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ARTICLE INFO ABSTRACT

Does the venom of Trimeresurus albolabris (white-lipped pit viper) differ between neonate and adults? This
species is responsible for most snakebites within south and southeast Asia, yet it is unknown whether ontoge-
netic variation in venom composition occurs in this species, or how this might affect antivenom efficacy. Using a
coagulation analyser robot, we examined the anticoagulant activity of T. albolabris venom from eight individuals

Keywords:
Haemostasis
Pseudo-procoagulant
Trimeresurus albolabris

;E::zn::sl sis across multiple age classes. We then compared the efficacy of Thai Red Cross Green Pit Viper Antivenom across
Amivengom e}flﬁcacy these age classes. Venoms from all age classes were equally potent in their pseudo-procoagulant, fibrinogenolytic
Coagulopathy activity, in that fibrinogen was cleaved to form weak, unstable fibrin clots that rapidly broke down, thus re-
Venom sulting in a net anticoagulant state. Similarly, this coagulotoxic activity was well neutralised by antivenom

across all venoms. Given that coagulotoxicity is the primary serious pathology in T. albolabris envenomations, we
conclude that Thai Red Cross Green Tree Pit Viper Antivenom is a valid treatment for envenomations by this
species, regardless of age or sex of the offending snake. These results are relevant for clinical treatment of
envenomations by T. albolabris.

1. Introduction

Snakebite is a global public health issue (Chippaux, 1998; Fry,
2018; Kasturiratne et al., 2008) and is often associated with disruption
of blood coagulation pathways (Kini and Koh, 2016; White, 2005). In
human snakebite victims, the venom can disrupt the coagulation cas-
cade in either a procoagulant or anticoagulant manner. Procoagulant
venoms exhibit their effects by either activating thrombin directly,
through converting prothrombin to thrombin, or indirectly by acti-
vating upstream zymogens such as Factor X (Lister et al., 2017; Oulion
et al.,, 2018; Rogalski et al., 2017; Zdenek et al., 2019a, b). Antic-
oagulant venoms produce their effect in one of two ways: antic-
oagulation through inhibition of coagulation factors, or depletion of
fibrinogen levels by either cleaving in a destructive manner or cleaving
in a pseudo-procoagulant manner such that weak, unstable, short-lived
fibrin clots are formed that rapidly degrade (Bittenbinder et al., 2019,
2018; Debono et al., 2019a, b; Debono et al., 2019d; Youngman et al.,
2019a, b).

Snake venoms are known to vary greatly between species, across
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geographical ranges within a species, between individuals of the same
species, by sex, and by age (Amorim et al., 2018; Casewell et al., 2014;
Cipriani et al., 2017; Gibbs et al., 2011; Jackson et al., 2016; Sousa
et al., 2018; Tan et al., 2015; Zdenek et al., 2019b; Zelanis et al., 2016,
2010). The driving force behind intraspecies venom variation is thought
to be prey specificity (Barlow et al., 2009; Daltry et al., 1996; Jorge da
Silva and Aird, 2001), whereby diet affects venom composition so as to
effectively immobilise specific prey types. Prey specialisation for dif-
ferent age groups can result in significant venom biochemistry changes
during the life of a snake, such as in Pseudonaja (brown snake) species,
whereby juveniles specialised upon lizard prey and had neurotoxic
venoms, while adults specialised upon mammalian prey and had stroke-
inducing procoagulant venoms (Cipriani et al., 2017; Jackson et al.,
2016). Other studies have revealed no ontogenetic shift in snake
venom, which suggests a consistent diet across life stages. For example,
Oxyuranus (taipan) species specialise upon mammalian prey and have
stroke-inducing, procoagulant venoms at all age classes (Jackson et al.,
2016; Tan et al., 1992, 1993a).

Ontogenetic venom variation can have immediate implications for
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the treatment of the envenomed patients, as differences in the under-
lying biochemistry may radically influence the relative efficacy of an-
tivenom treatment. Therefore, an imperative exists to identify para-
meters which influence venom variation within venomous snakes,
particularly medically significant species.

