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Snakebite in north-eastern South Africa: clinical characteristics and risks for
severity
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Objectives: To identify the toxicity profile of snakebites and to assess clinical severity.

Methods: An analysis of all patients admitted to Ngwelezane Hospital’s Emergency Department with a diagnosis of snakebite
over five years was done. All patients were admitted, assessed and standard haematological and biochemical tests were done.
Patients were observed for a minimum of 12 hours’ observation.

Results: In total, 879 cases were analysed. Envenomation was identified in over two-thirds of admissions. Cytotoxic snakebites
accounted for 98% of envenomations. Only four cases of haemotoxic bleeding and five cases of neurotoxicity were admitted.
Abnormal laboratory indices correlated with severity: INR > 1.5 (odds ratio 2.25, Cl 1.12-4.53; p = 0.023), platelets < 100x109/L
(OR 2.35, Cl 1.01- 5.49; p = 0.048), haemoglobin concentration < 8.0 g/dL (OR 5.68, Cl 2.15-15.00; p < 0.001) and leucocyte
count > 10x109 (OR 3.15, Cl 1.89- 5.26, p < 0.001). Children and delays to admission correlated to and were predictors of severity.
Conclusion: Two-thirds of patients who present to hospital with snakebite will have symptoms of envenomation, with the
overwhelming majority having been bitten by cytotoxic species. Some factors correlate to severity and may be useful for

anticipating the patient’s clinical course.

Keywords: Snakebite, cytotoxic, neurotoxic, haemotoxic, envenomation, emergency, KwaZulu Natal

Introduction

Snakebite constitutes a serious and neglected public health
problem in much of the developing world." Of 3 496 species of
snake identified worldwide as of April 2015,2 approximately 600
are venomous.? In South Africa there are some 38 venomous
species, of which approximately half pose a significant threat to
humans and a potentially fatal bite.*

There is extensive variability in snakebite from region to region,
dependentontherange of specieslocally present,and environmental
and population factors. Given the variability, however, it is essential
that experience is reported with reference to a specific area, the
characteristics of the snake species inhabiting the region, and also
the specific characteristics of the population of that area.

In terms of global burden of disease, Southeast Asia carries the
highest burden, followed by sub-Saharan Africa.® The difficulty
inherent in establishing reliable and representative data for sub-
Saharan Africa has been highlighted in a recent meta-analysis.”
The highest incidence of snakebite in South Africa is in the rural
north-eastern coastal belt of KwaZulu-Natal. Small local studies
have suggested an annual incidence of snakebite in north-
eastern parts of the province of 28-96.5 per 100 000.>%'° Our
own recent studies, extrapolated from antivenom utilisation,
suggest an incidence within this range (manuscript currently
under review).

The snake species most commonly responsible for serious
snakebites in KwaZulu-Natal are the puff adder (Bitis arietans), a
viperid, and the Mozambican spitting cobra (Naja mossambica), an

elapid. Both produce potent cytotoxic venom. Other snakes
responsible for severe bites include four elapids with neurotoxic
venom: the forest cobra (Naja melanoleuca), black mamba
(Dendroaspis polylepis), green mamba (Dendroaspis angusticeps)
and snouted cobra (Naja annulifera); species with cytotoxic venom,
the gaboon adder (Bitis gabonica) and the rinkhals (Hemachatus
hemachatus) and a colubrid with haemotoxic venom, the
boomslang (Dispholidus typus).* Deaths due to snakebite appears
to be infrequent and the reported mortality from these small
studies in South Africa is low (0.08-2.67 per 100 000).

Studies over the past 50 years in KwaZulu-Natal have reported
similar results with respect to demographics, seasonal distribution,
bite characteristics, antivenom use and mortality,>®'! suggesting
thatlittle progress has been made in terms of prevention strategies
or treatment practice over the past few decades, and confirming
snakebite’s status as a neglected disease.'?

We have previously reported our experience of 243 snakebite
admissions over a year period in 2007-2008."" We now follow this
up with a larger study over a five-year period. The purpose of our
study was to identify the presenting features of snakebites, to
determine the proportion of envenomation, to assess clinical
severity, and to identify possible factors that correlate to severity.

