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Purpose: Three species in the genus Bungarus inhabit Thailand. Among these, Bungarus candidus 

(Malayan krait) is the most common and deadliest. Currently, the clinical manifestations of 

patients envenomed by kraits, especially Bungarus fasciatus (banded krait), have not been 

thoroughly investigated. This study was performed to elucidate the clinical manifestations and 

outcomes of patients bitten by kraits in Thailand.

Materials and methods: The data of krait envenomation cases that occurred during a 9-year 

period were obtained from the Ramathibodi Poison Center Toxic Exposure Surveillance System 

and retrospectively analyzed.

Results: In total, 78 cases of krait envenomation were included. Most patients were male (59.0%) 

and the median age was 28 years. All had minimal local effects. The median duration from the 

bite to the onset of neurological manifestations was 3 hours (range, 0.5–8 hours). Besides neu-

rological effects, the patients also developed high blood pressure (67.4%), tachycardia (61.7%), 

hypokalemia (55.3%), and hyponatremia (17.6%). Severe hyponatremia (,120 mEq/L) was 

noted in four pediatric patients. Other clinical manifestations were bradycardia, abdominal pain, 

and rhabdomyolysis. The mortality rate was 6.4%, and all deaths occurred from B. candidus 

bites. Eighty-six percent of patients received antivenom. Most patients (75.6%) were intubated 

and underwent assisted ventilation for a median of 6 days (range, 1–37 days). The median length 

of hospital stay was 7 days. Some patients developed complications during hospitalization; the 

most common was pneumonia. These in-hospital complications were significantly associated 

with death.

Conclusion: Although krait bites caused only minimal local effects, the mortality rate was 

still high, particularly from Malayan krait bites. Besides neurological effects, other clinical 

manifestations were high blood pressure, tachycardia, hypokalemia, and hyponatremia. Thus, 

vital signs and electrolytes should be frequently and closely monitored in these patients. Apart 

from antivenom treatment, adequate supportive care including management of complications 

might help to decrease the mortality rate.

Keywords: snake bite, Bungarus, Malayan krait, banded krait, clinical manifestation, outcome

Introduction
Snakebite is an important public health problem in tropical and subtropical regions.1 

Southeast Asia contains numerous species of elapid snakes, the genus Bungarus or 

kraits are among these species.2 Three species in the genus Bungarus inhabit Thailand, 

including Bungarus candidus (Malayan krait), Bungarus fasciatus (banded krait), and 

Bungarus flaviceps (red-headed krait).2,3 Among these, B. candidus accounts for a large 

number of bites and is associated with the highest mortality rate.2,4

Krait venom contains neurotoxins that mainly act at both the presynaptic and 

postsynaptic neuromuscular junction,5–7 resulting in failure of neuromuscular transmis-

sion, depletion of synaptic vesicles, and damage to the nerve terminal.8–11 Clinically, 

neurotoxicity is the most common and significant clinical manifestation of krait 
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envenomation and is frequently characterized by a prolonged 

period of paralysis.12,13 Extra-neurological manifestations, 

such as electrolyte abnormalities, rhabdomyolysis, autonomic 

dysfunction, and cardiovascular effects, have also been 

reported in envenomed patients.13–20

The mainstay of treatment for krait envenomation is 

administration of specific antivenom and sufficient sup-

portive care, including efficient ventilation.13,21 In Thailand, 

the mortality rate associated with the Malayan krait bite was 

quite high before the availability of the specific antivenom.22 

However, Malayan krait monovalent antivenom is currently 

available nationwide.13,21

Although studies and case reports of many species of krait 

envenomation are continuously increasing in number, the 

clinical manifestations and outcomes of patients envenomed 

by the Malayan krait, banded krait, and red-headed krait have 

not been well described in Thailand. Additionally, studies of 

banded krait envenomation are rather scarce and still limited 

in Southeast Asia. Therefore, this study might provide insight 

into and support the current clinical data regarding krait 

envenomation by these three species.

Materials and methods
study design
We performed a 9-year retrospective study of all cases 

of krait bites recorded in the Ramathibodi Poison Center 

(RPC) Toxic Exposure Surveillance System from 2008 to 

2016. The primary outcomes of this study were the clinical 

characteristics and outcomes of all patients.

