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Abstract. Snakebite envenomation is a neglected tropical disease. Taiwan, with its subtropical and Southeast Asian
environment, provides suitable habitat for several venomous snake species. Trimeresurus stejnegeri, an arboreal pit viper,
is the most common cause of venomous snakebite in Taiwan. Trimeresurus stejnegeri envenomation can cause local
swelling, occasional ecchymosis, and wound infection. The primary treatment of T. stejnegeri envenomation is the binary
antivenom, vacuum freeze-dried F(ab')2 fragments of equine antibodies, against T. stejnegeri and Protobothrops mucros-
quamatus. This study aimed to analyze the incidence of post-envenomation wound infections caused by T. stejnegeri
based on data collected over a decade from institutions affiliated with the Chang Gung Memorial Hospital in Taiwan.
A total of 254 patients were enrolled in this study. Clinical and laboratory data, treatment information, and patient out-
comes were extracted from electronic medical records. Wound infection was associated with delay in antivenom initiation
(adjusted odds ratio: 3.987; 95% CI: 1.406-11.302). The infection rates were 20.5%, 12.5%, 31.3%, and 48.1% for anti-
venom administration within 2 hours, 2—4 hours, 4-6 hours, and > 6 hours, respectively. Therefore, early initiation of anti-
venom treatment (within 6hours) is recommended. Morganella morganii was cultured from wounds of the patients,
whereas Enterobacter cloacae and Enterococcus faecalis were cultured from both the oral cavity of snakes and
the wounds of the patients. For post-envenomation patients who develop a local infection, empiric antibiotics such as
third-generation cephalosporins, quinolones, and piperacillin/tazobactam are recommended because snakebite wound

infections are often polymicrobial in nature.

INTRODUCTION

Snakebite envenomation is a neglected tropical disease that
affects approximately 2.7 million individuals and causes
81,000-138,000 deaths every year according to the WHO."
Located in a subtropical and Southeast Asian environment,
Taiwan has pleasant climatic conditions and various terrains,
providing a favorable environment for several venomous snake
species,? including mainly Trimeresurus stejnegeri,>* Protobo-
throps mucrosquamatus,®® Deinagkistrodon acutus,”® Bun-
garus multicinctus,®'° Naja atra,''? Daboia siamensis,®4
Ovophis makazayazaya,'®"'® and Trimeresurus gracilis.'""18

Trimeresurus stejnegeri, belonging to the Viperidae family,
is one of most common causes of venomous snakebites in
Taiwan.'® Trimeresurus stejnegeri envenomation usually
leads to local swelling, edema, and occasional ecchymosis;
however, systemic syndrome characterized by severe bleed-
ing or coagulopathy is rare.?%2! Chiang et al.? discussed
the risk factors for wound necrosis after a T. stejnegeri bite.

The main treatment of T. stejnegeri envenomation is the
binary antivenom, vacuum freeze-dried F(ab')2 fragments of
equine antibodies, against T. stejnegeri and P. mucrosqua-
matus.2® Retrospective studies suggest that patients should
start with 1-2 vials of antivenom after envenomation, 92324
Although there is a relatively low risk of surgery, a small num-
ber of patients suffer from severe limb tenderness or hemor-
rhagic bullae formation, and surgical interventions, including
wound debridement, fasciotomy, and skin grafting, may be

necessary.?>27
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Previous studies have reported that the rate of wound
infection was 11.4-22.5% among individuals bitten by
T. stejnegeri.???® However, relevant research on the risk fac-
tors of wound infection, identification and comparison of
bacteria cultured from wounds and snake oral cavities, and
antibiotic susceptibility of snakebite wound infections is still
insufficient. Thus, our study aimed to analyze post-
envenomation wound infections caused by T. stejnegeri based
on a decade of experience in Taiwan.

MATERIALS AND METHODS

Study setting and data collection. We conducted chart
reviews at Chang Gung Memorial Hospital institutions span-
ning from northern to southern Taiwan, including branches
in Keelung, Linkou, Chiayi, and Kaohsiung. We searched
patients using the following keywords: “binary antivenom of
T. stejnegeri and Protobothrops mucrosquamatus,” “T. stejne-
geri bites,” or “snakebites.” Patients with T. stejnegeri snake-
bites who were administered antivenom at the same visit
between January 2011 and December 2020 were identified.

“Definite cases” included patients having envenomation
signs and symptoms or fang marks (if any) and for whom the
snake could be physically identified. “Suspected cases”
included patients having envenomation symptoms or fang
marks (if any) and for whom there was only a pictorial identi-
fication of the snake. As defined by physicians, “clinical
cases” included patients with wounds and histories resem-
bling those of T. stejnegeri snakebite cases.>'" This study
enrolled patients with definite cases and suspected cases
who received antivenom and excluded clinical cases and dry
bite cases. A total of 254 patients were enrolled after a thor-
ough review of their medical records by the corresponding
author. Subsequently, the first author double-checked the
medical history of emergency visits and hospital admissions.
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Measurements. One vial (20 mL) of antivenom was diluted
with 0.9% sodium chloride (200-300 mL) for reconstitution
and then infused intravenously for 30 minutes. For the skin
test, diluted antivenom (0.1 mL of 1:100) was injected intra-
dermally into the forearm. Local induration or redness over
the injected skin or systemic allergies that occurred within
30 minutes after antivenom administration were defined as a
positive skin test.2%2° The clinical characteristics, laboratory
data, treatments, and clinical outcomes of the patients were
extracted from electronic medical records.

