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Background: Venom-induced consumption coagulopathy (VICC) is an important clinical consequence of Russell’s viper (Daboia russelii) envenoming. There is limited evidence for antivenom effectiveness in resolving VICC. We aimed to compare the recovery of VICC in patients who received and did not receive antivenom following Russell’s viper envenoming.

Patients and Methods: This was a non-randomized observational study comparing patients with VICC from Russell’s viper envenoming given antivenom for systemic envenoming and those not given antivenom. Antivenom administration was decided by the treating physicians. We included 44 patients with confirmed Russell’s viper bites with one or more International Normalized Ratio (INR) value ≥ 1.5 (VICC). We compared five patients who did not receive antivenom with 39 patients who did receive antivenom. The primary outcome was the proportion of patients with an INR < 1.5 by 48 h post-bite.

Results: The antivenom group had higher peak serum venom concentrations [median (IQR) = 272 (96–1,076) ng/mL versus 21 (8–58) ng/mL] and more severe VICC compared to the no antivenom group. Twenty seven of 39 patients (69%) in the antivenom group had an INR < 1.5 at 48 h post-bite compared to none of the five patients (0%) in the no antivenom group (absolute difference: 69%; 95%CI: 13 to 83%; p = 0.006; Fisher’s exact test). The fibrinogen recovered in 32 of 39 patients (82%) in the antivenom group compared to one of five patients (20%) in the no antivenom group (absolute difference 62%; 95% CI: 28 to 95%; p = 0.001; Fisher’s exact test). Both INR and fibrinogen were significantly improved between 24 and 48 h post-bite in the antivenom group compared to the no antivenom group.

Conclusion: Antivenom accelerated the recovery of VICC in patients with Russell’s viper envenoming, compared to no recovery in a smaller group of patients with milder VICC not receiving antivenom. This supports the efficacy of antivenom in patients with VICC.
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INTRODUCTION

Snakebite is a neglected tropical disease that leads to high morbidity and mortality, mainly in South and South-east Asia, sub-Saharan Africa, Latin America and Oceania (1, 2). Venom induced consumption coagulopathy (VICC) is a severe systemic effect of snake envenoming. Bites by most viperidae snakes and Australasian elapid snakes result in VICC in envenomed patients. Potent pro-coagulant toxins in the venoms of these snakes activate the human clotting pathway. This causes rapid consumption of clotting factors, mainly fibrinogen, but also factors V, VIII and X, resulting in varying degrees of consumption coagulopathy, depending on the species of the snake (3, 4). VICC may resolve without sequelae, but it can lead to spontaneous bleeding, and less commonly major hemorrhage (5–8), with intracranial bleeding usually having fatal consequences. The presence of hemorrhagic metalloproteinases in some snake venoms, including Russell’s viper (Daboia spp.) and carpet vipers (Echis spp.), increases the risk of bleeding because of the additional injury to the vascular endothelium (9).

Antivenoms are polyclonal antibodies of animal origin, raised against snake venoms. They are the only available specific treatment for snake envenoming (4, 10). Despite antivenoms being standard practice for treating VICC, there are no randomized placebo-controlled clinical trials of antivenom for VICC (11). For obvious ethical reasons, previous clinical trials have compared different antivenom treatments without a placebo control group, or are non-randomized studies (4, 11). These studies provide little evidence to support antivenom effectiveness because they compare antivenoms from different manufacturers or different doses of antivenom, and do not compare antivenom with no antivenom (or placebo). In addition, observational studies have polarized opinions on the effectiveness of antivenom therapy for VICC. A study of carpet viper (Echis spp.) envenoming showed a recovery of the coagulopathy in patients given antivenom, compared to those who did not receive antivenom, when it was not available (12). In contrast, prospective observational studies of VICC in Australian elapids found that antivenom did not prevent or speed the recovery of the coagulopathy (4, 13), which has also been reported in Papuan taipan bites (14, 15). It is ethically difficult to do clinical trials with placebo arms because antivenom remains the standard of care for coagulopathy in snakebite, so observational studies using convenience or historical controls are required to further explore the role of antivenom in treating VICC from other species of snakes.

