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Abstract 

Objective To evaluate the use of antivenom therapy in Bothrops envenomation in 
the Region of the Americas and to synthesize data on treatment outcomes, adverse 
reactions and long-term sequelae. 

Methods We systematically searched Web of Science, Scopus, Lilacs, 
PubMed® and Google Scholar for studies published up to 5 May 2025 that reported 
on the effects of antivenom treatment in humans bitten by Bothrops species in the 
Region of the Americas. We extracted data on patient demographics, adverse 
reactions, clinical complications and long-term sequelae following antivenom therapy. 

Findings Of 2060 articles identified, 38 met the inclusion criteria. Bothrops 
envenomations occurred more frequently in men (75.2%; 3247/4320 individuals), 
predominantly affected the lower limbs (76.5%; 2494/3295) and typically resulted in 
moderate-grade envenoming (44.6%; 1553/3483 individuals). We found that adverse 
reactions to antivenom therapy were common: 19.6% (589/2998) experienced early 
reactions and 1.6% (16/992) delayed reactions, although incidence declined in recent 
years. Individuals experienced clinical complications, such as severe oedema (23.2%; 
239/1032), secondary infections (22.8%; 452/1985) and incoagulable blood (20.7%; 
357/1724). Some patients also experienced permanent sequelae, though these 
complications were relatively infrequent (3.3%; 50/1512). For studies reporting on 
deaths, 0.8% (23/3035) of patients died.  

Conclusion Antivenom therapy remains central to the management of 
Bothrops envenomation. However, challenges persist in treatment outcomes and 
long-term sequelae. Addressing these challenges requires ongoing research to 
strengthen antivenom manufacturing, explore adjunct therapies and improve post-
envenomation care. Substantial heterogeneity study methods and reported outcomes, 
precluded the ability to conduct pooled analyses and generalize findings. 
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Introduction 

Antivenom therapy, developed over a century ago, remains the main treatment for snakebite.1 

However, clinical trials under contemporary standards to ascertain its efficacy and safety 

were not conducted during its development.2 Today, producers make quality control 

assessments of antivenoms in animal models, primarily focusing on the antivenoms’ ability to 

neutralize lethal effects,3 while disregarding other effects that can contribute to morbidity, 

such as adverse reactions and prevention of local damage.4–6 The few well-designed clinical 

trials that have been conducted on human snakebite treatment with antivenoms,7 consistently 

indicate a benefit from using antivenoms.8–15  

In the Region of the Americas, vipers from the Bothrops genus are the primary cause 

of snakebites. This genus comprises 47 species, and is found from Mexico to Argentina, 

including the Caribbean and smaller Atlantic coastal islands of Brazil.16 Envenomation by 

Bothrops snakes triggers a range of haemotoxic effects, typically beginning with local 

bleeding, and may progress to include symptoms such as oedema, pain, bruising and blisters. 

Severe complications can arise, including haemorrhagic manifestations, worsening of local 

effects, infections, necrosis and compartment syndrome caused by increasing oedema. 

Systemic complications such as acute kidney injury, central nervous system bleeding, shock 

or sepsis may also occur. Ultimately, Bothrops envenomation can result in tissue loss, motor 

deficits, amputation, renal failure and death.17 

Compared to other snakebite hotspot areas, Latin America has a lower mortality rate, 

around 0.04 deaths per 100 000 population.18 In contrast, a systematic review showed higher 

rates on the continents of Africa and Asia, at 0.44 and 0.96 deaths per 100 000 population, 

respectively.19 A reason for this difference can be the accessibility to high-quality antivenom 

producers in the Region of the Americas.20 Despite the availability, several challenges related 

to snakebite treatment persist in Latin America. These include critical gaps in antivenom 

distribution and cold-chain logistics that delay on-time administration; the mismatch between 

antivenom specificity and the high regional diversity of venomous species; and variations in 

the neutralizing potency of available antivenoms towards the different venom effects.  

