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CRITICAL CARE

Hump-nosed pit viper (Hypnale hypnale) envenoming causes
mild coagulopathy with incomplete clotting factor consumption
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Context. Limited information exists on the coagulopathy caused by hump-nosed pit viper (Hypnale hypnale) envenoming. Objectives.
This study aimed to characterise the coagulopathy in hump-nosed pit viper bites by measuring laboratory clotting times and factor studies.
Materials and methods. Cases of hump-nosed pit viper envenoming were included from a prospective cohort study of Sri Lankan snake-bite
patients. Patient age, sex, snake identification, time of bite and clinical effects were recorded. Patients did not receive anti-venom because
no specific anti-venom to hump-nosed vipers exists. All patients received supportive care and serial 20-min whole blood clotting tests
(WBCT?20). The prothrombin time (PT), international normalised ratio (INR), activated partial thromboplastin time (aPTT), coagulation
factors I, II, V, VII, VIII, IX and X, von Willebrand factor (vWF) antigen and D-Dimer concentrations were measured. The median of
highest or lowest test result for each patient was reported with interquartile range (IQR). Results. There were 80 hump-nosed pit viper
bites, median age was 37 years (IQR: 26-51 years) and 48 were male. The WBCT20 was positive in one patient. The median highest INR
was 1.9 (1.5-2.2; Range: 1.3 to > 12) and median highest aPTT was 54 s (46-72 s; Range: 35-170 s). There was low fibrinogen [median:
1.3 g/L;1, —1.8 g/L; Range: <0.2-2.9], low factor VIII levels [median: 23%; 16-37%] and low factor V levels [median: 43%; 23—74%].
D-Dimer concentrations [median: 3.4 mg/L; 2-7.4 mg/L] were slightly elevated. Factors II, VII and X and vWF antigen concentrations
were normal. Discussion and Conclusions. Hump-nosed pit viper bites result in a mild coagulopathy which is usually not detected by a
WBCT20. It is characterised by mild elevation of INR, low fibrinogen and Factors V and VIII which may be consistent with the venom
containing a thrombin-like enzyme.

Keywords Clotting factors; Hypnale; Hump-nosed viper; Coagulopathy; Snake envenoming; Venom

Abbreviations aPTT, activated partial thromboplastin time; INR, international normalised ratio; IQR, interquartile range; MCC,,
minimum clotting concentration defined as the venom concentration that caused clotting after 5 min; PT, prothrombin time; SV-TLE,
snake venom thrombin-like enzyme; VICC, venom induced consumption coagulopathy; VWF:Ag, von Willebrand factor antigen;
WBCT20-20 min whole blood clotting test

Introduction specific factor deficiencies that occur with different snake
species.>® In many cases a 20-min whole blood clotting test
(WBCT?20) is the only test used to detect and monitor coagu-
lopathy in snake bite. More comprehensive investigation of
VICC is important for an understanding and treatment of
snake envenoming.

Hump-nosed pit viper (Genus Hypnale) bites are consid-
ered to be the commonest cause of snake bite in Sri Lanka.!
Currently three species are recognised in the genus Hypnale:
H. hypnale, H. nepa and H. zara.” Bites by Merrem’s hump-
Received 31 January 2013; accepted 28 May 2013. nosed pit. viper (H. hypnale) are commoner than. the other
Address correspondence to Geoffrey K. Isbister, c/o Calvary Mater two sp eCl_eSS due to the_ wide dlStrlbuthp 9f this Sp,eCleS
Newcastle, Edith Street, Waratah NSW 2298, Newcastle, Australia. Tel: around Sri Lanka.” Previous reports and clinical experience
+6124921 1211. Fax: +612 4921 1870. E-mail: geoff.isbister@gmail.com suggest that envenoming by hump-nosed pit vipers mainly

Snake envenoming is now recognised as a major health issue
in the rural tropics and in particular in south and southeastern
Asia.! Venom-induced consumption coagulopathy (VICC) is
one of the most common snake envenoming syndromes and
results from pro-coagulant snake toxins activating the clot-
ting pathway and causing deficiencies of clotting factors.?
There is limited information on the severity of VICC and the
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causes local effects and less commonly coagulopathy and
acute kidney injury.??