The white-lipped pit viper (Trimeresurus albolabris,family:
Viperidae) is an arboreal pit viper, inhabiting south and south-east Asia,
recorded to feed mainly on small mammals and frogs (Devan-Song
et al., 2017; Orlov et al., 2002). Being so widespread and abundant, T.
albolabris is one of the most common causes of snakebites in its region
(Cockram et al., 1990; Viravan et al., 1992), causing local swelling,
necrosis, prolonged coagulopathy, defibrination (fibrinogen consump-
tion), thrombocytopenia (low blood platelet counts), leucocytosis (ab-
normally high white blood cell counts), and spontaneous systemic
bleeding in bite victims (Hutton et al., 1990; Pandey et al., 2019;
Sarmin et al., 2013). Research has shown that the Thai Red Cross Green
Tree Pit Viper antivenom is effective in neutralising the venom of adult
specimens (Debono et al., 2019c). However, to date no studies have
investigated the possibility of ontogenetic venom variation in this
species. This study therefore investigated for the first time whether
ontogenetic or sexual variation in venom potency occurs in T. albolabris
venom, and whether this influenced antivenom efficacy.

2. Materials and methods
2.1. Venom stock preparation

All venom samples were provided in lyophilised form from the
University of Queensland’s Venom Evolution Lab’s collection and stored
in a —80 °C freezer. Eight venom samples of T. albolabris within life
stages: adult female #1, adult female #2, adult male, sub-adult male,
juvenile females (pooled n = 4), juvenile males (pooled n = 4), neo-
nate females (pooled n = 4), and neonate males (pooled n = 5), were
analysed in the study. The concentration of venom in each sample was
calculated using a Thermo Fisher Scientific™ NanoDrop 2000 UV-Vis
Spectrophotometer (Thermofisher, Sydney, NSW, Australia). Based on
Nanodrop calculations the required volume of venom, deionised water
and glycerol were added to 1.5 ml aliquots to make 1 mg/ml working
stocks of venom. Glycerol was added to preserve enzymatic activity,
and these stocks were stored in a —20 °C freezer.

2.2. Fibrinogen coagulation assays

A Stago STA-R Max haemostasis analyser (Stago, Asniéres sur Seine,
France) was employed to perform fibrinogen coagulation assays. To
investigate the effect of venom on human fibrinogen clotting time, fi-
brinogen (4 mg/ml, Sigma Aldrich, St. Louis, Missouri, United States)
was prepared by diluting 100 mg of fibrinogen with Owren Koller (OK)
buffer (Stago Cat #00360) to a volume of 250 pl, pipetting 1 ml of
solution into 1.5 ml tubes, and immediately flash freezing. Fibrinogen
was stored in a — 80 °C freezer and thawed for 5 min in a 37 °C water-
bath before use in assays. In each analysis, 40 pl of venom was diluted
with 360 pl of diluent (OK buffer) before being placed into the Stago
STA-R Max haemostasis analyser. The clotting time of venom was
measured in triplicate at eight different venom concentrations (20 pg/
ml, 10 pg/ml, 4 pg/ml, 1.6 ug/ml, 0.66 pg/ml, 0.25 pg/ml, 0.125 pg/
ml, and 0.05 pg/ml). For the 1:1 dilution (20 pg/ml) the machine added
a starting volume of 50 pl of the venom sample, 50 pl of phospholipid
(solubilised in OK buffer, Stago Cat# 00597), 50 pl of CaCl (25 mM
stock solution Stago Cat# 00367), and 25 pl (OK buffer), and incubated
in a cuvette for 120 s before the addition of 75 pl of fibrinogen. Volume
of venom was automatically diluted with diluent (OK buffer) for sub-
sequent dilutions. Clotting time was measured up until the machine
max of 999 s, and each venom sample tested in triplicate. Eight-point
dilution curves were graphed in GraphPad PRISM (GraphPad Prism
Inc., La Jolla, CA, USA)
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2.3. Antivenom assays

Antivenom assays were performed on a Stago STA-R Max haemos-
tasis analyser (Stago, Asniéres sur Seine, France). Fibrinogen was pre-
pared as above. Monovalent Green Pit Viper Antivenom (Trimeresurus
albolabris) (Lot #TA00119, Expiry date: 15th Jan 2024, The Thai Red
Cross Society Bangkok, Thailand) was used. One vial of dry antivenom
was reconstituted in 10 ml provided saline solution (using manu-
facturers guide) and centrifuged at 12,000 rpm on an Allegra™ X-22R
Centrifuge (Lot#982501, Beckman Coulter, Brea, CA, USA) for 10 min
at 4 °C, upon which the supernatant was removed, filtered (0.45 pm
Econofltr PES, Agilent Technologies, Beijing, China), aliquoted, and
stored at 4 °C. In our previous work (Debono et al., 2019¢) 5% working
stock (0.5 % final reaction concentration) antivenom was extremely
effective against T. albolabris venom, rapidly neutralising even the
higher concentrations of venom. Thus in order to better discriminate
between the T. albolabris venoms in this study, a 2% working stock (0.2
% final reaction concentration) antivenom was used. To test antivenom
efficacy the same fibrinogen coagulation procedure was used (as above)
except with the antivenom replacing the 25 pl OK buffer. Briefly, 25 pl
of 2% working stock antivenom, 50 pl of venom (20 — 0.05 pg/ml di-
lutions), 50 pl CaCl, (5 mM final), and 50 pl phospholipid in a final
volume of 175 pl in Owren Koller Buffer was incubated for 120 s at 37
°C, after which 75 pl of human fibrinogen (1.2 mg/ml final reaction
concentration) was added. Relative clotting was then monitored for 999
s or until plasma clotted (whichever was sooner). Note that antivenom
does not clot fibrinogen and that a control was performed to rule out
any additional effects antivenom has on fibrinogen, in which antivenom
was substituted into the above outlined protocol in replacement of a
venom sample. Eight-point dilution curves were graphed in GraphPad
PRISM (GraphPad Prism Inc., La Jolla, CA, USA), and overlaid with
fibrinogen coagulation assays.