Wound infections were defined as those meeting any of
the following criteria: 1) increased or sustained pain, ery-
thema, edema, purulence, bad odor, or nonhealing of the
wound or at the bite site with diagnosis of cellulitis, subcuta-
neous abscess, osteomyelitis, or sepsis by physicians or 2)
positive wound cultures.2%:22

Anderson et al.®! discussed the benefits of early antivenom
injections and defined patients receiving antivenom at
5.47 hours after snakebite as “delayed dosing.” In this study,
“delayed initiation of antivenom” was defined as over 6 hours
from snakebites to initiation of the first antivenom administration.

Antivenom reactions were defined as skin rashes, itching,
eyelid swelling, redness of eyes, wheezing, or broncho-
spasm within 3hours after antivenom administration, and
these patients received antihistamine, steroid, or a broncho-
dilator.3273* Severe antivenom reactions were defined as 1)
hypotension and treatment with fluid resuscitation or epi-
nephrine injection or 2) respiratory failure with subsequent

Data analysis. Continuous variables of age, medication
doses, triage vital signs, laboratory data, antivenom doses,
time from bite to antivenom, and length of hospital stay are
presented as median with interquartile range. Categorical
data are presented as number and percentage. The Mann-
Whitney U test, one-way analysis of variance, x? test, Z test
with Bonferroni correction, and Fisher’s exact test were used
to analyze the data.

Binary logistic regression was used to adjust for potential
confounding factors of the association between variables
and wound infection. Model confounders were adjusted for
age, male sex, hypertension, diabetes mellitus, liver cirrho-
sis, end-stage renal disease, malignancy, envenomation
location, hospital location, and transfer to another hospital.
Adjusted odds ratios (@ORs) and corresponding 95% Cls
were used to estimate the association. Results were consid-
ered statistically significant for two-tailed tests at P < 0.05.
All statistical analyses were performed using the IBM Statis-
tical Package for the Social Sciences for Windows (version
22.0; released 2013; IBM Corp., Armonk, NY).

RESULTS

Characteristics and laboratory data. Of the 254 patients
bitten by T. stejnegeri, 65 developed wound infections and
189 had no wound infection (Table 1). No significant differ-
ences were observed in age, sex, underlying diseases, or
vital signs at the time of triage. The bites occurred on a limb

intubation due to antivenom reactions.

in most cases; only three patients (1.6%) were bitten on their

TaBLE 1

Clinical character and laboratory data of patients with T. stejnegeri snakebites

Snakebite envenomed wounds

Characteristics Infection (N = 65) No infection (N = 189) P value
Age (years) 60 (53-69) 60 (49-70) 0.934
Male sex 9 (60%) 136 (72%) 0.072
Hypertension 9 (29.2%) 41 (21.7%) 0.217
Diabetes mellitus 4 (6.2%) 18 (9.5%) 0.405
Liver cirrhosis 5 (7.7%) 9 (4.8%) 0.358
End-stage renal disease 0 (0%) 3 (1.6%) 0.572
Malignancy 4 (6.2%) 4 (2.1%) 0.209
Hospital location
Keelung 9 (13.8%) 52 (27.5%)
Taipei and Linkou 23 (35.4%) 87 (46%)
Chiayi 7 (10.8%) 2 (1.1%) < 0.001
Kaohsiung 26 (40%) 48 (25.4%)
Fever 6 (9.2%) 6 (3.2%) 0.082
Heart rate at triage (beats per minute) 85 (75-106) 84 (75-99) 0.455
Mean BP at triage (mm Hg) 101 (124.3-109.3) 111 (101-124.3) 0.476
Envenomation location
Upper extremity 38 (58.5%) 125 (66.1%)
Lower extremity 27 (41.5%) 61 (32.3%) 0.263
Trunk or other 0 (0%) 3 (1.6%)
Transferred from other hospitals 21 (32.3%) 28 (14.8%) 0.002
Laboratory data
White blood cells (1,000/pL) 8.7 (6.35-11.6) 4 (5.9-8.9) 0.006
Segment (%) 67 (565.9-79.2) 61 8 (54.3-71.7) 0.036
Hemoglobin (g/dL) 3.8 (12.9-15.1) 14.4 (13.5-15.3) 0.016
Platelets (1,000/pL) 212 (178-269) 219 (183-255) 0.791
Prothrombin time (seconds) 11.1 (10.5-11.9) 10.9 (10.4-11.7) 0.386
aPTT (seconds) 27.4 (25.9-29.1) 27.6 (26.3-29.3) 0.343
Creatinine (mg/dL) 0.78 (0.63-1) 0. 84 (0.72-1) 0.183
Alanine transaminase (U/L) 19 (14-30) 0 (15-29) 0.427
C-reactive protein (mg/L) 1.8 (0.6-10.7) 1. 35 (0.5-2.43) 0.124
Creatine phosphokinase (U/L) 153 (87-302.5) 171.5 (123-257.5) 0.824
D-dimer (mg/L) 0.64 (0.439-1.292) 0.516 (0.265-1.098) 0.387

aPTT = activated partial thromboplastin time; BP = blood pressure; T. stejnegeri =

