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Green pit viper antivenom from Thailand and

i ¢ 1 n A 1 Agkistrodon halys antivenom from China

compared in treating Cryptelytrops albolabris
envenomation of mice

Objective To compare the relative efficacy of the green pit viper antivenom
from Thailand and Agkistrodon halys antivenom from China.

Design In-vivo experimental study.

Setting A wildlife conservation organisation, a university, a poison
information centre, and a regional hospital in Hong Kong.

Main outcome measures Pre- and post-antivenom lethal dose 50 (LD,) of the
Cryptelytrops albolabris venom, median effective dose (ED,)
of green pit viper antivenom and Agkistrodon halys antivenom

against a lethal dose of the venom.
Subjects  Adult mice.

Results The intraperitoneal LD, of the venom from locally caught
Cryptelytrops albolabris was 0.14 pL. After post-exposure
treatment with 10 pL of antivenom, it was elevated to 0.36 pL and
0.52 pL by the green pit viper antivenom and the Agkistrodon
halys antivenom, respectively. The ED, was 32.02 pL for green pit
viper antivenom and 6.98 pL for Agkistrodon halys antivenom.
Both green pit viper antivenom and Agkistrodon halys antivenom
ameliorated the lethality of Cryptelytrops albolabris venom in
mice.

Conclusion The overall superior neutralisation capacity of Agkistrodon
halys antivenom over green pit viper antivenom may be
related to the geographic proximity of the venoms used for
antivenom preparation. The results point towards the need
for further comparison of the two antivenoms on protein or
immunoglobulin weight basis, and with respect to non-lethal
clinically significant toxicities.

e Agkistrodon halys antivenom (AHA) possesses para-specific activity against the venom of the
local Cryptelytrops albolabris.

*  On volume basis, Agkistrodon halys is generally more potent than green pit viper antivenom
(GPVA) in mortality studies on mice.

e The two antivenoms should also be compared with respect to protein and immunoglobulin
contents.

* Besides the specific GPVA, AHA may be effective in humans envenomed by Cryptelytrops
albolabris bites.

e To confirm the clinical applicability of the AHA, studies on parameters other than mortality
and determination of the appropriate doses are indicated.

Introduction

In Hong Kong, a city in southern China, snakebite is quite a common emergency. In
2009, 139 cases were recorded.” Of all the instances of snakebite, 95% were due to
the white-lipped pit viper (Cryptelytrops albolabris).> For many years, the Hong Kong
Hospital Authority has been importing antivenom as an antidote for C albolabris bites
from two sources. They are the green pit viper antivenom (GPVA) from the Thai Red
Cross Society and the Agkistrodon halys antivenom (AHA) from the Shanghai Institute
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of Biological Products. Both GPVA and AHA are on
the recommendation list in the clinical guidelines
of the Hong Kong Poison Information Centre and
the Central Coordinating Committee of Accident
and Emergency Services of the Hospital Authority.>*
Over the past years, physicians in Hong Kong have
been utilising both antivenoms for conditions such
as coagulopathy or severe local reaction. Owing to
paucity of data, however, selecting between them
and the doses to use in individual cases were not
based on any clear understanding of their relative
efficacy. Reports on a limited number of local cases
showed that both antivenoms were successful in
reversing prolonged prothrombin times and to a
lesser extent thrombocytopaenia.®> However, in one
patient the coagulopathy was not corrected after one
ampoule of AHA but to improve after five vials of
GPVA>® These clinical observations raised question
as to whether the AHA failure was due to species
mismatch or simply inadequate dose.

In this study, we therefore compared the
efficacies of GPVA and AHA in a mouse model of
C albolabris envenomation, using volume-based
dosing (as employed in clinical practice).

Methods

This study was approved by the ethics committees of
the Chinese University of Hong Kong and Kadoorie
Farm and Botanic Garden (KFBG), a non-government
organisation actively participating in the wildlife
conservation of Hong Kong.

Venom

In the summer of 2008, herpetologists of KFBG
identified C albolabris for venom extraction from
locally captured stray snakes. A total of 34 snakes
were collected; 15 were adults, 11 were subadults,
6 were juveniles, and for 2 data were unavailable.
Venom was extracted by allowing the snakes to bite
into paraffin sheet over a plastic pot (Fig 1). The
venoms from all the snakes were pooled, lyophilised
and stored under 4°C in the dark. The protein content
of the venom was determined using a standard
BCA (bicinchoninic acid) protein quantification kit
according to the instructions of the manufacturer
(Sigma-Aldrich, St Louis, US). The protein content
was determined to be 236 pg/pL. The same batch of
venom was used throughout the study.

