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Aerobic bacteria from oral cavities and cloaca of snakes
in a petting zoo
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Abstract : It is important to identify the bacteria in snakes because they can cause disease; importantly,

bacteria such as Stenotrophomonas maltophilia, Escherichia coli, Proteus vulgaris etc. could be pathogens
especially in hospitalized, debilitated hosts, and immunocompromised patients. To analyze the distribution
of snakes’ bacteria in petting zoo, samples from 20 snakes were collected from 2002 to 2008. Nine
bacteria species were isolated from both oral and cloaca while four and six species were identified only
from oral and cloaca, respectively. Except for Actinobacter sp., all of the identified strains are opportunistic
pathogens, and most of them can cause nosocomial infections in humans. Present results indicate that
prevalence of various zoonotic bacterial strains in snakes could be involved in potential transfer of these
bacteria into caretakers and other animals. Therefore, it needs to examine the antibiotic resistance of
these pathogens to prevent outbreaks.
Keywords : bacteria, opportunistic infection, petting zoo, snake, zoonosis

Salmonella arizonae, and Enterobacteriaceae are normal
florae. When snakes are infected with microorganisms
such as Acinetobacter calcoaceticus var. anitratus,
Hafnia alvei, Arizona hinshawii, Shigella spp., Klebsiella
oxytoca, and Pseudomonas aeruginosa, they have the
potential to transmit these infections to humans [2].
Aeromonas hydrophilia infections are transferred by
snake-bites and can induce gastroenteritis, soft tissue
infections, and pneumonia [11]. Enterococcus faecalis is
normally found in the gastrointestinal (GI) tract of
snakes, but during pathological conditions this pathogen
can gain resistance towards antibiotics [6]. Enterobacter
is a Gram-negative, rod-shaped bacterium, some strains
of which can cause opportunistic infections, most
commonly in the urinary and respiratory tracts [10].
Proteus sp. is a pathogen that can cause urinary tract
diseases and often causes nosocomial outbreaks [5].
Pseudomonas sp. is an opportunistic pathogen that can
lead to the breakdown of non-specific host defenses [10].
Although Stenotrophomonas maltophilia is widely
distributed in the environment, it can be an opportunistic

As society develops, the chance that humans have
contact with animals decreases; however, the desire of
people interact with animals increases. As a result, the
number of zoos where people can observe and often
interact with wildlife has risen. Snakes are among the
wild animals that can often be handled in zoos.
However, even though microorganism-induced diseases
can dramatically affect snake health, there have not been
many studies on the distribution of bacteria in snakes
and how the environment can affect the predominant
strains of bacteria. For example, under healthy conditions,
the predominant oral florae of snakes are gram-positive
bacteria such as Corynebacterium and Staphylococcus.
However, when snakes are affected by stomatitis, the
predominant oral bacteria are gram-negative such as
Pseudomonas aeruginosa, Providencia rettgeri, and
Pseudomonas maltophilia. These bacteria are not exogenic
pathogens, but rather opportunistic invaders [10].
Reptiles can often act as reservoirs for microorganismmediated diseases in humans and animals. In snakes,
bacteria such as Staphylococcus spp., Pseudomonas spp.,
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Table 1. Common and Scientific Names of Experimental Snakes
Common name
Albino Burmese python
Ball Python
Burmese python
California Banded King Snake
Corn Snake
King Snake
Red-tailed Boa
Reticulated Python
Yellow Anaconda
Yellow Mangrove Snake
Sum

Scientific name
Python molurus bivittatus
Python regius
Python molurus bivittatus
Lampropeltis getula
Elaphe guttata
Lampropeltis getula
Boa Constrictor
Python reticulatus
Eunecres notaeus
Boiga dendrophila