Russell’s vipers (Daboia russelii and D. siamensis) are the most medically important snakes in South and South-East Asia. Both species commonly cause VICC in envenomed patients due to the potent procoagulant toxins in their venoms such as those that activate clotting factors V and X (16). Despite the importance of VICC due to D. russelii bites, the effectiveness of antivenom in treating it is unclear (17). Currently, all patients with VICC in Russell’s viper envenoming are treated with antivenom, if VICC is detected. However, in most settings, the presence of VICC is detected based on a positive bedside 20-min whole blood clotting test (WBCT20). Due to the insensitivity of this test to partial VICC (less severe coagulopathy), a proportion of patients with VICC may not be treated with antivenom, because the test is falsely negative (18). This creates a potential comparison group of subjects that are not given antivenom but do develop VICC, which is more often partial VICC. Comparing these patients with the remainder receiving antivenom may help us understand the role of antivenom in treating VICC.

We aimed to investigate the recovery of VICC in confirmed cases of envenoming by D. russelii in a Sri Lankan tertiary care center.



PATIENTS AND METHODS

We undertook a non-randomized observational study comparing patients with VICC from D. russelii envenoming given antivenom to those not given antivenom at a Sri Lankan hospital. These patients were selected from a prospective cohort of adult patients (>16 year) admitted to Teaching Hospital, Anuradhapura, Sri Lanka, following snakebites from August 2013 to October 2014. The cohort study aimed to investigate the clinical effects and epidemiology of snakebite and the design has been previously published (19–23). For this analysis, we included only the cases with authenticated envenoming (see below) by D. russelii, whether they received antivenom or not, and had serial samples available for formal coagulation studies.

The prospective cohort study was approved by the Human Research Ethics Committees of the Rajarata University of Sri Lanka (04/09/2013) and Monash University, Australia (CF14/970–2014000404). Written and informed consent for the collection of blood samples and clinical information was obtained from all patients.

All patients aged 16 years or older presenting to Anuradhapura hospital between August 2013 and October 2014 with a snakebite were prospectively recruited to a cohort study. Patients had to have identifiable fang/teeth marks, features of local or systemic envenoming or witness the snake bite to be included. Demographic data is collected on all patients recruited to the snakebite cohort study. Patients had serial clinical examinations and blood sampling on admission and at 1, 4, 8, 12, 24 h after the bite, and daily thereafter. The clinical examination focused on the detection of local and systemic manifestations of envenoming, including bleeding from the gums, hematuria, hematemesis, bite site bleeding and bleeding from intravenous cannula. Neurotoxicity was defined as the presence of signs of neuromuscular paralysis such as ptosis, ophthalmoplegia and facial paralysis. Acute Kidney Injury was defined according to the Kidney Disease: Improving Global Outcomes (KDIGO) criteria (24). All data are collected on a clinical research form while the patient is in hospital by clinical research assistants. Data are then entered into a relational database.

Treating physicians managed all patients, including the decision to administer antivenom, which was based on the presence of systemic envenoming, most often a positive WBCT20 or clinical evidence of systemic envenoming such as neurotoxicity or non-specific systemic symptoms (e.g., abdominal pain). Patients receiving antivenom had an initial dose of 20 vials of Indian polyvalent antivenom raised against D. russelii, Naja naja, Echis carinatus, and Bungarus caeruleus (VINS bioproducts Telangana, India; Batch numbers, 01AS11118, 1119, 1121, 1123, 3100, 4001, 4025, 4026, 4031). The investigators were not involved in making any treatment decisions. Subsequent doses of antivenom were also decided by the treating physicians based on their assessment of clinical severity of envenoming.

For this non-randomized comparison we only included patients with authenticated D. russelii envenoming and VICC, who had citrated plasma samples collected for INR and fibrinogen during the study period. Authentication was based on either the identification of the offending snake specimen by AS (herpetologist) or detection of Russell’s viper venom by enzyme-linked immunosorbent assay (ELISA) (20). We defined VICC as envenomed patients having one or more INR values ≥ 1.5 within the first 24 h post-bite. Complete VICC was defined as an INR > 12 and partial VICC as an INR ≥ 1.5 and < 12. There were 103 patients from the snakebite cohort with definite D. russelii envenoming, but only 44 patients had serial citrated plasma samples available for at least 48 h post-bite and an INR ≥ 1.5. Thirty nine patients received antivenom (antivenom group) and five patients did not receive antivenom (no antivenom group). Antivenom was not given in these five patients because they had no features of systemic envenoming and had a negative WBCT20, including on repeat occasions. There were 16 patients who did not receive antivenom, among the 58 patients who were excluded due to the lack of samples up to 48 h. Of the excluded 16 patients who did not receive antivenom, 11 had no samples even up to 24 h.

