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Abstract

Snake venom induced consumption coagulopathy (VICC) is a common complication of snake bite due to prothrombin

activators or thrombin-like enzymes in the venom. This study aimed to determine the efficacy and dose of antivenom for

treating VICC in patients envenomed by brown snakes (Pseudonaja spp.), including in vitro coagulation studies. In serial

blood samples from patients with brown snake envenoming, venom and antivenom concentrations were measured using

enzyme immunoassays. In vitro mixtures of brown snake venom and antivenom were used to investigate antivenom

binding, neutralisation of prothrombin activity, prevention of venom-mediated clotting and effect on thrombin generation

parameters using a thrombinoscope. In 27 envenomed patients the median venom concentration was 20 ng/mL

(Interquartile range[IQR]:12–44 ng/mL) prior to antivenom and was not detected after antivenom administration,

including 9 patients given one vial. In vitro, 200 mg/mL of antivenom bound all free venom at venom concentrations seen in

patients. In vitro prothrombinase activity of the venom (using a chromogenic substrate) was not neutralised by antivenom.

However, for venom concentrations seen in humans, 100 mg/mL of antivenom prevented venom clotting activity in human

plasma and 479mg/mL neutralised procoagulant venom activity measured by triggering thrombin generation. One vial of

antivenom appears to be sufficient to bind and neutralise all venom in patients with severe brown snake envenoming.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Worldwide, there are in the order of 2.5 million
snake envenomings each year and about 100,000
deaths in healthy and productive individuals (White
et al., 2003). This is a particular problem in the rural
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tropics and coagulopathy from snake bite occurs in
many cases. Although often not recognised, snake
venom induced consumption coagulopathy (VIC-
C)(Isbister et al., 2002) is probably the commonest
cause worldwide of acquired afibrinogenaemia due
to prothrombin activators (Warrell and Arnett,
1976) or thrombin-like enzymes in the venom.
(Milani et al., 1997). Although snakebite is an
uncommon cause of death in Australia (1–4 per
annum) (Sutherland and Leonard, 1995) it con-
tinues to be a significant treatment issue in regional
and rural hospitals.

Brown snake (Pseudonaja sp.) envenoming is
arguably the most important in Australia. Enve-
noming causes a rapid consumption of coagulation
factors or VICC due to a potent prothrombin
activator in the venom (Masci et al., 1988;
Filippovich et al., 2005; Birrell et al., 2006). This
results in a defibrination coagulopathy and the
potential for life-threatening haemorrhage (Yeung
et al., 2004; Currie, 2004b). Despite the presence of
neurotoxins in the venom, neurotoxicity is rare
(Currie, 2004b, 2000). Other effects including
thrombotic microangiopathy and renal failure are
also uncommon. Brown snake envenoming con-
tinues to cause deaths each year, most commonly
from haemorrhage or multi-organ failure (Jelinek et
al., 2005; White, 2000). The medically important
toxin is a prothrombin activator complex that
makes up a significant proportion of the venom
(Masci et al., 1988; Birrell et al., 2006). The toxin
and thus whole venom is procoagulant in vitro
where it causes whole blood and plasma to rapidly
clot, but in vivo it causes a coagulopathy due to
consumption of essential clotting factors.

An antivenom has been available since 1956 for
brown snake envenoming and has been used for the
treatment of thousands of cases since that time.
Over the last decade there has been increasing
concern that larger doses of brown snake antivenom
are required than the dose initially recommended by
the manufacturer, CSL Ltd. (Yeung et al., 2004;
Sprivulis et al., 1996; Tibballs and Sutherland,
1991). This has changed recommendations for the
initial dose of antivenom and the manufacturer has
doubled the antivenom content in each vial since its
introduction. Most guidelines now recommend five
vials (equivalent to 10 times the initial dose
recommended when antivenom was introduced),
(White, 2001; Isbister, 2004). Despite numerous
anecdotes, case reports and animal studies, there are
fundamental questions regarding the efficacy of this

antivenom, the dose of antivenom and end-points
for treatment.

Animal studies, (Tibballs and Sutherland, 1991)
in vitro human studies (Sprivulis et al., 1996) and
clinical studies (Yeung et al., 2004) have all
suggested that larger doses are required to neutralise
the procoagulant activity of brown snake venom.
The usual explanation for this has been that
polyclonal F(ab0)2 directed at the prothrombin
activator has low binding affinity and so larger
amounts are required to bind all of the prothrombin
activator and neutralise its activity (Madaras et al.,
2005; Sprivulis et al., 1996). However, no binding
studies have been undertaken and studies investi-
gating the effectiveness of the antivenom in neu-
tralising the venom procoagulant activity provide
contradictory results (Madaras et al., 2005; Tibballs
and Sutherland, 1991; Sprivulis et al., 1996).

Previous in vitro studies that were unable to
demonstrate neutralisation of the procoagulant
activity of the venom used very high venom
concentrations (Madaras et al., 2005; Sprivulis
et al., 1996). This has been based on the assumption
that large amounts of venom enter the systemic
circulation and are required to cause envenoming.
We have recently shown in a small series that the
concentration of brown snake venom in serum in
envenomed cases ranges from 8 to 95 ng/mL
(O’Leary et al., 2006) which is much lower than
the concentrations of up to 50 mg/mL used in
previous neutralisation studies (Madaras et al.,
2005; Sprivulis et al., 1996).

We investigated the effect of antivenom on the
venom, using four techniques: Enzyme immunoas-
say (EIA), prothrombinase activity, clotting times
and thrombinoscopy. The aim of the study was to
determine how much antivenom was required to
bind and neutralise venom and to establish the dose
of antivenom that is likely to neutralise the effects of
brown snake venom in envenomed patients.

2. Methods

2.1. Materials

Brown snake (Pseudonaja textilis) venom was
purchased from Venom Supplies, South Australia
and Brown Snake Antivenom was produced by CSL
Ltd. Hen anti-brown snake venom affinity-purified
IgY was kindly donated by Frank Madaras
(Madaras et al., 2005). Tetramethylbenzidine
(TMB), horseradish peroxidase (HPO) and HPO-
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