Although coagulopathy is reported to be uncommon, it
is the most common systemic effect reported in Hypnale
envenoming.’!13 In vitro studies of Hypnale venom show
it has mild pro-coagulant activity consistent with clinical
reports.'* However, different studies report different inci-
dences of coagulopathy, from 4%%® to 39%.° Except for
one study,'? the presence of coagulopathy is based on a
positive WBCT20,-!2 which has been shown to be unreliable
because there is no standardisation of the method.!> This is
the likely reason for the reports of different frequencies of
coagulopathy. Coagulopathy, fibrinolysis and spontaneous
systemic haemorrhage have also been described following
H. hypnale envenoming in India.'®

One previous study of Hypnale envenoming showed that
12 of 56 patients had a positive WBCT20, but no evidence
of spontaneous bleeding.!® Ten of these patients had an
increased level of fibrinogen degradation products, and seven
of these had reduced fibrinogen levels. None of the patients
had any abnormalities in their bleeding time, platelet count,
prothrombin time (PT) or partial thromboplastin time with
kaolin. It is likely that the WBCT20 will only be positive for
severe coagulopathy, so mild to moderate coagulant effects
may have been missed in this study.

The frequency of coagulopathy and the importance of
VICC in Hypnale species envenoming remains unclear. The
aim of this study was to characterise the severity and fre-
quency of coagulopathy in Sri Lankan hump-nosed pit viper
(H. hypnale) bites by measuring laboratory clotting times
and factor studies for definite hump-nosed pit viper bites.

Methods

This was a prospective observational study of patients with
definite hump-nosed pit viper (H. hypnale) bites presenting
to Chilaw hospital in Central West Sri Lanka. It was
conducted as part of a large cohort study of snake bites pre-
senting to the one hospital.!” The study was approved by the
Ethical Review Committee, Faculty of Medicine, University
of Colombo. All patients gave written and informed consent
for the collection of data and blood samples.

Patients

Cases of hump-nosed pit viper (H. hypnale) envenoming
were included between January 2007 and July 2009. Any
patient older than 13 years of age and who presented with
a snake bite was identified when they arrived in hospital.
Snake bite cases were initially considered for the study if the
patient brought in the snake and health care staff identified
it as a hump-nosed pit viper. Inclusion criteria were cases of
suspected hump-nosed viper bites where Sri Lankan hump-
nosed pit viper (H. hypnale) venom was detected in the
patient’s serum with venom-specific enzyme immunoassays
(EIA). H. hypnale is the only Hypnale species that occurs
in this Central West region of Sri Lanka. Patients taking an
anti-coagulant or platelet inhibitor were excluded.

Data collection

Baseline data, including demographic features (age and sex),
bite information (species of snake and time of bite), clinical
effects (local effects: local pain, swelling, bruising, blistering
and necrosis; systemic effects: clinical evidence of coagul-
opathy including bleeding, neurotoxicity and myotoxicity)
complications and treatment were recorded for all patients.
The WBCT20 was performed routinely on admission for all
patients and repeat testing every 6 h was done by the treating
team until discharge.*'® Research blood samples were col-
lected from all patients on admission and then after 6 h, 12
h, and every day until discharge, if they did not receive anti-
venom. Blood was collected in citrated tubes for coagula-
tion studies and in serum tubes for venom-specific EIA. All
samples were immediately centrifuged, aliquoted and frozen
at —20°C and then transferred to a — 80°C freezer within 2
weeks of collection until the completion of the study.

None of the hump-nosed pit viper bites received anti-
venom because there is no species specific anti-venom to
hump-nosed pit vipers and none of the Indian polyvalent
snake anti-venoms currently used in Sri Lanka include anti-
bodies to hump-nosed viper. All patients received supportive
care. All decisions regarding treatment were made by the
treating clinicians.

Venom-specific EIA

Frozen patient serum was used to test for the presence of
H. hypnale venom using an EIA. The EIA uses polyclonal anti-
bodies (IgG) raised in rabbits to H. hypnale venom. Detection
uses biotinylated antibodies and then streptavidin horseradish
peroxidise. The limit of detection of the assay is 0.2 ng/mL and
the method has been previously described in detail.!7-1%-20

Clotting studies and clotting factor assays

Frozen patient citrated plasma was subjected to a series of
clotting tests at a centralised laboratory and included PT
[and international normalised ratio; INR], activated partial
thromboplastin time (aPTT), levels of factors I (fibrinogen),
IT (prothrombin), V, VII, VIII, IX and X, von Willebrand fac-
tor (vWF) antigen and D-Dimer as previously described.?!
All assays were performed on either a Behring Coagula-
tion System or Sysmex CA-1500 analyzer (Dade Behring,
Marburg Germany) using standard coagulometric or immu-
noturbidometric methods as provided by the manufacturer.