2.4. Thromboelastography

To measure plasma and fibrinogen clot strength a
Thrombelastogram® 5000 Haemostasis analyser (Haemonetics®,
Haemonetics Australia Pty Ltd., North Rdye, Sydney 2113, Australia)
was employed. Tests were performed on human fibrinogen and human
plasma. Fibrinogen was prepared as above. Human plasma (3.2 % ci-
trated, Batch #4133302 + 6187639) was obtained from the Australian
Red Cross (research approval #16-04QLD-10; 44 Musk Street, Kelvin
Grove, Queensland 4059). Natural cups and pins were used. A standard
procedure was performed in which the cup was pipetted with 72 ul
CacCl, 72 pl phospholipid, 20 ul OK buffer, and either 7 pl of venom, 7 pl
50 % deionised water/ 50 % glycerol for the spontaneous clot control,
7ul of thrombin (Stago Cat#115081 Liquid Fib) for the thrombin con-
trol, or 7 ul Factor Xa (Stago Cat#253047 Liquid Anti-Xa) for the Factor
Xa control. After defrosting for 5 min in a 37 °C water-bath 189 pl of
human fibrinogen or human plasma (depending on the test) was pi-
petted into the cup. The total volume in each cup was 360 pl and each
test ran for 30 min. All controls (spontaneous clot control, thrombin
control, and FXa control) were performed when venoms were tested on
human plasma, while only the thrombin control was used for fibrinogen
testing. Traces were exported from the Thrombelastogram and Adobe
Photoshop used to produce figures.

2.5. Statistical analyses

Most statistical analyses were performed in GraphPad PRISM 8.1.1
(GraphPad Prism Inc., La Jolla, CA, USA) and the significance level set
at 0.05. For venom fibrinogen clotting time and clotting time with
antivenom an area under the curve value (AUC) was derived from each
venom curve, and an X-fold shift calculated to test antivenom efficacy.
The X-fold shift was calculated by dividing the venom + antivenom
AUC over the venom AUC and subtracting the total by 1. A value of 0
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Fig. 1. Fibrinogen clotting time of Trimeresuru salbolabris venom (red line) and T. albolabris venom with antivenom (blue line) over eight different venom con-
centrations (20 pg/ml, 10 pug/ml, 4 ug/ml, 1.6 pg/ml, 0.66 pg/ml, 0.25 pug/ml, 0.125 pg/ml, and 0.05 pg/ml). All venoms tested in triplicate (N = 3) and shown with
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dots and standard error. Most standard errors are too small to see due to the very high quality of the data.

indicates no neutralisation of the venom by the antivenom (no shift in
clotting time curves), while a value above O indicates venom neu-
tralisation (shift in clotting time curves). The lowest and highest x-fold
shift values were tested for significance with an unpaired T-test. For
Thromboelastography tests a Ordinary one-way ANOVA, with Dunnett's
multiple comparisons tests, was used to test for significant differences
in clot strength (maximum amplitude value, mm) and initation (split
point value, min) between venom and the controls. All datasets were

checked for normality using quantile-quantile plots and homogeneity of
variance using Brown-Forsythe test. AUC and maximum amplitude
values (MA) are shown as the mean + /- standard deviation.
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Fig. 2. X-fold shift in fibrinogen clotting time curves showing antivenom neu-
tralisation across Trimeresurus albolabris life histories. X-fold shift was calcu-
lated by dividing the AUC for each venom with antivenom added fibrinogen
clotting time curves over the AUC for venom fibrinogen clotting time curves
and subtracting the total by 1. A value of 0 is no shift (antivenom does not
neutralise venom), while a value above 0 indicates neutralisation.

