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SYNOPSIS 

Coagulopathy is the commonest systemic effect of snake envenoming. Despite this 
there is limited information on the severity and time course of venom-induced 
consumption coagulopathy (VICC) and the effect of antivenom. Evidence of the 
efficacy and effectiveness of antivenom is vital to continue antivenom treatment for 
envenoming. There is increasing evidence that early administration of antivenom is 
essential, but there is a lack of diagnostic tests of envenoming that can be used to 
decide on antivenom administration.  

The broad aim of this project was to investigate the procoagulant effects of Sri Lankan 
snake venoms, and the efficacy and effectiveness of antivenoms against these effects. 
In addition, the study aimed to explore novel methods of testing for envenoming and 
for the presence of venom in blood. 

Snake envenoming cases in Sri Lanka were used with the collection of serial clinical 
and laboratory data, and blood samples from patients admitted to hospitals in Sri 
Lanka. Coagulopathy from hump-nosed pit viper and Russell’s viper envenoming was 
investigated by analyzing citrated samples from envenomed patients. Identification of 
the snake species was by venom specific sandwich enzyme immunoassay (EIA). 
Antivenom efficacy was assessed in a series of in-vitro and in-vivo animal studies. 
Antivenom effectiveness was assessed by undertaking two systematic reviews: 
Cochrane review of placebo randomized controlled trials and a systematic review of 
prospective and other controlled trials of antivenom for VICC.  

The results provide a much better description of VICC using clotting times and factor 
levels in both hump-nosed pit viper and Russell’s viper envenoming, showing 
prolonged clotting times and different factor deficiencies. Phospholipase A2 enzyme 
levels were investigated as a diagnostic test for snake envenoming and will be key to 
improving outcomes in snake bite cases as it will allow early identification of 
envenomed patients so antivenom can be given when it is most effective. The efficacy 
of two Indian antivenoms was assessed, which showed one to be more efficacious but 
more importantly explored the difference between lethality studies and clinically 
focused in vitro studies. Two systematic reviews and antivenom for VICC revealed a 
lack of placebo controlled randomized trials, but that some comparative clinical trials 
and observational studies provide information on the effectiveness of antivenom.   
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OVERVIEW 

Aims and Objectives 

The broad aims of this project were to investigate the coagulant effects of venoms 
from Sri Lankan snakes, and to investigate diagnostic tests for snake envenoming, as 
well as the efficacy and effectiveness of antivenoms. To fulfil these aims, the proposed 
PhD study program consisted of three main study themes. 

1. A description of the coagulopathy in hump-nosed pit viper and Russell’s viper 
envenoming including clotting times and clotting factor concentrations. 

2. Development of diagnostic tests for envenoming. 
3. Investigation of the efficacy and effectiveness of snake antivenoms 	

Methodology	

Ethical approval for demographic data, clinical data and the human blood sample 
collection from Sri Lankan snake envenomed patients was sought and approval 
granted by the Ethical Review Committee, Faculty of Medicine, University of 
Peradeniya, Sri Lanka (approval number: 2011/EC/46 and 2008/EC/26) and and 
Animal Ethical Review Committee (2012/008), Monash University, Australia. Ethical 
approval was granted by the University of Newcastle, Australia, (approval number: 
H2010-1060) for the work done at the University of Newcastle. Informed written 
consent was obtained from all patients who provided blood samples and clinical 
information. All subjects had the right to withdraw their participation at any time 
during the study if they wished.   

The majority of the data used for the thesis was from snake envenoming cases in Sri 
Lanka. This involved the collection of serial clinical and laboratory data, and blood 
samples from patients admitted to hospitals in Sri Lanka with snake bites. The 
investigation of coagulopathy in Sri Lankan snake envenoming (Hump-nosed pit viper 
and Russell’s viper) was undertaken by analyzing citrated samples from envenomed 
patients, including measuring clotting times and clotting factor levels. Development of 
a diagnostic test for snake envenoming used the same serial blood collection, but used 
serum samples in which venom concentrations and phospholipase A2 enzyme levels 
were measured. Identification of the snake species involved in cases was by a venom 
specific sandwich enzyme immunoassay (EIA), which has been used widely in the 
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past to confirm snake identity. Antibodies to Sri Lankan snake venom were prepared 
especially for this project.  

A major issue with evaluating the benefits of antivenom is separating the assessment 
of the ‘efficacy’ and ‘effectiveness’ of antivenoms. We defined the ‘efficacy’ of 
antivenom as the ability to bind and neutralise venom-mediated effects under ideal 
conditions (in vitro studies and animal studies of binding and neutralisation) and the 
‘effectiveness’ of antivenom as its ability to reverse or prevent envenoming in human 
patients and ultimately improve patient outcomes (Isbister, 2010a). Antivenom 
efficacy was assessed in a series of in vitro and in vivo animal studies: measurement of 
the in vitro ability of antivenom to bind venom; measurement of antivenom 
neutralization of in vitro coagulopathy and neurotoxicity; and the measurement of the 
lethal dose 50 (LD50) and effective dose 50 (ED50) in mice. Antivenom effectiveness 
for the treatment of coagulopathy was assessed by undertaking two systematic 
reviews: 1) a Cochrane review of placebo randomized controlled trials of antivenom 
for venom-induced consumption coagulopathy (VICC); and 2) a systematic review of 
prospective and other controlled trials of antivenom for VICC.  