Trimeresurus stejnegeri. Data are presented as number (percentage) or median (interquartile range: 25-75%).
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TaBLE 2
Treatment and outcome of patients with T. stejnegeri snakebites
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Snakebite envenomed wounds

Treatment and Outcomes Infection (N = 65) No infection (N = 189) P value
Performed antivenom skin tests 50 (76.9%) 154 (81.5%) 0.425
Negative 48/50 (96%) 145/154 (94.2%) 1.000
Positive 2/50 (4%) 9/154 (5.8%) -
Antivenom reactions 7 (10.8%) 23 (12.2%) 0.763
Severe antivenom reaction 1(1.5%) 0 (0%) 0.256
Initial antivenom dose (vials) 1(1-1) 1(1-1) 0.353
Bite to antivenom (hours) 2.3 (1.17-6.84) 1.9 (1.16-2.62) 0.186
< 2hours* 23/48 (47.9%) 89/163 (54.6%)
2-4 hours* 7/48 (14.6%) 49/163 (30.1%)
4-6 hours” 5/48 (10.4%) 11/163 (6.7%) 0.003
> 6 hours* 13/48 (27.1%) 14/163 (8.6%)
Total antivenom dose (vials) 2 (1-4) 2 (1-3) 0.007
Performed bacteria culture 27 (41.5%) 10 (5.3%) < 0.001
Culture positive 4 (6.2%) 0 (0%) 0.284
Oral antibiotics 56 (86.2%) 132 (69.8%) 0.010
Penicillin class 42 (64.6%) 95 (50.3%) 0.045
Cephalosporin class 15 (23.1%) 37 (19.6%) 0.546
Quinolone class 0 (0%) 1 (0.5%) 1.000
Other classes 2 (3.1%) 2 (1.1%) 0.259
Intravenous antibiotics 58 (89.2%) 74 (39.2%) < 0.001
Penicillin class 46 (70.8%) 44 (23.3%) < 0.001
Cephalosporin class 17 (26.2%) 28 (14.8%) 0.039
Aminoglycoside class 10 (15.4%) 11 (56.8%) 0.016
Quinolone class 0 (0%) 1 (0.5%) 1.000
Other classes 2 (3.1%) 5 (2.6%) 1.000
Admission 52 (80%) 59 (31.2%) < 0.001
Hospital length of stay 4.4 (2.57-7.03) 1 (0.4-2.65) < 0.001
Surgery 6 (9.2%) 8 (4.2%) 0.203
Debridement 6 (9.2%) 5 (2.6%) 0.035
Fasciotomy 5 (7.7%) 7 (3.7%) 0.191
Grafting 2 (3.1%) 0 (0%) 0.065

T. stejnegeri = Trimeresurus stejnegeri. Data are presented as number (percentage) or median (interquartile range: 25-75%).
* A total of 48 and 163 patients had recorded their first antivenom time in the infection and no infection groups, respectively.

trunk or face, which did not lead to wound infection. Patients
transferred from other hospitals showed a significant differ-
ence in the rate of wound infections (32.3% versus 14.8%,
P = 0.002). There were no significant differences in continu-
ous variables of laboratory data except white blood cells,
segment, and hemoglobin (median [Q1-Q3], 8.7 [6.35-11.6]
versus 7.4 [5.9-8.9], P = 0.006; 67 [55.9-79.2] versus 61.8
[54.3-71.7], P = 0.036; and 13.8 [12.9-15.1] versus 14.4
[18.5-15.3], P = 0.016, respectively). In addition, to avoid
numerical deviation, we used the cutoff levels of D-dimer
(> 0.55mg/L fibrinogen equivalent units) and creatine phos-
phokinase (CPK > 1,000 U/L) for statistical analysis. However,
there were still no significant differences in rate of wound
infections and elevated D-dimer or CPK levels (9.2% versus
7.9%, P = 0.497; 1.5% versus 1.1%, P = 1.000).

Treatment and outcomes. A comparison of the risk fac-
tors, treatments, and outcomes for wound infection due to
snakebites is summarized in Table 2. In all enrolled cases,
80.3% of patients underwent an allergy skin test. In addition,
the positive skin test rate was 5.4%, with one of the patients
progressing to a severe allergic reaction. Forty-three patients
were excluded because the exact timing of venom administra-
tion was unclear. A delay in the initiation of antivenom admin-
istration (> 6hours) was associated with a higher wound
infection rate (48.1% versus 19.0%, respectively, P = 0.003).
We then conducted the Z test with Bonferroni correction for
< 2hours, 2-4hours, 4-6hours, and more than 6hours
(Figure 1), which revealed statistically significant differences

between the < 2hour and 2-4 hour groups and the over
6 hour group, whereas there were no statistically significant
differences between the 4-6 hour group and the other groups.
Most patients were administered either oral or intravenous
antibiotics in the emergency department, with penicillin being
the main choice. In the penicillin class, oral agents included
amoxicillin (2), amoxicillin/clavulanic acid (117), and dicloxa-
cillin (20); and intravenous agents included oxacillin (38),
amoxicillin-clavulanic acid (54), ampicillin-sulbactam (8), and
piperacillin-tazobactam (1). Relatively, in the cephalosporin
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Ficure 1. Infection rate at different times from bite to antivenom
administration. The letters a and b indicate group differences based on
the Z test with Bonferroni correction (P = 0.003).
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TaBLE 3