3. Results
3.1. Fibrinogen coagulation assays and antivenom testing

All venoms exhibited a procoagulant effect, clotting fibrinogen in
concentration dependent manners (Fig. 1). Ranking of area under the
curve (AUC) values (with the more potent the venom, the smaller the
value) were: adult female #1 3789 + /- 57.16, adult female #2 3280
+ /- 45.64, juvenile males (pooled) 3210 + /- 15.71, adult male 2798
+/- 18.73, sub-adult male 2753 + /- 20.35, neonate males (pooled)
2592 + /- 30.25, juvenile females (pooled) 2375 + /- 21.92, and neo-
nate females (pooled) 2032 + /- 17.99. Antivenom shifted the clotting
curve upwards, with ranking of x-fold changes (the more effective the
antivenom, the larger the number) being (Fig. 2): adult female #2
0.627 +/- 0.053, adult female #1 0.666 +/- 0.015, juvenile males
(pooled) 0.667 +/- 0.017, sub-adult male 0.669 + /- 0.098, neonate
females (pooled) 0.738 + /- 0.047, adult male 0.765 + /- 0.036, neo-
nate males (pooled) 0.872 + /- 0.05, and juvenile females (pooled)
0.889 + /- 0.092. While all venoms were well neutralised by the anti-
venom, slight individual variation in antivenom neutralisation was
observed, with juvenile females venom the best neutralised (x-fold shift
= 0.889 +/0.092) and adult female #2 venom the least neutralised (x-
fold shift = 0.627 + /- 0.053) (Fig. 2). This difference was significant
(T-test df = 4, t = 4.287, p = 0.0128).

3.2. Thromboelastography

Thromboelastography on human plasma (Fig. 3) showed the ability
of the venoms to intitiate clotting in plasma significantly faster than the
spontaneous clotting control (p = < 0.0001), but producing the weak,
unstable clots consistent with pseudo-procoagulant actions upon fi-
brinogen, with there being no sexual or ontogenetic pattern to the clot
strength (MA) variation: juvenile males (pooled) 2.4 + /- 0.1, juvenile
females (pooled) 2.5 + /- 0.1, adult female #2 2.7 + /- 0.1, adult male
2.7 +/- 0.2, sub-adult male 2.9 + /- 0.2, adult female #1 3.1 +/- 0.8,
neonate males (pooled) 3.8 + /- 0.7, and neonate females (pooled) 4.3
+ /- 0.2. Venoms formed significantly weaker plasma clots compared to
the spontaneous clotting control (p = < 0.0001), thrombin control (p
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= < 0.0001), and FXa control (p = < 0.0001). Consistent with the
actions upon plasma, all T. albolabris venoms exhibited weaker fi-
brinogen clots than the thrombin control (p = < 0.0001), thus in-
dicating a pseudo-procoagulant effect forming weak, transient fibrin
clots (Fig. 4). There was no pattern of ontogenetic venom variation,
with all producing very similar clot strength (MA) values: adult male
10.4 +/- 0.2, adult female #1 10.5 + /- 0.3, neonate males (pooled)
10.7 +/- 0.3, sub-adult male 11.2 +/- 0.6, juvenile males (pooled)
11.6 +/- 0.5, adult female #2 11.8 + /- 0.5, neonate females (pooled)
11.8 +/- 0.6, and juvenile females (pooled) 12.0 + /- 0.5.

4. Discussion

Our study aimed to investigate the effects of T. albolabris venom on
human fibrinogen and plasma, if ontogenetic or sexual differences in
venom function occurred, and if the efficacy of antivenom was the same
for all venoms. Venom from all life stages of T. albolabris clotted fi-
brinogen and human plasma in a pseudo-procoagulant manner, forming
significantly weaker fibrin clots than the controls (Figure 3 and 4). The
results of both these analyses are consistent with T. albolabris venoms
directly cleaving fibrinogen at atypical cleavage sites to produce un-
stable fibrin clots, leading to fibrinogen depletion, thereby resulting in a
net anticoagulant state. These results are consistent with the coagula-
tion abnormalities seen in envenomated patients (Hutton et al., 1990;
Pandey et al., 2019; Sarmin et al., 2013).

