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Abstract: There are very few microbiological data on wound infections following snakebites. The objective
of this study was to investigate the treatment of secondary infection following snakebites in central
Taiwan. Microbiological data and antibiotic sensitivity of wound cultures were retrospectively analyzed
from December 2005 to October 2007 in a medical center in central Taiwan. A total of 121 snakebite
patients participated in the study. Forty-nine (40.5%) subjects were bitten by cobra (Naja atra); 34 of them
had secondary infection, and 24 of them (70.6%) needed surgical intervention. Cobra bites caused more
severe bacterial infection than other snakebites. Morganella morganii was the most common pathogen,
followed by Aeromonas hydrophila and Enterococcus. Gram-negative bacteria were susceptible to amikacin,
trimethoprim/sulfamethoxazole, cefotaxime, cefepime, ciprofloxacin, and piperacillin/tazobactam.
Enterococcus were susceptible to ampicillin, gentamicin, penicillin and vancomycin. It is reasonable to
choose piperacillin/tazobactam, quinolone, second- or third-generation cephalosporin for empirical
therapy following snakebite. Surgical intervention should be considered for invasive soft tissue infections.
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INTRODUCTION
There are six main kinds of venomous snakes
in Taiwan, including Naja atra (cobra), Bungarus
multicinctus, Trimeresurus mucrosquamatus,
Trimeresurus stejnegeri, Deinagkistrodon acutus,
and Daboia russelii siamensis (1). Antivenom
administration is the standard therapy for
snakebite. Complications often occur following
snakebite because of toxic hemorrhagic or
neurotoxic effects with secondary bacterial
infection. Exploring the bacteria responsible for
the infections was the objective of this study.
However, very few microbiological data on wound
cultures following snakebites in Taiwan have
been reported. There are challenges in predicting
bacterial species and the sensitivity of antibiotics.
In light of these considerations, medical records
of snakebite patients in a 1300-bed teaching

hospital in central Taiwan were retrospectively
reviewed and analyzed from December 2005 to
October 2007.
MATERIALS AND METHODS
Patient data including ID number, gender,
age, exposure time; species of snakes; use of
antibiotics; surgical intervention, and culture
results were recorded. These cases represent
snakebite occurrences in the central region of
Taiwan. The identification of snake species was
primarily based on the specimen brought to the
hospital by the patient or the patient’s family,
or witnessed and identified by the patient.
Secondary infection from snakebite was defined
as progressive tissue necrosis or signs of wound
infection including erythema, hotness, swelling,
or pain which developed after adequate doses of
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antivenom, even if previous wound healing was
observed. Wound cultures were performed if
secondary infection was diagnosed, according to
respective clinical conditions. Bacterial cultures
were also collected during surgical intervention.
No routine anaerobic culture was taken because
of the low yield rate and less clinical significance.
For better clinical decision making and outcome,
microbiological data and antibiotic sensitivity of
wound cultures were analyzed.

RESULTS
A total of 121 snakebite patients participated
in the study (from December 2005 to October
2007). Seventy-four patients (61%) were male.
The patients aged from 4 to 90 years with an
average age of 58 years. All 121 patients survived
and were discharged after treatments. Forty-nine
(40.5%) patients were bitten by Naja atra (cobra),
which is the most common type of venomous
snakebite in central Taiwan.

Table 1. Snake species and secondary infection following snakebite in central Taiwan
Types of snakes

Number of
snakebite
patients

Secondary
infection

Surgical
intervention*

Positive culture
results

Naja atra

49

22

20 (83.3%)

16

Trimeresurus mucrosquamatus

19

4

2 (8.3%)

0

Trimeresurus stejnegeri

19

4

2 (8.3%)

1

Bungarus multicinctus

1

0

0

0

Others/unknown

33

4

0

0

Total

121

34

24

17

*Surgical intervention in this table included simple bedside incision and debridement, debridement or fasciotomy in the operation
room. All cases with positive culture results also received surgical intervention.