Individual coagulation factor levels were determined by
incubating patient plasma and factor deficient plasma with
the relevant activator, and the time for clot formation was
measured in seconds. For each clotting factor, the amount of
factor available in the system was quantified from a standard
or reference curve of known factor concentrations versus
clotting time. The quantification of vVWF:Ag and D-Dimer
was done using immunoturbidometric methods.

Statistical analysis

The average number of samples collected per patient was
three. Clotting studies and factor levels were measured on
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Table 1. Lowest (or highest) value for the clotting tests or factor
level results for the 80 patients during their hospital admission. Data is
presented as median and 2.5-97.5 percentiles.

Hump-nose viper Normal range

INR' 1.9 (1.3-7.1) 0.9-1.3
aPTT (s) 54 (37-133) 25-35
Fibrinogen (g/L)* 1.3(<0.2-2.3) 2-4
Factor II (%) 79 (49-129) 70-120
Factor V (%) 43 (5-115) 70-120
Factor VIII (%) 23 (0.9-85) 70-150
Factor VII (%) 85 (35-163) 70-120
Factor IX (%) 73 (38-125) 70-120
Factor X (%) 85 (43-155) 70-120
vWF Ag (%) 77 (23-189) 50-160
D-dimer (mg/L) 3.4 (0.2-49) <0.5

INR, international normalised ratio; aPTT, activated partial thromboplastin
time; VWF Ag, von Willebrand factor antigen.

*The limit of detection for fibrinogen is 0.2 g/L.

fAn INR of 12 was unrecordable, i.e. >12 and an aPTT of 180 was
unrecordable i.e. > 180 s.

all samples for each patient. The highest (INR, aPTT, vWF
anti-venom and D-Dimer) or the lowest (fibrinogen II, V,
VII, VIII, IX and X) of each test for all samples done in
an individual patient was reported for each patient for that
test. Descriptive data is presented as medians with inter-
quartile ranges (IQR) and ranges. All analyses and graphics
were done in GraphPad Prism version 5.03 for Windows,
GraphPad Software, San Diego California USA, www.
graphpad.com.

Results

There were 80 patients with definite hump-nosed pit viper
(H. hypnale) bites from an initial 94 patients with suspected
hump-nosed pit viper bites based on patient or hospital staff

(A)
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Coagulopathy in hump-nosed viper envenoming 529

identification. The median age 37 years (IQR: 26-51 years)
and 48 were male. Local envenoming occurred in 74 (92%)
patients. Local effects were reported as follows: local pain,
72 (90%); local swelling, 11 (14%); local blistering, 4 (5%)
and local necrosis, 1 (1%). The WBCT20 was positive in one
patient (1%) on admission. No patient developed clinical
evidence of systemic coagulopathy (including bleeding).

The median highest INR and median highest aPTT in
patients bitten by the hump-nosed pit viper were elevated
at 1.9 (IQR: 1.5-2.2; Range: 1.3 to>12) and 54 s (IQR:
46-72 s; Range: 35-170 s), respectively. These abnormal
clotting times were associated with low fibrinogen levels
[median, 1.3 g/L; IQR: 1.0-1.8 g/L; Range: <0.2-2.9],
low factor VIII levels [median 23%; IQR: 16-37%] and low
factor V levels [median 43%; IQR: 23-74%] (Table 1 and
Fig. 1). D-dimer concentrations [median 3.4 mg/L; IQR:
2-7.4) were slightly elevated. Factors II, VII and X and vWF
antigen concentrations were within the normal range (Table
1). There was no difference in the coagulopathy between
patients with and without local effects.

Discussion

This study has shown that hump-nosed pit viper envenoming
caused a mild coagulopathy in all patients which in most
cases was not detected by a WBCT?20. It is characterised by
a low but detectable fibrinogen, and low levels of Factors V
and VIII. However, the INR was similar to that of patients
on therapeutic anticoagulants and none of the patients devel-
oped any clinically detectable signs of coagulopathy.

