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ABSTRACT

Introduction: Snakebites are a neglected tropical disease. In many areas, envenoming incidence and antivenom
administration rates are unknown. This study compared antivenom (AV) availability to rates of envenoming and
recommendations to treat (RTT) in South Africa.

Methods: This retrospective study identified, extracted, and reviewed all cases of envenoming (snake bites and
spits) reported to the Poisons Information Helpline of the Western Cape of South Africa (PIHWC) from June 1,
2015 to May 31, 2020 by public hospitals in the Western Cape. A standardized interview was administered to the
pharmacies of the 40 hospitals in winter and summer to determine how many vials of monovalent and polyvalent
AV they had on hand at the time of the call and their expiration dates. Descriptive analysis was used to compare
rates of envenoming and recommendations to treat to antivenom stock in winter and summer and by hospital
type and location.

Results: Public hospitals reported 300 envenomings, 122 from snakes. The PIHWC recommended antivenom
administration in 26% of cases (N = 32). All hospital pharmacies queried answered our questions. Our study
demonstrates urban district hospitals have higher ratios of AV vials compared to mean annual rates of enve-
noming and RTT than rural district hospitals at both the winter and summer timepoints.

Conclusion: This study evaluates antivenom supply and demand in a province of South Africa. The findings
suggest South African urban hospitals have a relative excess of antivenom, and thus more capacity to meet
demand, than their rural counterparts. It supports consideration of a redistribution of antivenom supply chains to
match seasonal and local rates of envenoming. It indicates a need for higher quality, prospective data charac-
terizing envenoming incidence and treatment.

African relevance

Introduction

e Snakebite is a frequent yet neglected disease in Africa; the World
Health Organization (WHO) has recently declared it a category A
neglected tropical disease.

e African countries including South Africa face significant financial
constraints; the timely and appropriate treatment of envenoming
patients stands to improve health outcomes and economics.

e A redistribution of antivenom supply chains to match seasonal and
local rates of envenoming should be considered.
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Snakebite envenoming is recognized as a significant cause of
morbidity and mortality in low and middle-income countries. Recently,
the World Health Organization (WHO) declared it a category A
neglected tropical disease and launched a strategic plan to halve deaths
and disabilities caused by envenoming by 2030 [1,2]. There is a call for
renewed action to end what the Wellcome Trust has termed “one of the
world’s biggest hidden health crises” [3]. Efforts to improve the care of
snakebite victims, however, are hindered by a critical lack of reliable
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data describing envenoming incidence and antivenom availability [4,5].
Reports describing mortality vary significantly and are frequently based
on modelled data. Different sources report global snakebite incidences
of 1.2 to 5.5 million persons per year, for example [6-9]. In Sub-Saharan
Africa, not only are rates of envenoming unknown, but there is scant
quantitative data describing antivenom (AV) availability and utilization.
Antivenom is reportedly frequently unavailable when medically indi-
cated, especially in rural settings, but there is very little published data
quantifying current antivenom distribution and use [10-12]. Given the
difficulty in improving envenoming outcomes without accurate infor-
mation on incidence and treatment rates, multiple experts and
nongovernmental organizations have called for the publication of higher
quality data describing snakebite incidence and antivenom availability
[2,6,9,10,13,14].

Members of our workgroup staff the Poisons Information Helpline of
the Western Cape of South Africa (PTHWC) and provide clinical support
to physicians who treat snakebite victims throughout South Africa. We
have published previously on envenoming incidence as reported to the
PIHWG, not only for snakes, but also spiders and scorpions [15-18]. We
have not, however, characterized antivenom availability. It is our
experience that antivenom is frequently unavailable when indicated,
especially in rural settings; the degree to which antivenom availability is
mismatched to demand, however, is unknown. The aim of this study was
to compare antivenom availability to rates of envenoming and recom-
mendations to treat in a single region of Sub-Saharan Africa, the Western
Cape province of South Africa.

Methods
Study design

This study consisted of a retrospective arm to determine the inci-
dence of envenoming and recommendations to treat, as well as a pro-
spective arm to determine antivenom availability. Ethical approval for
this project was granted by the Health Research Ethics Committee of
Stellenbosch University (Ref:X21,/03/004).