Antivenom

The GPVA in powder form was purchased from the
Thai Red Cross Society in Thailand. When used in
a clinical setting, the powder was reconstituted in
10 mL of water in another vial in the same package.
The AHA was purchased from Shanghai Institute of

@ Antivenom in treating Cryptelytrops albolabris envenomation &

ttﬁs‘eﬂ?ﬁﬁ 43 BlZR B RBITT E B e 0 h EES eI
BREEEZRFABNESRSRAIEN

BE HEABRERENEE SR EEBOAENEN
GG

RE BRERTR -

R EEN—FHLDREAS  —FAS  —FrE
BRSO —F B -

IERRUE AEMESTSESRIFHEBEE (LD,,) WEIE
B FRRTESENSENPRERRSNENF
BUEE (ED,,) °

R AHBIRNABNESESRKRER TS

£ (LD,,) &0.14 pL ° &%ﬂrﬁlﬁiﬁaﬂmﬁlo pLi% -
AR REMESNSIENFAZE0.36 uL » JE5H
B nEMENRFZE0.52 pL ; MMAEMED, 2
Al A%32.02 pLF16.98 pL o REIES e MBS 1
E’Jfaml,ﬁ% ARHENAENESESE -

fham WREHNHE FEARMES IR - BEKE
EPlﬂﬁﬂbﬂ’]?afﬂl/attzj\l’r’Iﬁ%ﬂEE’\JT*aml/aﬁf
ENRBPND - AMERREE— S HLERERE
Mm% FEAMENEAXNREREAEET ¥ E
RamENSMEFRmENRASTE -

Biological Products in China. It consists of 10 mL of
liquid in an ampoule and is administered undiluted
to the patient. In both antivenoms, the dosage-based
weight was not available.

Dose-lethality study

Nine groups (10 each) of adult C57 mice (average
weight, 25 g; range, 22-27 g) were injected intra-
peritoneally with saline (control), or one of eight
different doses of venom (0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1
and 2 pL, diluted to a final injected volume of 100 pL).
The dose-lethality curve was obtained and the dose
that killed 50% of animals (LD, ) within 48 hours was
determined by Probit analysis.”

FIG I. Milking a Cryptelytrops albolabris for venom collection
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FIG 2. The effect of antivenoms from Thailand (green pit viper antivenom) and
Shanghai (Agkistrodon halys antivenom) on the lethal rate after various doses of
Cryptelytrops albolabris venom

Antivenom neutralisation studies

The effect on LD, of a fixed dose of antivenom was
studied as follows. Each antivenom was prepared
according to the manufacturers’ instruction. Based
on the minimum recommended dose, we prepared
20 mL samples of both GPVA and AHA as detailed
in the clinical guidelines of our hospital cluster
and normally used to treat human subjects.? The
potencies of 10 pyL of each of the two antivenoms
were then compared. Six groups consisting of six
adult C57 mice were used. To assess the efficacy of
the antivenom in neutralising the lethal activity of the
venom as in a clinical scenario in which antivenom is
administered after snake venom exposure, 5 minutes
after envenoming with the venom at increasing doses
(0.05, 0.1, 0.2, 0.5, 1 and 2 pL), 10 pL of antivenom was
injected intraperitoneally. The dose-lethality curves
and the LD, for each type of antivenom (GPVA and
AHA) were then determined.

The median effective dose (ED,) of the two
antivenoms was determined by intraperitoneal
administration of incremental doses to groups of
mice 5 minutes after the exposure to a lethal dose of
venom.

Results
Lethality study

Preliminary trials indicated that if the experimental
animal survived the first 48 hours after envenoming, it
could survive up to the last day of experiment, namely
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the seventh day. Therefore, 48 hours was used as the
cut-off point in determining lethality in subsequent
experiments. In the dose-lethality study, it was found
that the mice were able to tolerate up to 0.05 pL of
the venom (0% lethality). Injection of 0.1 pL of venom
started to cause animal deaths within 48 hours (30%
lethality) and 0.5 pL (protein content 118 pg) killed all
tested animals. Accordingly a dose-lethality curve was
plotted as shown in Figure 2. The LD, determined by
Probit analysis, was 0.14 pL (95% confidence interval
[CI], 0.11-0.18 pL), which amounted to 0.005 plL/g or

1.18 pg/g.