Subjects and methods

Setting

Ngwelezane Hospital is the major referral hospital in the
subtropical north-east of KwaZulu-Natal (Figure 1) and serves
close to 3 million people. It serves the local population of the
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Cape Town

Figure 1: High-incidence snakebite setting in southern Africa. The
province of KwaZulu-Natal is shaded in dark grey and abuts on
Swaziland and Mozambique in the north. The areas in blue are the
Uthungulu (south) and Ukhanyakude (north) administrative districts.
These two districts constitute a significant part of the catchment area
for Ngwelezane Hospital, situated in the town of Empangeni, are coastal
and subtropical in climate, and have a high incidence of snakebite.

uThungulu district and provides regional and tertiary care to 20
district hospitals in the uMkhanyekhude and Zululand districts.
The specialist-led Emergency Department (ED) admits all
snakebites for a period of observation and workup from the local
area and takes referrals for more severe snakebites from district
hospitals.

Study sample

Over a five-year period, all patients admitted to Ngwelezane
Hospital’s Emergency Department with a diagnosis of snakebite
were studied. Baseline demographic data were captured on a
protected database prospectively and files were retrieved
retrospectively from hospital records for more detail such as blood
test results and treatment received. Patients whose case files could
not be located were excluded from the study. In our local setting
patients who are less than 12 years of age are treated as paediatrics
cases and are thus grouped as children in this study. Patients were
categorised according to clinical presentation. Three categories
were identified as Painful Progressive Swelling, + necrosis (PPS),
Bleeding (B) or Progressive Weakness (PW). Patients were further
categorised according to severity at presentation: mild, moderate
or severe.

Standardised patient care

All patients were treated using a standard institution protocol
adapted from the guidelines published by Blaylock' (Figure 2).
Bites from snakes were confirmed by identifying the presence of
characteristic fang marks. All patients were admitted, assessed
and standard haematological and biochemical tests were done.
Patients received tetanus prophylaxis and, where indicated,
analgesia, fluid therapy, antibiotics, and blood products. All
patients were observed for a minimum of 12 hours.

Statistical analysis

All data were collected and entered into EpiData. Analysis was
performed using Stata version 13 (StataCorp LP, College Station,
TX, USA) and MedCalc version 15.4 (MedCalc Software bvba,
Ostend, Belgium). Significant differences in categorical data were
assessed using standard Pearson chi-square or Fisher’s exact test.
Ordinal data were compared using Student’s t-test or, for non-

parametric parameters, the Mann-Whitney U-test. Correlations
were analysed using Spearman rank order correlation.
Multivariable logistic regression was used to assess factors
associated with severity to adjust for the influence of other risk
factors and potential confounders. All confidence intervals (Cl) are
quoted at the 95% probability level. Abbreviations for relevant
statistical data include inter quartile range (IQR) and odds ratios
(OR). A p-value of < 0.05 was deemed significant.Ethics approval
was granted by the Biomedical Research Ethics Committee of the
University of KwaZulu-Natal ref: BE034/14.

Results

Data from 879 case files were analysed. Using cyclical regression
modelling, we showed a strong repetitive seasonal cycle with a
noticeable peak from December to March (Figure 3). The age
distribution is shown in Figure 4. The median age at admission
was 18 years (IQR 12-28). Although the distribution was
essentially similar for both males (447/879) and females
(432/879), the median age was slightly higher in females
(20 years, Cl 18-21) versus males (17 years, Cl 17-19) (p =0.0009).
We documented 222/879 admissions for children aged less than
12 years, representing a quarter of all admissions.

Clinical features

Envenomation was identified in about two-thirds of admissions
(534/879); 74% (164/222) for patients younger than 12 years
versus 57% (370/657) of patients older than 12 years (odds ratio
2.19, Cl 1.57-3.07, p < 0.001). The number of dry bites (no
envenomation syndrome evident) was high (Figure 5). There was
a statistically significant decreasing trend in the risk of
envenomation from the first through to the third decade.
Isolated signs of bleeding (haemotoxic envenomation) and
muscle weakness (neurotoxic envenomation) accounted for only
4 and 5 of the 879 patients respectively, while 98% (525/534) of
envenomed patients presented with the syndrome of painful
progressive swelling (PPS) following a cytotoxic bite. Three
patients presented with painful inflamed eyes following ocular
exposure to the venom of a spitting cobra.

In order to study possible predictors of severity, we defined a
subset of the patients with PPS as severe if they met the criteria for
antivenom administration (see Figure 2) or required surgery. Some
16% (137/879) of patients met the criteria for severe PPS, while the
remainder of severe presentations were due to neurotoxicity
(5/879) and haemotoxicity (4/879). The remainder of the
envenomed patients had lesser degrees of severity (388/879 or
44%) and were classified as moderate. Patients with no local effects
from the bite or a minimal inflammatory reaction and pain
confined to the bite itself (345/879 or 39%) were classified as mild
and termed as dry bite. In all, 45% of (73/164) children with
envenomation were classified as severe, compared with 20%
(73/370) in adults (odds ratio 3.26, Cl 2.19-4.87, p < 0.001).

