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Oral bacterial flora of the Chinese cobra (Naja atra)
and bamboo pit viper (Trimeresurus albolabris) in
Hong Kong SAR, China

To determine the oral bacterial flora associated with two common
local venomous snakes in Hong Kong, namely the Chinese cobra
(Naja atra) and the bamboo pit viper (Trimeresurus albolabris).

Objective

Design Cross-sectional study.

Setting A non-government organisation and a regional hospital in Hong
Kong.

Subjects Thirty-two Chinese cobras and seven bamboo pit vipers.

Main outcome measures Species identification of bacteria in the oral cavity of both snakes

and their antibiotic susceptibilities.

Results The oral cavity of Chinese cobra harbour a wide range of
pathogenic bacteria, including: Gram-negative bacterial
species like Morganella morganii, Aeromonas hydrophila and
Proteus, and Gram-positive bacteria like Enterococcus faecalis,
coagulase-negative Staphylococcus as well as anaerobic species
(clostridia). The oral cavity of the Chinese cobra is more likely
than that of the bamboo pit viper to harbour pathogenic bacteria
associated with snakebite infection (P<0.001). The median
number of pathogenic bacteria per snake was significantly higher
in the Chinese cobra (P<0.001). All pathogenic Gram-negative
bacteria isolated were susceptible to levofloxacin. Amoxicillin/
clavulanate provided good coverage against pathogenic Gram-
positive bacteria (Enterococcus faecalis) and anaerobes.

Conclusion ‘Prophylactic’ antibiotic treatment for Chinese cobra bites may
be beneficial, owing to the multiple pathogenic bacteria in its
oral cavity and the higher risk of ensuing necrosis. The regimen
of levofloxacin plus amoxicillin/clavulanate appears promising
for this purpose, but further study is required to confirm its

clinical utility in patients.

Introduction

Envenoming due to snakebite is not an uncommon emergency in Hong Kong'% 80 patients
with snakebites (both venomous and non-venomous) were admitted into local hospitals
in 20072 Although Hong Kong is generally regarded as an urbanised region, a significant
proportion of the countryside still supports healthy snake populations, especially in the
New Territories. Wound infection is a known complication after snakebites. Venomous
snakebites often result in local wound necrosis, and necrotic tissue is an excellent medium
for bacterial growth. Local wound infections or abscesses can occur in such patients,
especially when there is an associated haematoma or necrosis at the bite site.* Many bites
are on the limbs of young and otherwise healthy individuals. The resulting functional
impairment and loss of productivity are substantial.

Knowledge of the bacterial flora acquired from snakebites constitutes important
information pertinent to management. There have been numerous studies overseas to
determine the oral flora in snakes*® and the bacteriology associated with snake venom,”
but for Hong Kong specific data are lacking. In this study, we set out to characterise and
compare the oral bacterial flora of the two of the most common venomous snakes in this
locality, namely the Chinese cobra (Naja atra) and the bamboo pit viper (Trimeresurus
albolabris). Based on such findings, possible implications for antibiotic treatment could
be suggested.

Hong Kong Med J Vol 15 No 3 & June 2009 & www.hkmj.org 183



@ Shek et al =

FEEFEFRITHEANRRIREBENE

E:H)

B
ZHk
ESE

FRERAE

184

LEES

R

SR OREAERE

EEEEEANWESRLE (Naja atra) EBREMESR
( Trimeresurus albolabris ) #9OPEHIEESE o
TEETETSE ©

EB—FTIEBUT# S —Frith @ EERT -
RMRIRFE R 7EABTES ©

PR YA R A 8 S EL MY 2 o
REFEWWOFEASLEARANRKRERER @ BEEREKERMSE
HE (MERERKE - B KRERE  EFEE
B) E=RKBHEAE (NEBRR - REERESE
&IRE) @ LABRER (BRFHREEE) - HEE
ESILE - BRI O A AR R E 2 5 e K
TRAFERBAER (P<0.001) ; MEIREHFIHRKRER
BB ERBEERZ (P<0.001) - FTADEEH
FRREEHERH SR EZS8UK - MAZAMK
MR EAREEAREFRERREEHRREE
(EZBXRE ) KREaR -

REZIE A REANMEREZ REE - N CRRESI B
BRILIE » ATDI RS B HEE B TR A
RARFEAER - ZEAEMN LR / ehrkE
BR BT A LUSRIER, » B/RETTE 2T LI