The presence of a mild coagulopathy in all hump-nosed
pit viper bites in this study is the likely explanation for the
inconsistency seen in previous reports of the coagulopathy.
These studies used the WBCT20 to determine the presence of
coagulopathy following Hypnale envenoming and reported a

4 -
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100
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Fig. 1. Scatter plots of peak INR (A), lowest fibrinogen (B), lowest Factor V (C) and lowest Factor VIII (D) with medians and interquartile ranges

in 80 patients with hump-nosed pit viper envenoming.
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prolonged WBCT20 in 39% of patients in one study,” and
more recently only 4 of 93 patients (4%).® These reports
demonstrate the questionable reliability of the WBCT20
for detecting the mild coagulopathy following envenoming
by hump-nosed pit vipers. There were six patients with evi-
dence of coagulopathy and who had no reported local effects.
This suggests that not all patients with hump-nosed viper
envenoming develop significant local effects.

A number of in vitro studies have investigated the
pro-coagulant effects of Hypnale venom. Thrombin-like
enzyme activity of H. hypnale venom has been reported as
2022 s/50 pg of venom.?>?3 A more recent study found mild
pro-coagulant activity of H. hypnale venom with a mini-
mum clotting concentration 5 (MCCj) value of 4.4 pg/mL.'*
This value is 10- to 50-fold greater (i.e. lower pro-coagulant
activity) than 0.08-0.4 pg/mL for Australian elapids, which
have highly potent pro-coagulant venoms.>* These studies
would suggest that Hypnale venom has a mild thrombin-
like effect most likely from the presence of a snake venom
thrombin-like enzyme (SV-TLESs) in the venom.

SV-TLEs can act on either the a, B, or both chains of
fibrinogen and produce corresponding fibrinopeptides. This
leads to consumption of fibrinogen (defibrination) rather
than conversion to fibrin and cross-linking to form a clot.”
Such defibrination is seen commonly with the Malayan pit
viper (Callosellasma rhodostoma) which is the phylogeneti-
cally closest pit viper to Hypnale and whose venom contains
Ancrod which has fibrinogenolytic Ao, activity.? It is there-
fore likely that the hump-nosed pit viper venom contains
SV-TLEs which is consistent with the results of our study in
which low fibrinogen levels were observed.

The low D-Dimer results in this study are interesting and
we assume their slight elevation occurred because very little
fibrinogen was converted to fibrin and cross-linked. Thus,
the fibrinolysis will not result in cross-linked degradation
products (XDPs), and only fibrinogen degradation products
(FDPs). The latter are not detected by the newer D-Dimer
assays. In contrast, Australian elapids produce VICC that
results in very high D-Dimer (100- to 1000-fold elevations)
because they contain prothrombin activators that result in the
normal conversion of fibrinogen to fibrin with cross-linking,
followed by fibrinolysis.?

The low concentrations of Factor VIII compared to Factor
V in Hypnale envenoming are unexpected considering the
mildness of the coagulopathy. The Factor VIII concentra-
tions are similar to those seen with VICC following Austral-
asian elapid envenoming, but the latter also causes complete
consumption of fibrinogen and Factor V.3 It is unlikely that
this reduction of Factor VIII is just secondary to the con-
sumption of fibrinogen in the case of Hypnale envenoming,
because Factor V levels are only mildly depressed. Another
possibility is that the major pro-coagulant toxin or perhaps
another toxin in hump-nosed pit viper venom can activate
Factor VIII. Some of the SV-TLEs are known to activate
other factors in the clotting cascade,? including Factor VIIL.?’
Thrombin-like activity in association with Factor VIII acti-
vation by Hypnale venom could be the possible explanation
for the above coagulation results.

One limitation of the study was that timed coagulation
tests and clotting factor studies were not available for the
full duration of hump-nosed pit viper envenoming. Patients
with hump-nosed viper bites were often discharged within
24 h of admission due to the mild clinical effects. Further
studies will need to measure clotting tests over a longer period
of time to determine when complete recovery of haemosta-
sis occurs. Another limitation of the study was that frozen
samples were used for the clotting studies and factor levels.
However, this has been done previously in an Australian
study.?! This approach has the advantage of all the studies
being done within a short period of time in one laboratory.
All samples were centrifuged immediately after collection,
aliquoted and then frozen by clinical research assistants who
had been trained in sample collection and processing.

Conclusions

This study reports coagulation tests and clotting factor levels
following hump-nosed pit viper envenoming showing that it
causes mild VICC with mildly decreased levels of fibrinogen
and Factor V, and low levels of factor VIII. These findings are
consistent with at least SV-TLEs being present in Hypnale
venom. This study demonstrates the limitations and ongo-
ing problems with using WBCT20 to define coagulopathy in
snake-bite patients.