Laboratory values

Median INR was 1.08 (IQR 1.01-1.18). Of these, 57 (8.2%) were
above 1.5. Haemoglobin was essentially normal, with a median
value of 12.4 g/dL (IQR 11.1-13.5). Leucocytosis was common.
The median WCC count was 9.0 x 10°/L (n = 749, IQR 6.8-12.0);
217 had values greater than 11x10°I. The median urea of
3.4 mmol/L (n = 664, IQR 2.6-4.2). Only 16 subjects showed a
urea greater than 7.1 mmol/L. The median creatinine
concentration was 63 umol/L (n = 652, IQR 47-78); 22 patients
had a value exceeding 115 umol/L (3.4%). No patient in this
study required dialysis.
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Figure 2: Treatment algorithm for management of snakebite in northern KwaZulu-Natal.
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Figure 3: Seasonal distribution of snakebite incidence from September
2008 to December 2013 using cyclical regression. The incidence peaks
in January (midsummer) and has a trough in July (midwinter).

Abnormal laboratory indices correlated significantly with
severity: INR > 1.5 (odds ratio 2.25, Cl 1.12-4.53; p = 0.023),
platelets < 100x10°/L (OR 2.35, CI 1.01-5.49; p = 0.048),
haemoglobin concentration < 8.0 g/dL (OR 5.68, Cl 2.15- 15.00; p
<0.001) and leucocyte count > 10x10° (OR 3.15, Cl 1.89-5.26, p <
0.001). However, their value as accurate predictors for severity is
limited by poor sensitivity and specificity. ROC curves are shown

in Figure 6. The most predictive laboratory index for severity was
the INR; the ROC curve analysis returned an AUC of 0.75 (Cl 0.70-
0.79).

Delayed presentation from bite

Information on the time from bite to admission was available in
743/879 cases. The median time was 5 hours (IQR 3-10 hours). A
delay in presentation was significantly associated with increasing
severity. The median elapsed time of the patients with moderate
acuity was 5 hours (IQR 3.8-10 hours), and for patients with
severe acuity 10 hours (IQR 7-16.8 hours, p < 0.0001).

Referred patients

Most patients were residents of the immediate area (782/879)
and only 11% (89/879) had been transferred from outlying
district hospitals. Patients transferred from district hospitals to
the Emergency Department had a significantly longer delay
before presentation than local admissions; a median time of 14
hours (IQR 8-20 hours) versus 5 hours (IQR 8-20 hours, p < 0.001).
Patients who were referred with envenomation from outlying
hospitals for snakebite were 15 times more likely to be severe
than admissions from the local area, 74% (78/106) versus 16%
(68/427) respectively (OR 14.7, Cl 8.89-24.30, p < 0.001) and 11
times more likely to require antivenom (OR 10.84, Cl 6.56-17.89,
p < 0.001). Logistic regression suggested that in both cases the
elapsed time was redundant when the referral variable was
included.
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Figure 4: Age distribution of subjects presenting with snakebite.
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Figure 5: Proportion of cases envenomed per decade of life. Confidence
intervals for the proportion are shown by the white bars. The proportion
for the second decade is significantly lower than that for the first decade
(p < 0.0001); the proportion for the third decade is significantly lower
than that for the first decade (p < 0.0001) and the second decade (p

= 0.002). No significant differences are shown for the fourth to eighth
decades: numbers of subjects are smaller and confidence intervals
correspondingly wider.

Management and outcome

Few patients presented with serious systemic toxicity. Fluid and
repeated inotrope resuscitation was required in four patients, all of
whom had had severe systemic allergic reactions to antivenom. One
patient required ventilation. There were no deaths. A total of 96 patients
(11.5%) received antivenom. Of these 4.2% (4/96) patients received
monovalent antivenom following envenomation by Dispholidus typus,
a haemotoxic species; the remaining 92 patients received polyvalent
antivenom: 5 for neurotoxic envenomation, 87 for severe PPS following
cytotoxicenvenomation. Children were more likely torequire antivenom
(45/164 envenomations, 27%) than adults (51/370 envenomations,
14%) (OR 2.37, Cl 1.5-3.72; p < 0.001). The median dose of antivenom
administered per patient was 40 ml (IQR 40-100). Anaphylaxis was
documented in 23% (23/96) of patients who received antivenom.