pathogen and infect humans, as it is associated with
infections like endocarditis, sepsis, meningitis, peritonitis,
and soft tissue and wound infections [16].
In Korea, there are few data on the bacteria of snakes,
but the possibility of transferring these infections to
humans via snakes has recently increased due to petting
zoos. The risk to those who routinely handle and care
for the snakes is greatly enhanced. The purposes of this
study were to characterize the bacteria of snakes in
petting zoos in Korea, identify the aerobic bacteria with
the potential to induce zoonosis, and educate the public
to decrease the risk of transferring these infections
between snakes and humans.
Samples for bacteria culture were collected from 20
snakes that were exhibited from January 2002 to
December 2008 in a Korean petting zoo located at
126.93 degrees east longitude and 37.5 degrees north
latitude (Table 1). After clinical signs were observed, the
animals that appeared to be in good health were selected
for the study. Animals were immobilized during sample
collection. To obtain oral samples, a sterile transport
swab with liquid Amies medium (Copan Innovation,
Italy) was introduced between the larynx and the bottom
of the inner gum line. Cloaca samples were similarly
isolated. Samples were inoculated on culture plates with
blood agar (Becton, Dickinson and company, USA) and
incubated at 37oC for 18 h.
Isolated colonies were examined using Gram staining,
microscopic observations, oxidase tests, and catalase
tests. Gram negative bacterial samples were analyzed
using an API 20NE System (bioMerieux, France) and
Gram positive bacterial samples were analyzed using a
BBL Crystal Identification System (Becton, Dickinson
and company, USA). To confirm these results, the
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Table 2. Bacterial Strains in Oral and/or Cloaca Samples
Oral
Cloaca
Actinobacter sp.
4
4
Aeromonas hydrophillia
1
1
Citrobacter sp.
4
3
Enterobacter sp.
2
4
Escherichia coli
7
7
Morganella morganii
1
1
7
9
Proteus sp.*
Pseudomonas sp.
10
1
Stenotrophomonas maltophilia
4
1
Bacillus thuringiensis
1
–
Providencia sp.
2
–
Serratia marcescens
2
–
Staphylococcus auerus
1
–
Corynebacterium pseudogenitalium
–
2
Enterococcus faecalis
–
4
Klebsiella pneumonia
–
6
Micrococcus roseus
–
1
Salmonella arizonae
–
2
Staphylococcus lentus
–
2
*
Proteus mirabilis: Oral-2, Cloaca-4; Proteus vulgaris : Oral
-5, Cloaca-5.

isolated colonies were reanalyzed using a VITEK I
System (bioMérieux, USA) from January 2002 to April
2007 and a VITEK II System (bioMérieux, USA) from
May 2007 to December 2008.
Nine bacterial strains, including Actinobacter sp.,
Aeromonas hydrophillia, Citrobacter sp., Enterobacter
sp., Escherichia coli, Morganella morganii, Proteus sp.,
Stenotrophomonas maltophilia, and Pseudomonas sp.
were isolated from both oral and cloaca samples.

