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Abstract 22 

Hypnale hypnale (hump-nosed pit viper) is a venomous pit viper species found in the Western 23 

Ghats of India and Sri Lanka. Due to the severe life-threatening envenomation effects induced by 24 

its venom components, Hypnale hypnale has been classified under ‘category 1’ of medically 25 

important snake species by the World Health Organization. Since there are no specific antivenoms 26 

available to combat its envenomation in India, the only option available is to administer Indian 27 

polyvalent antivenoms. However, the cross-neutralization potential of the commercially available 28 

polyvalent antivenoms on Indian Hypnale hypnale venom has not been explored so far. In the 29 

current study, in vitro immunological cross-reactivity of Hypnale hypnale venom towards various 30 

Indian polyvalent antivenoms were assessed using end point titration ELISA and Western blotting. 31 

A three to four-fold increase in EC50 values were obtained for Hypnale hypnale venom towards all 32 

the antivenoms tested. Observation of minimal binding specificities towards low and high 33 

molecular mass venom proteins are suggestive of the fact that commercially available polyvalent 34 

antivenoms failed to detect and bind to the antigenic epitopes of considerable number of proteins 35 

present in Hypnale hypnale venom. This highlights the importance of including Hypnale hypnale 36 

venom in the immunization mixture while raising antivenoms.  37 

Key Words: Hypnale hypnale; Immunological cross-reactivity; ELISA; Western blotting. 38 

Introduction 39 

Snakebite has been included in the neglected tropical disease category by the World Health 40 

Organization (WHO) in 2017 because of the associated mortality and morbidity cases [1]. A 41 

nation-wide mortality survey estimated that approximately 1.2 million snakebite deaths occurred 42 

from 2000 to 2019 accounting for 58,000 deaths/year in India [2]. The only treatment option 43 

available against envenomation is to administer the desired amount of antivenoms at the right time. 44 
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Delay in providing antivenoms, misidentification of snake species and improper treatment 45 

modalities increase the mortality rates. Despite these, lack of appropriate antivenoms also accounts 46 

for most of the mortality or morbidity cases [1]. In India, antivenoms are raised against the ‘big 47 

four’ snake species, Daboia russelii (Russell’s viper), Echis carinatus (saw-scaled viper), 48 

Bungarus caeruleus (common krait) and Naja naja (spectacled cobra). Since these four snake 49 

species are widely distributed across the country, majority of the snakebites and envenomation 50 

cases reported are due to their bites [3, 4]. Apart from these ‘big four’, India is abode to many 51 

other medically-relevant snakes including several species of kraits, cobras, pit vipers and sea 52 

snakes [5]. However, to date, there are no specific antivenoms available towards their 53 

envenomation.  54 

In India, the antivenom manufacturers solely depend on the Irula Snake Catchers Industrial 55 

Cooperative Society (Tamilnadu, South-India) for obtaining venoms used for the immunization 56 

process [4]. However, several in vitro preclinical studies indicate that the immuno-recognition 57 

potential of these antivenoms towards the venom toxins present even in the ‘big four’ snakes from 58 

different geographical locations seems to be varied [6-9]. Besides these, studies have shown that 59 

available Indian polyvalent antivenoms are not effective in neutralizing venom components 60 

present in the ‘non-big four’, yet medically-relevant snake species including Trimeresurus 61 

malabaricus, Naja kaouthia, Echis carinatus sochureki, Bungarus fasciatus and Bungarus 62 

sindanus [10, 11].  63 

Hypnale hypnale (hump-nosed pit viper; HPV) belongs to the ‘non-big four’ group and is 64 

distributed across Sri Lanka and the Western Ghats of India [5]. Due to the severity of 65 

complications associated with its bite, HPV has been classified under the ‘category 1’ of medically 66 

important snake species by WHO [3]. Clinical reports from Kerala (a state in the southern part of 67 
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India) suggest that one-fourth of the viper bites are caused due to HPV and are often misidentified 68 

to that of saw-scaled viper bites [3, 12, 13]. However, apart from the polyvalent antivenoms raised 69 

against ‘big four’, currently there are no specific antivenoms available against its envenomation. 70 

Interestingly, none of the available reports demonstrate the immunological cross-reactivity profiles 71 

of Indian polyvalent antivenoms against HPV venom. In the current study, through endpoint 72 

titration ELISA and western blotting, our main objective is to determine the immunological cross-73 

reactivity profiles of the major Indian polyvalent antivenoms against the venom of HPV from the 74 