Study setting

The Western Cape’s public hospital system consists of 33 District
Hospitals, four Regional Hospitals (excluding specialised hospitals e.g.,
maternity hospital), and three Central/ Tertiary Hospitals. The smallest,
first-line hospitals in both rural and urban settings are termed district
level hospitals. Health facilities utilize a referral network system to
transfer patients to higher levels of care when necessary (from district to
regional to tertiary) [19]. In this study, hospitals within Cape Town were
considered urban, and hospitals outside of Cape Town rural. Note that
the designation of “rural” describes the hospital’s location only, not its
resources or ability to care for poisoned patients.

The PIHWC is a joint telephone service provided by the Tygerberg
Poisons Information Centre and the Red Cross War Memorial’s Children
Hospital Poisons Information Centre, both situated in Cape Town [20].
The telephonic service provides free toxicology advice to healthcare
workers and members of the public. It is available at all hours. Calls are
captured on the electronic AfriTox TeleLog database in real time and
there is a retrospective quality control system in place [21]. All data
entered into AfriTox Telelog is reviewed by a database manager at the
poison centre who refers potential errors back to the original data col-
lector. Data is modified pending a case review by all parties. The PIHWC
manage approximately 5000 human-related calls per annum and does
not routinely record clinical outcomes [20].

Study population

All cases of snake envenoming (bites and spits) reported to the
PIHWC from 1 June 2015 to 31 May 2020 by public hospitals in the
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Western Cape were included in the retrospective arm of the study. Data
were extracted from the electronic AfriTox TeleLog Database [21]. Ab-
stractors documented from which hospital the call originated, the date
of the call, whether the case was a snake bite or spit, and whether the
PIHWC recommended treatment with polyvalent or monovalent anti-
venom (the two forms of antivenom available in South Africa). Data
abstraction was performed by members of the PIHWC. All abstractors
followed the same stepwise approach to identify cases. There were no
cases with missing data. No cases were excluded from our review. All
cases were reviewed to ensure no calls were counted twice (e.g. in case
of a patient being transferred between facilities).

The pharmacies of all 40 public hospitals in the Western Cape were
called to determine antivenom availability. A structured interview was
used (Appendix 1). The pharmacies were initially called in winter
(21-28 June 2021) and again from 23 August to 3 September 2021.
Pharmacies were called twice to ensure the results were reliable. The
questionnaire was repeated in summer (23-29 March 2022) to corre-
spond with the peak snakebite season. Appendix 2 includes a dosing
schedule for polyvalent and monovalent antivenoms, the per vial cost of
both antivenoms, and the species from which polyvalent antivenom was
derived. Both polyvalent and monovalent antivenom expire after three
years.

Analysis

Descriptive analysis was performed. The location of every public
hospital in the Western Cape was identified to determine which hospi-
tals were urban and which were rural. Antivenom vials included un-
expired monovalent and polyvalent antivenom.

Ratios were calculated to compare the number of antivenom vials
available (as reported by the pharmacies in 2021 and 2022) to the mean
annual (annualized) number of envenoming calls per hospital (as
recorded in the electronic database between 2015 and 2020). Ratios
were also calculated that compared antivenom availability to the mean
annual recommendation to treat. Ratios are presented by hospital type
(district versus regional or tertiary), and location (urban or rural).

The ratios were then themselves compared: we contrasted ratios by
hospital type (district versus all types of hospitals) and location (urban
or rural). For example, the ratio of annualized antivenom availability to
recommendations to treat in urban hospitals was compared to the same
ratio (antivenom availability versus recommendations to treat) in rural
hospitals.

The study includes five years of call volume because envenoming as
reported to the PIHWC was a relatively rare event. Therefore, to char-
acterize annual incidence most accurately, it was necessary to average
across multiple years: the mean annual number of calls (or recommen-
dation to treat, etc.) describes the mean number of calls per year based
on the five years of data reviewed. The analysis is presented as a ratio to
give a comparative, qualitative sense of antivenom availability versus
demand. This approach was selected in response to the limitations
described in the discussion below.

Results

There were 4133 toxicology-related cases reported to the PIHWC by
public hospitals in the Western Cape over the study period. Of these, 300
cases involved envenoming, of which 122 cases resulted from snakes
(bites n = 113, spits n = 9, mean per year=24.4). There were no cases
with missing data and no cases were excluded. The highest number of
snake envenoming reported from a single hospital was 16 cases; 13
hospitals did not report any snake envenoming. Ninety cases (73.8%)
were reported from rural hospitals (meaning outside of Cape Town) and
80 (65.6%) were from district-level hospitals. The specific snake was
mentioned in 37 cases, with the cape cobra (Naja nivea, n = 14) and the
puff adder (Bitis arietans, n = 13) most commonly involved. The PIHWC
recommended antivenom administration in 32 cases (26% of cases) over
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the five year period (a mean of 6.4 times a year). No data were available
on clinical outcomes such as death or time to antivenom administration.
In our experience, however, envenoming by Naja Nivea is associated
with the most morbidity and mortality in the Western Cape. Fig. 1
demonstrates visually the breakdown of cases from the Western Cape.