This study was approved by the Institutional Ethics Com-

mittee Board of Ramathibodi Hospital Faculty of Medicine, 

Mahidol University (ID 04-58-53). Due to the retrospective 

nature of the study design and because we used the preexist-

ing, confidential poison center database, patient consent was 

not required by our hospital’s Ethics Committee Board. The 

results of the study were anonymized before reporting.

study setting and population
The study setting was the RPC of a tertiary teaching hospital 

that was involved mostly in consultations by medical per-

sonnel from every region in Thailand (~15,000–20,000 

consultations/year). All patients with krait bites who consulted 

with the RPC were included in the study. The type of snake 

was determined by the snake’s carcass, a description of the 

snake’s characteristics by the patients, or pictures of snakes 

that were sent to the RPC’s application line for snake identifi-

cation. When the snakes were not seen, the diagnosis and type 

of snake was established by the patient’s history, the area of 

distribution and habitat of the snakes, and the patient’s local 

and systemic clinical manifestations.

study protocol
We collected each patient’s demographic data, medical 

history, laboratory findings, treatment modalities, follow-up 

details, final diagnosis, and outcome.

Abnormal vital signs, including bradycardia and 

hypertension, were defined by the patient’s age range.23 

Hypokalemia was defined as a serum potassium concentra-

tion of ,3.5 mmol/L, and hyponatremia was defined as a 

serum sodium concentration of ,135 mmol/L. Acute kidney 

injury was diagnosed based on the patient’s clinical history 

and laboratory data using the Kidney Disease: Improving 

Global Outcomes (KDIGO) clinical practice guidelines.24 

We assumed that all patients without known underlying 

disease were healthy and had normal kidney function before 

the snake bite. Rhabdomyolysis was diagnosed when serum 

creatine phosphokinase level was .1,000 U/L25 or was diag-

nosed by the attending physicians.

The seasonality of the snakebites was also assessed. The 

seasons in Thailand are simply classified by three equal 

4-month periods: the rainy season (June–September), winter 

(October–January), and summer (February–May).26

We used PASW Statistics for Windows, Version 18 

(SPSS Inc., Chicago, IL, USA) to analyze the data. Mean, 

median, minimum, maximum, and SD were analyzed 

for continuous data, and frequency and percentage were 

analyzed for categorical data. Between-group comparisons 

were performed by Student’s t-test if the data were normally 

distributed and by the Mann–Whitney U test otherwise. 

Differences in categorical variables were evaluated by chi-

squared analysis and Fisher’s exact test. A P-value of ,0.05 

was considered statistically significant.

Results
During the study period, 78 cases of krait envenomation were 

assessed. Most were Malayan krait bites (n=68), followed by 

banded krait bites (n=9), and a red-headed krait bite (n=1). 

Most patients were bitten during the rainy season. With 

respect to the geographical distribution of krait enveno-

mation, the northeastern region accounted for the largest 

percentage (70.5%), followed by the central, eastern, and 

southern regions (9.0% each). One patient was bitten in the 

northern region and one in the western region. No patients 

were bitten in Bangkok.

The patients’ demographic data and characteristics are 

shown in Table 1. Most patients were male, and the median 
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age was 28 years; the youngest patient was only 1 year old. 

Most patients were bitten outdoors and during the night. Fang 

marks could not be identified in some patients. The extremi-

ties were the most common site of bites (93.6%); among 

these, 47.4% of all patients were bitten in the upper extremi-

ties, whereas 46.2% were bitten in the lower extremities. All 

patients with obviously visible fang marks had minimal local 

effects associated with their wounds. The patients did not 

mention that the bite wound was painful. Sixty-nine patients 

(88.5%) developed neurological signs and symptoms. All 

patients were admitted to the hospital.

Apart from neurological effects following krait 

bites, several other systemic clinical manifestations 

(extra-neurological effects) were described (Table 2). High 

blood pressure (67.4%), tachycardia (61.7%), hypokalemia 

(55.3%), and hyponatremia (17.6%) were the main extra-

neurological effects reported in our study. The two other 

clinical manifestations, bradycardia and abdominal pain, 

each occurred in ,10% of all patients. Rhabdomyolysis 

occurred in all seven patients who underwent serum creatine 

phosphokinase measurement. Hypokalemia was more com-

mon than hyponatremia, but no patients with banded krait 

envenomation developed hypokalemia or hyponatremia. 

High blood pressure and tachycardia (n=3) were the only 

extra-neurological clinical manifestations in patients with 

banded krait bites. Severe hyponatremia (#120 mEq/L) was 

noted in four pediatric patients (6–9 years of age). Two of 

these four patients developed seizures after severe hypona-

tremia. Two patients were siblings and were bitten by the 

same Malayan krait snake. Both of them had hyponatremia. 