Western Ghats.  75 

Materials and methods 76 

Methanol, acrylamide,  bisacrylamide, ammonium persulphate, coomassie brilliant blue R-250 77 

(CBB R-250), beta-mercaptoethanol, bromophenol blue, glycerol, glycine, Tetramethyl 78 

benzidine/Hydrogen Peroxide (TMB/H2O2), HRP-conjugated secondary antibody and 79 

Tetramethylethylenediamine were purchased from Sigma-Aldrich. ECL substrate, Tris, Sodium 80 

dodecyl sulfate (SDS) and PVDF membrane were procured from Bio-Rad. The protein ladder was 81 

purchased from Thermo Fisher Scientific. All other chemicals and reagents used were either of 82 

analytical or LC-MS grade. 83 

Venom collection 84 

Hypnale hypnale and Echis carinatus (Saw-scaled viper; SSV) venoms from the Western Ghats 85 

of India were collected and stored as described earlier [14].  86 

Antivenoms 87 

Lyophilized equine antivenoms raised against the ‘big four’ snakes of India (Echis carinatus, Naja 88 

naja, Bungarus caeruleus, and Daboia russelli) obtained from VINS (batch number: 01AS16040, 89 

expiry date: 07/2020), Virchow (batch number: PAS00116, expiry date: 01/2020) and Premium 90 
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Serums and Vaccines (PSAV; batch number: ASVS (I) Ly-010, expiry date: 08/2022) were used 91 

for the entire immunological cross-reactivity assays.  92 

End point titration ELISA  93 

For performing ELISA, 1000 ng of HPV and SSV venoms were added on to a high bind ELISA 94 

plate (Costar) and kept for overnight incubation at 4℃. The unbound venoms were removed from 95 

the wells by inverting the plates and flick drying. Followed by this, any non-reactive sites in the 96 

wells were blocked by adding 2.5% BSA in phosphate-buffered saline (PBS) and incubated for 2 97 

h at room temperature (RT). The primary antibodies were serially diluted using 2.5% BSA by a 98 

factor of three (1:100, 1:300, 1:900, 1:2700, 1:8100, 1:24300, 1:72900, 1:218700, 1:656100, 99 

1:1968300, 1: 5004900) and was incubated for 2 h at RT. The unbound antibodies were removed 100 

through 0.1% tween-20 in phosphate-buffered saline (PBST) wash and this step was repeated 101 

thrice. Followed by this, secondary antibody (HRP conjugated) at a dilution of 1:32,000 in 2.5 % 102 

BSA was added on to each well and kept for incubation at RT for 2 h.  Excess of secondary 103 

antibody was removed through 0.1% PBST wash as mentioned above. To the wells, 100 µL of 104 

HRP substrate solution, TMB/H2O2, was added and incubated in the dark for 30 min at RT. The 105 

endpoint readings were taken by terminating the reaction by adding 100 µL of 0.5 M sulphuric 106 

acid to each well. The optical density values were monitored at 450 nm using a plate reader. The 107 

EC50 values were computed from the obtained OD values through non-linear regression analysis 108 

using Prism (version 6.01) software.  109 

Western blotting 110 

For immunoblotting experiments, 50 µg of crude HPV and SSV venom components resolved on 111 

15% SDS gel were transferred (25 V for 1 h) to a PVDF membrane. To minimize non-specific 112 

binding, the membrane was blocked using 5% BSA at RT for 1 h. Antivenoms obtained from 113 
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Virchow, PSAV and VINS were used as primary antibodies (dilution used, 1:500) and was kept 114 

for incubation at 4 ℃ (overnight). The membrane was washed thrice for 10 min using 0.1% PBST 115 

solution. To this, secondary antibody (HRP conjugated) at 1:5000 dilution in 5% BSA was added 116 

and kept at RT for 1 h. The excess of secondary antibody was then removed through 0.1% PBST 117 

wash as mentioned above. Followed by this, the ECL substrate was added on to the membrane and 118 

signals indicating the venom-antivenom interaction were captured using a gel documentation 119 

system (Bio-Rad). 120 

Statistical analysis 121 

Prism (GraphPad Software Inc., San Diego, CA; version 6.01) was used for performing statistical 122 

comparisons.  The data obtained from triplicate experiments were plotted with the help of the 123 

software and are represented as mean ± standard deviation or as stated, otherwise.  124 