Association of wound infection with delay in antivenom injection,
antivenom doses, and surgery (N = 201)

Variables aOR 95% Cl
Total antivenom dose (vials) 1.385 1.105-1.736
Delay in initiated antivenom (> 6 hours) 3.987 1.406-11.302
Surgery 0.826 0.13-5.265

aOR = adjusted odds ratio. Confounders of the model are adjusted for age, male sex,
hypertension, diabetes mellitus, liver cirrhosis, end-stage renal disease, malignancy,
envenomation location, hospital location, and transfer from other hospital.

class, oral agents included cefadroxil (39), cefuroxime (49),
and cefixime (1), whereas intravenous agents included cefa-
zolin (40), cefuroxime (1), ceftriaxone (8), and ceftazidime (2).
After adjustment for potential confounding factors using
logistic regression analysis, total antivenom dose (aOR:
1.385; 95% ClI: 1.105-1.736) and delayed initiation of anti-
venom administration (aOR: 3.987; 95% CI: 1.406-11.302)
were still associated with local infection (Table 3).

Patients with wound infections exhibited higher hospitaliza-
tion rates, longer lengths of stay, and increased surgical rates.
Surgical indications included wound infection or impending
acute compartment syndrome in 14 patients. No cases of
amputation or mortality were observed. Table 4 shows the
comparison of individual clinical manifestations, antibiotic use
before surgery, surgery type, time from bite to surgery, length
of hospital stay, and bacterial culture results. A total of 37
patients underwent a culture test, and four tested positive.
Positive bacterial cultures, including five organisms, were
observed in three of the 14 specimens. In a previous study,®®
we compared the antibiotic susceptibility of these organisms
and bacterial flora of the snake oral cavity (Table 5).

DISCUSSION

Wound infection caused by a T. stejnegeri bite is probably
due to the cytotoxic effects of venom phospholipase A, and
metalloproteinases injected into the tissues of the patients.
Phospholipase A, exhibits various toxic and pharmacologi-
cal effects, including neurotoxic, myotoxic, hemolytic, pro-
inflammatory, anticoagulant, cytotoxic, and bactericidal
activities.®”*® The oral cavity and skin commensals of
shakes are prone to colonizing the wound at an opportune
time owing to tissue damage or necrosis.?? It appears that
the bacterial flora of the oral cavity of snakes is similar to
that of the infected snakebite wounds. Morganella morganii
and Enterococcus spp. were pathogens frequently isolated
from the oral cavity of snakes by Chen et al.>® The bacteria
in infected wounds are compatible with the oral bacterial
flora of snakes; for example, E. faecalis is the most common
aerobic gram-positive organism in the oral cavity of
T. stejnegeri.

There are many traditional first aid strategies for snake-
bites, such as topical herbs, ice packing, wound incision,
and venom suction; however, there is insufficient evidence
of their efficacy. Previous studies reported that cold packing
diminishes tissue perfusion and causes wound necrosis.?24°
Antivenom is the only effective and proven treatment of sys-
temic snakebite envenomation and has been known to save
victims of snakebites in the last hundred years.®**' The Tai-
wan Poison Control Center suggests that 1-2 vials of biva-
lent freeze-dried hemorrhagic (FH) antivenom should be

administered as an initial dose.*? Lin et al.?° recommended
that a higher dose of antivenom should be administered if rapid
limb swelling (e.g., progressing across the other joint) occurs
within 6 hours. In our study, the median total dose of FH anti-
venom was two vials. Of the study group, 27 patients (12.8%)
received delayed antivenom treatment (> 6 hours), leading to a
higher rate of wound infections. Experts may assume that a
specific antivenom neutralizes the venom and accelerates
recovery, but further research is needed to explore the direct
mechanism of the association between early antivenom
administration and reduced incidence of certain pathological
effects.?®> On the other hand, we subdivided patients who
received early initiated antivenom into three groups (< 2 hours,
2-4 hours, and 4-6 hours) and found that patients who were
administered antivenom earlier than 2 hours had a higher infec-
tion rate than those who were injected in 2-4 hours. We specu-
lated that this group of patients was brought to the emergency
department and immediately received specific antivenom
because they suffered from a critical bite injury or severe limb
swelling and had a relatively high risk of infection. In patients
referred from other hospitals, a higher rate of wound infection
was observed. This could potentially be attributed to the
delayed administration of antivenom owing to the unavailability
of appropriate snake antivenom at the initial local hospital or
the critical condition of the patients themselves.

C-reactive protein (CRP) is a widely known biomarker that
is significantly correlated with bacterial infections or inflam-
mation.*® However, there were no significant differences in
continuous variables between the two groups. The reason
for this may be that we only collected data on the initial CRP
levels upon arrival at the emergency department. In future
studies, the CRP trends of patients at different stages after
hospitalization should be tracked to analyze the correlation
between CPR and wound infections.