Methods
Background and setting

Kadoorie Farm and Botanic Garden (KFBG) is a non-
government organisation funded by the Kadoorie
Foundation. It has played an active role in promoting
and conserving biodiversity, sustainable agriculture,
and creative nature education in Hong Kong and
Southern China. In Hong Kong, all stray snakes (with
the exception of Burmese pythons) handled by the
Hong Kong Police Force are sent to the KFBG for
species identification and health assessment before
being released back into the wild. The snakes are
transferred separately in a cloth bag and enclosed
within a wooden box. Snakes are not given any food,
drugs, or antibiotics. The present study targeted two
venomous snakes only, namely: the Chinese cobra
and the bamboo pit viper. Snakes other than these
and unhealthy specimens were excluded. This study
was approved by the New Territories West Cluster
Clinical and Research Ethics Committee of the
Hospital Authority and Animal Ethics Committee of
the KFBG.

Study period
During the study period (21 June to 4 September
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2007), 2 processing days were set every week. On
each day, a medical team was sent to provide on-site
medical support to the snake experts of the KFBG.

Swabbing procedure

Snakes were taken from their storage bags by the
snake handling team and manually restrained
throughout the exercise. If required the veterinary
surgeon opened the mouth of the snake utilising
a sterile mouth gag to facilitate acquisition of the
oral swabs. Two oropharyngeal swab samples
were collected from each snake using proprietary
commercial sterile cotton-tipped swab sticks. Swabs
were taken by rotating the cotton tip on the floor of
the oral cavity between the larynx and mandibular
teeth. One sample was kept in a Stuart’s transport
medium tube and the other in Robertson’s cooked
meat medium (RCM). The mouth gag was sterilised
between each swabbing procedure to avoid cross-
contamination. Any unsatisfactory or contaminated
sample was discarded. Within 2 hours of the swabbing
procedure, the swab samples were delivered to
the Tuen Mun Hospital’s Microbiology Laboratory
(Department of Clinical Pathology) for processing.

Aerobic and anaerobic culture

In the laboratory, samples in Stuart’s transport
media were plated immediately on blood agar with
5% horse blood (BA), a chocolate agar plate (CHO),
a MacConkey agar plate (MAC), and a fastidious
anaerobic agar plate with 5% horse blood (FAA) [Lab
M, Bury, England]. The BA, CHO, and MAC plates were
incubated at 37°C with 5% CO, for up to 48 hours,
and the FAA plates at 37°C anaerobically for 48 hours.
The RCM samples were sub-cultured to the FAA after
incubation for 24 hours at 37°C in ambient air, and the
FAA was incubated anaerobically at 37°C for 48 hours.

Bacterial identification

The aerobic and facultative anaerobic isolates were
primarily identified on the basis of their colonial
morphology, Gram and acid-fastness characteristics,
growth requirements, motility tests, pigment
production, and standard conventional biochemical
and phenotypic tests. The APl (bioMérieux,
Marcy I’Etoile, France) and/or Phoenix automated
microbiology system (BD Diagnostic Systems, Sparks
[MD], US) were used. The manufacturers’instructions
were followed for further speciation of the isolates
whenever the results of conventional methods were
inconclusive. All anaerobes were tested with the
RaplID ANA Il system (Innovative Diagnostic Systems,
Atlanta [GA], US) for bacterial identification. Isolates
with ambiguous or atypical biochemical profiles were
subjected to rDNA sequencing using the MicroSeq



BOX. Pathogenic bacteria known to cause snakebite wound
infections or abscesses® '

Aerobic Gram-positive bacteria
Beta-haemolytic streptococci*
Coagulase-negative Staphylococcus
Enterococci
Group D Streptococcus*
Staphylococcus aureus*
Streptococcus viridans

Aerobic Gram-negative bacteria
Aeromonas hydrophila
Citrobacter diversus*
Citrobacter freundii
Enterobacter aerogenes™*
Enterobacter agglomerans™
Enterobacter species
Escherichia coli
Morganella morganii
Proteus species
Providencia rettgeri
Pseudomonas pseudoalcaligenes™
Salmonella arizonae*

Serratia liquefaciens*
Serratia species
Yersinia enterocolitica*

Anaerobic bacteria

Bacteroides species

* Not found in our study

500 16S rDNA Bacterial Identification Kit (Applied
Biosystems, Foster City [CA], US) according to the
manufacturer’s instructions. The sequences were
compared with the GenBank database using the
Basic Local Alignment Search Tool (BLAST) search.
Antimicrobial susceptibility tests were performed
on the isolates, according to the Clinical and
Laboratory Standard Institute’s guidelines. Antibiotic
susceptibility tests were not performed on anaerobic
bacteria.