During investigation of the cause of the hyponatremia, 

both patients’ urine sodium concentrations were found to 

be high. The patients’ pediatrician considered syndrome of 

inappropriate antidiuretic hormone secretion (SIADH), but 

neither underwent measurement of their ADH level. Of all six 

patients who developed hyponatremia, five were children.

The clinical courses and treatments of all patients and 

the patients who were bitten by Malayan kraits and banded 

kraits are shown in Table 3. The median interval between the 

snake bite and the onset of neurological signs and symptoms 

was 3 hours (range, 0.5–8 hours). Nine patients (11.5%) were 

bitten by kraits but did not develop clinical abnormalities 

after the bites; these cases were classified as dry bites, and 

three of them received antivenom. One patient was bitten by 

a red-headed krait without clinical envenomation, and treat-

ment involved supportive care only. Eighty-six percent of all 

patients received snake antivenom, and the median amount 

given was 15 vials (range, 3–50 vials). The median time of the 

antivenom treatment was 5 hours (30 minutes to 64 hours). 

The most common type of antivenom administered was a 

monovalent-specific antivenom (76.1%). Some patients were 

not treated with antivenom because they did not have motor 

weakness. Most patients (75.6%) required intubation and 

ventilator support; the median duration of assisted ventilation 

was 6 days. Although one patient, who received the specific 

antivenom, was on assisted ventilation for 37 days because 

of pneumonia, the patient was finally discharged. The median 

length of hospital stay was 7 days. No patients developed pro-

gressive muscle weakness after antivenom treatment. Some 

patients developed complications during hospitalization. The 

most common complications were pneumonia (n=12), acute 

kidney injury (n=2), cardiac arrest from respiratory failure 

(n=2), seizure from severe hyponatremia (n=2), and urinary 

tract infection (n=2). Other complications reported in one 

patient each were brain anoxia, brain swelling, fetal distress in 

a pregnant patient, fever, hypoglycemia, respiratory alkalosis, 

Table 1 Demographic data and characteristics of studied patients

Characteristics Number (%)

Sex
Male 46 (59.0)
Female 32 (41.0)
Age, years 28 (1–76)
Bite site 
extremities 73 (93.6)
Other 5 (6.4)
Fang mark
Unidentified 12 (15.4)
Identified 66 (84.6)
Bite location 
indoor 23 (29.5)
Outdoor 55 (70.5) 
Bite time
Day (6:00 aM to 6:00 PM) 21 (26.9)
night (6:00 PM to 6:00 aM) 57 (73.1)
Season
Rainy 38 (48.7)
Winter 24 (30.8)
summer 16 (20.5)

Note: Data are presented as median (range).

Table 2 Clinical manifestations beyond neurological effects 
(extra-neurological effects)

Clinical effects (number of cases recorded) Number (%)

high blood pressure (n=46) 31 (67.4)
Tachycardia (n=47) 29 (61.7)
hypokalemia (potassium of 2.4–3.4 meq/l) (n=38) 21 (55.3)
hyponatremia (sodium of 117–130 meq/l) (n=34) 6 (17.6)
Bradycardia (n=47) 4 (8.5)
abdominal pain (n=62) 3 (4.8)
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gastrointestinal bleeding, abnormal gait, and sepsis. Dilated 

cardiomyopathy was reported in one healthy 15-year-old 

male patient, but whether this condition was associated with 

krait envenomation could not be determined. One pregnant 

woman at a gestational age of about 35 weeks developed fetal 

distress at presentation; however, she and her child survived. 

Four patients developed allergic reactions to antivenom; 

symptoms included urticarial rash in all patients and lung 

wheezing in one patient. All patients received parenteral 

chlorpheniramine and adrenaline, and their clinical signs and 

symptoms improved and finally resolved.

Five patients died, all from Malayan krait envenoma-

tion, resulting in an overall mortality rate of 6.4%. All five 

patients had developed complications, and three of them had 

rhabdomyolysis during hospitalization. All five patients had 

also received antivenom and were intubated.