Citrated samples were stored for serial measurement of prothrombin time (PT or International normalized ratio [INR]) and plasma fibrinogen concentrations. Samples were transported frozen by international courier to the Hunter Haematology Research Group at the Calvary Mater Newcastle, Australia.


Coagulation Assays

Prothrombin time (PT), international normalized ratio (INR) and fibrinogen concentration were measured in platelet free citrated plasma. All assays were performed using standard coagulometric methods on a Sysmex CS2000i coagulation analyzer (Sysmex Corporation, Kobe, Japan). Briefly, the PT was determined by mixing patient plasma and Innovin reagent (Dade Behring Inc., United States) in a 1:2 ratio, and the time taken for clot formation was measured in seconds. The INR was then automatically derived from the PT according to standard formula. For the fibrinogen assay patient plasma was diluted 1:10 in Owrens Veronal Buffer before being mixed in a 2:1 ratio with Dade Thrombin Reagent (Siemens Healthcare Diagnostic Inc., United States) and time to clot formation was measured in seconds. Fibrinogen concentration was then determined using a standard curve of serially diluted standard human plasma in g/L. The normal range for fibrinogen was defined as 2 to 4 g/L.



Outcomes

The primary outcome was the proportion of patients whose INR had decreased to <1.5 by 48 h post-bite. The secondary outcomes were: (1) the proportion of patients with a plasma fibrinogen concentration >2 g/L at 48 h post-bite, (2) the change of median INR during the period from 24 to 48 h post-bite, and (3) the change of median fibrinogen for the period from 24 to 48 h post-bite.



Data Analysis

Continuous variables (fibrinogen, INR, and length of hospital stay) are reported as median values with interquartile ranges (IQR) and ranges. Ninety five percent confidence intervals (CI) are reported for the absolute difference for the outcomes. Dichotomous outcomes were compared using Fisher’s exact test and p < 0.05 was regarded as significant. All analyses and graphics were done in GraphPad Prism version 7.02 for Windows, GraphPad Software, San Diego, CA, United States1.




RESULTS

Forty-four patients with VICC were included in the analysis: 39 patients who received antivenom and five patients who did not receive antivenom The two groups had similar demographics, but the antivenom group had more severe envenoming compared to the no antivenom group (Table 1). All patients in the antivenom group received their first dose of 20 vials of antivenom within 6 h of the bite. A further one or more doses of antivenom were administered to 15 (38%) patients. This included 13 patients receiving a total of two doses, one patient each receiving 3 and 4 doses during their hospital stay. None of the patients received fresh frozen plasma or any replacement of clotting factors.


TABLE 1. Comparison of the clinico-epidemiological data of the patients with venom-induced consumption coagulopathy following Russell’s viper envenoming recruited for this study: patients who received antivenom (antivenom) and who did not receive antivenom (No antivenom).

[image: Table 1]
The antivenom group had a higher median peak venom concentration (272 IQR: 96 – 1,076 ng/mL versus 21 IQR: 8 – 58 ng/mL; Table 1). The antivenom group developed more severe VICC with a median highest INR of 13 (IQR, 1.9 – 13) and median lowest fibrinogen concentration of 0.3 g/L (IQR, 0.1 – 0.7 g/L), compared to the no antivenom group which had a median highest INR of 2.2 (IQR 1.6 – 2.3) and a median lowest fibrinogen concentration of 1.3 g/L (IQR, 1.0 – 1.5 g/L) (Figure 1). Twenty (51%) of the antivenom group and none of the non-antivenom group had complete VICC.
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FIGURE 1. (A) Comparison of the peak International Normalized Ratio (INR) of patients from antivenom and no antivenom groups. (B) Comparison of the minimum plasma fibrinogen concentrations of patients from antivenom and no antivenom groups. Note, the antivenom group had higher peak INR and lower minimum plasma fibrinogen levels compared to the no antivenom group (*p < 0.05, ***p < 0.001, Mann-Whitney test; horizontal bars represent median and interquartile range).


Twenty-seven of 39 patients (69%) in the antivenom group had an INR < 1.5 at 48 h post-bite compared to none of the patients (0%) in the no antivenom group (absolute difference: 69%; 95%CI: 13 to 83%; p = 0.006). The fibrinogen recovered in 32 of 39 patients (82%) in the antivenom group compared to one of the five patients (20%) in the no antivenom group (absolute difference 62%; 95% CI: 28 to 96%; p = 0.001).