Definition of pathogenic bacteria

Among the bacteria isolated from the snake’s oral
cavity, not all should be considered pathogenic
(liable to result in wound infections or abscesses)
in humans. Some were environmental contaminants
or plant pathogens only. Others had never been
reported to cause any snakebite wound infection.
A literature search was carried out to identify the
types of bacteria reported to have caused soft-tissue
infection or abscesses in snakebite wounds; and in
this study these were then defined as potentially
pathogenic (Box).*™

Statistical analysis

Descriptive statistics were employed to show the
frequency of different bacteria. Comparison of
categorical data and continuous data was carried out
using Chi squared/Fisher’s exact tests and the Mann-
Whitney test, respectively.

@ A snake’s oral bacterial flora study

Results

A total of 39 healthy stray snakes native to Hong
Kong were processed during the study period. They
included 32 Chinese cobras and seven bamboo pit
vipers.

The oropharynx of the Chinese cobras sampled
contained a wide range of bacteria; 10 were aerobic
Gram-positive species, 20 aerobic Gram-negative
species, and 14 anaerobic species (Table 1). Among
Gram-negative bacteria, Morganella morganii
was the commonest pathogen. Other important
Gram-negative pathogens included Aeromonas
hydrophila and Proteus species. Enterococcus
faecalis and coagulase-negative staphylococci were
the commonest Gram-positive isolates. Various
anaerobic Clostridium species were also found.

The oropharynx of the bamboo pit vipers
sampled contained a modest range of bacteria;
three were aerobic Gram-positive species, nine
were aerobic Gram-negative species, and three were
anaerobic species (Table 2). Potentially pathogenic
bacteria (coagulase-negative staphylococci,
Citrobacter freundii, Proteus vulgaris, and Bacteroides
eggerthii) were found in three bamboo pits vipers.
Streptococcal species and Staphylococcus aureus
were not isolated.

As a result, only three of these seven snakes
yielded one or more potential pathogens, while all
Chinese cobras yielded one or more potentially
pathogenic bacteria. Notably, the Chinese cobras
appeared more likely to have pathogenic bacteria
in their oral cavity than the bamboo pit vipers; this
difference being statistically significant (P<0.001, 2-
tailed Fisher’s exact test). The median number of
pathogenic bacteria per snake was three and zero for
Chinese cobras and bamboo pit vipers, respectively;
the proportion being significantly higher in the
Chinese cobras (P<0.001, 2-tailed Mann-Whitney test).

Susceptibilities of the isolated pathogenic
Gram-negative bacteria to common antibiotics are
shown in Table 3. All Gram-negative bacteria were
susceptible to levofloxacin and netilmicin. Not all
pathogenic Gram-negative bacteria were susceptible
to cefuroxime or amoxicillin/clavulanate. Among
Gram-positive bacteria in our study, all E faecalis
isolates were susceptible to ampicillin and vancomycin.
Moreover, four of the seven isolates of coagulase-
negative staphylococci were methicillin-resistant, but
they were all susceptible to gentamicin, trimethoprim/
sulfamethoxazole, amikacin, vancomycin, rifampin,
and levofloxacin.

Discussion

This study was performed during the summer and
early autumn when the weather in Hong Kong is
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TABLE |I. Species of aerobic Gram-positive and Gram-negative
bacteria, as well as anaerobic bacteria isolated from the
oropharynx of the 32 Chinese cobras in our study

Organism No.

Aerobic Gram-positive bacteria 63
Bacillus species
Coagulase-negative staphylococci
Diphtheroid bacillus 3
Enterococcus faecalis 27
Enterococcus gallinarum
Micrococcus species 2
Rhodococcus species
Streptococcus viridans

