 4, Pogona henrylawsoni; lane 5, Litoria caerulea; lane 6, Python curtus; lane 7, 
Ceratophrys cranwelli; lane 8, Chelydra serpentine; lane 9, Python molurus bivittatus; lane 10, Python reticulates; lane 11, Pseudemys 
sp.; lane 12, Varanus exanthematicus; lane 13, Pituophis catenifer; lane 14, Polypedates leucomystax. 

 

 
 

Canada, pet turtle–associated salmonellosis was recog-
nized as a serious health problem in the 1960s and 
1970s, and the country banned the importation of turtles 
in 1975 (Koopman and Janssen, 1973). Sweden has a 
long tradition of combating and controlling Salmonella in 
feed, animals, and humans, dating back to a large 
outbreak of salmonellosis in 1953 that affected > 9,000 

persons and caused 90 deaths (Bengtsson et al., 1955; 
Lindberg et al., 1999). From 1970 to 1994, these control 
measures also included import restrictions on reptiles; 
anyone who wished to import reptiles or turtles required a 
certificate stating that the animals were free of 
Salmonella (De Jong et al., 2005). 

The PCR method described herein required  2  days  to  



 
 
 
 
complete, was reliable and easy to perform, and had 
significantly (p < 0.05) higher detection of Salmonella 
(28.6%) than the TDM (18.4%) in our 49 amphibian and 
reptile samples. Conventional biochemical-based 
detection methods generally require at least 6 days to 
complete using several media, and these methods do not 
always distinguish Salmonella spp. from other bacteria. A 
previous study conducted with XLD agar and BGA 
revealed false positive results of Citrobacter spp. and 
Proteus spp. (Rall et al., 2005). We also isolated these 
bacterial species on the XLD agar and BGA. The PCR 
method is significantly (p < 0.05) more sensitive than 
TDM and reduces detection time; additionally, the PCR 
method generated no false positives and was more 
effective than TDM in detecting Salmonella spp. 
Moreover, the mPCR method employed in the detection 
of S. enteritidis or S. typhimurium also generated specific 
results in both direct cultured samples and isolated 
Salmonella spp. These PCR and mPCR methods are 
clearly useful, particularly for the rapid screening of large 
numbers of samples. 

Based on these results, we believe that these 
Salmonella-infected samples may constitute a persistent 
potential source of salmonellosis; therefore, there is a 
clear need for a quarantine system to be established in 
Korea. However, imported amphibians and reptiles 
should be assessed randomly by PCR-based techniques 
until such laws are implemented. When S. enteritidis or 
S. typhimurium-infected amphibians or reptiles are 
discovered, that particular batch of samples should not be 
accepted into the country. Import regulations and public 
information campaigns have repeatedly proven to be 
effective public health measures against amphibian- and 
reptile- associated salmonellosis. 
 
 
ACKNOWLEDGEMENT 
 
The study was financially supported by the National 
Veterinary Research and Quarantine Service (Z-FS02-
2010-10-02). 
 
 
REFERENCES 

 
Aktas Z, Day M, Kayacan CB, Diren S, Threlfall EJ (2007). Molecular 

characterization of Salmonella typhimurium and Salmonella 
enteritidis by plasmid analysis and pulsed-field gel electrophoresis. 

Int. J. Antimicrob. Agent, 30: 541-545. 

Baggesen LS, Sandvang D, Aarestrup FM (2000). Characterization of 
Salmonella enterica serovar typhimurium DT104 isolated from 

denmark and comparison with isolates from europe and the united 

states. J. Clin. Microbiol. 38: 1581-1586. 
Bengtsson E, Hedlund P, Nisell Å, Nordenstam H (1955). An epidemic 

due to Salmonella typhimurium (Breslau) occurring in Sweden in 

1953. Acta. Med. Scand. 153: 1-20. 
Bopp CA, Brenner FW, Fields PI, Wells JG, Strockbine NA (2003). 

Escherichia, Shigella, and Salmonella. pp. 654–671. In: Manual of 

clinical microbiology (Murray PR, Baron EJ, Jorgensen JH, Pfaller 
MA, Yolken RH eds), ASM Press, Washington DC.  

Centers for Disease Control and Prevention (2003). Reptile associated  

Shin et al.      685 
 
 
 

Salmonellosis-selected states, 1998-2002. Morb. Mortal. Weekly. 
Rep. 52: 1206-1209. 

Centers for Disease Control and Prevention (2005). Salmonella: annual 

summary, 2004. U.S. department of health and human services, 
Atlanta, GA. 

De Jong B, Anderson Y, Ekdahl K (2005). Effect of regulation and 

education on reptile-associated Salmonellosis. Emerg. Infect. Dis. 11: 
398-403. 

Doran JL, Collinson SK, Clouthier SC, Cebula TA, Koch WH, Burian J, 

Banser PA, Todd E C, Kay WW (1996). Diagnostic potential of sefA 
DNA probes to Salmonella enteritidis and certain other O-serogroup 
D1 Salmonella serovars. Mol. Cell. Probes, 10: 233-246. 