Table 2. Bacterial isolates identified in snakebite wounds
Spp. of bacteria

Number of patients with
positive culture

Number of positive culture*

Morganella morganii

9

15

Aeromonas hydrophila

4

8

Enterococcus

4

5

Serratia marcescens

2

2

Proteus vulgaris

1

2

Staphylococcus aureus

1

2

Bacteriodes fragilis

1

1

Proteus mirabilis+

1

1

Pseudomonas aeruginosa

1

1

Shewanela putrefaciens

1

1

Acinetobacter baumannii

1

1

Escherichia coli

1

1

Yokenella regensburgei

1

1

*The same type of bacterial culture was found in different samples obtained from one patient.
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Spp. of
bacteria

Amp

PCN

Oxa

A/S

A/C

P/T

Cef

Cefo

CPZ

Flo

Cefe

Gen

Ami

T/S

Van

Cip

Ert

Car

Table 3. Susceptibility of bacteria isolated from snakebite wounds to common antibiotics*

Morganella
morganii

0/9

–

–

–

1/9

9/9

0/9

9/9

–

9/9

9/9

9/9

9/9

9/9

–

9/9

2/2

7/7

Aeromonas
hydrophila

0/3

–

–

–

0/3

3/3

0/3

3/3

–

2/3

3/3

3/3

3/3

3/3

–

3/3

1/2

2/2

Enterococcus

3/3

3/3

–

–

–

–

–

–

–

–

–

3/3

–

–

3/3

–

–

–

Serratia
marcescens

0/2

–

–

–

0/2

2/2

0/2

2/2

–

2/2

2/2

2/2

2/2

2/2

–

2/2

–

2/2

Proteus vulgaris

0/1

–

–

–

0/1

1/1

0/1

1/1

–

1/1

1/1

1/1

1/1

1/1

–

1/1

–

1/1

Staphylococcus
aureus

–

0/1

0/1

1/1

–

–

–

–

–

–

–

1/1

–

1/1

1/1

1/1

–

–

Bacteriodes
fragilis

–

0/1

–

0/1

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Shewanela
putrefaciens

–

–

–

1/1

–

1/1

–

1/1

1/1

–

1/1

1/1

1/1

1/1

–

1/1

–

1/1

Acinetobacter
baumannii

–

–

–

1/1

–

0/1

–

–

0/1

–

0/1

0/1

0/1

0/1

–

0/1

–

1/1

Escherichia coli

0/1

–

–

–

0/1

1/1

0/1

1/1

–

0/1

1/1

0/1

1/1

1/1

–

1/1

–

–

Yokenella
regensburgei

0/1

–

–

–

0/1

1/1

0/1

1/1

–

1/1

1/1

1/1

1/1

1/1

–

1/1

1/1

–

The same type of bacterial culture was found in different samples obtained from one patient, but it was defined as the same
clone in the table. Amp: amipicillin, PCN: penicillin, Oxa; oxacillin, A/S: amipicillin/sulbactam, A/C: amoxicillin/clavulanic acid, P/T:
piperacillin/tazobactam, Cef: cefazolin, Cefo: cefotaxime, CPZ: cefoperazone, Flo: flomoxef, Cefe: cefepime, Gen: gentamicin, Ami:
amikacin, T/S: trimethoprim/sulfamethoxazole, Van: vancomycin, Cip: ciprofloxacin, Ert: ertapenem, Car: carbapenem.
*Number of patients with susceptibility to antibiotics/Number of patients with positive culture and antibiotic sensitivity test.