Anaphylactic reactions to snake antivenoms can range from
mild to life-threatening skin rashes.** In our study, one patient
experienced a severe allergic reaction, but all allergic symp-
toms were relieved after a 0.5-mg epinephrine injection via the
intramuscular route. In many Asian countries, most physicians
perform the antivenom skin test according to the manufac-
turer’s instructions and legal obligations unless the patients
refuse.'%%4® However, irrespective of the skin test results,
physicians should administer antivenom for snakebites.?®%°
According to WHO guidelines, the use of an antivenom skin
test is discouraged.>* Previous studies have reported a low
skin screen test sensitivity of 17.5%), making it unsuitable as a
screening test, and the actual antivenom allergic reaction rate
was only 1.25%.%% Consequently, one of the primary empha-
ses of this study is that skin testing is unnecessary.

In our study, we found lower infection rates in northern cit-
ies (Linkou and Keelung) than in southern cities (Chiayi and
Kaohsiung) of Taiwan. This may be because hospitals in
northern Taiwan are relatively dense, and patients can visit
clinics or hospitals for medical treatment without any delays.
Second, most southerners live in the countryside and make
a living through farming. Snake-infested areas are more
common in the wild habitat, and it is difficult to distinguish
between venomous and nonvenomous snakes. After being
bitten by a snake, individuals often ignore it and observe it
only when back home. Third, there is no accurate set of clini-
cal criteria to define snakebite infection, and some physi-
cians require positive bacterial cultures for diagnosis of
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TaBLE 5
Antibiotic susceptibility of E. cloacae complex, E. faecalis, and M. morganii

E. cloacae E. faecalis M. morganii
Normal oral flora Wound culture after Normal oral flora Wound culture after Wound culture after
Antibiotics of TS(N = 7) TS bites (N = 2) of TS (N = 11) TS bites (N = 2) TS bites (N = 2)
Ampicillin - - 118 28 -
Amikacin 7S 28 - - 28
Ceftazidime 6S 1S - - 2S
Ciprofloxacin 6S 28 - - 28
Cefoperazone/sulbactam 7S 1S - - -
Ceftriaxone 6S 1S - - 2S
Cefuroxime 6S - - - 2S
Cefazolin - - - - -
Ertapenem 7S 1S - - 28
Gentamicin 7S 1S - - 28
Gentamicin (120 pg) - - 118 28 -
Levofloxacin 7S 28 - - 2S
Penicillin - - 118 28 -
Ampicillin/sulbactam 38 1S - - 2S
Sulfamethoxazole/trimethoprim - - - - 28
Teicoplanin - - 118 2S -
Piperacillin/tazobactam 78 1S - - 28
Vancomycin - - 118 28 -

E. cloacae = Enterobacter cloacae complex; E. faecalis = Enterococcus faecalis; M. morganii = Morganella morganii; S = susceptible; TS = Trimeresurus stejnegeri. The data on the oral flora of

TS in Taiwan were obtained from a previous study.*®

wound infection. All of the above factors account the dis-
crepancies between north and south Taiwan.

Deciding whether to undergo surgery is indeed a dilemma,
with some surgical criteria jointly determined by clinical phy-
sicians and surgeons. Previous studies have reported that
intracompartmental syndrome involves severely envenomed
muscles that are not viable and, therefore, will not benefit
from fasciotomy.*®*” However, the criteria for fasciotomy in
snakebite, as outlined in the WHO guidelines,®* include 1) clin-
ical evidence of an intracompartmental syndrome and 2) intra-
compartmental pressure > 40 mm Hg (in adults). In our study,
all patients who underwent surgery exhibited normal coagula-
tion function, and there were no postoperative mortalities.

More than 60 different pathogens were identified in a previ-
ous study,® five of which were cultured in our study. Snakebite
wound infections are often polymicrobial, with E. cloacae com-
plex, E. faecalis, and M. morganii being the most commonly
isolated pathogens, which is similar to the bacterial flora of the
oral cavity of venomous snakes.®® It is more certain that the
snake oral cavity is colonized by bacteria that can be transmit-
ted to patients through skin injury caused by biting. There is no
consensus on the use of antibiotics as initial therapy. Early
studies recommended prescribing empiric antibiotics for
snakebite wounds.*®® However, subsequent studies reported
that the use of prophylactic antibiotics is not effective in pre-
venting local infections.®®%! Antibiotic administration should
be considered only in snakebitten patients with severe local
signs of envenomation. In recent studies, the majority of iso-
lated bacteria showed resistance to amoxicillin-clavulanate
(60-82.9%) and ampicillin (69%), which was most commonly
used for superficial skin wounds.®°*2:%% |n our study, Entero-
bacteriaceae after snakebite-related infections were resistant
to ampicillin-sulbactam (50%), and all were resistant to cefa-
zolin and cefuroxime. However, bacteria were susceptible to
ciprofloxacin and levofloxacin in all cases. The prescribed
antibiotics should cover the oral microbiota commonly found
in T. stejnegeri for patients with severe snhakebite-induced
wound infections. This will result in a shift in the clinical man-
agement of snakebite-related wound infections.