Tsukamurella species 15
Vagococcus species 2
Aerobic Gram-negative bacteria 85
Achromobacter denitrificans 10
Acinetobacter haemolyticus 1
Aeromonas hydrophila complex 4
Bordetella trematum 2
Chryseobacterium indologenes 1
Chryseobacterium meningosepticum 2
Citrobacter freundii 4
Enterobacter cloacae 1
Escherichia coli 2
Klebsiella planticola 1
Klebsiella pneumoniae 3
Morganella morganii 23
Proteus mirabilis 1
Proteus penneri 6
Proteus vulgaris 4
Providencia rettgeri 3
Pseudomonas aeruginosa 8
Serratia marcescens 5
Shewanella putrefaciens group 2
Stenotrophomonas maltophilia 2
Anaerobic bacteria 54
Bacteroides fragilis 2
Clostridium baratii/sardiniense 11
Clostridium bifermentans 13
Clostridium butyricum 2
Clostridium glycolicum 3
Clostridium innocuum 1
Clostridium lituseburense 1
Clostridium perfringens 7
Clostridium ramosum 1
Clostridium sordellii 4
Fusobacterium nucleatum 1
Fusobacterium varium 2
Prevotella loescheii 1
Prevotella oralis group 5

warm and snakes are usually more active, which also
coincides with increased human outdoor activities
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TABLE 2. Species of bacteria isolated from the oropharynx of
the seven bamboo pit vipers in our study

Organism Total

Aerobic Gram-positive bacteria 5
Bacillus species 1
Coagulase-negative staphylococci 1
Diphtheroid bacillus

-
A~ W

Aerobic Gram-negative bacteria

—

Acinetobacter Iwoffii

Chryseobacterium indologenes

Chryseobacterium meningosepticum

Citrobacter freundii

Proteus vulgaris

Pseudomonas aeruginosa

Rhizobium radiobacter

Sphingobacterium paucimobilis

Stenotrophomonas maltophilia
Anaerobic bacteria

Bacteroides eggerthii

a4 A N W 2N W A a4

Clostridium baratii/sardiniense

(trail walking and camping). During these parts of
the year, the chances of human-snake encounters are
significantly increased, which probably explain why
most snakebites encountered in Hong Kong occur
during summer and early autumn.2™

The bamboo pit viper and Chinese cobra are
responsible for the majority of venomous snakebites
in Hong Kong,'** and are the two most common
venomous snakes sent to the KFGB for identification.
Other than systemic manifestations, bites due to
these two species can result in local wound swelling
and necrosis at the involved site, which predispose
to secondary bacterial infection including abscess
formation. At least one case of fatal necrotising
fasciitis after a Chinese cobra bite has been reported
in Hong Kong.”

The oral bacterial flora of snakes varies between
different species as well as at different geographical
regions.® Regarding the pattern of oral isolates from
the snakes in this study, findings were similar to those
from other overseas.*® Goldstein et al” suggested that
the oral flora of snakes appears to be faecal in nature,
as the live prey may defecate in the snake’s mouth
coincident with ingestion.” Notably, our findings
agree with previous findings from Hong Kong
indicating a low wound infection rate from bamboo
pit viper bites, there being no wound infections or
abscesses in a series of local cases reported in 1993.%
By contrast, in one series more than half of all cobra
bites resulted in skin necrosis or an infected wound.”
Based on our knowledge of their natural history, the
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TABLE 3. Susceptibility of Gram-negative bacteria isolated in our study to common antibiotics

Antibiotic Susceptible strains, No. (%)
Morganella Escherichia Proteus Aeromonas Enterobacter Serratia Citrobacter Providencia
morganii coli species  hydrophila species species freundii rettgeri
(n=29)* (n=2) (n=12) (n=4) (n=1) (n=5) (n=5) (n=3)

Gentamicin 28 (97) 2 (100) 12 (100) 4 (100) 1 (100) 5 (100) 5 (100) 3 (100)
Netilmicin 29 (100) 2 (100) 12 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)
Trimethoprim/ 27 (93) 1 (50) 12 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)
sulfamethoxazole
Levofloxacin 9 (100) 2 (100) 12 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)
Cefuroxime sodium 3 (45) 2 (100) 8 (67) 4 (100) 1(100) 0 5 (100) 3 (100)
Cefuroxime axetil 0 (34) 0 8 (67) 3 (75) 0 0 2 (40) 3 (100)
Amoxicillin/clavulanic acid 6 (21) 1 (50) 11 (92) 0 1 (100) 0 1 (20) 1 (33)
Amikacin 9 (100) 2 (100) 12 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)
Ceftazidime 9 (100) 2 (100) 2 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)
Piperacillin/tazobactam 9 (100) 2 (100) 2 (100) 4 (100) 1 (100) 5 (100) 5 (100) 3 (100)
Cefoperazone/sulbactam 9 (100) 2 (100) 2 (100) 3 (75) 1(100) 5 (100) 5 (100) 3 (100)
Imipenem 9 (100) 2 (100) 2 (100) 4 (100) 1(100) 5 (100) 5 (100) 3 (100)

* Six Chinese cobra snakes contained two strains of Morganella morganii

differences in habitat, the hunting strategy, and the
type of prey selected by these two species provide
an explanation for the observed differences in oral
flora, though further research is required to confirm
this proposition. On the other hand, it is known that
some snake venoms have anti-bacterial properties.’”"
One postulation could be that there were differences
in anti-bacterial activities between the venoms of the
two snakes, but this requires further study.

