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This study examines the Salmonella status in reptiles 
kept in households with children suffering from gas-
troenteritis due to an exotic Salmonella serovar, to 
obtain information on possible transmission paths. A 
number of affected households (n=79) were contacted, 
and almost half (34/79) comprised at least one reptile 
in the home. Of the households, 19 were further stud-
ied, whereby a total of 36 reptiles were investigated. 
Samples were taken from the reptiles including the 
oral cavity, the cloaca, the skin and, in the case of liz-
ards, the stomach, and isolation of Salmonella strains 
was performed using repeated enrichment and typing. 
Where the Salmonella serovars of the infected child 
and the reptile were identical, typing was followed 
by pulsed-field gel electrophoresis (PFGE). Bearded 
dragons (Pogona vitticeps) constituted 19 of 36 exam-
ined reptiles. Altogether 319 Salmonella isolates were 
investigated and 24 different serovars identified in the 
reptiles. In 15 of 19 households, an identical serovar 
to the human case was confirmed in at least one rep-
tile (including 16 of all 19 bearded dragons examined). 
The results demonstrate that reptiles and especially 
bearded dragons shed various Salmonella serovars 
including those isolated from infected children in the 
respective households. Hygiene protocols and parents’ 
education are therefore highly necessary to reduce 
the risk of transmission. From a terminological point 
of view, we propose to call such infections ‘Reptile-
Exotic-Pet-Associated-Salmonellosis’ (REPAS).

Introduction
According to Thomas et al. [1] the potential of captive 
and wild animals to transmit salmonellae to humans 
should not be underestimated, and epidemiological 
studies on sources of human salmonellosis should 
simultaneously investigate both the human cases and 
the wild and domestic animals in contact with them. A 
study in 1997 from Canada also estimated that three to 
five per cent of human Salmonella cases were associ-
ated with exposure to exotic pets (including reptiles, 

sugar gliders, and hedgehogs) and involved a great 
variety of Salmonella serovars with for example S. 
Stanley, S. Poona, S. Jangwani, S. Pomona, S. subsp. 
IV 48:g,z51:- (former S. Marina) [2].

Numerous reports exist on the prevalence of Salmonella 
enterica in captive reptiles, with recent publications 
demonstrating a higher prevalence in lizards (up to 
76%) compared to tortoises and turtles [3,4]. Geue and 
Löschner [5] showed that reptile collections with pur-
chased animals had a significantly higher prevalence 
of Salmonella than collections from pure breeders. 
Furthermore, animals from pet shops were more fre-
quently affected (89%) than wild caught animals (59%). 

Beside the reptiles per se, the reptile feed, in the form 
of rodents, can also cause infections in humans. In 
England, a S. Typhimurium definite phage-type was 
identified as a source of salmonellosis in humans with 
a strong association to those keeping reptiles, and was 
also confirmed in frozen feeding-mice originating from 
a specific rodent breeding facility [6]. In a further out-
break of S. Typhimurium related to snakes in the United 
States (US), pulsed-field gel electrophoresis (PFGE)-
patterns identical to the human isolates were con-
firmed for isolates from mice used to feed the snakes 
as well as the snakes and the environment [7]. 

Among reptiles, turtles have been reported to be the 
most common source of Salmonella in the 1970s [8]. 
However, later studies and surveys indicate that other 
reptile species, especially lizards, may play a more 
important role [9-13]. Measures targeted at the preven-
tion of turtle-associated salmonellosis in the US and 
Canada in the 1970s temporary helped to reduce its 
occurrence, however reptile-associated salmonellosis 
is suspected to be a resurgent problem and estimated 
to cause three to 11% of all human salmonellosis cases 
in these countries [2,14,15].
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Most reports of reptile-associated salmonellosis con-
cern babies (less than one year of age) and young 
children (up to six years-old). However, adults can be 
affected, especially immunocompromised hosts, and 
patients with impaired gastric acid production [16]. 
Fatal outcomes following reptile-associated salmonel-
losis (RAS) in babies have been observed [17,18]. In 
Germany, a recent study [19] reported an increasing 
number of salmonellosis related to reptiles, with most 
patients being less than one year-old. The aim of this 
study was therefore to obtain data on possible links 
between captive reptiles and salmonellosis in children 
by examining both the children with salmonellosis and 
all reptiles kept in the respective households.