Study limitations. Our study has several limitations. First,
this was a retrospective study, and data were systematically
collected from the Chang Gung Research Database, which is
based on original electronic medical records. Not all detailed
clinical manifestations necessary for the precise assessment of
poison severity scale or envenoming grade could be obtained.
Second, although this study was conducted at the largest hos-
pital in Taiwan, the number of included patients was insufficient.
Third, referral bias may have existed because we included
patients from medical centers only. Finally, whether a wound is
infected depends on the subjective judgment of the physician
based on the clinical condition at the time, without any consis-
tent criteria. Despite these limitations, this is the first study to
investigate the risk factors for wound infections by T. stejnegeri.

CONCLUSION

The wound infection rate was 25.6% among patients bitten
by T. stejnegeri. The factor associated with wound infection is
delayed initiation of antivenom administration. Early initiation of
antivenom treatment (within 6 hours) can reduce the risk of
wound infection. Empiric antibiotics such as amoxicillin-
clavulanate and first- or second-generation cephalosporins are
not recommended for snakebite wound infections because of
the high resistance of bacteria to these antibiotics. Prophylactic
antibiotics are not routinely recommended. However, when an
infection is highly suspected, we propose that broad-spectrum
antibiotics be considered for treatment. Third-generation
cephalosporins, quinolones, and piperacillin/tazobactam are
recommended because snakebite wound infections are often
polymicrobial.

Received May 17, 2023. Accepted for publication September 30,
2023.
Published online December 18, 2023.

Disclosure: This retrospective study was approved by the Institu-
tional Review Board of the Chang Gung Medical Foundation
(approval number: 202201658B0).



WOUND INFECTIONS OF TRIMERESURUS STEJNEGERI BITES

Authors’ addresses: Yu-Lun Hung, Department of Emergency Medi-
cine, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan,
E-mail: qwe321234567890@gmail.com. Yi-Chun Chen, Division of
Infectious Diseases, Department of Internal Medicine, Kaohsiung

Chang Gung Memorial

Hospital, Kaohsiung, Taiwan, E-mail:

sonice83@yahoo.com.tw. Tein-Shun Tsai, Department of Biological
Science and Technology, National Pingtung University of Science and
Technology, Pingtung, Taiwan, E-mail: t43013@gmail.com. Ye-In
Chang, Department of Computer Science and Engineering, National
Sun Yat-sen University, Kaohsiung, Taiwan, E-mail: changyi@cse.
nsysu.edu.tw. Po-Chun Chuang, Department of Emergency Medicine,
Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan, and
Department of Computer Science and Engineering, National Sun
Yat-sen University, Kaohsiung, Taiwan, E-mail: zhungbogqun@gmail.com.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

. World Health Organization, 2019. Snakebite Envenoming: A Strategy

for Prevention and Control. Available at: https://www.who.int/
publications/i/item/9789241515641. Accessed October 21, 2022.

. Hung DZ, 2004. Taiwan’s venomous shakebite: epidemiological,

evolution and geographic differences. Trans R Soc Trop Med
Hyg 98: 96-101.

. Tsai IH, Wang YM, Chen YH, Tsai TS, Tu MC, 2004. Venom

phospholipases A2 of bamboo viper (Trimeresurus stejnegeri):
molecular characterization, geographic variations and evi-
dence of multiple ancestries. Biochem J 377: 215-223.

. Creer S, Chou WH, Malhotra A, Thorpe RS, 2002. Offshore insu-

lar variation in the diet of the Taiwanese bamboo viper Trimer-
esurus stejnegeri (Schmidt). Zool Sci 19: 907-913.

. Chuang PC, Change KW, Cheng SY, Pan HY, Huang KC,

Huang YT, Li CJ, 2021. Benefits of early in-hospital antivenom
administration to patients with Protobothrops mucrosquama-
tus envenomation. Am J Trop Med Hyg 104: 323-328.

. Chiang LC, Chien KY, Su HY, Chen YC, Mao YC, Wu WG,

2022. Comparison of protein variation in Protobothrops
mucrosquamatus venom between northern and southeast Tai-
wan and association with human envenoming effects. Toxins
(Basel) 14: 643.

. Su HY, Huang SW, Mao YC, Liu MW, Lee KH, Lai PF, Tsai MJ,

2018. Clinical and laboratory features distinguishing between
Deinagkistrodon acutus and Daboia siamensis envenomation.
J Venom Anim Toxins Incl Trop Dis 24: 43.

. Cheng CL, Mao YC, Liu PY, Chiang LC, Liao SC, Yang CC,

2017. Deinagkistrodon acutus envenomation: a report of three
cases. J Venom Anim Toxins Incl Trop Dis 23: 20.

. Mao YC, Liu PY, Chiang LC, Liao SC, Su HY, Hsieh SY, Yang

CC, 2017. Bungarus multicinctus snakebite in Taiwan. Am J
Trop Med Hyg 96: 1497-1504.

Chang LS, Chung C, Liou JC, Chang CW, Yang CC, 2003.
Novel neurotoxins from Taiwan banded krait (Bungarus multi-
cinctus) venom: purification, characterization and gene organi-
zation. Toxicon 42: 323-330.

Mao YC, Liu PY, Chiang LC, Lai CS, Lai KL, Ho CH, Wang TH,
Yang CC, 2018. Naja atra snakebite in Taiwan. Clin Toxicol
(Phila) 56: 273-280.