We analyzed the factors during hospital admission that 

were associated with in-hospital mortality between the 

patients who died and survived. The clinical manifesta-

tions and laboratory findings were compared between the 

patients in these two groups, as shown in Table 4. The only 

factor that was significantly different between the patients 

who died and survived was in-hospital complications. No 

significant differences were found in age, onset of neuro-

logical effects, time to application of antivenom, amount of 

antivenom, duration of endotracheal intubation, vital signs 

Table 4 Comparison of clinical manifestations and laboratory findings between patients who survived and those who died

Clinical manifestations and laboratory findings Survived Died P-value

age, years (n=78) 73 (1–76) 5 (6–47) 0.520
Onset of neurological symptoms, hours (n=64) 3 (0.5–8) 1 (0.5–4) 0.193
Time to application of antivenom, hours (n=66) 5 (1–64) 2.5 (0.5–24) 0.143
amount of antivenom, vials (n=67) 15 (3–50) 20 (3–30) 0.313
Duration of intubation, days (n=59) 6 (1–24) 6 (3–60) 0.477
Tachycardia/bradycardia (n=47) 30 (68.2) 3 (100) 0.544
high blood pressure (n=46) 29 (67.4) 2 (66.7) 1.000
hypokalemia (n=38) 19 (52.8) 2 (100) 0.492
hyponatremia (n=34) 6 (17.6) 0 (0.0) 1.000
in-hospital complications (n=78) 20 (27.4) 5 (100) 0.003a

Notes: Data are presented as median (range) or n (%). aStatistically significant.

Table 3 Clinical course and treatment of all patients bitten by MK and BK

Clinical course and treatment All patients
(n=78)

Patients 
bitten by MK
(n=68)

Patients 
bitten by BK
(n=9)

Clinical course
Onset of neurological symptoms after bite, hours
Time to antivenom treatment after bite, hours
amount of antivenom, vials
Duration of intubation, days
hospital stay, days

3 (0.5–8)
5 (0.5–64)
15 (3–50)
6 (1–37)
7 (1–66)

1 (0.5–8)
5 (0.5–64)
15 (3–50)
6 (1–37)
8 (1–66)

3 (0.5–7)
4 (3–12)
9 (3–20)
6 (1–15)
2 (1–20)

Dry bites (% of patients) 9 (11.5) 6 (8.8) 3 (33.3)
Treatment
endotracheal intubation with ventilator support
antivenom use
Antivenom type
Monovalent
Polyvalent neurotoxin
Monovalent and polyvalent neurotoxin
Monovalent and cobra antivenom

59 (75.6)
67 (85.9)

51 (76.1)
7 (10.4)
4 (6.0)
5 (7.5)

54 (79.4)
61 (89.7)

47 (77.0)
6 (9.8)
3 (4.9)
5 (8.2)

5 (55.6)
6 (66.7)

4 (66.7)
1 (16.7)
1 (16.7)
–

allergic reaction to antivenoms (% of patients who received antivenom) 4 (6.0) 3 (4.9) 1 (16.7)
Development of complications during hospitalization 25 (32.1) 24 (35.3) 1 (11.1)
Mortality 5 (6.4) 5 (7.4) 0 (0.0)

Note: Data are presented as median (range) or n (%).
Abbreviations: BK, banded krait; MK, Malayan krait.
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at presentation (tachycardia, bradycardia, and high blood 

pressure), or abnormal laboratory findings (hyponatremia 

and hypokalemia).

Discussion
This was one of the largest studies of Malayan krait and 

banded krait envenomation in Southeast Asia performed to 

date. We found that the Malayan krait is the most clinically 

important Bungarus species in Thailand, because it was the 

most common species involved in krait bites and caused 

all deaths in this study. The mortality rate of Malayan krait 

bites was 7.4%. With respect to the epidemiologic distribu-

tion, krait bites were discovered in every region of Thailand 

except Bangkok. Most patients were bitten during the night, 

and some were bitten inside their houses. These findings 

support the data from other studies2,13 and are consistent 

with the known characteristics of kraits; ie, that they are 

terrestrial, nocturnally active, and often found near human 

habitats.2 Most patients were bitten during the rainy season 

in Thailand. The seasonal pattern of krait bites in our study 

is also consistent with other reports, indicating that krait 

envenomation mostly occurs during the rainy season.21 These 

data might assist in the establishment of snakebite prevention 

and education programs for the general population. In addi-

tion, our study supports the findings from other studies and 

highlights the extra-neurological effects after krait bites,29–31 

among which high blood pressure and tachycardia were the 

most common, accounting for .50% of our cases. These 

autonomic abnormalities are hypothesized to be caused by 

decreased parasympathetic activity.19 Electrolyte abnor-

malities, especially hyponatremia, were also recognized 

as a clinical manifestation.18,29 Interestingly, hypokalemia 

was common in our study (55.3%), while hyponatremia was 

reported less frequently (only 17.6% of all patients). Severe 

hyponatremia (,120 mEq/L) was only found in the pediatric 

patients and eventually caused seizures in two patients. The 

attending pediatrician suspected that the severe hyponatremia 

was due to SIADH in two patients, but the ADH level was 

not measured. Therefore, we could not confidently identify 

the cause of hyponatremia. The pathophysiological explana-

tion for krait bite-associated hyponatremia remains unclear. 