Antivenom neutralisation studies

As shown in the dose-lethality curves (Fig 2), both
antivenoms were able to reduce the lethality. For
example, no lethality was recorded in animals treated
with either antivenom in response to 0.1 pL of venom
(a dose that killed 30% of control mice). The 90%
lethal rate following 0.2 pL of venom injection was
also significantly reduced to 30% by GPVA and 0% by
AHA. After treatment with GPVA, the venom LD, was
0.36 pL (95% ClI, 0.24-0.67 pL); without any antivenom
treatment the LD_  was 0.14 uL. The LD, in the group
treated with AHA was even higher, being 0.52 pL (95%
Cl, 0.37-0.82 pL).

Greater potency of AHA compared to GPVA
was noted when we determined the ED,  of antivenin
against a lethal dose of venom (0.3 pL, 2.2 LD,)). The
ED,, of AHA was 6.98 pL (95% ClI, 4.0-17.4 pL), which
was several folds below that of the GPVA (32.02 pL;
95% Cl, 24.0-42.0 pL).

Discussion

In our antivenom neutralisation studies, AHA was
clearly more potent than GPVA in terms of its ED, and
reduction of lethality from the venom dose originally
giving rise to 90% lethality. When the LD, were
compared, their Cls overlapped, and that after GPVA
treatment it was only slightly outside the CI range
of the AHA group. Thus, our study might not have
enough statistical power to examine the individual
effects of these two antivenoms, though the results
indicated a trend in favour of AHA over GPVA.

The GPVA from Thailand and AHA from China
were generated against different venomous snake
species. Thus for GPVA, the F(ab’)2 antivenom
produced against Calbolabris®is recommended on its
insert to be given to patients of green pit viper bites.
Regarding the green pit viper snakes in Thailand, C
albolabris and Trimeresurus macrops are common
in inflicting bites and C albolabris is the most widely
distributed species.”” The specifications of AHA, which
is also a F(ab’)2 antivenom, claimed effectiveness
for bites not only by A halys, but also Trimeresurus
stejnegeri and  Trimeresurus mucrosquamatus.



Information was lacking as to whether the latter two
snake species were employed in the immunisation
protocol. Since C albolabris and A halys were the
major targets of GPVA and AHA respectively, the
main targets of these antivenoms differed in terms
of species, genus, geographical distribution of the
snakes, and clinical symptomatology of their bites.
For example, C albolabris of genus Cryptelytrops
inhabits South-East Asia, including the southern part
of China. Its bite produces coagulopathy and local
swelling. Whereas, A halys belongs to the genus
Agkistrodon (synonym Gloydius) and is found in
the region stretching from western Russia to central
China. Bites by A halys have the potential to cause
neurotoxicity in addition to the coagulopathy and
local swelling (in common with C albolabris bites)."
For these reasons, it was surprising that in our study
AHA appeared to be more potent than GVPA activity
against C albolabris envenoming. The interplay
of many factors influencing the biochemical and
clinical impact of the venom from particular snake
species could explain such effects. Among them
are species specificity, species cross-reactivity,
geographical location, and the active ingredients in
each antivenom.™

The non-identical toxicities of many different
snake species, even from the same family, imply
that venom composition is species dependent. The
varying extent of neurotoxicity and cytotoxicity across
the multiple cobra species is an example illustrating
this phenomenon. It is therefore reasonable to
expect that antivenom is more effective for the
species it is developed against. The effectiveness of
homologous viper antivenom has been described in
numerous studies. In mice, the monovalent GPVA
manufactured by Thai Red Cross Society against C
albolabris is about four-fold more potent against C
albolabris than several common Southeast Asian
snakes under the Trimeresurus genus (when using
survival as the end-point).” In comparison with
Habu antivenom, this antivenom is derived from
Trimeresurus flavoviridis and was more effective
inhibiting lethality and haemorrhage induced by
C albolabris venom in a mouse study. The species-
specific action of snake antivenom thereby suggested
was also substantiated in the same trial by the
superior results of the Habu antivenom over GPVA in
terms of activity against T flavoviridis.’