Hendriksen RS (2003). A global Salmonella surveillance and laboratory 

support project of the World Health Organization: Laboratory 
Protocols Level 1 Training Course Identification of Salmonella 4th Ed. 

Herrera-León S, McQuiston JR, Usera MA, Fields PI, Garaizar J, 
Echeita MA (2004). Multiplex PCR for distinguishing the most 
common phase-1 flagellar antigens of Salmonella spp. J. Clin. 

Microbiol. 42: 2581-2586. 

Kaibu H, Iida K, Ueki S, Ehara H, Simasaki Y, Anzai H, Toku Y, Shirono 
S (2006). Salmonellosis of infants presumably originating from an 
infected turtle in Nagasaki, Japan. Jpn. J. Infect. Dis. 59: 281. 

Kaufmann AF, Morrison ZL (1966). An epidemiologic study of 
salmonellosis in turtles. Am. J. Epidemiol. 84: 364-370. 

Kim S, Frye JG, Hu J, Fedorka-Cray PJ, Gautom R, Boyle DS (2006). 
Multiplex PCR-based method for identification of common clinical 
serotypes of Salmonella enterica subsp. enterica. J. Clin. Microbiol. 

44: 3608-3615. 
Koopman JP, Janssen FGJ (1973). The occurrence of salmonellosis 

and lactose- negative arizonas in reptiles in the Netherlands, and a 

comparison of three enrichment methods used in their isolation. J. 
Hyg. Camb. 71: 363-371. 

Korea Customs Service (2010). 

www.customs.go.kr/kcsweb/user.tdf?a=user.new Trades 
tatistics.NewTradestatisticsApp&c=1003&mc=STATS_INQU_TRADE
_020. 

Kourany M, Myers CW, Schneider CR (1970). Panamanian amphibians 
and reptiles as carriers of Salmonella. Am. J. Trop. Med. Hyg. 19: 

632-638. 

Lindberg A, Andersson Y, Engvall A, Hjalt CA, Stenson M, Svenungsson 
B (1999). Strategy document on salmonellosis [in Swedish]. 
Stockholm: The National Board of Health and Welfare. 

Makino S, Kurazono H, Chongsanguam M, Hayashi H, Cheun H, 
Suzuki S, Shirahata T (1999). Establishment of the PCR system 
specific to Salmonella spp. and its application for the inspection of 

food and fecal samples. J. Vet. Med. Sci. 61: 1245-1247. 
McQuiston JR, Herrera-Leon S, Wertheim BC, Doyle J, Fields PI, Tauxe 

RV, Logsdon JM Jr (2008). Molecular phylogeny of the Salmonellae: 
relationships among Salmonella species and subspecies determined 

from four housekeeping genes and evidence of lateral gene transfer 
event. J. Bacteriol. 190: 7060-7067. 

Mermin J, Hutwagner L, Vugia D, Shallow S, Daily P, Bender J, Koehler 

J, Marcus R, Angulo FJ (2004). Emerging Infections Program 
FoodNet Working Group. Reptiles, amphibians, and human 
Salmonella infection: a population-based, case-control study. Clin. 

Infect. Dis. 38(3): S253-261.  
Moussa IM, Gassem MA, Al-Doss AA, Mahmoud WAS, Abdel Mawgood 

AL (2010). Using molecular techniques for rapid detection of 
Salmonella serovars in frozen chicken and chicken products collected 

from Riyadh, Saudi Arabia. Afr. J. Biotechnol. 9: 612-619. 
Popoff MY, Bockemuhl J, Gheesling LL (2004). Supplement 2002 (no. 

46) to the Kauffmann-White scheme. Res. Microbiol. 155: 568-570. 
Rall VLM, Rall R, Aragon LC, da Silv MG (2005). Evaluation of three 

enrichment broths and five plating media for Salmonella detection in 

poultry. Braz. J. Microbiol. 36: 147-150. 
Sanyal D, Douglas T, Roberts R (1997). Salmonella infection acquired 

from reptilian pets. Arch. Dis. Child. 77: 345-346. 

Sharma VK, Rohde R, Garg DN, Kumar A (1977). Toads as a natural 
reservoir of Salmonella. Zentralbl. Bakteriol. 239: 172-177. 

Soumet C, Ermel G, Rose N, Rose V, Drouin P, Salvat G, Colin P 

(1999). Evaluation of a Multiplex PCR assay for simultaneous 
identification of Salmonella sp., Salmonella enteritidis and Salmonella  



686        Afr. J. Biotechnol. 
 
 
 

typhimurium from environmental swabs of poultry houses. Lett. Appl. 

Microbiol. 28: 113-117. 
Tindall BJ, Grimont PAD, Garrity GM, Euze´by JP (2005). Nomenclature 

and taxonomy of the genus Salmonella. Int. J. Syst. Evol. Microbiol. 
55: 521-524.  

Woodward DL, Khakhria R, Johnson WM (1997). Human salmonellosis 

associated with exotic pets. J. Clin. Microbiol. 35: 2786-2790. 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
Ziemer CJ, Steadham SR (2003). Evaluation of the specificity of 

Salmonella PCR primers using various intestinal bacterial species. 

Lett. Appl. Microbiol. 37: 463-469. 

 
 
 
 