Yeh H, Gao SY, Lin CC, 2021. Wound infections from Taiwan
cobra (Naja atra) bites: determining bacteriology, antibiotic
susceptibility, and the use of antibiotics — a Cobra BITE Study.
Toxins (Basel) 13: 183.

Tsai TS, Liu CC, Chuang PC, 2021. Personal experience of Daboia
siamensis envenomation. Case Rep Med 2021: 3396373.

Sanz L, Quesada-Bernat S, Chen PY, Lee CD, Chiang JR, Cal-
vete JJ, 2018. Translational venomics: third-generation antive-
nomics of anti-Siamese Russell’s viper, Daboia siamensis,
antivenom manufactured in Taiwan CDC’s Vaccine Center.
Trop Med Infect Dis 3: 66.

Luo S, Mao YC, Liu PY, Chiang LC, Lai CS, Lin WL, Huang CC,
2022. Case report: management of an uncommon crotaline
snakebite (Ovophis makazayazaya). Am J Trop Med Hyg 107:
705-708.

Chen MH, Wu SH, Chen YW, Lee YL, Chen YC, 2021. A case
report of Ovophis makazayazaya envenoming. Clin Toxicol
(Phila) 59: 679-680.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

301

Tsai TS, Chan YY, Huang SM, Chuang PC, 2022. Case report:
symptoms and prognosis of Trimeresurus gracilis envenom-
ation. Am J Trop Med Hyg 106: 1281-1284.

Tsai TS, Wang YM, Tsai IH, 2022. Sequence determination and
bioinformatic comparison of ten venom serine proteases of
Trimeresurus gracilis, a Taiwanese endemic pitviper with con-
troversial taxonomy. Toxicon 206: 28-37.

Lin CC, Chaou CH, Tseng CY, 2016. An investigation of snakebite
antivenom usage in Taiwan. J Formos Med Assoc 115:672-677.

Lin CC, Shih CP, Wang CC, Ouyang CH, Liu CC, Yu JS, Lo CH,
2022. The clinical usefulness of Taiwan bivalent freeze-dried
hemorrhagic antivenom in Protobothrops mucrosquamatus-
and Viridovipera stejnegeri-envenomed patients. Toxins (Basel)
14: 794.

Chien CY, Liao SC, Liao CH, Huang TS, Chen YH, 2017. Enve-
noming by Viridovipera stejnegeri snake: a patient with liver
cirrhosis presenting disruption of hemostatic balance.
J Venom Anim Toxins Incl Trop Dis 23: 10.

Chiang LC et al., 2020. Envenomation by Trimeresurus stejne-
geri stejnegeri: clinical manifestations, treatment and associ-
ated factors for wound necrosis. J Venom Anim Toxins Incl
Trop Dis 26: €20200043.

Chen YC, Chen MH, Wang LM, Wu JJ-K, Huang Cl, Lee CH,
Yen DH-T, Yang CC, 2007. Antivenom therapy for crotaline
snakebites: has the poison control center provided effective
guidelines? J Formos Med Assoc 106: 1057-1062.

Mao Y, Hung D, 2015. Epidemiology of snake envenomation in
Taiwan. Gopalakrishnakone P, Faiz MA, Fernando R, Gna-
nathasan CA, Habib AG, Yang CC, eds. Clinical Toxicology in
Asia Pacific and Africa. Singapore: Springer, 23-52.

Kim YH, Choi JH, Kim J, Chung YK, 2019. Fasciotomy in
compartment syndrome from snakebite. Arch Plast Surg 46:
69-74.

Erratum to “Snakebite in Korea: A Guideline to Primary Surgical
Management” by Rha JH, et al. (Yonsei Med J 2015;
56:1443-8.). Yonsei Med J 57: 1050.

Luo Y, Zhang J, Zhai C, Wu X, Wang Q, Huang G, 2020. Clinical
study on the application of covered vacuum sealing drainage
technology to the bite of venomous snakes of Trimeresurus
stejnegeri in Guangxi. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue
32: 1241-1246.

Lin CC, Chen YC, Goh ZNL, Seak CK, Seak JC-Y, Gao SY,
Seak CJ, Spot Investigators, 2020. Wound infections of sna-
kebites from the venomous Protobothrops mucrosquamatus
and Viridovipera stejnegeri in Taiwan: bacteriology, antibiotic
susceptibility, and predicting the need for antibiotics — a BITE
Study. Toxins (Basel) 12: 575.

Chen JC, Bullard MJ, Chiu TF, Ng CJ, Liaw SJ, 2000. Risk of
immediate effects from F(ab)2 bivalent antivenin in Taiwan.
Wilderness Environ Med 11: 163-167.

Taiwan Centers for Disease Control, 2022. Medication Instruc-
tions of Antivenin of P. Mucrosquamatus and T. Stejnegeri
(Lyophilized). Available at: https://info.fda.gov.tw/MLMS/
ShowFile.aspx?Licld=09000006&Seq=005&Type=9. Accessed
September 25, 2022.

Anderson VE et al., 2019. Early administration of Fab antivenom
resulted in faster limb recovery in copperhead snake enven-
omation patients. Clin Toxicol (Phila) 57: 25-30.