Comparing only patients with partial VICC, 14 of 19 (74%) patients in the antivenom group had an INR < 1.5 at 48 h post-bite, compared to none of the patients (0%) in the no antivenom group (absolute difference: 74%; 95% CI: 14 to 90%; p = 0.006). The fibrinogen recovered in 15 of 19 (79%) patients in the antivenom group compared to one of the five patients (20%) in the no antivenom group (absolute difference 59%; 95% CI: 3 to 83%; p = 0.028).

International normalized ratio was significantly reduced (change in INR) between 24 h and 48 h post-bite in the antivenom group compared to the no antivenom group (median change in INR of 0.4 versus 0.1; p = 0.033 Mann-Whitney; Figures 2A,C). Similarly, fibrinogen concentrations were significantly improved (increase in fibrinogen) between 24 and 48 h post-bite in antivenom group compared to no improvement in the no antivenom group (median change in fibrinogen of 1.1 versus 0.2; p = 0.008 Mann-Whitney; Figure 2B). Serial fibrinogen concentrations increased over the admission for those treated with antivenom compared to those not treated (Figures 2D–F).
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FIGURE 2. Change of the INR and fibrinogen concentrations of antivenom (red symbols) and no antivenom (blue symbols) groups: change of INR (A) and fibrinogen (B) between 24 and 48 h from the bite in antivenom and no antivenom groups (note both INR and fibrinogen significantly improve between 24 and 48 h period in the antivenom group as opposed to no improvement in no antivenom group, p ≤ 0.0001, paired t test); (C) Time-related change of the median and Interquartile range of INR (C) and fibrinogen (D) of antivenom and no antivenom groups; noodle plots showing the time-related change of plasma fibrinogen concentrations of all patients of antivenom (E) and no antivenom (F) groups. The shaded areas represent the normal range.




DISCUSSION

We found that VICC in Russell’s viper envenoming recovers within 48 h in patients who received antivenom within 12 h of the bite, compared to those who did not receive antivenom not recovering. Administration of antivenom resulted in fibrinogen concentrations increasing and the INR decreasing into the normal range. Although the patients that did not receive antivenom had milder or partial VICC, the coagulopathy persisted for more than 48 h post-bite. In contrast, the antivenom group initially had higher venom concentrations, more severe coagulopathy, but there was a rapid recovery in both fibrinogen and INR.

There have been several previous observational studies on the Russell’s viper envenoming in Sri Lanka, that concluded ineffectiveness or did not conclude effectiveness of the Indian polyvalent antivenom in treating VICC in Russell’s viper envenoming in Sri Lanka (25–27). Unlike the previous studies, we included a comparison group of patients not treated with antivenom and had serial measurements of INR and fibrinogen that demonstrated a faster recovery of VICC in the antivenom group. The Russell’s viper venom contains potent pro-coagulant toxins which are activators of clotting factors V and X, leading to rapid consumption of clotting factors resulting in hypofibrinogenaemia (17). It appears that in the absence of antivenom, there is a persistence of active toxins in the circulation and ongoing consumption of clotting factors in patients with partial VICC as they are newly synthesized by the liver. In patients receiving antivenom, the antibodies presumably bind with the procoagulant toxins in the circulation, which facilitates their neutralization and elimination. This allows replacement of clotting factors by the liver and recovery of clotting function (4).

These findings again demonstrate important differences between VICC caused by different snakes, and whether antivenom is beneficial for a particular group of snakes. Previous studies have demonstrated that antivenom has little effect on the recovery of VICC in Australasian elapids (13–15), but others have shown it is effective in treating VICC caused by Echis spp. (12). The latter study on VICC in carpet viper (Echis ocellatus) envenoming included an untreated group who had persistent severe coagulopathy for 8 to 10 days, compared to a group receiving antivenom, who had a rapid recovery within 24 to 48 h (12). The untreated group had similarly severe VICC compared to the antivenom group in this study and had a prolonged observation period, making the differences in the timing of recovery from VICC more pronounced. In this study, we have found that similar to Echis, another true viper (Viperinae), VICC resulting from D. russelii takes longer to recover in patients not treated with antivenom. The effectiveness of antivenom cannot be generalized for a particular toxidrome (i.e., VICC), and studies are required for each group of snakes and their respective antivenoms.

There are several limitations to the study, the major one being the small number of patients not receiving antivenom and that VICC in these patients was mild, compared to those treated with antivenom. However, we would expect a rapid recovery in these patients with mild VICC who did not receive antivenom, but this was not the case with little recovery over 48 h (Figure 2). In contrast, the more severe VICC seen in the patients given antivenom recovered rapidly, with over half having normalized clotting function within 48 h. In addition, a sensitivity analysis, which only included patients with partial VICC in each group, we found a significant difference between those treated with antivenom and those not treated.

