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Introduction
Snakebites are an underappreciated health concern in lower- 
and middle-income countries (LMICs).1  Global data on 
snakebites are region-specific and very limited regarding 
number of admissions, morbidity and mortality rates. The 
lack of data vastly impacts funding for this health crisis, 
as well as strategies for treatment and prevention.2 Current 
data suggests that Asia carries the highest burden of disease 
with approximately 15 400–57 600 deaths per annum, while 
sub-Saharan Africa estimates are at 3 500–32 100 deaths per 
annum.3 These estimates are based on hospital records and 
surveys from the affected regions. 

Snakebite occurrence is reported more regularly in 
developed countries, however, lower-income countries are 
more commonly affected by snakebites therefore posing 
difficulties in analysis of epidemiological data.4 The North 
American Snakebite Registry was established in 2013 and 
records data collected prospectively across 10 states in the 
United States of America.5 Whilst this registry is dependent 
on accurate reporting, data collected has already provided 
beneficial information regarding directed public education, 
as well as further insight into the clinical manifestations 
of different snake species aiding treating physicians in 
management.5

There is data that suggests the number of snakebite cases in 
sub-Saharan Africa is as high as 100 000–500 000 per annum.6 
A meta-analysis has recently showcased that it is difficult to 
determine the exact burden of disease in this region.7 It is 
reported that the highest incidence of snakebites in Southern 
Africa is in rural KwaZulu-Natal with an annual incidence 
of 28–96.5 per 100 000.8-10 Another study estimated that the 
number of cases per year is between 1 193–2 357.9 

In the last five decades, multiple studies on snakebites 
have reported similar findings on seasonal preference, 
demographics and mortality rates, which reiterates the 
fact that little progress has been made regarding treatment 
and prevention strategies for this underappreciated health 
concern.8-10

The majority of potentially lethal snakebites in Southern 
Africa is due to cytotoxic envenomation from puff adders 
and the Mozambique spitting cobra.11 Due to the fact that 
snakebites and their outcomes are infrequently reported in 
Southern Africa, the mortality of 0.08–2.67 per 100  000 
is based on small studies.12 Children are more likely to be 
envenomated following a snakebite and suffer more severe 
presentations. This may often lead to a higher proportion 
of children receiving antivenom.13 The data on paediatric 
snakebites is scarce. Campbell et al. from Arkansas 
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Children’s Hospital and the University of Arkansas for 
Medical Sciences, published a paper with 114 cases of 
paediatric snakebites.14 Aktar et al. included 151 paediatric 
snakebites in a study performed by Dicle University in 
Turkey.15 Here we present the largest paediatric snakebite 
case series published, to our knowledge. 

Methods
Ngwelezana Hospital is a 554-bed hospital, designated as 
a tertiary hospital for the northern part of the province of 
KwaZulu-Natal. The hospital receives referrals from 18 
hospitals for secondary and tertiary care. The emergency 
department sees approximately 3 500 patients annually. 

Sampling
The patient population were all patients attending the 
emergency department at Ngwelezana Tertiary Hospital 
with snakebite from 1 September 2008 to 31 December 
2013. The sample population included all patients aged 13 
years old or younger who presented with snakebite during 
the specified period. As per national standard, the definition 
of a paediatric patient is considered as anyone below the age 
of 14 years.16 Patients were recruited consecutively and all 
patients in the study sample were included. 

Patient selection and management procedure
Following admission, the condition of each snakebite pa-
tient was monitored from the time of admission to discharge 
by the surgical team. The diagnosis was made through 
a two-stage process. Firstly, if the patient identified the 
snake, brought it along to the hospital or visible fang marks 
were present, they were considered as having a suspected 
snakebite. 

Secondly, suspected snakebite cases were further con-
firmed based on clinical symptoms on presentation such 
as local swelling, bleeding, or neurological symptoms. 
This system of syndromic assessment for snakebite is 
used to categorise envenomations and guide treatment. 
If the abovementioned criteria were not met, the patient 
was excluded from the study. Patients who developed 
significant swelling, bleeding or neurological symptoms 
were administered antivenom as per department protocol 
(Table I). Patients who required surgical intervention for 
skin necrosis had a procedure done in the operating theatre 

only once the inflammation had settled. The affected soft 
tissue damage was usually clearly demarcated after 3 to 5 
days. Patients with significant limb swelling and suspected 
compartment syndrome were acted on without delay.