Snake Oral and cloacae bacterial flora

The incidence rates of Escherichia coli and Proteus
sp. (35%) in both oral and cloaca cultures were higher
than that of the other strains. The incidence rates of
Stenotrophomonas maltophilia and Pseudomonas sp. in
the oral samples (20 and 50%, respectively) were much
higher than in the cloaca samples (5% in both).
Bacillus thuringiensis, Providencia sp., Serratia
marcescens, and Staphylococcus auerus were isolated
only from oral samples with incident rates of 5, 10, 10,
and 5%, respectively.
Corynebacterium pseudogenitalium, Enterococcus
faecalis, Klebsiella pneumonia, Micrococcus roseus,
Salmonella arizonae, and Staphylococcus lentus were
isolated from cloaca samples with incident rates of 20,
10, and 10%, respectively.
Zoonotic bacteria with incidence rates over 20% (4
or more of the 20 snakes) included Citrobacter sp.,
Enterobacter sp., Escherichia coli, Proteus sp., Stenotrophomonas maltophilia, Pseudomonas sp., and Enterococcus faecalis. The incidence rate for Pseudomonas sp.
was the highest (50%), followed by that of Proteus sp.
(45%), as Pseudomonas sp. was isolated from oral
samples from 10 snakes and in both oral and cloaca
samples from one snake. Proteus sp. was identified in
cloaca samples from nine snakes.
Oral and cloaca samples were obtained from snakes
residing in Korean petting zoos to identify which
bacterial strains were present and to assess the risk of
transferring diseases from snakes to humans in this
context. Nine strains of coincidental bacteria were
isolated from oral and cloaca samples, including
Actinobacter sp., Aeromonas hydrophillia, Citrobacter
sp., Enterobacter sp., Escherichia coli, Morganella
morganii, Proteus sp., Stenotrophomonas maltophilia,
and Pseudomonas sp. Except for Actinobacter sp., all of
the identified strains are opportunistic pathogens, and
most of them can cause nosocomial infections in humans
[10]. Though the incidence rates were low, of the four
bacterial samples isolated from only oral samples,
Providencia sp., Serratia marcescens, and Staphylococcus
auerus can induce human disease [19, 20]. Of the six
bacterial samples isolated from only cloaca samples,
Enterococcus faecalis, Salmonella arizonae, and
Staphylococcus lentus are zoonotic pathogens [7, 14,
18]. These results suggest that the snakes housed in one
Korean petting zoo were broadly infected with various
strains of zoonotic bacteria that can be a threat to the
health of humans who come into contact with the
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snakes.
Snakes live in most areas of Earth except for
Antarctica, and there are an estimated 8,000 species.
Snakes are legless earth animals so mostly inhabit the
subterranean region and they prey upon other animals
on the ground. So snakes are enclosed and influenced
by environmental bacteria. Therefore a wide variety of
bacteria can cause generalized bacterial infections.
Ulcerative or necrotic dermatitis, infectious cloacitis,
mouth rot (infectious stomatitis) caused by traumatic
injury, bite wounds, or poor environmental quality are
seen in all orders of reptiles. The aerobes commonly
isolated from infected snakes are Pseudomonas,
Aeromonas, Serratia, Salmonella, Micrococcus, Proteus,
Staphylococcus, Streptococcus, Escherichia coli, etc.
Signs of mouth rot can vary in number and degree,
depending on the stage of infection. Anorexia, purulent
discharge (pus) in the mouth, excessive mucous
(salivation) in the mouth, swelling or reddening around
or in the mouth, inability to close the mouth, reduced
or absent tongue flicking, and gingival swelling or
necrosis may all be seen. The lining of the mouth can
become eroded and often develops a “cottage cheese”
appearance that is either yellow- or whitish-gray in color.
In extremely advanced cases, the head may be
swollen; the infection may spread to the jaw and/or
cranium (skull); teeth may become loose; and
pneumonia may develop from aspiration of bacteria.
Bacteria may also travel up what is called the hardarian
duct, in this case, the eye may become infected and
swell. The intestinal lining may become enteritis as a
result of the ingestion of necrotic material that has
broken off from an area of plaque in the mouth. In areas
where necrosis and ulceration is especially deep, a blood
clot may form that is loaded with bacteria and released
into the bloodstream with a resultant septicemia.
However, various bacterial strains in the rhizosphere,
such as Burkholderia, Ochrobactrum, and Stenotrophomonas, can cause opportunistic human diseases [1].
Bacteria, including Streptococci spp., Staphylococcus
spp., Enterococci spp., Aeromonas hydrophilia, Citrobacter
spp., Enterobacter spp., Escherichia coli, Morganella
morganii, Proteus spp., Pseudomonas pseudoalcaligenes,
Salmonella arizonae, Serratia spp., Yersinia enterocolitica,
and Bacteroides spp., can infect humans via snake bites
[12, 13, 15, 17].
Stenotrophomonas maltophilia (formerly Xanthomonas
maltophilia) is a non-fermenting Gram-negative bacillus,
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is widely distributed, and has an increased potential to
be an opportunistic pathogen to humans during
hospitalizations, malignancies, chronic respiratory diseases,
and endotracheal intubation [8]. An additional threat is
that Stenotrophomonas maltophilia has an intrinsic
resistance to broad-spectrum antibiotics [9]. Stenotrophomonas maltophilia is associated with infections such
as endocarditis, sepsis, meningitis, peritonitis, and soft
tissue and wound infections [16]. Infections with
Stenotrophomonas maltophilia in cystic fibrosis patients
have become prevalent in recent years [3].
Due to the high incidence rates of zoonotic bacterial
strains in snakes from a petting zoo, our data suggest
that there should be concern about human/snake
interactions in such environments. This survey is merely
started to establish the database for diagnosis and
treatment of reptile including wildlife. As reptile is
ectodermic animals and the climate of southern Korean
Peninsula is temperate so difference of bacteria cultured
at temperature is worthy of notice. Therefore, there is
a need for following experiment of the cultivation under
various conditions and to antibiotics resistance test. It is
proposed to carry out characterizing of these opportunistic
bacteria to protect against an outbreak of these pathogens.
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