Aerobic Gram-positive bacteria

In this study, the most common pathogenic
aerobic Gram-positive bacteria encountered were
E faecalis and coagulase-negative staphylococci.
Enterococci rarely cause cellulitis or other deep
tissue infections. In surgical wound infections, they
are frequently isolated from mixed cultures with
Gram-negative bacilli and anaerobes, decubitus
ulcers, and diabetic infections.” All enterococcal
isolates in our study were susceptible to ampicillin
and vancomycin. Coagulase-negative staphylococci
often presents in clinical specimens as a culture
contaminant. In snakebite infections, it was reported
as a rare pathogen in comparison to Gram-negative
bacteria.?*™ No S aureus was isolated from the snakes
in our study. Though uncommon, this pathogen has
been reported to cause snakebite abscesses.??

Aerobic Gram-negative bacteria

Among all the aerobic Gram-negative bacteria identi-
fied, M morganii was the most frequent and worthy of
special clinical attention. It was reported to be the main
offending organism in many bacteriological studies
involving cases of snakebite wound abscesses.”®"

More than two thirds of the Chinese cobras (23/32)
in this study had this pathogen in their oral cavities.
Envenoming by Chinese cobra may cause extensive
tissue damage and devitalisation that can predispose
the wound to bacterial infection. All isolates of M
morganii in our study were sensitive to levofloxacin,
gentamicin, and trimethoprim/sulfamethoxazole, but
more than 50% were resistant to cefuroxime and more
than 80% to amoxicillin/clavulanate. Interestingly,
in this study no M morganii were isolated from any
bamboo pit vipers. This was in contrast to the findings
of Suankratay et al*® who reported that they were the
commonest Gram-negative bacteria in bamboo pit
vipers in Thailand. This contrary result could be partly
explained by the relatively small number of bamboo
pit vipers (only seven) in our study, but may represent
a genuine difference related to preferences for prey in
different regions.

Pseudomonas aeruginosa is a known human
pathogen causing skin and soft-tissue infections
(folliculitis, ecthyma gangrenosa in neutropenic
patients, and in burn wounds).?’ However, it has
seldom been reported in snakebite wound infections
or abscesses, for which its significance remains
uncertain. A less common but important potential
pathogen is A hydrophila, which was only found in the
oral cavity of the Chinese cobra (4/32) and not in any
bamboo pit viper in this study. Aeromonas hydrophila
is known to cause diarrhoeal illness as well as soft-
tissue infection after minor trauma coupled with
exposure to fresh water? It has been reported to
cause soft-tissue infection as a complication of bites
from snakes with local necrotising, myotoxic, and
oedema-inducing venom.” All Aeromonas isolates
in our study were susceptible to levofloxacin and
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gentamicin but resistant to amoxicillin/clavulanate. In
some studies, other enteric Gram-negative bacteria
(Escherichia coli, Enterobacter species, Citrobacter
species, and Proteus species) have been reported
to be important offending bacteria.?* However, they
were infrequently identified in our study, and all were
susceptible to levofloxacin.

Anaerobic bacteria

Although no Clostridium tetani were isolated in our
study, in several others tetanus has been reported as
a life-threatening complication from snakebites.®?
Suankratay et al® also did not identify C tetani in the
oral cavity of bamboo pit vipers. The origin of the
tetanus bacilli could be the snake’s venom or oral
cavity, the victim’s own skin, non-sterile dressings or
instruments applied to the bite wound and soiling
of the wound after injury. Habib® described four
snakebite patients complicated by tetanus, all of
whom had their bite sites incised by instruments
and medicinal herbs applied. Tetanus prophylaxis is
still recommended to prevent this potentially lethal
disease. Besides, isolates of Clostridium perfringens
were found in the oral cavities of Chinese cobras
in this study. Nevertheless, their role in causing
bite wound infection or gas gangrene remains in
doubt; there being no reported case of clostridial
myonecrosis caused by snakebite wound infection in
the literature. Moreover, anaerobic bacteria causing
snakebite wound infection are uncommon.™