Serial INR and fibrinogen concentrations are required for at least 48 h post-bite to assess restoration of blood coagulability. Many of the patients not receiving antivenom are discharged earlier, usually after only a 24 h observation period. This was the reason for the low number of patients in the no antivenom group in this study, but also means that there are patients being discharged from hospital with persistent mild to moderate coagulopathy. This meant that recovery back into the normal range was not observed for many of the patients not receiving antivenom.

Another possible limitation of the study was that the patients not treated with antivenom had only mild or partial VICC, and it could be argued that they do not require treatment. However, there is increasing evidence that thrombotic microangiopathy and acute kidney injury can occur following partial VICC with only a mild coagulopathy, often with a negative WBCT. This is seen in both Australia, with brown snake bites (6), as well as with viper bites in South Asia. A study of acute kidney injury in Russell’s viper bites found that 5 of 24 patients with AKIN Stage 1 and 5 of 13 patients with AKIN Stage 2 had a normal WBCT, similar to the group in our study (28). Similarly, in hump-nosed viper bites, the majority of patients have a normal WBCT and minor systemic symptoms, but a small proportion develop AKI, not always with an abnormal WBCT (29–32). Although many of these patients with mild VICC may not develop complications, previous studies demonstrate that there is a small but important group of patients with mild VICC who go on to develop AKI, often requiring dialysis and rarely being fatal (31, 32). In addition, Sri Lankan Russell’s viper venom contains metalloproteinases that induce hemorrhage as evident from functional venomic studies (33, 34), hence there is a risk of spontaneous bleeding despite having partial VICC. Therefore, any patient with evidence of VICC should be considered to be systemically envenomed and therefore require antivenom.

This study again shows that due to the lesser sensitivity of WBCT20 for milder VICC in particular (35), some patients who might require antivenom therapy are left untreated and discharged early. Studies have shown that milder VICC (INR 1.5-3) is not clinically insignificant, and antivenom may prevent complications such as AKI and thrombotic microangiopathy.



CONCLUSION

Venom-induced consumption coagulopathy that develops in patients with Russell’s viper envenoming recovers in the first 48 h if treated with antivenom. Patients that had less severe or partial VICC that did not receive antivenom, still had persistent coagulopathy at 48 h. Our study provides evidence for the efficacy of Indian Polyvalent antivenom in quickening the recovery of VICC caused by Russell’s viper envenoming. In the absence of evidence originating from randomized-controlled trials (11), the evidence generated from this study is useful in better determining the role of antivenom in the treatment of VICC.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Human Research Ethics Committees of the Rajarata University of Sri Lanka (04/09/2013) and Monash University, Australia (CF14/970–2014000404). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

AS and GI: conceptualization, formal analysis, and writing – original draft preparation. AS, FS, LL, KM, SS, and GI: methodology. AS, FS, and KM: investigation. GI and LL: resources. AS and SS: data curation. FS, LL, KM, and SS: writing, review, and editing. GI and SS: supervision. GI: funding acquisition. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was funded by Australian National Health and Medical Research Council (NHMRC) through project grant number 1030069 and the Centers for Research Excellence grant number 1110343.



ACKNOWLEDGMENTS

We thank the consultant physicians, medical and nursing staff of the teaching hospital – Anuradhapura for their fullest support throughout this study. Shashika Vithanage, Samadhi Rajapakshe, Thulya Sumanathilake, Aradhana Tennakoon, Pradeep Athukorala, Prasad Ranasinghe, Dharshana Kumara, Malinda Karasinghe, Sampath Wijewardena, Sumedha Chandra-sekara, Tharaka Wickramage, Sarasi Kaviratne, Ruwanthi Ranaweera, and Dilushi Galagedara are acknowledged for assisting with clinical data collection and Umesh Chathuranga, Dilani Pinnaduwa, Shahmy Sayed, and Fahim Mohamed are acknowledged for assisting with logistics (South Asian Clinical Toxicology Research Collaboration).