Data
The demographic and clinical data of the patient was captured 
on a case report form and entered onto a secured database 
(Excel 2002). Data fields included patient demographics, 
time of bite to presentation, syndromic clinical symptoms, 
blood results, patient management and outcome. Ethical 
permission for the study was approved by the University 
of KwaZulu-Natal Biomedical Research Ethics Committee 
(Ref. No.: BE034/14).

Statistical analysis
Descriptive statistics were initially done to describe the basic 
features of the data at hand and to indicate the dispersion 
of the data. These descriptive methods were also used to 
indicate the skewness and kurtosis of the data. In cases 
where outliers were evident, rank and percentile tests were 
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Figure 1: Paediatric snakebite monthly incidence
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Table I: Protocol for antivenom administration
1.	Indication correct – clinical severity, risk (SRS), pre-surgery
2.	Consent from patient or guardian
3.	Transfer patient to resuscitation area
4.	Full monitoring 
5.	2 x IV lines (large bore) appropriate for age

•	 1 x Crystalloid for resuscitation
•	 1 x Antivenom

6.	Premedication
•	 Adrenaline IM 
•	 0.3–0.5 mg in adults
•	 0.01 mg/kg (1:1 000) or 0.1 ml/kg (1:10 000) in children
•	 Expect tachycardia, monitor for dysrhythmias
•	 Fluid bolus 20 ml/kg

7.	Antivenom initial dose
•	 5 vials polyvalent for painful progressive swelling (repeat 

as required)
•	 10 vials polyvalent for neurotoxic progressive weakness
•	 2 vials monovalent Boomslang in bleeding
•	 Dilute in 200 ml normal saline and infuse over 20–30 

minutes. (test dose not required)
8.	Repeat doses of antivenom prn
9.	Dr to closely monitor patient 
10.	Patients to be counselled re: Serum (type III reaction) 

sickness
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done to measure the true dispersion. Descriptive analysis 
was also used in aid of trend analysis of the historic data to 
make meaningful inferences. Mortality rate, age and sex are 
commonly measured with this method. 

Continuous variables were compared using unpaired 
t-test, and categorical variables using chi-squared analysis. 
Chi-squared test compared the type of envenomation and 
subsequent treatment and reactions. Chi-squared analysis 
was also used to assess other categorical variables between 
groups. 

Results

Demographics
Over a 5-year period from 1 September 2008 to 31 December 
2013, a total of 274 children aged 13 years or younger 
presented with a snakebite. The median age at presentation 
was 8 years, with approximately 70% of the patients aged 
6–13 years. Forty-four per cent of patients were female 
and 56% male. The majority of the patients were from 
the immediate area with 24% of patients referred from 
surrounding facilities. The peak incidence occurred over 
the warmer months, which are usually December–February 
(Figure 1). 

Time after bite
The median time of presentation to Ngwelezana Hospital 
after sustaining a snakebite was 7 hours with an IQR of 4–13 
hours. The earliest presentation was after 30 minutes and 
latest after 79 hours. 

Syndromic distribution
The vast majority of patients (71%) presented with cytotoxic 
manifestations, 2% haemotoxic and 1% neurotoxic, while 
26% of patients displayed no features in keeping with any 
of the latter categories and are unclassified in the data. 
Four patients presented with signs of both cytotoxic and 
haemotoxic manifestations and one patient with cytotoxic 
and neurotoxic manifestations. Patients with mixed 
envenomation were classified according to the predominant 
syndrome present.

Blood results
For the total patient sample, the median white cell count 
(x 109/L) was 10.0, haemoglobin (g/dL) 11.8, platelets (x 
109/L) 308, INR (international normalised ratio) 1.12, urea 
(mmol/L) 3.3 and creatinine (umol/L) 43 (Table II). In the 
cytotoxic group, the median white cell count was 10.45 
(± 6.3), haemoglobin 11.7 (± 2.1), platelets 301 (± 146), INR 
1.13 (± 0.3), urea 3.3 (± 1.6) and creatinine 42 (± 18). In 
the haemotoxic group, the median white cell count was 14.0 
(± 5.3), haemoglobin 7.8 (± 3.8), platelets 324 (± 163), INR 
3.82 (± 4.0), urea 2.4 (± 3.4) and creatinine 28 (± 56). In 
the neurotoxic group, the median white cell count was 15.9 
(±  2.6), haemoglobin 8.45 (±  3.1), platelets 142 (±  122), 
INR 1.28 (± 0), urea 3.8 (± 1.8) and creatinine 39 (± 9). Six 
patients suffered an acute kidney injury (AKI) according 
to the Kidney Disease - Improving Global Outcomes 
(KDIGO) classification system (creatinine ≥  1.5x upper 
limit of normal) of which five were classified as cytotoxic 
and the patient with the most severe AKI was classified as 
haemotoxic. Two patients with an AKI received antivenom, 
however, both did not develop signs of anaphylactic shock. 
None of the patients with an AKI developed compartment 
syndrome or required limb amputation.