Methods
The study was conducted from July 2010 to October 
2011. Within this period, the National Reference Centre 
(NRC) for Salmonella and other Bacterial Enterics at 
the Robert Koch Institute (Wernigerode, Germany) 
examined samples from 206 households with salmo-
nellosis in children not older than three years. Of the 
Salmonella isolates, 65% (134/206) did not belong to 
S. Typhimurium and S. Enteritidis and were therefore of 
interest for this study. The responsible federal health 
institutes were asked to contact these households. A 
total of 79 parents, corresponding to 79 households, 
were successfully contacted by mail and asked about 
the presence of reptiles in the respective households. 
Thirty-five of 79 parents confirmed having reptiles and 
were contacted by phone to attend this study. As inclu-
sion criteria for participation, parents had to agree that 
all reptiles in the respective household could be sam-
pled and their health status assessed, and the time 
period between detection of clinical salmonellosis in 
the child and the sampling of the reptiles was not more 
than three weeks. 

Species and health status of the reptiles were assessed 
and sampling was conducted following established 
guidelines using sterile cotton swabs (Heinz Herenz, 
Hamburg, Germany). Swabs were taken from the oral 
cavity, the cloaca, and the skin on the ventral region 
of the reptile. For lizards, an additional swab sample 
was taken from the stomach. Bacterial isolation and 
identification were conducted with repeated enrich-
ment and examination of several colonies in each 
sample, in order to find as many different Salmonella 
serovars as possible: All samples were immediately 
placed into a tube containing Rappaport-Vassiliadis 
(RV) medium (Oxoid, Wesel, Germany). This medium 
was cultured aerobically for 24h at 39°C. A sample was 
then plated onto sheep blood agar as well as XLT-4-
Agar (Oxoid, Wesel, Germany) and cultured aerobically 
for further 24h at 39°C. From the RV bouillon culture, 
1 ml was transferred to a new tube containing RV, and 
enrichment as well as culture was repeated. This pro-
cedure was repeated again, so that in total isolation of 
Salmonella spp. was attempted from three enrichment 
cycles. From Salmonella-suspicious colonies, at least 
five different colonies were subcultured on Brilliant 

Green agar (Sifin, Berlin, Germany) for confirmatory 
testing with biochemical methods. Confirmed colonies 
were agglutinated against Salmonella surface antigens 
(sera from Sifin, Berlin, Germany) and all strains were 
typed at the NRC according to the White-Kauffmann-Le 
Minor scheme [20]. 

The isolates of identical serovars confirmed in the 
infected child and the reptile were compared using 
PFGE. PFGE was carried out according to the standard-
ised protocol for subtyping Salmonella [21]. 40 strains 
(human and animal) were investigated by PFGE. In case 
of minor pattern differences between the reptile and 
the human isolate of the respective household, the 
PFGE was repeated. Interpretation of the PFGE results 
followed recent recommendations from the literature 
[22-24]: Identical PFGE patterns were considered to rep-
resent the same epidemiological type. Depending on 
the time the outbreak has been going on and if person 
to person spread is the prominent feature, two to three 
[23] or up to four differences [22] in PFGE restriction 
fragment pattern are considered to be the result of a 
single genetic event, and isolates can be designated as 
’subpatterns’ or related patterns. Given the maximum 
time period (several weeks between initial infection 
of the child and final sampling of the reptile) for this 
study, more than two differences were considered to 
represent an epidemiologically-significant difference.

Results
Nineteen households met the inclusion criteria for 
participation in the study and reptiles were thus 
investigated. Altogether, 36 reptiles were kept in the 
households and included in this study (per household 
between 1 and 7, on average 1.9). Details are listed in 
Table 1. In these 19 households, Salmonella serovars 
isolated from the children belonged mainly to subspe-
cies I (12 households), but also subspecies II (1 house-
hold), subspecies IIIa (1 household), subspecies IIIb (2 
households) and subspecies IV (3 households) (Table 
1). One S. Newport strain (6,8:e,h:1,2:z67, d-tartrate-, 
malonate+) was investigated in Paris (Institut Pasteur) 
because of its unusual biochemical properties. The 
strain exhibited two atypical characteristics: D-tartrate 
negative and malonate positive. The ‘e,h’ and the 
‘1,2’ flagellar phases have been confirmed by fliC 
and fljB sequencing. The multilocus sequence typing 
(MLST) profile (ST118) was identical to those of serovar 
Newport lineage II [25].

Investigated households were spread well over 
Germany, including nine (of 16 possible) federal states 
(Bavaria, Baden-Württemberg, Berlin, North Rhine-
Westphalia, Rhineland-Palatinate, Saxony, Saxony-
Anhalt, Schleswig-Holstein, Thuringia). From the 
investigated households, all children except one were 
less than 15 months of age, most (11/19) were less than 
six months. All children showed clinical symptoms 
of gastroenteritis including fever, with some being 
critically ill. Except for three serovars (S. Eastbourne 
9,12:e,h:1,5; S. subspec. IV 44:z4,z23:-; S. Monschaui 
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35:m,t:-) found to have caused infections of two chil-
dren each, the serovars isolated from the children dif-
fered from each other. 