FOOTNOTES

1
www.graphpad.com


REFERENCES

1. Chippaux J-P. Snakebite envenomation turns again into a neglected tropical disease! J Venom Anim Toxins Incl Trop Dis. (2017) 23:38. doi: 10.1186/s40409-017-0127-6

2. Kasturiratne A, Wickremasinghe AR, De Silva N, Gunawardena NK, de Silva N, Pathmeswaran A, et al. The global burden of snakebite: a literature analysis and modelling based on regional estimates of envenoming and deaths. PLoS Med. (2008) 5:e218. doi: 10.1371/journal.pmed.0050218

3. Isbister GK. Snakebite doesn’t cause disseminated intravascular coagulation: coagulopathy and thrombotic microangiopathy in snake envenoming. Semin Thromb Hemost. (2010) 36:444–51. doi: 10.1055/s-0030-1254053

4. Maduwage K, Isbister GK. Current treatment for venom-induced consumption coagulopathy resulting from snakebite. PLoS Negl Trop Dis. (2014) 8:e3220. doi: 10.1371/journal.pntd.0003220

5. Myint-Lwin Warrell D, Phillips R, Tin-Nu-Swe Tun-Pe Maung-Maung-Lay. Bites by Russell’s viper (Vipera russelli siamensis) in Burma: haemostatic, vascular, and renal disturbances and response to treatment. Lancet. (1985) 2:427–33. doi: 10.1016/s0140-6736(85)91550-8

6. Allen GE, Brown SGA, 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. doi: 10.1371/journal.pone.0053188

7. Warrell ADA, Davidson NM, Ormerod LD, Pope HM, Barbara J, Greenwood BM, et al. Bites by the saw-scaled or carpet viper (Echis carinatus): trial of two specific antivenoms trial or carpet viper by the saw-scaled of two specific antivenoms (Echis carinatus). Br Med J. (1974) 4:437–40. doi: 10.1136/bmj.4.5942.437

8. Larréché S, Mion G, Mayet A, Verret C, Puidupin M, Benois A, et al. Antivenin remains effective against African Viperidae bites despite a delayed treatment. Am J Emerg Med. (2011) 29:155–61. doi: 10.1016/j.ajem.2009.08.022

9. Gutiérrez JM, Escalante T, Rucavado A, Herrera C. Hemorrhage caused by snake venom metalloproteinases: a journey of discovery and understanding. Toxins (Basel). (2016) 8:93. doi: 10.3390/toxins8040093

10. Silva A, Isbister GK. Current research into snake antivenoms, their mechanisms of action and applications. Biochem Soc Trans. (2020) 48:537–46. doi: 10.1042/BST20190739

11. Maduwage K, Buckley NA, de Silva HJ, Lalloo DG, Isbister GK. Snake antivenom for snake venom induced consumption coagulopathy. Cochrane Database Syst Rev. (2015) 6:CD011428. doi: 10.1002/14651858.CD011428.pub2

12. Mion G, Larréché S, Benois A, Petitjeans F, Puidupin M. Hemostasis dynamics during coagulopathy resulting from Echis envenomation. Toxicon. (2013) 76:103–9. doi: 10.1016/j.toxicon.2013.09.003

13. Isbister GK, Duffull SB, Brown SGA. Failure of antivenom to improve recovery in Australian snakebite coagulopathy. QJM. (2009) 102:563–8. doi: 10.1093/qjmed/hcp081

14. Trevett AJ, Lalloo DG, Nwokolo NC, Naraqi S, Kevau IH, Theakston RDG, et al. The efficacy of antivenom in the treatment of bites by the Papuan taipan (Oxyuranus scutellatus canni). Trans R Soc Trop Med Hyg. (1995) 89:322–5. doi: 10.1016/0035-9203(95)90562-6

15. Lalloo DG, Treveti AJ, Korinhona A, Laurenson IANF, Paul M, Black J, et al. Snake bites by the Papuan taipan (Oxyuranus scutellatus canni): paralysis, haemostatic and electrocardiographic abnormalities, and effects of antivenom. Am J Trop Med Hyg. (1995) 52:525–31. doi: 10.4269/ajtmh.1995.52.525

16. Warrell DA. Snake venoms in science and clinical medicine 1. Russell’s viper: biology, venom and treatment. Trans R Soc Trop Med Hyg. (1989) 83:732–40. doi: 10.1016/0035-9203(89)90311-8

17. Isbister GK, Maduwage K, Scorgie FE, Shahmy S, Mohamed F, Abeysinghe C, et al. Venom concentrations and clotting factor levels in a prospective cohort of russell’s viper bites with coagulopathy. PLoS Negl Trop Dis. (2015) 9:e0003968. doi: 10.1371/journal.pntd.0003968

18. Ratnayake I, Shihana F, Dissanayake DM, Buckley NA, Maduwage K, Isbister GK. Performance of the 20-minute whole blood clotting test in detecting venom induced consumption coagulopathy from russell’s viper (Daboia russelii) bites. Thromb Haemost. (2017) 117:500–7. doi: 10.1160/TH16-10-0769