Management 
A total of 53 out of 274 patients (19%) received antivenom of 
which 45 were categorised as cytotoxic, six were haemotoxic 
and two were neurotoxic. On average, six vials of antivenom 
were administered. Antivenom was administered to 23% of 
patients with cytotoxic presentations and 100% of patients 
with haemotoxic and neurotoxic presentations respectively. 
Of the total number of patients who received antivenom, 25% 
suffered adverse reactions. Six patients developed allergic 
reactions of which one patient progressed to anaphylaxis 
and seven patients developed anaphylaxis. Allergic reactions 
were considered as mild skin manifestations, e.g., skin rash 
or urticaria without systemic involvement. Anaphylactic 
reactions were considered as a drop in blood pressure from 
baseline, central nervous system deterioration, impalpable 
radial pulse, signs of airway obstruction and haemodynamic 
instability, with or without skin manifestations. All patients 
with hypersensitivity reactions received vasopressor support 
in the form of adrenaline infusion as well as intravenous 
fluid administration. One patient subsequently developed 

Table II: Admission bloods overview
Admission bloods overview 

  WCC (x10⁹/L) Hb (g/dL) Platelets (x10⁹/L) INR Urea (mmol/L) Creatinine (umol/L)

Min 1.38 5.40 13.00 0.90 0.9 15

Q1 7.93 10.60 237.00 1.04 2.5 34

Q2 10.00 11.80 308.00 1.12 3.3 43

Q3 13.85 12.80 379.00 1.28 4.0 53

Max 26.10 15.70 987.00 7.10 41.0 688

Mean 11.17 11.59 319.56 1.30 3.8 48

Median 10.00 11.80 308.00 1.12 3.3 43

Range 24.72 10.30 974.00 6.20 40.1 673

IQR 5.93 2.20 142.00 0.24 1.5 19

Std dev 4.62 1.73 139.90 0.69 3.86 48

WCC – white cell count, Hb – haemoglobin, INR – international normalised ratio
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cardiovascular collapse and required cardiopulmonary re-
suscitation with return of spontaneous circulation. There 
was no correlation noted between age and the development 
of hypersensitivity reactions.

Outcome
A total of 56 patients underwent one or more procedures on 
their affected limbs; 32 patients had a split skin graft, 54 
were debrided, two had a fasciotomy and five had below-
knee amputations. The cytotoxic group accounted for the 
majority of procedures performed (Table III). The median 
time of presentation after bite for the five patients who 
required amputations was 10 hours (range 18.5 hours). Four 
of the five patients received antivenom and were below 
the age of 5 with a median age of 3 years. All patients who 
required lower limb amputation presented with progressive 
tissue necrosis and none developed compartment syndrome. 
Delay in presentation, and therefore antivenom admin-
istration, was considered as the most significant contributing 
factor for the need for limb amputation. Three patients aged 
2, 9 and 13 required admission to the ICU of which all 
were part of the cytotoxic group and received antivenom. 
Only one of these patients suffered an adverse drug reaction 
(anaphylaxis), which was treated, and subsequently under-
went a debridement and split skin graft of the affected limb. 
There was no correlation between age and admission to 
ICU. There were no recorded mortalities during this period.