To comprehensively analyse the use of antivenom therapy against Bothrops 

envenomation in the Region of the Americas, we conducted a systematic review to estimate 

the local and systemic short- and long-term effects in patients receiving antivenom therapy. 
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Methods 

We registered the systematic review in PROSPERO (CRD42020205978), in accordance with 

the PRISMA 2020 statement.21 

Search and data extraction 

Up to 5 May 2025, we searched Web of Science, Scopus, Lilacs, PubMed® and Google 

Scholar using the search string Bothrops AND (antivenom OR immunotherapy) AND (efficacy 

OR effectiveness) to identify studies in any language, conducted in any country or territory in 

the Region of the Americas that reported on the effects of antivenom in human patients. We 

also manually examined the bibliographic references of the included articles as well as non-

indexed literature. 

Two reviewers independently screened the titles of articles, followed by the 

evaluation of abstracts and complete reading of the article. Agreement between the reviewers 

was needed for inclusion of a paper. If consensus was not reached, a third reviewer resolved 

the disagreement. Articles not specifying the snake Bothrops sp. as the cause of the snakebite 

or did not mention an American country or territory as the study location were excluded, as 

well as systematic reviews, articles without numerical data from clinical studies, and animal 

studies. We recorded the identified articles in an Excel spreadsheet (Microsoft, Redmond, 

United States of America).22 

From the included articles, we extracted study type; number of patients treated; sex; 

age; snakebite data; antivenom used; antivenom dosage; case evolution; and country or 

territory where the incident occurred. We also extracted data on variables related to post-

antivenom symptoms. As noted in a previous study,7 snakebite clinical trials often exhibit 

significant heterogeneity in outcome measurements. Therefore, we focused on the relevant 

symptoms persisting after antivenom therapy more commonly reported across the articles. 

Selected variables included: bleeding (systemic or local), incoagulable blood (after 6 hours of 

serotherapy), local damage (such as blisters, necrosis or gangrene), severe oedema or 

compartment syndrome, secondary infection or abscess and acute kidney injury. We also 

recorded adverse reactions to antivenom, as well as other outcomes following treatment such 

as death, permanent sequelae, need for haemodialysis and length of hospital stay. 
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Quality 

We evaluated the quality of the included studies using an adapted version of a critical 

appraisal guideline for health research literature,23 which is suitable for prevalence studies. 

The guideline considers eight criteria, with each fulfilled criterion receiving one point. We 

classified studies scoring fewer than three points as low quality, those scoring between 3 and 

6 points as sufficient quality and those scoring 7 or 8 points as high quality. No studies were 

excluded based on methodological quality. 

Results 

The literature search yielded a total of 2060 articles related to antivenom use in Bothrops 

envenomation. Among these, 1592 articles were off-topic and excluded. We screened 468 

abstracts and included 93 articles for full-text assessment, of which 38 met the inclusion 

criteria (Fig. 1).9–15,24–54 

Of the included studies, 16 were randomized controlled clinical trials,9–15,28,32,34,35,37–

39,41,42 14 were prospective studies24–27,31,33,40,45,47–51,54 and eight retrospective 

studies.29,30,36,43,44,46,52,53 While Bothrops bites occur across the Region of the Americas, we 

only identified studies from a handful of countries or territories that have conducted studies 

on antivenom treatment: Brazil (20 studies),12,13,15,26,27,30,32,33,35,36,40–43,45,47–49,51,52 Colombia 

(seven studies),9,10,14,28,34,37,39 French Guiana (four studies),24,44,50,54 Martinique (three 

studies),29,31,53 Ecuador (two studies),11,38 Costa Rica (one study)25 and Uruguay (one 

study).46 The included studies were published between 1985 and 2025, with frequent 

publications in the late 1990s and early 2000s, and a resurgence from 2017 onward, with 

39.5% (15/38) published since 2017 (Table 1). 

The included studies encompassed data from 4665 victims aged 1 to 93 years 

(Table 1). Males constituted most of the victims (75.2%; 3247/4320 individuals). The most 

commonly reported Bothrops species involved were Bothrops asper (seven studies) 
10,14,25,28,34,37,39 and Bothrops atrox (eight studies;11,15,37,38,44,47,48,54 Table 2). 

Envenomation severity ranged from mild to severe, with moderate envenomation 

being the most commonly reported (44.6%; 1553/3483 victims). Of the studies reporting on 

bite site, 76.5% (2494/3295) of the victims sustained bites to the lower limb.  