To fulfil these aims, the PhD program consisted of nine chapters covering three 
sections of study as follows: 

1. Coagulopathy in snake envenoming: 
a. Investigate the coagulopathy of hump-nosed pit viper envenoming in Sri 

Lanka 
b. Investigate the coagulopathy of Sri Lankan Russell’s viper envenoming  
c. Explore the correlation between recurrence of venom and the 

coagulopathy in Russell’s viper envenoming 

2. Diagnostic tests of snake envenoming: 
a. Investigate the use of snake venom phospholipase A2 enzyme levels as a 

diagnostic test of snake envenoming. 

3. Efficacy and effectiveness of snake antivenom 
a. Assess the efficacy of Indian snake antivenoms in binding Sri Lankan 

snake venoms in neutralising coagulopathy and neurotoxicity they cause 
and preventing lethality. 

b. Explore the susceptibility of various animal plasmas to different 
procoagulant snake venoms.  
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c. Cochrane systematic review of snake antivenom for venom-induced 
consumption coagulopathy. 

d.  Systematic review of other study designs for antivenom in snake venom 
induced consumption coagulopathy. 

Outcomes 

The results of this thesis will provide a much better description of venom-induced 
consumption coagulopathy using clotting times and factor levels in both hump-nosed 
pit viper and Russell’s viper envenoming. This will provide the basis for evaluating 
the effectiveness of treatments in VICC, including the use of antivenom and factor 
replacement. Development of phospholipase A2 enzyme levels as a diagnostic test for 
snake envenoming is a key to improving outcomes in snake bite because it will allow 
the early identification of envenomed patients so that antivenom can be given when it 
is most effective. Assessment of the efficacy and the effectiveness of antivenoms will 
provide evidence for the use of antivenom in snake bite and therefore improve clinical 
outcomes. Understanding the difference between efficacy and effectiveness will result 
in antivenom being used where it is going to produce the most benefit. In this thesis 
the efficacy of two Indian antivenoms, VINS and BHARAT, was assessed against four 
Sri Lankan snake venoms. An important issue that arose during these studies was the 
role of animals in assessing efficacy for human envenoming, and in particular against 
coagulopathy. It was found that different animal plasmas had different susceptibility to 
procoagulant snake venoms, and that only rabbit plasma had a similar susceptibility to 
human plasma. A systematic review of both placebo randomized controlled trials, 
comparative clinical trials and observational studies was used to assess the 
effectiveness of antivenom for VICC.   

Link to publications 

1. 2013. Maduwage K, Scorgie FE, Shahmy S, Mohamed F, Abeysinghe C, 
Karunathilake H, Lincz LF, Gnanathasan CA, Isbister GK. Factor deficiencies in 
Hump-nosed pit viper (Hypnale hypnale) envenoming.  Clinical Toxicology 51: 
527-31. 

Although hump-nosed pit viper bites are the commonest cause of snake bite in Sri 
Lanka, there is limited information on the coagulopathy that occurs. In this paper we 
measured serial clotting time tests and clotting factor levels of proven hump-nosed pit 
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viper envenomings in Sri Lanka to understand the effect of venom on the clotting 
cascade. The study describes the pattern and severity of factor deficiencies and 
clotting times to better characterise the severity of hump-nosed viper coagulopathy 
and the potential pathophysiology.  

2. 2015. Isbister GK, Maduwage K, Scorgie FE, Shahmy S, Mohamed F, 

Abeysinghe C, Karunathilake H, O’Leary MA, Gnanathasan CA, Lincz LF. 

Venom Concentrations and Clotting Factor Levels in a Prospective Cohort of 
Russell’s Viper Bites with Coagulopathy. PLoS Neglected Tropical Diseases 
9(8): e0003968.  doi:10.1371/journal.pntd.0003968. 	

Few studies have been published on the severity and time course of coagulopathy in 
Russell’s viper envenoming, despite procoagulant toxins from Russell’s viper venom 
being well characterised as factor V and factor X activators. The recovery of clotting 
factor levels and clotting times following antivenom administration was poorly 
characterised with most studies using whole blood clotting times. This paper reports 
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3. 2014. Maduwage K, O’Leary MA, Scorgie FE, Shahmy S, Mohamed F, 
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Envenomings. PLoS Neglected Tropical Diseases 8(12): e3304. doi:10.1371/
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Venom recurrence (i.e. detection of venom following undetectable venom immediately 
post-antivenom) has been reported after envenoming by a number of different vipers 
and is believed to be associated with recurrence of envenoming due to insufficient 
antivenom. It has been reported a number of times with Russell’s viper envenoming 
and its significance remains unclear. This study demonstrates that the detection of 
venom recurrence is not associated with the recurrence of coagulopathy but does 
occur in patients with initially higher venom concentrations. The explanation for 
“venom recurrence” appears to be a result of the venom assay measuring bound 
venom which is shown in an associated publication (2015. O’Leary MA, Maduwage 
K, Isbister GK. Detection of venom after antivenom administration is largely due to 
bound venom. Toxicon. 93: 112-115.) 
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