We had a 100% response rate from all 40 public hospital pharmacies
at all timepoints. There was a total of 394 antivenom vials at the winter
timepoint and 395 in summer. Of these vials, only three were mono-
valent at both timepoints. The amount of antivenom available per hos-
pital ranged from none (two hospitals) to 24 vials (two hospitals). All
vials of antivenom were unexpired at all timepoints. When asked what
challenges inhibited pharmacies’ ability to stock antivenom, 15 (37.5%)
pharmacies reported they had no issues stocking and 5 (12.5%) phar-
macies reported they never stock antivenom (two urban and three rural
hospitals). There were 13 (32.5%) pharmacies who noted that AV’s
short expiry date limited their ability to consistently stock this medi-
cation, and 22.5% (N = 9) reported cold chain and supply chain
problems.

Tables 1 and 2 report the average annual number of calls, average
annual recommendations to treat, total number of antivenom vials
available, antivenom availability versus mean annual calls (envenoming
incidence), and annualized recommendations to treat. The two tables
compare data between rural and urban settings at the level of all hos-
pitals, and at the district hospital level only. Table 1 reports winter data,
and Table 2 summer data.

At the summer timepoint (Table 1), a mean of 16 vials of antivenom
were available at both urban and rural hospitals for each snake enve-
noming reported to the PIHWC. The mean vials available per treatment
recommendation from the PIHWC was 61 in rural areas and 64 in urban
areas. The ratio of antivenom availability during the winter timepoints is
available in Table 2. At both timepoints there was greater antivenom
relative to annual calls in urban versus rural hospitals at the district
level, but not the level of all hospitals. Urban hospitals had greater an-
tivenom availability compared to recommendations to treat than their
rural counterparts at the district and all hospital level at both timepoints.

Discussion

Our data suggests a high ratio of antivenom availability to snake
envenoming rate and recommendation to treat as reported to the
PIHWC. The availability of antivenom per annual reported snake
envenoming should be interpreted with care, however. The data does
not indicate that hospitals have a surplus of antivenom. A value of 16.22
vials per annualized call (as noted in rural hospitals in summer for
example), suggests that there are an expected 16 vials of antivenom for
every case reported. As noted previously, the overwhelming majority of
antivenom in this study was polyvalent, and dosing for polyvalent an-
tivenom varies significantly. Cytotoxic snakes are treated with an initial
dose of five to ten vials, while neurotoxic snakes are treated with eight to
twelve vials [22]. Severe envenoming from a black mamba (Dendroaspis
polylepsis) may require an initial twenty vials [22]. The dosing schedule
for polyvalent and monovalent antivenom and the cost per vial is

Total Cases 4133
Envenomings 300
Cases of snake

envenoming 122
Cases with AV 32
recommended

Fig. 1. Visual representation of cases reported to the PIHWC from public
hospitals in the Western Cape.
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included in appendix 2. Furthermore, it is very likely that the rates of
envenoming reported to the PIHWC significantly underestimate the true
burden of disease (see “Limitations” below). Note that all data
describing antivenom (availability and recommendation to treat) in-
cludes both polyvalent and monovalent antivenom; we found that
monovalent antivenom (used only for Boomslang (Dispholidus typus)
envenoming) was rarely stocked and used. The exclusion or inclusion of
monovalent antivenom data did not alter our findings.

Most compellingly, this study demonstrates a higher ratio of anti-
venom availability to recommendation to treat and envenoming inci-
dence, and thus more capacity to meet demand, in urban versus rural
areas. The difference between urban and rural antivenom availability
exists mostly at the level of the district hospital. Urban district hospitals
have the highest ratios of antivenom vials per mean annual recom-
mendation to treat. It has been hypothesized that the difference in an-
tivenom availability between urban and rural hospitals at the level of the
district hospital (Tables 1 and 2) could be because rural hospitals simply
refer snakebite victims to regional hospitals rather than treat at the
district level.