After antivenom therapy, 34 patients (28.1%)
had secondary infection and among them, 24
(70.6%) patients needed surgical intervention
(including wound incision, pus drainage,
debridement, and fasciotomy for necrotizing
fasciitis or compartment syndrome). The
percentage of patients requiring surgery was
83.3% (20/24) for Naja atra, 8.3% (2/24) for
Trimeresurus mucrosquamatus, and 8.3% (2/24)
for Trimeresurus stejnegeri (Table 1). Wound
cultures (including wound, pus, or tissue biopsy)
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were obtained from all patients who received
surgical intervention.
A total of 17 patients had positive results for
bacterial pathogen culture. Eight patients had
culture results revealing more than two types
of bacteria. Morganella morganii was the most
common pathogen, followed by Aeromonas
hydrophila and Enterococcus (Table 2). Among
these 17 patients with microbiologically
documented pathogens, 16 of them were bitten
by cobra, and one by Trimeresurus stejneger.
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Seven patients who underwent surgical
intervention had no grown bacterial culture. The
average length of hospital stay for the 34 patients
who had secondary wound infections, for 24
patients who needed surgical interventions, and
for 17 patients with positive wound cultures was
12.4, 17.4 and 20.4 days, respectively.
Concerning antibiotic sensitivity tests, gramnegative bacteria were susceptible to amikacin,
trimethoprim/sulfamethoxazole,
cefotaxime,
cefepime, ciprofloxacin, and piperacillin/
tazobactam. Isolated Enterococci were susceptible
to ampicillin, gentamicin, penicillin, and
vancomycin. One of the cultures had oxacillinresistant Staphylococcus aureus (Table 3).
Discussion
T. mucrosquamatus is the most common type
of venomous snake that attacks people in Taiwan
(2-4). Bites by Deinagkistrodon acutus and Daboia
russelii siamensis generally occur in the southern
and eastern parts of the island, and cobra is the
most common type in central Taiwan (3-5).
The origin of the bacteria in the mouth of the
snakes is an important determinant for wound
infection. Two of these are especially important,
Morganella morganii and Aeromonas hydrophila.
These bacteria were frequently isolated in
snakebites, but they were not usually isolated
from other soft tissue infections (2, 6-12). Some
studies reported that severe soft tissue infections
were caused by Aeromonas hydrophila or Vibrio
vulnificus after snakebite (8, 11, 13). These bacteria
are not very common in the hospital environment.
However, these species of bacteria are found in the
mouth of snakes (14, 15). Aeromonas hydrophila
was isolated in a snakebite infection in Sri Lanka
(16). After that, other findings were reported in
many countries (8, 10, 11). In a prospective study,
Morganella morganii was the most commonly
isolated bacteria in adequately collected samples
of abscesses caused by bite of Bothrops snakes in
Brazil (9). Retrospective studies also reported this
finding. Morganella morganii was also isolated
from the mouth of healthy and freshly caught
Bothrops jararaca (14).
According to our survey and previous reports,
a cobra bite causes more severe bacterial infection
than other kinds of snakebites (2). As a result,
more severe complications, such as necrotizing
fasciitis or compartment syndrome are observed,
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and therefore, more surgical interventions are
required. The cobra venom causes extensive local
tissue destruction, mainly because of the effect
of cytotoxins and the myotoxic phospholipase
A2 (17). The larger number of oral bacterial
colonization in cobras is one of the reasons for
this result (15, 18). The oral cavity of cobras
contains a wide range of pathogenic bacteria,
including gram-negative bacterial species such as
Morganella morganii, Aeromonas hydrophila and
Proteus, and gram-positive bacteria including
Enterococcus
faecalis,
coagulase-negative
Streptococcus as well as anaerobic species (15, 18).
In our survey, most wound cultures were
gram-negative bacillus. Only a few were
gram-positive cocci such as Enterococcus and
Staphylococcus aureus. Mixed bacterial infections
were commonly observed in wound cultures with
a combination of gram-positive, gram-negative,
and anaerobic microorganisms. Morganella
morganii and Enterococcus species were the most
common pathogens. Other studies on snakebite
and bacteriology in northern Taiwan reported
similar culture results (2).
Early use of antivenom is the standard therapy
for snakebite. Prophylactic use of antibiotics does
not decrease the rate of secondary infection and is
still controversial (19, 20). In our practice, the firstline empirical antibiotic therapy for snakebite is
amoxicillin-clavulanate or amipicillin-sulbactam.
However, most bacteria were resistant to these
antibiotics according to the culture results. And
if the wound was very severe, it would require
surgical intervention.
As reported by previous surveys on snakebites,
gram-negative bacteria associated with wound
infection were sensitive to levofloxacin.
Enterococcus faecalis and anaerobes were
sensitive to amoxicillin/clavulanate. Therefore,
the first line of empirical antibiotics includes
amoxicillin/clavulanate plus levofloxacin (2,
5, 15, 18). According to our sensitivity tests, it
is also reasonable to administer piperacillin/
tazobactam, quinolone, and second- or thirdgeneration cephalosporin for empirical therapy
after snakebite, especially severe wound infections
(2, 18). Amoxicillin-clavulanate or amipicillinsulbactam alone does not cover effectively.
Surgical intervention should be considered for
invasive soft tissue infections and necrosis.
It is hard to predict if a wound infection will
follow after adequate antivenom therapy. Possible
275
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reasons for secondary wound infections would
be insufficient use of antibiotics or ineffectiveness
of antibiotics against highly invasive pathogens.
Further surveys should be conducted to predict
the risks of secondary wound infections and the
effectiveness of prophylactic antibiotics.
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