Results and discussion 125 

Hypnale hypnale shares striking physical resemblances to that of the saw-scaled viper except the 126 

scaling patterns seen on their heads. Besides, the clinical complications associated after HPV bites 127 

match that of saw-scaled vipers’ [13, 15]. These similarities prompted us to compare the immuno-128 

reactivity patterns of HPV and SSV venoms against the Indian polyvalent antivenoms using SSV 129 

venom as a positive control. The end point titration ELISA performed using the three antivenoms 130 

suggest that the antigenic epitopes present in HPV venom were recognized less efficiently than 131 

that in the SSV venom (Figure 1a-c). It is evident that, since SSV venom was included in the 132 

immunization mixture while raising the antivenoms [3], the protein components present in SSV 133 

venom showed considerable immunological cross-reactivity profiles towards all the antivenoms. 134 

As seen in Figure 1 (a-c; insets), compared to SSV venom, all the antivenoms tested against HPV 135 

venom were showing a 3-4-fold increase in the EC50 values, (18.23, 21.61 and 21.79 µg/mL for 136 
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VINS, PSAV and Virchow, respectively) suggesting that it would require more amount of 137 

antivenoms in neutralizing the toxin components present. The higher EC50 values obtained for 138 

HPV venom against all the tested antivenoms corroborate the clinical findings indicating the 139 

inefficiency of antivenoms in treating HPV envenomed victims and any attempts to administer 140 

more amount of antivenoms result in adverse reactions than positive outcomes [13, 15, 16]. 141 

Therefore, a general strategy the clinicians follow for HPV envenomation is subjecting the victims 142 

to continuous dialysis and ventilation instead of antivenom administration [13, 15]. Further, as 143 

seen in Figure 1, the end point dilution values for VINS and Virchow antivenoms against HPV 144 

venom were 1:24,300 and that of PSAV was 1:8,100. But the minimum dilution factor required 145 

for all the tested antivenoms in detecting the SSV venom components was same at 1:72,900. The 146 

data also revealed that VINS and Virchow antivenoms evoke comparatively better immuno-147 

reactive profiles against HPV venom than PSAV antivenom. This suggests that the antivenom 148 

immunological cross-reactivity profiles vary within vendors also. The production and purification 149 

strategies followed by the vendors during antivenom formulation might be a critical factor that 150 

influences the cross-reactivity [16].  151 

Subsequent to ELISA, immunoblot analysis were performed to compare the binding specificities 152 

of SSV and HPV venom components against the major Indian antivenom preparations. Though 153 

SDS-PAGE analysis (Figure 2a) reveal presence of low and high molecular mass proteins in SSV 154 

and HPV venoms, the western-blotting indicate that all the tested antivenoms bind less efficiently 155 

to low and high molecular mass proteins present in HPV venom than that in the SSV (Figure 2 b-156 

d). The inadequacy of polyvalent antivenoms in detecting low and high molecular mass proteins 157 

present in different snake species has been reported by various groups, which is in agreement with 158 

our finding [6-10]. Further, we have observed that the binding specificity of VINS and PSAV 159 
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antivenoms (Figure 2b & c) were better than Virchow antivenom (Figure 2d) in detecting HPV 160 

venom epitopes. Similar trend was noticed in detecting SSV venom epitopes also. As stated above, 161 

the differences in the antivenom neutralization efficiencies against HPV and SSV venom might be 162 

contributed by the antivenom production and purification protocols and the variation in the venom 163 

antigens that were used for immunizing horses while generating polyvalent antivenoms  [16, 17]. 164 

In short, our results support the need to include HPV venom also in the immunization mixture 165 

during the production of antivenom in India. On a similar note, a pre-clinical study from Sri Lanka 166 

on a new poly-specific antivenom has shown to have improved neutralization efficiency against 167 

Sri Lankan HPV venom when it was part of the immunization mixture [18]. 168 
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Figure 1. Immunological cross-reactivity of SSV and HPV venoms assessed through end 180 

point titration ELISA. Titration curves obtained using various dilutions of (a) VINS (b) PSAV 181 

and (c) Virchow antivenoms. The computed EC
50

 values are shown in the insets.  (SSV: saw-scaled 182 

viper (positive control); HPV: hump-nosed pit viper) 183 

 184 

Figure 2. Immunological cross-reactivity of SSV and HPV assessed through Western blotting 185 

(a) HPV and SSV venoms resolved on a 15% SDS-PAGE gel under reducing conditions. Western 186 

blotting of the venoms using (b) VINS (c) PSAV and (d) Virchow polyvalent antivenoms. (SSV: 187 

saw-scaled viper; HPV: hump-nosed pit viper) 188 
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