However, snake venom structure is not strictly
species-specific. Protein similarity over a range of
snake species exists, possibly as a result of divergent
evolution or other factors. Venoms from unrelated
snakes often contain many common enzymes.
Antibodies raised against specific toxins from a
single snake species have been detected to cross-
react with proteins of close molecular weight from
the other species within the same genus and even a
differing genus. Among Asian vipers, cross-species

% Antivenom in treating Cryptelyirops albolabris envenomation

protein resemblance was revealed by sequence
analysis of the amino acid of C albolabris venom,
which recovered proteins linked to jerdonitin from
Trimeresurus jerdonii, and stejaggregin-A, stejnobin
and stejnihagin-A from T stejnegeri.’® Consistent
with our study results, cross-protection against
T mucrosquamatus by AHA leading to improved
survival has been previously proven using another
mouse model,” and there have also been reports
of a stronger reaction between the heterologous
venom and antivenom. Immunoblotting assays have
revealed that instead of their specific antivenoms,
the highest reactivity index for the venoms of
Crotalus adamanteus and Crotalus horridus horridus
was obtained with anti-Crotalus viridis viridis
and anti-Crotalus atrox, respectively.” A study on
mice administered a mixture of antivenom and
venom also showed that for the protection against
T purpureomaculatus—-induced lethality, a larger
injection volume was required for the homologous
antivenom than the antivenoms against the other
Trimeresurus species.”

Besides species factor, geographical location
may affect the venom characteristics. Russell’s viper
(Daboia russelli) in Sri Lanka has been described
to cause clinical envenoming features distinct
from those encountered in India. The antivenom
from India is relatively ineffective in clearing the
venom antigenemia. To enhance the therapeutic
efficacy, treatment with antivenom produced from
indigenous snakes is considered a better option."”
Besides, there is laboratory evidence of intraspecies
diversity of venom composition from different
regions. It has been documented that venoms from
Bothrops atrox in Columbia contained predominantly
Pl-metalloproteinase and K49-PLA2 while that in
Brazil, Ecuador and Peru were mainly comprised of
Plll-metalloproteinase. Whether this variation is a
reflection of the varied habitats and ecologies of a
widespread, highly adaptable species or an indication
that this species is a composite of several subspecies
remains controversial."

As shown by our study results, AHA appears
more potent than GPVA on volume basis but it
may be preferable to compare the two antivenoms
according to their protein or to be more accurate the
immunoglobulin content, as it is the immunoglobulin
that is the active component in the antivenom. In the
antivenom comparison study carried out by Laing et
al, FUNDED antivenom contained 40 mg/mL protein
(70% gamma-globulin), whilst Vital Brazil antivenom
contained 71 mg/mL (73% gamma-globulin), and
Butantan antivenom contained 100 mg/mL (84%
gamma-globulin). When measuring the ED,;, based
on dose volumes, all three antivenoms were equally
potent. However, when ED, was expressed as mg
protein and immunoglobulin, FUNDED antivenom
emerged as the most effective.?
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These snake-related factors indicate that
venom from different species may share common
immunological properties and geographical location
is a factor in addition to species in determining
venom profile. Common antigens and geographic
proximity may explain the efficacy of AHA in our
study. Although C albolabris was not recruited in
Yi’'s study™ that showed survival benefit of AHA in
T mucrosquamatus envenoming, the cohabitation
of T mucrosquamatus with C albolabris in southern
China favours the possession of common antigens
by them. It is therefore plausible that the geographic
proximity overpowers the species advantage of GPVA
from Thailand in the antagonism against our local C
albolabris bite. In relation to C albolabris, factors
such as geographical variability of venom phenotype
are yet to be proven.

The possible advantage of AHA over GPVA
suggested in our study was based on dosing used for
envenomed humans, but should not be extrapolated
to human without considering other issues.
First, superiority was demonstrated in mortality
reduction and not other clinically relevant venom
toxicities. Snake antivenom has been reported
to inhibit mortality and haemorrhage unequally
in mice.’ Actually, in human the principal clinical
envenoming effect of concern of C albolabris venom
is haemorrhage rather than death. Second, the
correlation between clinical efficacy and laboratory
results after antivenom use may not be consistent.
The efficacy of the Pasteur antivenom for humans
bitten by Echis ocellatus was poor based on a mouse
assay.?' Third, we cannot rule out inconsistency of the
composition of antivenoms in various batches and
venoms derived from individual snakes.

Apart from demonstrating a possible outcome
difference between GPVA and AHA, our study lays
the foundation for further research on the two
antivenoms. Such research could address doses
based on immunoglobulin content, and clinical
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