19. Silva A, Maduwage K, Sedgwick M, Pilapitiya S, Weerawansa P, Dahanayaka NJ, et al. Neuromuscular effects of common krait (Bungarus caeruleus) envenoming in Sri Lanka. PLoS Negl Trop Dis. (2016) 10:e0004368. doi: 10.1371/journal.pntd.0004368

20. Silva A, Maduwage K, Sedgwick M, Pilapitiya S, Weerawansa P, Dahanayaka N, et al. Neurotoxicity in Russell’s viper (Daboia russelii) envenoming in Sri Lanka: a clinical and neurophysiological study. Clin Toxicol. (2016) 54:1–9. doi: 10.3109/14756366.2014.1003216

21. Silva A, Johnston C, Kuruppu S, Kneisz D, Maduwage K, Kleifeld O, et al. Clinical and pharmacological investigation of myotoxicity in Sri Lankan Russell’s viper (Daboia russelii) envenoming. PLoS Negl Trop Dis. (2016) 10:e0005172. doi: 10.1371/journal.pntd.0005172

22. Silva A, Sedgwick EM, Weerawansa P, Pilapitiya S, Weerasinghe V, Buckley N, et al. Sub-clinical neuromuscular dysfunction after envenoming by Merrem’s hump-nosed pit viper (Hypnale hypnale). Toxicol Commun. (2019) 3:23–8. doi: 10.1080/24734306.2018.1560991

23. Silva A, Hlusicka J, Siribaddana N, Waiddyanatha S, Pilapitiya S, Weerawansa P, et al. Time delays in treatment of snakebite patients in rural Sri Lanka and the need for rapid diagnostic tests. PLoS Negl Trop Dis. (2020) 14:e0008914. doi: 10.1371/journal.pntd.0008914

24. Kellum JA, Lameire N, Aki K, Work G. Diagnosis, evaluation, and management of acute kidney injury: a KDIGO summary (Part 1). Crit Care. (2013) 17:204. doi: 10.1186/cc11454

25. Phillips RE, Theakston RDG, Warrell DA, Galigedara Y, Abeysekera DTDJ, Dissanayaka P, et al. Paralysis, rhabdomyolysis and haemolysis caused by bites of Russell’s viper (Vipera russelli Pulchella) in Sri Lanka: failure of Indian (Haffkine) antivenom. QJM. (1988) 68:691–715. doi: 10.1093/oxfordjournals.qjmed.a068236

26. Kularatne SAM. Epidemiology and clinical picture of the Russell’s viper (Daboia russelli russelli) bite in Anuradhapura, Sri Lanka: a prospective study of 336 patients. Southeast Asian J Trop Med Public Health. (2000) 34:855–62. doi: 10.1016/j.trstmh.2011.07.010

27. Kularatne SAM, Silva A, Weerakoon K, Maduwage K, Walathara C, Paranagama R, et al. Revisiting Russell’s viper (Daboia russelii) bite in Sri Lanka: is abdominal pain an early feature of systemic envenoming? PLoS One. (2014) 9:e90198. doi: 10.1371/journal.pone.0090198

28. Ratnayake I, Mohamed F, Buckley NA, Gawarammana IB, Dissanayake DM, Chathuranga U, et al. Early identification of acute kidney injury in Russell’s viper (Daboia russelii) envenoming using renal biomarkers. PLoS Negl Trop Dis. (2019) 13:e0007486. doi: 10.1371/journal.pntd.0007486

29. Karunarathne S, Udayakumara Y, Govindapala D, Fernando H. Type IV renal tubular acidosis following resolution of acute kidney injury and disseminated intravascular coagulation due to hump-nosed viper bite. Indian J Nephrol. (2013) 23:294–6. doi: 10.4103/0971-4065.114476

30. Naik BS. Hypnale coagulopathy: snake envenomation of a different kind. J R Coll Physicians Edinb. (2021) 51:31–6. doi: 10.4997/JRCPE.2021.108

31. Wijewickrama ES, Gooneratne LV, Gnanathasan A, Gawarammana I, Gunatilake M, Isbister GK. Severe acute kidney injury following Sri Lankan Hypnale spp. envenoming is associated with thrombotic microangiopathy. Clin Toxicol. (2020) 1–7. doi: 10.1080/15563650.2020.1810695