It is alternatively possible that the discrepancy between urban and
rural hospitals results from rural hospitals being unable to afford
adequate antivenom stock or because distribution systems do not
effectively reach smaller hospitals. It is also possible that rural hospitals
simply exhaust their supplies more rapidly because they treat a higher
incidence and/or greater severity of envenoming than urban hospitals.
Our data does not speak to the cause of this discrepancy, but as it is
generally accepted that most snakebites occur in rural areas, the
mismatch between urban and rural supply warrants further investiga-
tion [10]. There do not exist provincial policies indicating how many
vials of antivenom should be stocked at a hospital at any given point in
time, however, our study and data could inform this question in the
future.

Limitations

Our study has two significant limitations. The first is that we did not
have concurrent data on antivenom availability versus envenoming
incidence and recommendation to treat. As the records in AfriTox Tel-
elog did not record whether hospitals had antivenom available when a
recommendation is made to treat, we did not have access to historical
information regarding antivenom availability. We therefore called every
public hospital in the Western Cape to determine antivenom availability
and compared the hospital’s antivenom stock to their mean annual case
load.

Our second limitation was that we suspect the rates of envenoming as
reported to the PIHWC underestimate the true burden of disease. We
suspect rates are underreported for three reasons. Firstly, hospitals in
South Africa are not required to report envenoming [23]. Secondly,
snakebites are endemic to South Africa and local physicians are in our
experience generally comfortable with managing snakebites [24]. They
may only call if they have an unusual case or if they are for some reason
relatively unfamiliar with snakebites. Thirdly, many physicians in the
Western Cape are also simply not aware that the poison information
centre exists as a clinical resource and therefore do not call. An under-
estimation of envenoming is consistent with previous publications
which argue envenoming incidence as reported to healthcare facilities in
Africa underrepresents the actual burden of disease [13,14]. Our study
also only evaluated the burden of disease at public, not private hospitals.
Future prospective studies that include both sectors are necessary to
more accurately characterize envenoming rates.

It is in response to these to limitations that we present our data as a
ratio and a mean annual value. Our analysis does not describe clinical
outcomes or speak to how disparities in antivenom stocking impact
patient care. Rather, it gives a comparative, qualitative sense of anti-
venom availability versus demand by location.

Other limitations include the fact that data describing envenoming
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Ratio of antivenom availability in summer per annual snake envenoming reported to and recommendation to treat by the Poisons Information Helpline of the Western

Cape of South Africa (PTHWC).

Calls (mean per Recommendation to Antivenom vials Antivenom vials per mean Antivenom vials per mean

annum) treat (n)
(mean per annum)

annual calls recommendation to treat

All hospitals Rural 18.0 4.8 292 16.22 60.83
Urban 6.4 1.6 103 16.09 64.38
District-level Rural 13.6 3.0 257 18.90 85.67
hospitals
Urban 2.2 0.2 68 30.91 340
Table 2

Ratio of antivenom availability in winter per annual snake envenoming reported to and recommendation to treat by the Poisons Information Helpline of the Western

Cape of South Africa (PTHWC).

Calls (mean per Recommendation to Antivenom vials Antivenom vials per mean Antivenom vials per mean

annum) treat (n)
(mean per annum)

annual calls recommendation to treat

All hospitals Rural 18.0 4.8 276 15.33 57.50
Urban 6.4 1.6 118 18.44 73.75
District-level Rural 13.6 3 229 16.84 76.33
hospitals
Urban 2.2 0.2 73 33.18 365
incidence and recommendations to treat were retrospective. Neverthe- Acknowledgements

less, data were obtained by a standardized registry tool and no infor-
mation was missing. Also, while the questionnaire administered to the
pharmacies was consistent, the individuals with whom researchers
spoke were not; heads of pharmacy departments were reached at some
hospitals, more junior employees at others. However, all individuals
were able to answer our survey questions and were familiar with hos-
pital stocking.

Conclusion

Urban district-level hospitals in the Western Cape of South Africa
demonstrate a higher ratio of antivenom availability to recommenda-
tions to treat and envenoming incidence, and thus more capacity to meet
demand, compared to their rural counterparts. This work supports
consideration of a redistribution of antivenom supply chains to match
seasonal and local rates of envenoming. The collection of higher quality,
prospective data characterizing the incidence of snakebite envenoming
and the relationship between envenoming incidence and antivenom
availability is indicated.
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