Surgery was performed in 16% (82/525) of patients with PPS; in
some patients more than one procedure was performed during
their admission. Of these, debridement of the wound with
removal of necrotic tissue (76/128 procedures, 59%) and skin
grafting (42/128 procedures, 31%) were the most common
surgical interventions. Both fasciotomy and amputation were
rare in this group: 2% and 6% respectively.

Discussion

Clinical presentation

Snakebites constitute almost 10% of all admissions to the
Ngwelezane ED over the high incidence months of December to
March. The snakebite incidence in our study for the local district,
uThungulu, is 32 per 100 000 population, which is comparable to
previous estimates.>®'° This is considerably higher than the
incidence of 2.34-3.3 per 100 000 extrapolated for southern sub-
Saharan Africa as a whole and exceeds even the value of 12.94-
22.61 per 100 000 predicted for eastern sub-Saharan Africa, the
area immediately to the north of our province, by a global study.®

The age distribution is interesting (see Figure 4). The sex
incidence is equal, and the patients young. This pattern does not
appear to have changed significantly from earlier series in our
area*®'" and in the Kangwane area of far north-east South Africa,
which shares a similar climate.” The peak risk relative to
population distribution is noted in the 10-14 age group, and risk
tails off rapidly on either side of this, though females remain at
increased risk longer than males, until the age of 24. This pattern
contrasts sharply with that seen in both Southeast Asia and
South America,’>"® where it is predominantly young men at risk,
bitten in the course of agricultural activities. In our area
agricultural activities are not reserved for men, and women are
responsible for the tending of agricultural fields and the drawing
of water from rivers.

The phenomenon of dry bites from venomous snakes is well
described and a third of all admissions in this study showed no
signs of an envenomation syndrome. In south Asia rates of
envenomation have been estimated at 10-40%," and 23.2% in
sub-Saharan Africa.” We are, however, surprised to note that the
rate of dry bites we observed (39%) was three times that
previously reported from our area (13%) in 2004.8
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Figure 6: Receiver operating characteristics (ROC) curves: laboratory
indices as predictors of categorisation as severe. All indices are poorly
predictive; the best performing is INR (AUC: 0.75, Cl 0.70-0.79). The
Youden index J corresponds to an INR value of 1.18, with a sensitivity of
60.8% and a specificity of 81.2%.
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Nearly all our patients exhibited PPS as a consequence of
cytotoxic envenomation. We admitted very few patients with
evidence of bites from neurotoxic or haemotoxic species. This
pattern has not changed from the series in 20048 where a ratio of
7 PW:282 PPS was recorded. Indeed, in our environment and
contrary to received wisdom, neurotoxic envenomation is
rare.>®" The added rarity of haemotoxic envenomation contrasts
with the Asian and North American experience where bites from
various viperid and crotaline species commonly cause significant
haemotoxicity, often in combination with cytotoxicity.

A striking finding is that serious systemic toxicity is extremely
rare in our environment. Very few patients required fluid
resuscitation or haemodynamic support, and this was always for
allergic reactions to antivenom rather than for the effects of the
venom itself. Few of our cases showed elevations in urea and
creatinine, renal failure was not a significant factor and no patient
required dialysis. Thus acute kidney injury secondary to
hypovolaemia or rhabdomyolysis does not appear to be a
significant complication of envenomation by southern African
snakes in contrast with experience elsewhere, such as India and
the Americas, where the incidence of snakebite-related acute
renal failure may reach 30%.2°%

Laboratory findings

A bleeding tendency and prothrombin time have shown to be
predictive of an adverse outcome in India.?> Our experience
suggests that standard laboratory investigations may be helpful
in guiding treatment in our population. Several simple abnormal
laboratory indices (INR, WCC, platelets and haemoglobin) alluded
to a positive correlation with severity; however, their predictive
prognostic use could not be supported in this series. Further
research on this is required.

Children

Children were nearly twice as likely to be envenomed as adults,
and there was a significant decreasing trend in the likelihood of
envenomation from the first to the third decade of life. Our clinical
experience, though, does suggest that children are particularly
vulnerable to snakebite.” This may be explained by the greater
volume of venom to body size ratio in children compared with
adults.”® We found that children are significantly more likely to
have severe presentations and to require antivenom, and almost
half of all antivenom we prescribed was for children. The dose of
antivenom required to neutralise venom-derived toxins is
proportional to the potency and volume of the injected venom,
not the bodyweight of the patient. Consequently children require
the same volumes of antivenom as adults,* with a higher risk of
adverse effects. Irrespective of risk, the management of
envenomed children is particularly challenging.