Discussion
To date, this is the largest series of paediatric snakebites that 
we are aware of. Studies have shown that children under the 
age of 15 years are more vulnerable to sustaining snake bites 
due to inherent curiosity, lack of caution as well as walking 
barefoot.17 In rural areas, older children are often also in-
volved in outdoor agricultural responsibilities.15,18 Wood et 
al. reported that children under 12 years were an independent 
risk factor for the severity of snakebites.19 A study by 
Campbell et al. in the United States of America reported on a 
series consisting of 114 cases and the lessons they learned.14 

They reported a mean age of 7.3 years and males being more 
affected at 60%; Arkanas et al. reported similar findings with 
a mean age of ± 10 years. Kshirsagar et al. also reported a 
male predominance (60.49%) with a mean age of 9.2 years 
in males and 8.6 years in females in rural India.20 Our data 
is in keeping with this trend with a mean age of 7.7 years 

and males accounting for 56% of cases. Interestingly they 
reported only 6% of patients requiring antivenom and only a 
single case had an anaphylactic reaction.12 In our series, 19% 
of patients required antivenom and eight had an anaphylactic 
reaction. Two of their patients required fasciotomies whereas 
in our data set, with significantly more patients, we also 
reported two fasciotomies.12 This might stem from our more 
liberal use of antivenom. In a study performed in a tertiary 
setting in Texas, United States, antivenom administration 
was more liberal (34%) with only one (2%) hypersensitivity 
reaction recorded. Of the 151 patients included in the study, 
only four (2.6%) required surgical intervention.21 The anti-
venom most commonly administered in their setting was 
CroFab, specific to crotaline species, which has been shown 
to have a low rate of hypersensitivity reactions.21,22 

The data on snakebites in Southern Africa is predominantly 
from the KwaZulu-Natal region and its draining 
hospitals.6-8,11 There are five main clinical syndromes of 
snake envenomation recognised in South Africa as described 
by Müller et al.:
•	 Marked local pain and progressive swelling associated 

with prominent cytotoxic skin changes with coagulable 
blood.

•	 Progressive paralysis (neurotoxicity), with negligible or 
minor local swelling.

•	 Incoagulable blood, with negligible to mild local 
swelling.

•	 Moderate to marked local swelling, associated with 
neurotoxicity.

•	 Mild to moderate swelling, with negligible or absent 
systemic symptoms.12

Since there is overlapping of these syndromes, in our data 
series, we categorised our patients into cytotoxic, haemo-
toxic, neurotoxic and unclassified. 

Wood et al. reported that 98% of their admissions in adults 
were due to cytotoxic envenomation.11 They reported four 
cases of haemotoxicity and five cases of neurotoxicity that 
were admitted.13 In our series 71% presented with cytotoxic 
manifestations, 2% haemotoxic and 1% neurotoxic, while 
26% of patients displayed no features in keeping with any of 
the latter categories. The similarities to the study conducted 
by Wood et al. is evident. They also reported that 1/3 (33%) 
snakebites will have no envenomation symptoms whereas 
our data series had 26% patients with no symptoms of 
envenomation. 

According to a study conducted in north-eastern Nigeria, 
the risk of mortality secondary to envenomation increases 
by 1% for every 1-hour delay between the time of the bite 
and presentation to medical personnel.23 Kshirsagar et al. 
reported a mortality rate of 1.85% in a study evaluating 
paediatric snakebites in rural areas of Maharashtra, India. 
All patients who demised presented to the hospital > 8 hours 
after the time of the bite.20 Transport limitations, presentation 
to traditional healers prior to seeking conventional medical 
treatment and increasing distance from healthcare facilities 
may play a role in delayed presentation.18,24 In our study, the 
median time of presentation to the hospital after the time of 
the bite was 7 hours with an IQR of 9 hours compared to 1.5 
hours in an urban area in Taiwan.25 This may be attributed 
to the fact that many of the patients in our study come from 
surrounding rural areas that do not have access to transport 
which may contribute to the delayed presentation. This may 

Table III: Procedures performed for children with snakebites
Cytotoxic 
Procedure n (%)
Split skin graft 28 (10)
Debridement 48 (18)
Fasciotomy 1 (0.4)
Amputation 5 (0.8)

Haemotoxic
Split skin graft 3 (1.1)
Debridement 3 (1.1)
Fasciotomy 1 (0.4)

Neurotoxic
Debridement 2 (0.7)
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increase the risk for severe envenomation and therefore 
mortality. 