Our study found no evidence for differences in venom function
across different life stages of the species or consistent variation between
sexes. Venom function did vary between samples; however, this was
attributed to individual venom variation rather than ontogenetic var-
iation. On fibrinogen female T. albolabris neonates and juveniles did
have faster acting venom (AUC = 2032 +/- 17.99 and 2375 +/-
21.92, respectively) compared to female adult #1 (AUC = 3789 +/-
57.16) and female adult #2 (AUC = 3280 +/- 45.64) venoms. The
same trend was not observed in male venoms. Neonate male and female
venoms also had slightly stronger clots on human plasma (MA = 3.8
+/-0.7 and 4.3 +/- 0.2, respectively) compared to adult male (MA =
2.7 +/-0.2), adult female #1 (MA = 3.1 + /- 0.8) and adult female #2
venoms (MA = 2.7 + /- 0.1). These differences; however, are minimal
when compared against other studies where extremely pronounced
ontogenetic shifts were observed for other types of snakes such as
Pseudonaja species (Cipriani et al., 2017; Jackson et al., 2016).

The minimal venom variation observed in this present study is likely
due to individual variation rather than age or sex, specifically between
adult and sub-adult venoms which were individual snake venoms, ra-
ther than pooled venoms. Individual venom variation has been ob-
served in numerous snake species (Currier et al., 2010; Smiley-Walters
et al., 2019), and pooled samples can help eliminate this possible var-
iation (Borja et al.,, 2013; Galizio et al., 2018). Both adult female
samples differed in their clotting time and clot strength (Figs. 1, 3 and
4) indicating slight individual venom variation, thus future research
needs to be done with a larger set of pooled venom samples to test for
ontogenetic differences. Even if present, our study shows these differ-
ences are minute compared to other studies (Cipriani et al., 2017;
Jackson et al., 2016). Other research backs up our finding suggesting
some snakes simply do not have ontogenetic (Tan et al., 1992, 1993a,
b) or sexual dimorphic (Tan et al., 2017) venom shifts, possibly cor-
related with minimal selection pressures due to similar diets or con-
served toxin types.

Clinically, a bite from any T. albolabris individual, regardless of sex
or age, may produce the same potent anticoagulant action upon clotting
due to fibrinogen depletion resulting from pseudo-procoagulant me-
chanisms that produce weak, unstable, transient fibrin clots (Debono
et al., 2019c). Despite some slight intraspecific variation in antivenom
neutralisation (Fig. 1) all the venoms were effectively neutralised by the
Thai Red Cross Green Pit Viper antivenom (Figs. 1 and 2). The Thai Red
Cross Green Pit Viper antivenom has already been proven effective
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Fig. 3. Thromboelastography using human plasma. Blue traces = spontaneous clot control (negative control), green traces = thrombin and FXa control, red traces =
venom samples. All venom traces overlaid with the spontaneous clot control. Parameter SP = the split point (time till clot formation begins) (min), R = time until
detectable clot (2 mm +) is formed (min), MA = maximum amplitude of clot (mm), MRTG = maximum rate of thrombus generation (dynes/cmz/s), TMRTG = time
to maximum rate of thrombus generation (min), TGG = total thrombus generated (dynes/cmz). Each trace is N = 3 and values are N = 3 means + /- standard

deviation.

Fig. 4. Thromboelastography using human fibrinogen. Blue traces = thrombin control, red traces = venom samples. All venom traces overlaid with the thrombin
control trace. Parameter SP = the split point (time till clot formation begins) (min), R = time until detectable clot (2 mm +) is formed (min), MA = maximum
amplitude of clot (mm), MRTG = maximum rate of thrombus generation (d}mes/cmz/s), TMRTG = time to maximum rate of thrombus generation (min), TGG =
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TMRTG = 2.8 +/- 0.2
TGG = 65.8 +/- 3.0

SP=1.5+/-0.3 MRTG =2.9 +/- 0.1
R=18+/-0.2 TMRTG =2.2 +/- 0.2
MA=10.7+/-0.3 TGG =589 +/- 1.6

total thrombus generated (dynes/crnz). Each trace is N = 3 and values are N = 3 means + /- standard deviation.
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against adult T. albolabris venom (Debono et al., 2019c); however, the
present study is the first to validate antivenom efficacy for different life
stages and sexes of T. albolabris. This result is important in indicating
that for this snake species the same medical treatment (antivenom ad-
ministration) should be performed regardless of sex or age differences.

Overall, this study indicates that T. albolabris exhibits a conserved
potency of pseudo-procoagulant venom throughout its life history.
Unlike some snakes, such as the Pseudonaja genus whereby diet shifts
across age classes influences venom composition (Cipriani et al., 2017;
Jackson et al., 2016), T. albolabris individuals likely have a similar diet
from neonates to adults. Furthermore, with the available antivenom
proving effective for all tested specimens this research adds to im-
portant medical knowledge in treating snakebites from one of Southern
Asia’s most common culprits.
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