A total of 319 Salmonella isolates were investigated 
and 24 different serovars were identified in the rep-
tiles. The number of serovars within individual reptiles 
varied between one and four. Only from one snake was 
no Salmonella isolated. In ten reptiles with Salmonella 
serovar identical to the salmonellosis-affected child, 
no other Salmonella serovar but that identical to the 
child was isolated (Table 1).

In 15 of the 19 examined households, an identical 
serovar to that of the salmonellosis-affected child was 
found in at least one reptile. In six reptiles, the respec-
tive identical Salmonella serovar was isolated from the 
oral cavity and in two lizards from the stomach. In 17 
reptiles with the same serovar as the child, Salmonella 
was detected in the cloaca, and in seven the skin swab 
sample was positive. The identical serovars found in 
the infected children as well as in the reptiles in the 
respective households belonged to the following sub-
species: I (10), II (1), IIIa (1), IV(3) (details for individual 
reptiles and also non-identical serovars are presented 
in Table 1). 

Bearded dragons (Pogona vitticeps) were the most 
common species kept in households with salmonello-
sis in children (13 of 19 households). Furthermore 16 of 
19 of the examined bearded dragons carried an iden-
tical Salmonella serovar to the human isolate in the 
respective household. In corn snakes (Pantherophis 
guttatus), an identical serovar in the snake and the 

salmonellosis-affected child was found in three of five 
examined animals from two different households. Only 
one tortoise and one turtle were kept in households 
investigated in this study. These animals, with each an 
identical serovar to the salmonellosis-affected child, 
were respectively located in two households. Details 
are listed in Table 2.

In nine households, the isolates from the infected child 
and from the reptile had an identical PFGE profile (PFGE 
data not shown). In six households the human and rep-
tile isolates presented related PFGE patterns (repeated 
PFGE, Figure 1). Details are also given in Table 1.

Discussion
During the fifteen months period of this study, 65% 
(134/206) of all Salmonella infections in children 
detected at the NRC were not due to the serovars 
S. Typhimurium and S. Enteritidis, which are normally 
transmitted via food ingestion. It is therefore possible 
that other sources of infection than food, i.e. reptiles in 
households, could be of relevance. Nearly half (34/79) 
of the parents who were contacted and questioned, 
answered that reptiles were present in the respec-
tive households. Even though only limited information 
exists on the presence of reptiles in Germany in gen-
eral, this percentage by far exceeds recent estimates 
that reptiles were only kept in 1.2% of all German 
households in 2010 [26]. This highlights that the pres-
ence of reptiles in households appears to coincide with 
the occurrence of salmonellosis due to exotic sero-
vars in children. This assumption is also supported 
by a study in the US demonstrating that children with 

Table 2
Number of reptile species and representative animals (n=36) in households (n=19) with ‘Reptile-Exotic-Pet-Associated-
Salmonellosis’ (REPAS) human cases and reptile distribution among the households, Germany, July 2010–October 2011

Reptile species Number of animals

Number of 
households 

with this 
species

Identical serovars found  
in the salmonellosis-affected child  

and the reptile

Number of households Number of animals 

Bearded dragon 
(Pogona vitticeps) 19 13 11 16

Corn snake 
(Pantherophis guttatus) 5 3 2 3

Other snakes 5 1 0 0

Chameleon spp. 3 2 0 0

Chinese water dragon (Physignathus cocincinus) 2 1 1 2

Chinese pond turtle (Mauremys reevesii) 1 1 1 1

Hermann’s tortoise  (Testudo hermanni) 1 1 1 1

Total 36 19a 15a 23

Spp.: species.
a The total does not equate the sum of the numerical values in the remaining rows of the column because a given household could comprise 

more than one reptile species.
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confirmed Salmonella infections had more contact to 
reptiles and cats in comparison to a control group [27].

In most published case reports on RAS, only reptile fae-
cal samples or faecal swabs were used for Salmonella 
detection. In contrast, this study was designed to 
obtain as much information as possible on Salmonella 
serovars shed by the reptiles. Sampling of the oral 
cavity (and stomach) as well as the cloaca should pro-
vide information on shedding via both orifices and if 
Salmonella are present within the whole digestive sys-
tem, whereas sampling from the skin should demon-
strate whether Salmonella may also be transmitted via 
direct contact with the animal. Repeated enrichment 
and culture was necessary to provide reliable informa-
tion on the Salmonella status in the reptiles examined. 
Combining the molecular typing using PFGE with other 
available data, such as serological typing as in this 
study, is highly recommended for accurate analysis 
and comparison of samples [24].