In our study, the INR median was 1.13 (±  0.3) in the 
cytotoxic group, 3.82 (±  4) in the haemotoxic group and 
1.28 (±  0) in the neurotoxic group. The median INR is 
significantly higher in the haemotoxic group as expected; 
however, due to the low number of haemotoxic (6) and 
neurotoxic (2) patients it is difficult to draw a definitive 
conclusion. The median haemoglobin was also significantly 
lower (< 11 g/dL) in the haemotoxic group followed by the 
neurotoxic group. This finding is in keeping with the results 
reported by Hernandez et al.26 The median white cell count 
was highest within the neurotoxic group. Of note is that 
there was a low rate (2.2%) of acute kidney injury in our 
study. These occurred mostly within the cytotoxic group and 
one within the haemotoxic group. In comparison to a study 
conducted amongst adults in India, the rate of AKI was 
significantly higher (21.1%). Similarly, the predominating 
syndromes associated were cytotoxic and haemotoxic.27 

Isbister et al. reported a study in which antivenom 
was most administered due to presence of coagulopathy 
followed by non-specific manifestations and neurotoxicity. 
In this study, 25% of patients who received antivenom 
suffered from hypersensitivity reactions, of which 44% were 
classified as anaphylaxis.28 In comparison to our study, of the 
53 patients who received antivenom, 45 suffered cytotoxic 
envenomation equating to 23% of all patients with cytotoxic 
envenomation as compared to 100% of haemotoxic and 
neurotoxic patients who received antivenom. In comparison 
to the study conducted by Isbister et al., hypersensitivity 
reactions were noted in 23% of our patients who received 
antivenom, of which 62% were classified as anaphylaxis. 

Hernandez et al. reported a study analysing the surgical 
considerations in paediatric snake bites conducted at 
Pietermaritzburg Metropolitan Trauma Service.26 This study 
included 72 patients below the age of 18 years of which a 
total of nine patients (12.5%) received antivenom and two 
subsequently developed anaphylaxis and were admitted to 
ICU. In total, ten patients (14%) were admitted to ICU of 
which seven were classified as cytotoxic (11% of all cytotoxic 
admissions), one neurotoxic (20% of neurotoxic admissions) 
and two haemotoxic (50% of haemotoxic admissions).26 In 
comparison to our study in a similar setting, 19% of patients 
received antivenom and a total of three patients (1.1%) 
required ICU admission for further monitoring following the 
administration of antivenom due to severe envenomation of 
which only one patient developed anaphylaxis and required 
surgical intervention to the affected limb. All three patients 
suffered from cytotoxic envenomation.

Hernandez et al. reported 5.5% of patients requiring 
subsequent debridement compared to 20% of the patients 
included in our study.26 Seven per cent of patients had 
a split skin graft at their facility compared to 11% at 
Ngwelezana Hospital. They also report 18 fasciotomies 
(25%) done as compared to two fasciotomies performed at 
Ngwelezana Hospital (0.7%).17 This may be explained by 
the higher number of patients who received antivenom at 
Ngwelezana Hospital as well as less delay in presentation. 
This is supported by the median time of presentation after 
injury at Pietermaritzburg of 20 hours compared to 7 
hours at Ngwelezana Hospital.26 Only one amputation was 
reported at Pietermaritzburg (1.4% incidence) compared 
to five amputations performed at Ngwelezana Hospital 

(1.8% incidence).26 There was an increase in median time of 
presentation after bite of 10 hours in the group of patients 
who had amputations compared to the overall sample 
population. Interestingly, four of the five patients who 
underwent amputations were below the age of 5. Severe 
envenomation is more likely in children due to their smaller 
body mass and this can explain the need for amputation in 
these very young children. Amputations pose a detrimental 
impact on the psychological and physical well-being of 
children. The ongoing growth within the residual limb and 
abnormal residual stump shape also poses an additional 
challenge with prosthetic rehabilitation.29 Approximately 
89% of procedures performed at Ngwelezana Hospital were 
for patients with cytotoxic envenomation, including all five 
amputations. 

In a study comparing snakebites between the paediatric 
and adult populations, Tekin et al. reported a mortality rate of 
0.8% amongst children.30 There were no recorded mortalities 
in our study. This may be an indicator of effectiveness of our 
current management principles. 

Conclusion
Paediatric snakebites are a significant burden on the health 
system of Southern Africa. Most snakebites in paediatric 
patients are cytotoxic in nature. As much as one-fifth (20%) 
of the paediatric population may require antivenom as 
well as a surgical procedure post envenomation. Adverse 
effects post antivenom use are common but manageable 
without risk of major morbidity or mortality. Snakebites in 
this population subgroup should be deemed as severe and 
extreme caution should be exercised when administering 
antivenom.

Prevention programmes are needed to help reduce this 
burden of disease and a nationwide snakebite registry is long 
overdue. 
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