Acknowledgements

We acknowledge the assistance of the medical and nursing
staff at Chilaw hospital, Central West Province, Sri Lanka for
identifying patients for the study. We acknowledge Andrew
Dawson for assistance throughout the study.

Ethical statement

The study was approved by the Ethical Review Committee,
Faculty of Medicine, University of Colombo.

Declaration of interest

The authors report no declarations of interest. The authors
alone are responsible for the content and writing of the
paper.

The study was supported in part by NHMRC Project Grant
631073 and by IRQUE Project Grant C1A2 MBBS SPQEF.
Geoff Isbister is funded by an NHMRC Clinical Career
Development Award ID 605817. C. Ariaranee Gnanathasan
is funded by an IRQUE Project.

References

1. Kasturiratne A, Pathmeswaran A, Fonseka MMD, Lalloo DG,
Brooker S, de Silva HJ. Estimates of disease burden due to land—
snake bite in Sri Lankan hospitals. Southeast Asian J Trop Med Public
Health 2005; 36:733-740.

2. Isbister GK. Procoagulant snake toxins: laboratory studies, diagnosis,
and understanding snakebite coagulopathy. Semin Thromb Hemost
2009; 35:93-103.

Clinical TOxi(‘ﬁ"‘"" wal &1 na 70172
[

GHTBE LIMN Ki»



Clinical Toxicology Downloaded from informahealthcare.com by University of Newcastle on 07/24/13
For personal use only

10.

12.

13.

14.

15.

. Isbister G, Scrogie F, O’Leary M, Seldom M, Brown S, Lincz LF;

ASP Investigators. Factor deficiencies in venom-induced consumption
coagulopathy resulting from Australian elapid envenomation:
Australian Snakebite Project (ASP-10). J Thromb Haemost 2010; 8:
2504-2513.

. Warrell DA, Davidson NMD, Greenwood BM, Ormerod LD,

Pope HM, Watkins BJ, Prentice CR. Poisoning by bites of the
saw-scaled or carpet viper (Echis carinatus) in Nigeria. Q J Med
1977; 46:33-62.

. Lalloo D, Trevett A, Owens D, Minei J, Naraqi S, Saweri A, et al.

Coagulopathy following bites by the Papuan taipan (Oxyuranus
scutellatus canni). Blood Coagul Fibrinolysis 1995; 6:65-72.
Sano-Martins I, Tomy S, Campolina D, Dias M, de Castro S,
de Sousa-e-Silva M, et al. Coagulopathy following lethal and non-
lethal envenoming of humans by the South American rattlesnake
(Crotalus durissus) in Brazil. QIM 2001; 94:551-559.

Maduwage K, Silva A, Manamendra-Arachchi K, Pethiyagoda R.
A taxonomic revision of the South Asian pit viper genus Hypnale
(Fitzinger). Zootaxa 2009; 2232:1-28.

Maduwage K, Isbister GK, Silva A, Bowatta S, Mendis S,
Gawarammana I. Epidemiology and clinical effects of Hump-nosed
pit viper (Genus: Hypnale) envenoming in Sri Lanka. Toxicon 2013;
61:11-15.

Ariaratnam CA, Thuraisingam V, Kularatne SAM, Sheriff MHR,
Theakston RGD, de Silva A, Warrell DA. Frequent and potentially
fatal envenoming byhump-nosed pit vipers (Hypnale hypnale and
H. nepa) in Sri Lanka: lack of effective antivenom. Trans R Soc Trop
Med Hyg 2008; 102:1120-1126.

Kularatne SA, Ratnatunga N. Severe systemic effects of Merrem’s
hump-nosed viper bite. Ceylon Med J 1999; 44:169-170.

. de Silva A, Wijekoon ASB, Jayasena L, Abeysekara CK, Bao CX,

Hutton RA, Warrell DA. Haemostatic dysfunction and acute renal fail-
ure following envenoming by Merrem’s hump nosed viper (Hypnale
hypnale) in Sri Lanka: First authenticated case. Trans R Soc Trop Med
Hyg 1994; 88:209-212.