The extensive sampling and testing protocol used in 
this study is a possible explanation for the high preva-
lence of Salmonella (in 35 of 36 reptiles) found among 

the reptiles investigated. Intermittent shedding of 
Salmonella in reptiles and the wide array of collection 
and sampling techniques have been proposed to be the 
main reason for the variability in detection rates [28]. 
None of the reptiles examined showed clinical signs 
indicative for salmonellosis. In consequence, a high 
prevalence of Salmonella in reptiles should generally 
be assumed, and reptiles should be considered posi-
tive for Salmonella until the contrary has been proven, 
as reported previously [29].

Up to four different serovars were found within one rep-
tile. Reptiles were frequently colonised with the same 
serovars within a given household. This indicates that 
Salmonella as a part of the normal flora can spread 
amongst individuals within captive reptile collections 
and therefore probably shed over long periods of time. 
These results are in accordance with observations that 
if one reptile carries Salmonella, nearly all other rep-
tiles of the respective owner are also affected [5].

Most Salmonella isolates were found in cloacal swabs. 
However, since in some reptiles the identical serovar 
to the salmonellosis-affected child was only found on 

Figure 1
Patterns obtained by XbaI restriction and pulsed-field gel electrophoresis (PFGE) for isolates from children with ‘Reptile-
Exotic-Pet-Associated-Salmonellosis’ (REPAS) (n=6) and reptiles (n=6) living in the same respective households

H: human isolate; R: reptile isolate.
Minor PFGE pattern differences between human and reptile isolates from the same households are shown and indicated by arrows.
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the skin or the stomach, it can be assumed that shed-
ding via the cloaca is intermittent. A negative cloacal or 
faecal sample will therefore not prove that the animal 
does not harbour Salmonella. Given the anatomy and 
behaviour of most reptiles, the presence of Salmonella 
on skin samples was not surprising but underlines the 
general transmission risk if handling the reptiles is not 
followed by appropriate hand washing. In conclusion, 
considering the various shedding sites, several sam-
pling points should be used to increase the detection 
rate of Salmonella in reptiles.

In the majority (15/19) of the examined households, an 
identical serovar was found in the infected child and 
at least one reptile from the respective household. The 
epidemiological association between these isolates 
was first confirmed using biochemical typing. PFGE 
confirmed all reptiles, with either completely identical 
patterns (nine households) or only minor differences 
in up to two fragments indicating single genetic vari-
ations (six households, Figure 1), as described in dis-
ease outbreaks [24]. Most serovars found belonged to 
subspecies I and some have already been described 
as part of the reptile flora or even as potential human 
pathogens [2,8,28]. One serovar, S. Tennessee was iso-
lated from four reptiles in three households. However, 
so far there seems to be no specific serovar that is of 
special zoonotic importance. In consequence, at the 
moment all Salmonella strains found in reptiles need to 
be considered to be potentially infectious for children.

An important finding of this study was that the reptile 
species involved could play an important role in trans-
mission of Salmonella to children. Little data exists 
on the proportion of reptile species kept as pets in 
Germany. In a post-mortem survey, about 17% were 
water turtles, 34% tortoises, 22% snakes and 27% 
lizards (including 1.8% bearded dragons) [30]. In one 
of the authors’ clinic specialising in reptile medicine, 
about 12% of more than 1,000 reptiles presented in 
the period of the running study were bearded dragons. 
However, in this study, the majority (13/19) of all house-
holds studied kept bearded dragons (Pogona vitticeps), 
and identical Salmonella strains to the salmonellosis-
affected child were confirmed in 16 of 19 of these rep-
tiles. In contrast, only one turtle and one tortoise were 
kept in the affected households studied. This result is 
in strong contrast to early reports of possible RAS in 
humans, where mainly turtles were suspected to be 
a source of infection. Interestingly, more recent case 
reports also indicate that bearded dragons present a 
risk for transmission of salmonellosis to young chil-
dren [31,32]. 