32. Herath N, Wazil A, Kularatne S, Ratnatunga N, Weerakoon K, Badurdeen S, et al. Thrombotic microangiopathy and acute kidney injury in hump-nosed viper (Hypnale species) envenoming: a descriptive study in Sri Lanka. Toxicon. (2012) 60:61–5. doi: 10.1016/j.toxicon.2012.03.015

33. Tan NH, Fung SY, Tan KY, Yap MKK, Gnanathasan CA, Tan CH. Functional venomics of the Sri Lankan Russell’s viper (Daboia russelii) and its toxinological correlations. J Proteomics. (2015) 128:403–23. doi: 10.1016/j.jprot.2015.08.017

34. Pla D, Sanz L, Quesada-Bernat S, Villalta M, Baal J, Chowdhury MAW, et al. Phylovenomics of Daboia russelii across the Indian subcontinent. Bioactivities and comparative in vivo neutralization and in vitro third-generation antivenomics of antivenoms against venoms from India, Bangladesh and Sri Lanka. J Proteomics. (2019) 207:103443. doi: 10.1016/j.jprot.2019.103443

35. Lamb T, Abouyannis M, de Oliveira SS, Shenoy KR, Geevar T, Zachariah A, et al. The 20-minute whole blood clotting test (20WBCT) for snakebite coagulopathy—A systematic review and meta-analysis of diagnostic test accuracy. PLoS Negl Trop Dis. (2021) 15:e0009657. doi: 10.1371/JOURNAL.PNTD.0009657


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Silva, Scorgie, Lincz, Maduwage, Siribaddana and Isbister. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Indian Polyvalent Antivenom Accelerates Recovery From Venom-Induced Consumption Coagulopathy (VICC) in Sri Lankan Russell’s Viper (Daboia russelii) Envenoming



		INTRODUCTION



		PATIENTS AND METHODS



		Coagulation Assays



		Outcomes



		Data Analysis







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		FOOTNOTES



		REFERENCES

















OPS/images/fmed-09-852651-g002.jpg
A 3 B 6-
4- —
—
)
3- e &
14 o
2 3
2+ c
= 2-
o)
Ly L
0 1 1 || 1 0 || 1 1 1
24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs 24 hrs 48 hrs
Antivenom No antivenom Antivenom No antivenom
C D
13 5-
12— .
- =3 47
\
4% 722 3-
Nl :
= 2 £
| -
—3 L
1- L 1-
0 | | I i [ l 0 I | | I I |
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time from bite (h) Time from bite (h)
E F
8 4-
) 3 3
= >
g 5
g) g) 2_
£ 2 —
= =
_-9 :'E 1- /
LL L
0 1 T I |
0 12 24 36 48

Time from bite (h) Time from bite (h)





OPS/images/fmed-09-852651-g001.jpg
INR

15

10

5_

1 1
Antivenom No antivenom

*k Xk %k

B 20- |
— ®
= -
9 15_ .

- @ -1
®
qu) 1.0— ::. —elo—
c @
=
Q2 0.5-
i Sle
0.0 I |
Antivenom No antivenom





OPS/images/fmed-09-852651-t001.jpg
Age: median (range) in
years

Sex: males (%)
Bite-to-hospital time in
hours: median (IQR)
Bite-to-antivenom time in
hours: median (IQR)
Patients with local features
of envenoming (%)

Peak venom concentration:

median (IQR) ng/mL
WBCT20 positive
patients (%)

Patients with bleeding
manifestations (%)
Patients with complete
VICC (%)

Patients with partial

VICC (%)

Patients with

neurotoxicity (%)

Patients with acute kidney
injury (%)

Duration of hospital stay in
days: median (IQR)
Deaths (%)

Antivenom (n = 39)

40 (16 — 65)
33 (85)

2(15 —33)
38 (2.8 —4.5)
39 (100)

272 (96 —1,076)
39 (100)

15 (35)

20 (51)

19 (49)

33 (85)

38

32 -4

0 (0)

No antivenom (n = 5)

34 (17 —52)

4 (80)
3(1.5 —4.4)

5 (100)

21 (8 —58)

0 (0)

0 (0)

0 (0)

5 (100)

0 (0)

0 (0)

2(2)

0(0)





OPS/images/cover.jpg
, frontiers
In Medicine

Indian Polyvalent Antivenom
Accelerates Recovery From
Venom-Induced Consumption
Coagulopathy (VICC)
in Sri Lankan Russell’s Viper
(Daboia russelii) Envenoming









OPS/images/logo.jpg
’ frontiers
in Medicine