Notably, 37.5% (965/2570) of victims had received lay first aid interventions, such as 

tourniquets, incisions and traditional medicine treatments, before receiving antivenom 

treatment. In one instance, one victim had received an injection of kerosene in the bite site.39 
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These measures may have influenced the treatment outcomes. On average, victims received 

antivenom treatment 5.7 hours (standard deviation, SD: 0.05) after being bitten, which is 

within the recommended 6-hour timeframe to prevent clinical aggravation.50 However, 

treatment times varied from 1.5 to 19 hours. 

The antivenoms administered were from various manufacturers. In Brazil, studies 

primarily used antivenoms from its health ministry’s accredited producers (Instituto 

Butantan, Instituto Vital Brazil and Fundação Ezequiel Dias). While some studies did not 

specify the exact product, all antivenoms from these institutes are produced under similar 

conditions and are comparable.13 Other producers included Instituto Clodomiro Picado from 

Costa Rica, Institut Pasteur and Sanofi Pasteur from France, Instituto Nacional de Salud and 

Probiol from Colombia, Bioclon from Mexico, Instituto Nacional de Higiene y Medicina 

Tropical Leopoldo Izquieta Pérez from Ecuador, and BIOL and Malbran from Argentina. 

Except for Instituto Clodomiro Picado and Instituto Nacional de Salud (Colombia), which 

manufacture antivenoms composed of integral immunoglobulin G (IgG) molecules, all other 

antivenoms consist of antibody fragments (F(ab')2) derived from pepsin digestion of horse 

IgG antibodies. On average, victims received an initial dose of 5.5 (SD: 0.04) vials of 

antivenom, with each vial containing 10 mL. Doses ranged from 1.5 to 9.1 vials. Intravenous 

administration was the most common route, only one study administered antivenom via the 

intramuscular route.25 

We extracted data on relevant variables related to antivenom treatment outcomes 

(Table 3). The least reported symptom after antivenom treatment was local or systemic 

bleeding (7.9%; 123/1551) and the most common symptom was severe oedema, reported in 

23.2% of victims (239/1032). Treatment-related adverse reactions occurred in about one fifth 

of victims: 19.6% (589/2998) experienced early reactions and 1.6% (16/992) delayed 

reactions. Complications such as permanent sequelae (3.3%; 50/1512), need for 

haemodialysis (1.5%; 17/1139) and death (0.8%; 23/3035) were less frequently reported. The 

median length of hospitalization reported was 4.8 days (SD: 0.06). 

Discussion 

Snakebite envenoming by Bothrops species remains a major public health challenge 

throughout the Region of the Americas, causing substantial morbidity and mortality. These 

snakebites typically induce severe clinical manifestations, including extensive local tissue 

damage, coagulopathies, haemorrhage and systemic complications. However, variations exist 
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in the presenting symptoms depending on the offending snake species.26,30,53 While 

antivenom is the only specific treatment and has demonstrated significant lifesaving 

benefits,55 it can be less effective for some venom-induced pathologies. This systematic 

review evaluates these therapeutic limitations in Bothrops envenomation, identifying critical 

gaps to guide future treatment optimization. 

We observed a resurgence of publications on antivenom use in Bothrops 

envenomation from 2017 onward, suggesting a renewed interest in the topic following 

WHO’s designation of snakebite as a priority neglected tropical disease in 2017.56  

We were unable to identify published research on Bothrops envenomation from high-

incidence countries including the Plurinational State of Bolivia, Guyana, Nicaragua, Panama, 

Peru and Bolivarian Republic of Venezuela, which report snakebite rates exceeding the 

regional average.18 The paucity of data from these countries limits a comprehensive 

understanding of the full spectrum of antivenom treatment for bothropic envenoming across 

the Region of the Americas. 

The predominant profile of snakebite victims identified in our study corroborates the 

general understanding that men in rural areas face elevated snakebite risk.57,58 The reason 

may be due to male-dominated occupations like farming, livestock herding and resource 

extraction,59 activities often conducted without protective gear in low-income communities, 

reflecting persistent gender roles in these areas.60  

The included studies only recorded 23 deaths (0.8% of 4665 victims) indicating that 

antivenom is useful in preventing death, as previously shown.24,55 However, reversing 

envenomation symptoms were more challenging. In our review, severe oedema, secondary 

infections and incoagulable blood were the most frequently reported clinical complications in 

patients bitten by Bothrops snakes, about one-fifth of patients experienced one of these 

complications. Oedema results from venom toxins and host’s inflammatory response to 

envenomation61 and may progress to compartment syndrome requiring fasciotomy,51 which 

might lead to tissue loss or amputation. While the efficacy of fasciotomy is questioned,62 

antivenom alone may not halt the inflammatory process, suggesting that adjunct anti-

inflammatory therapies could be beneficial. 