Weiss et al. [12] reported a marked increase in infec-
tions in infants caused by S. Tennessee in Germany in 
2008 and indicated the possibility of bearded drag-
ons being a natural reservoir for this serovar, as this 
species was kept in seven of 16 households affected 
and S. Tennessee was confirmed in three households. 
Furthermore, probable transmission from bearded 

dragons has also recently been described in adult 
humans [33]. One explanation for the increasing num-
ber of reports on bearded dragons as a source of 
Salmonella infection in humans in recent years might 
be that this species is becoming more popular as a pet, 
and that bearded dragons are more often handled and 
petted due to their peaceful nature compared to several 
other reptile species. Since nearly all children included 
in this study were too young to handle reptiles them-
selves, it is likely that vectors, such as the parents or 
the environment may have played a role. Furthermore it 
is conceivable that bearded dragons naturally harbour 
a variety of potentially zoonotic Salmonella serovars. 
The fact that more than one serovar of Salmonella was 
isolated in 13 of a total of 19 bearded dragons supports 
this assumption. 

Husbandry conditions and the households’ hygiene 
status were not assessed according to a protocol, as 
this was not agreed upon with the owners. However, 
the overall impression was that most of the house-
holds visited demonstrated at least some deficits that 
needed corrections and advice, e.g. the reptile terrar-
ium placed in the kitchen or in the same room as the 
child’s bed. Further investigations in the environment 
of the reptile and possible interactions between the 
reptile and the persons in the households could give 
important information on possible transmission paths. 
None of the owners was aware of any risk of infection 
due to reptiles before, and all were therefore either 
willing to improve the situation or decided not to keep 
reptiles any longer.

All publications cited above indicate that although 
infections attributed to exposure to reptiles and other 
exotic pets represent only a small proportion of all 
human salmonellosis cases, it is likely an underesti-
mated and growing problem in Europe [34] and in the 
US [35] that deserves closer attention. In 2007 more 
than 500,000 reptiles were imported to Germany only 
via the Frankfurt/Main airport [36]. According to the 
European Surveillance System (TESSy) database, the 
number of infections affecting children younger than 
three years with serovars associated to reptiles also 
increased in the last years (Figure 2). Beside the focus 
on exotic serovars as in this study, it should be kept in 
mind that there is also a potential risk for the transmis-
sion of S. Typhimurium and S. Enteriditis due to reptiles 
or as already described, via the reptile feed [6,7]. Also 
these common serotypes can be shedded by reptiles 
and therefore have a potential to cause salmonellosis 
in humans. For example, in this study S. Paratyphi B 
variant java was isolated from a corn snake. Although 
the identical serovar has not been found in the child 
from the respective household, this isolate belongs to 
phage type Worksop and is therefore of relevance for 
human infections.

From a terminological point of view, in addition to 
an earlier suggestion (RAS [37]), we propose that 
Salmonella infections related to reptiles as observed 
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in this study be called ‘Reptile-Exotic-Pet-Associated-
Salmonellosis’ (REPAS) to give an indication of a pos-
sible source of exposure. The main argument for this 
proposal is that over the last years, the way of trading 
reptiles has changed considerably and this will prob-
ably continue in the future. The main risk of Salmonella 
transmission from reptiles to humans is not due to 
European wild species, but to ‘exotic’ (non-native) rep-
tile species, as the results of this study also demon-
strate. Furthermore, following recent examinations, 
Salmonella shedding is higher in reptiles kept in captiv-
ity in comparison to wild reptiles [5,28] and ‘pet’ rep-
tiles are obviously in closer contact to humans. These 
arguments justify the inclusion of ‘exotic pet’ into the 
term describing the problem. The risk to human health 
connected to the reptile pet market has been high-
lighted recently [38] and the accurate description of 
the problem using REPAS might be important to convey 
the problem in education and assist risk managers in 
giving recommendations to harmonise animal welfare 
and public health.

Concluding, emphasis on educational measures will be 
key to reduce the risk of Salmonella transmission from 
reptiles to children. Professionals dealing with reptiles 
(pet shop owners, veterinarians, breeders) should be 
aware of such a risk and, together with those dealing 

with human health, should be responsible to inform 
more about this problem. Given the fact that most own-
ers in this study were unaware of the risk of Salmonella 
transmission from reptiles, we recommend that, in 
pet shops, any new exotic pet owner be provided 
with appropriate information sheets on Salmonella 
prevention. In the authors’ opinion the risk of REPAS 
can easily be minimised, using a reasonable manage-
ment protocol without the need to remove reptiles from 
households with young children.
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Figure 2
Occurrence of ‘Reptile-Exotic-Pet-Associated-Salmonellosis’ (REPAS) serovars in children less than three years-old in the 
European Union, 2007–2010

Salmonella Arizona includes subspecies IIIa and subspecies IIIb. Arrows indicate where REPAS cases have increased in 2010 compared to 
previous years.

Data from the European Surveillance System (TESSy) (29 May 2012).
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