Insight into the use of antibiotic

Routine use of ‘prophylactic’ antibiotics in the
treatment of snakebite is controversial. In the past,
it was suggested that broad spectrum of antibiotics
were indicated for most patients following venomous
snakebite.*** In recent years, numerous researchers
disagree on the routine use of ‘prophylactic’
antibiotics under such circumstances,'>?*? and cur-
rently most guidelines do not recommend routine
use of antibiotics for these patients.*** However,
‘prophylactic’ antibiotics should still be considered
in venomous snakebites resulting in significant
tissue necrosis.” In Hong Kong, most patients do
receive ‘prophylactic’ antibiotics following venomous
snakebites™'*; the commonest regimen being
ampicillin plus cloxacillin.” The findings of this study
pose a challenge to local practice on several grounds.
First, we showed that local bamboo pit viper’s oral
cavities had significantly fewer pathogenic bacterial
species than those of Chinese cobras. Second, the
number of pathogenic bacteria isolated from local
bamboo pit vipers was small. Third, a significant
proportion of pathogenicbacterial isolates (especially
those of M morganii, A hydrophila, and E coli) were
resistant to amoxicillin/clavulanate but susceptible
to levofloxacin. Instead of routine ‘prophylaxis’ with
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ampicillin plus cloxacillin for all venomous snakebite
victims, we suggest using levofloxacin plus amoxicillin/
clavulanate for cobra snakebite wounds. For these
patients, early use of antivenom is advocated in
order to prevent tissue necrosis and enable adequate
tissue antibiotic concentration to be achieved. The
rationale of such a regimen is to cover most enteric
Gram-negative bacteria, including M morganii by
levofloxacin. Gram-positive bacteria (enterococci and
staphylococci) and anaerobes should be adequately
covered by amoxicillin/clavulanate. Levofloxacin
plus metronidazole can be used in patients with f-
lactam allergy, as this combination will cover most
aerobic and anaerobic organisms. Routine use of
vancomycin as the ‘prophylactic’ antibiotic for cobra
bite is not recommended. Knowing that bamboo pit
vipers harbour significantly fewer pathogens in their
oral cavities and that their venom seldom causes
severe local tissue destruction predisposing to
wound infection, we suggest not using ‘prophylactic’
antibiotics for bite wounds from this snake.

For established snakebite wound infections,
empirical use of levofloxacin plus amoxicillin/clav-
ulanate will provide coverage for most of pathogenic
bacteria. Further changes to the regimen will depend
on the patient’s clinical course and response to
treatment as well as laboratory culture and sensitivity
results. For pregnant victims, child victims, and those
with special host factors like immunosuppression, a
microbiologist should be consulted.

Limitations

This is the first study in Hong Kong to describe
the oral bacterial flora in the two most commonly
encountered native species of venomous snakes. Our
findings shed light on the rationale for ‘prophylactic’
antibiotics to reduce snakebite wound infections, but
our study had several limitations. First, with respect
to bamboo pit vipers the sample size was small, for
which reason less common but important pathogens
could have been missed. Second, our study was
conducted during summer and early autumn, but the
pattern of bacterial flora in the oral cavity of snakes
may change depending on the season and availability
of prey. Third, our suggestions for the use of
‘prophylactic’ antibiotics and empirical treatment of
established infections are based on the assumption
that only the most common pathogens need to be
covered. Many factors may affect the actual chance
of incurring clinically significant wound infections
in victims, including: host factors, the presence
of tissue necrosis, and secondary environmental
contamination.

Conclusion

The oropharynx of the wild Chinese cobras and



bamboo pit vipers in Hong Kong contains a wide
range of bacteria; Gram-negative organisms being the
commonest. In Hong Kong, the Chinese cobra is more
likely to have pathogenic bacteria in its oral cavity
than the bamboo pit viper. ‘Prophylactic” antibiotics
appear to be more indicated for Chinese cobra
bite wounds than for those due to the bamboo pit
vipers. The regimen of levofloxacin plus amoxicillin/
clavulanate appears promising for both prevention
as well as empirical treatment of Chinese cobra-bite
wound infections, but further studies are required to
confirm the clinical utility of such treatment.
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