Sampson HA et al., 2006. Second symposium on the definition
and management of anaphylaxis: summary report-Second
National Institute of Allergy and Infectious Disease/Food
Allergy and Anaphylaxis Network symposium. J Allergy Clin
Immunol 117: 391-397.

Chuang PC, Chang KW, Cheng FJ, Wu MH, Tsai MT, Li CJ,
2019. Risk factors associated with snake antivenom reaction
and the role of skin test. Acta Trop 203: 105293.

World Health Organization, Regional Office for South-East Asia,
2016. Guidelines for the Management of Snakebites Second
Edition. Geneva, Switzerland: WHO.

Thiansookon A, Rojnuckarin P, 2008. Low incidence of early
reactions to horse-derived F(ab’)(2) antivenom for snakebites
in Thailand. Acta Trop 105: 203-205.

Chuang PC, Lin WH, Chen YC, Chien CC, Chiu IM, Tsai TS,
2022. Oral bacteria and their antibiotic susceptibilities in Tai-
wanese venomous shakes. Microorganisms 10: 951.


mailto:qwe321234567890@gmail.com
mailto:sonice83@yahoo.com.tw
mailto:t43013@gmail.com
mailto:changyi@cse.nsysu.edu.tw
mailto:changyi@cse.nsysu.edu.tw
mailto:zhungboqun@gmail.com
https://www.who.int/publications/i/item/9789241515641
https://www.who.int/publications/i/item/9789241515641
https://info.fda.gov.tw/MLMS/ShowFile.aspx?LicId=09000006&amp;Seq=005&amp;Type=9
https://info.fda.gov.tw/MLMS/ShowFile.aspx?LicId=09000006&amp;Seq=005&amp;Type=9

302

37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

Gutierrez JM, Lomonte B, 2013. Phospholipases A2: unveiling
the secrets of a functionally versatile group of snake venom
toxins. Toxicon 62: 27-39.

Tonello F, 2023. Secretory phospholipases A2, from snakebite
envenoming to a myriad of inflammation associated human dis-
eases: what is the secret of their activity? Int J Mol Sci 24: 1579.

Chen CM, Wu KG, Chen CJ, Wang CM, 2011. Bacterial infec-
tion in association with snakebite: a 10-year experience in a
northern Taiwan medical center. J Microbiol Immunol Infect
44: 456-460.

Ralph R, Faiz MA, Sharma SK, Ribeiro |, Chappuis F, 2022.
Managing snakebite. BMJ 376: e057926.

Gutierrez JM, Calvete JJ, Habib AG, Harrison RA, Williams DJ,
Warrell DA, 2017. Snakebite envenoming. Nat Rev Dis Primers
3: 17063.

Hung D, 1999. The Principle of Treatment of Acute Poisoning.
Taipei, Taiwan: Foundation for Poison Control.

Sproston NR, Ashworth JJ, 2018. Role of C-reactive protein at
sites of inflammation and infection. Front Immunol 9: 754.

de Silva HA, Ryan NM, de Silva HJ, 2016. Adverse reactions to
snake antivenom, and their prevention and treatment. Br J
Clin Pharmacol 81: 446-452.

Rha JH, Kwon SM, Oh JR, Han BK, Lee KH, Kim JH, 2015.
Snakebite in Korea: a guideline to primary surgical manage-
ment. Yonsei Med J 56: 1443-1448.

Garfin SR, Castilonia RR, Mubarak SJ, Hargens AR, Russell FE,
Akeson WH, 1984. Rattlesnake bites and surgical decompres-
sion: results using a laboratory model. Toxicon 22: 177-182.

47.

48.

49.

50.

51.

52,

53.

HUNG AND OTHERS

Tanen DA, Danish DC, Grice GA, Riffenburgh RH, Clark RF,
2004. Fasciotomy worsens the amount of myonecrosis in a
porcine model of crotaline envenomation. Ann Emerg Med 44:
99-104.

Garg A, Sujatha S, Garg J, Acharya NS, Chandra Parija S, 2009.
Wound infections secondary to snakebite. J Infect Dev Ctries
3: 221-223.

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein
EJ, Gorbach SL, Hirschmann JV, Kaplan SL, Montoya JG,
Wade JC; Infectious Diseases Society of America, 2014. Prac-
tice guidelines for the diagnosis and management of skin and
soft tissue infections: 2014 update by the Infectious Diseases
Society of America. Clin Infect Dis 59: e10-e52.

Resiere D, Gutierrez JM, Neviere R, Cabie A, Hossein M, Kallel
H, 2020. Antibiotic therapy for snakebite envenoming.
J Venom Anim Toxins Incl Trop Dis 26: €20190098.

Jorge M et al., 2004. Failure of chloramphenicol prophylaxis to
reduce the frequency of abscess formation as a complication
of envenoming by Bothrops snakes in Brazil: a double-blind
randomized controlled trial. Trans R Soc Trop Med Hyg 98:
529-534.

Lam KK et al., 2011. A cross-sectional survey of snake oral bac-
terial flora from Hong Kong, SAR, China. Emerg Med J 28:
107-114.

Houcke S, Resiere D, Lontsingoula GR, Cook F, Lafouasse P,
Pujo JM, Demar M, Matheus S, Hommel D, Kallel H, 2022.
Characteristics of snakebite-related infection in French Gui-
ana. Toxins (Basel) 14: 89.