Treatment

The treatment protocol we follow would appear to be satisfactory
in that we observed zero mortality and only 4.3% of patients
required amputation, fasciotomy or skin grafting. The proportion
of antivenom prescribed was 11.5% (96/879 patients) with close
toaquarter of patients experiencing anaphylaxis. This prescribing
rate has remained remarkably constant across several studies in
KwaZulu-Natal over the past 23 years, ranging from 9% to12% in
5 studies.>*"

The majority of cases requiring antivenom administration in our
series exhibited severe PPS, accounting for 87 of 96 cases. The
protocol we follow, put forward by Blaylock,* is essentially based
on empirical observation only. A significant proportion of our

cases with PPS, 55 of 137, did not require surgery following
antivenom administration. This finding supports the thesis that
antivenom, when given early, can prevent the progression of
swelling and necrosis significantly to the level where surgery
may be unnecessary and simple wound care would suffice.

The polyvalent antivenom in use in southern Africa, currently
produced by South African Vaccine Producers (Pty) Ltd (SAVP), is a
polyvalent partially purified equine-derived antiserum, first
introduced in 1928 and active against the venoms of two species,?
which has been modified at intervals by the addition of further
valences, such that it is currently marketed as being active against
the venoms of 10 dangerous species. It has, however, not been
changed in over 30 years. By modern standards, the degree of purity
and specificity is not acceptable, as evidenced by the very high rate
of anaphylaxis. The high cost of the added purification processes for
antivenom precludes its introduction in many countries. Despite
this, all were managed successfully with pre-dose and where
required post-dose adrenaline. Only 4.2% manifested a persistent
anaphylactic shocked state. This group of patients displayed a
circulatory collapse with significant hypotension, loss of peripheral
pulses and a depressed level of consciousness. Repeat doses of
adrenaline and a fluid bolus immediately after onset of the shock
was effective in all but one case, which required an adrenaline
infusion and short-term ventilation.

Delays

Delayed presentation and referral from an outlying hospital were
strongly correlated with severity. Though this may be due in part
to referral bias, with more severely affected cases being
preferentially referred, logistic regression analysis suggested a
high degree of co-variation for referral and elapsed time since
bite. Delays in transfer and in initiating treatment may worsen
outcome. Antivenom should be administered as soon as possible
to halt the effects of early tissue damage, and a delay in
antivenom administration reduces its effectiveness: a recent
study in India has confirmed a correlation between a shorter
time to presentation and a less severe outcome.?*

Surgery

PPS is by far the commonest clinical presentation of snakebite in
our setting. Patients must be monitored for progression of
swelling, compartment syndrome and tissue necrosis. Less than
a quarter of patients with PPS require surgery in our setting,
resulting in prolonged hospital stays and rehabilitation. The
symptoms of cytotoxic subcutaneous tissue damage can mimic
an impending intramuscular compartment syndrome and may
result in an unnecessary fasciotomy (only 2% in our series).

Envenomation within the muscle groups is very rare: in a series of
42 patients studied by us with ultrasound, we showed that only
one had evidence of serious muscle swelling whereas in all other
cases the swelling was confined to the subcutaneous tissues
(manuscript currently under review), a finding in keeping with
another recent study.”® Current guidelines do not recommend
performing a prophylactic fasciotomy merely on the basis of the
clinical observation of an alarmingly swollen limb, without direct
clinical or invasive evidence of an established compartment
syndrome.'>?-3 |t has been shown that North American patients
admitted to hospital following crotaline snakebite had a fivefold
increased risk of fasciotomy if the primary care was provided by
a surgeon rather than a non-surgical clinician.' However, limb-
saving fasciotomy is indicated when there are sustained high
compartment pressures exceeding 30 mmHg and an inadequate
response to antivenom.
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Limitations

The study is limited in that has been conducted at a single centre.
Greater significance and a more reflective extrapolation of results
could be achieved in a multi-centre study at sites throughout the
province of KZN and even South Africa. The retrospective design
for detailed analysis reduces the power and accuracy of the
study. A prospective design would be preferable.

Conclusion

We believe that our experience is relevant to much of southern
Africa, since many of the species involved are present throughout
the region. Certain parameters such as delay to admission and
being children are predictive of severity. Outcomes in snakebite
have repeatedly been shown to be positively influenced by
increased knowledge of snakebite amongstlocal practitioners.34%
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