In one Vietnamese study of Malayan krait bites, the ADH 

level was found to be low.29 Some researchers have pro-

posed that hyponatremia might be caused by a natriuretic 

peptide-like toxin, as indicated by the high urinary sodium 

concentration in patients bitten by the many-banded krait 

(Bungarus multicinctus) in Vietnam.18,32,33 Therefore, we also 

emphasize our finding of a high urinary sodium concentration 

in Malayan krait bite patients with severe hyponatremia in 

the present study.

In one study, hypokalemia reportedly occurred in 

71% of patients with common krait (Bungarus caeruleus) 

envenomation.34 The authors explained that the hypokalemia 

might have been caused by a shift of potassium into cells 

secondary to beta-adrenergic stimulation due to autonomic 

dysfunction.34 In one case report, a patient who had been 

bitten by a Sind krait (Bungarus sindanus) developed 

severe autonomic disturbances and cardiac complications 

during hospitalization and had hypokalemia (potassium of 

3.0 mmol/L) on admission.14 Nonetheless, hypokalemia has 

not been reported in patients with Malayan krait envenoma-

tion. Therefore, the present study indicates that hypokalemia 

can also be part of the clinical picture of Malayan krait 

envenomation, although not at a very severe level. Our data 

did not demonstrate the most appropriate investigation for the 

pathophysiology of hypokalemia, which was more common 

than hyponatremia. Thus, the mechanism underlying this 

electrolyte disturbance needs to be elucidated further.

Interestingly, hypokalemia and hyponatremia were noted 

only in patients with Malayan krait bites, and neither was 

present in patients with banded krait bites. However, the 

number of patients bitten by banded krait was small and might 

have been inadequate to interpret this clinical parameter.

The onset of neurological signs and symptoms after 

krait bites was quite rapid (approximately 3 hours), which 

is similar to the findings of other studies and reports.13,19,27,28 

Nevertheless, the longest interval between the bite and the 

onset of neurological symptoms was 8 hours.

Altogether, our findings indicate that patients who have 

been bitten by kraits should be observed for clinical features 

of envenomation for at least 8 hours. Furthermore, frequent 

and close monitoring of vital signs and electrolyte levels 

should be performed in all patients with krait bites, especially 

pediatric patients and those bitten by Malayan kraits.

In a previous case series from Thailand,13 one patient who 

did not receive antivenom after a Malayan krait bite devel-

oped ventricular fibrillation. However, ventricular arrhythmia 

was not observed in our study regardless of antivenom admin-

istration. Thus, our study suggests that ventricular arrhythmia 

is not a common finding in krait envenomation. In some case 

reports of Malayan krait bites, some patients who did not 

receive antivenom were extubated about 1–2 months after the 

bite.19,28 Most of our patients were intubated and on ventila-

tor support for about 6 days. This might be explained by the 

efficacy of antivenom administration. The reported incidence 

of allergic reaction was quite low. Thus, if a patient has 
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indications for antivenom treatment, the antivenom should 

be given without delay. Bite-related in-hospital complications 

were significantly associated with death; therefore, besides 

antivenom treatment, adequate supportive care including 

management of in-hospital complications might help to lower 

the mortality rate.

Conclusion
The Malayan krait (B. candidus) was the most common 

species accounting for krait bites and caused all krait bite 

fatalities in the present study in Thailand. Krait bites caused 

clinical neurological features with only minimal local effects. 

The onset of neurological manifestations after bites was quite 

rapid (0.5–8 hours). Therefore, patients should be observed 

for at least 8 hours. The most common extra-neurologic 

signs and symptoms found in our study included high blood 

pressure, tachycardia, hypokalemia, and hyponatremia. Thus, 

frequent and close monitoring of vital signs and electrolytes 

is needed in these patients, especially pediatric patients 

and those bitten by Malayan kraits. Bite-related in-hospital 

complications were significantly associated with deaths. 

Thus, besides antivenom treatment, adequate supportive 

care including management of complications might help to 

reduce the mortality rate.

Limitations
This study was limited by its retrospective design, which 

might have resulted in incomplete data. Additionally, the 

patients provided their histories to the doctors or nurses, from 

whom we obtained the information for this study; therefore, 

the information might not have been clear or completely 

accurate in all cases. Finally, no definitive laboratory test was 

performed to confirm the diagnosis of krait bites.

Disclosure
The authors report no conflicts of interest in this work.
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