Maduwage K, Kularatne K, Wazil A, Gawarammana I. Coagulopathy,
acute kidney injury and death following Hypnale zara envenoming —
The first case report from Sri Lanka. Toxicon 2011; 58:641-643.
Premawardena AP, Seneviratne SL, Gunatilake SB, de Silva HJ.
Excessive fibrinolysis: The coagulopathy following Merrem’s hump-
nosed viper (Hypnale hypnale) bites. Am J Trop Med Hyg 1998;
58:821-823.

Maduwage K, Hodgson WC, Konstantakopoulos N, O’Leary MA,
Gawarammana I, Isbister GK. The in vitro toxicity of venoms from
South Asian Hump-nosed pit vipers (Viperidae: Hypnale). J Venom
Res 2011; 2:17-23.

Isbister GK, Maduwage K, Shahmy S, Mohamed F, Abeysinghe C,
Karunathilake H, et al. Diagnostic 20 minute whole blood clotting

Copyright © Informa Healthcare USA, Inc. 2013

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Coagulopathy in hump-nosed viper envenoming 531

test (WBCT20) in Russell’s viper envenoming delays antivenom
administration. QJM 2013 May 14. [Epub ahead of print] PMID:
23674721.

Joseph JK, Simpson ID, Menon NCS, Jose MP, Kulkarni KJ,
Raghavendra GB, Warrell DA. First authenticated cases of life-threat-
ening envenoming by the hump-nosed pit viper (Hypnale hypnale) in
India. Trans R Soc Trop Med Hyg 2007; 101:85-90.

Isbister G, Shahmy S, Mohamed F, Abeysinghe C, Karunathilake H,
Ariaratnam A. A randomised controlled trial of two infusion rates to
decrease reactions to antivenom. PLoS One 2012; 7:¢38739. Epub
2012 Jun 18

Sano-Martins IS, Fan HW, Castro SC, Tomy SC, Franca FO, Jorge
MT, et al. Reliability of the simple 20 minute whole blood clotting test
(WBCT?20) as an indicator of low plasma fibrinogen concentration
in patients envenomed by Bothrops snakes. Butantan Institute Anti-
venom Study Group. Toxicon 1994; 32:1045-1050.

Kulawickrama S, O’Leary MA, Hodgson WC, Brown SG, Jacoby
T, Davern K, Isbister GK. Development of a sensitive enzyme im-
munoassay for measuring taipan venom in serum. Toxicon 2010;
55:1510-1518.

Allen GE, Brown SG, Buckley NA, O’Leary MA, Page CB,
Currie BJ, et al. Clinical effects and antivenom dosing in brown snake
(Pseudonaja spp.) envenoming — Australian snakebite project (ASP-
14). PLoS One 2012; 7:e53188.

Isbister GK, Scorgie FE, O’Leary MA, Seldon M, Brown SG,
Lincz LF. Factor deficiencies in venom-induced consumption coagu-
lopathy resulting from Australian elapid envenomation: Australian
Snakebite Project (ASP-10). J Thromb Haemost 2010; 8:2504-2513.
Tan NH, Ponnudurai G, eds. Biochemical Characterization of Snake
Venoms. Singapore: Venom & Toxin Research Group; 1992.

Tan CH, Sim SM, Gnanathasan CA, Fung S, Ponnudurai G,
Pailoor J, Tan NH. Enzymatic and toxinological activities of Hypnale
hypnale (hump-nosed pit viper) venom and its fractionation by ion
exchange high performance liquid chromatography. J Venom Anim
Toxins 2011; 17:473-485.

Isbister GK, Woods D, Alley S, O’Leary MA, Seldon M, Lincz LF.
Endogenous thrombin potential as a novel method for the character-
ization of procoagulant snake venoms and the efficacy of antivenom.
Toxicon 2010; 56:75-85.

Isbister GK. Snake bite doesn’t cause disseminated intravascular
coagulation: Coagulopathy and thrombotic microangiopathy in snake
envenoming. Semin Thromb Hemost 2010; 36:444-451.

Castro HC, Zingali RB, Albuquerque MG, Pujol-Luz M,
Rodrigues CR. Snake venom thrombin-like enzymes: From reptilase
to now. Cell Mol Life Sci 2004; 61:843-856.

Niewiarowski S, Kirby EP, Brudzynski TM, Stocker K. Thrombocytin,
a serine protease from Bothrops atrox venom. 2. Interaction with plate-
lets and plasma-clotting factors. Biochemistry 1979; 18:3570-3577.

RIGHTS LI MN Kiy


https://www.researchgate.net/publication/251567441