Victims who developed secondary infections, such as abscesses, cellulitis and 

necrotizing fasciitis, may have permanent impairment. How secondary infections following 

Bothrops snakebites develop remains incompletely understood. However, infection risk 
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appears to correlate with envenomation severity,63 indicating that early venom neutralization 

may reduce incidence. No standardized antibiotic exists and causative pathogens are often 

unidentified.35,42 However, resistant bacteria have been identified in the mouths of Bothrops 

snakes,64 which can further complicate treatment. 

Coagulopathy, a hallmark of Bothrops envenomation, is primarily caused by venom 

metalloproteinases and serine proteinases toxins that degrade fibrinogen and impair platelet 

aggregation.65 Restoring coagulation is crucial to prevent bleeding, which could potentially 

lead to lethal complications.43 Therefore, enhancing antivenom potency, by boosting the 

concentration of specific antibodies, and using enzyme inhibitors66,67 may improve outcomes. 

We chose to report on measurements of incoagulable blood only after 6 hours following 

antivenom therapy to ensure that the outcome was attributable to the initial treatment. 

Although clinicians often administer additional doses of antivenom beyond this period until 

coagulation normalizes. These subsequent treatments were inconsistently documented across 

reviewed articles, making it difficult to extract precise information on interventions 

administered after the six-hour mark. Local and systemic bleeding, on the other hand, had a 

lower prevalence after antivenom therapy, corroborating that Bothrops haemotoxic effects 

can indeed be effectively counteracted by antivenom.45 

Acute kidney injury, the leading cause of death in Bothrops envenomation, occurred 

in 10 percent of patients, and is characterized by oliguria, increase in serum creatinine levels 

and may require dialysis.68 While its pathogenesis is unclear, coagulopathy and venom-

caused nephrotoxicity may play a key role,69 and elevated circulating venom levels correlate 

with acute kidney injury.48 Therefore, proper neutralization of circulating venom may be 

important to prevent acute kidney injury. Notably, we observed that studies involving 

Bothrops asper bites had a greater prevalence of acute kidney injury possibly due to toxin-

specific effects. However, further investigations are needed.  

About one in 10 patients had local tissue damage, caused by synergistic toxin action 

and host response. Timely treatment is paramount to prevent disproportionate inflammatory 

damage. Evidence suggests that endogenous mediators of tissue injury may be counteracted 

by anti-inflammatory therapies.70 

Based on our analysis, early adverse reactions are prevalent following antivenom 

therapy. These reactions result from the administration of large quantities of heterologous 

proteins, which provoke the patient’s immune system. However, most of these adverse 
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effects were reported to be mild infusion-related reactions, such as cutaneous rash, coughs 

and swelling, which were effectively reversed with specific treatment. Nevertheless, life-

threatening complications may occur, requiring close patient monitoring. In the included 

studies, late-onset serum sickness, characterized by the deposition of excessive circulating 

immune complexes, causing fever, headaches, polyarthritis and skin rash,71 was rare. This 

finding may reflect prompt antihistamine treatment of early reactions, but can also result from 

poor patient follow-up, underestimating its occurrence.28 Encouragingly, adverse events 

appear to be declining, as more of the recent articles reported fewer events, possibly 

reflecting improvements in antivenom production. However, despite this progress, the 

problem persists. While some preventive treatments for antivenom therapy have been tried, 

they still need validation.72 Furthermore, antivenom manufactures are urged to improve their 

purity standards to reduce adverse effects.  

While the incidence of permanent sequelae in our analysis was low, the possible poor 

patient follow-up likely hinders our full understanding of the issue.17,28 Case reports have 

shown long-term disabilities following Bothrops snakebite injuries, such as disabilities,73 

reduced mobility,74 renal failure up to 60 months after envenomation75 and coma due to 

intracranial haemorrhagic stroke.76 These examples emphasize the necessity for 

comprehensive care following envenomation. The limited documentation of long-term effects 

calls for further research to elucidate the role of appropriate antivenom administration in 

mitigating these sequelae. Moreover, psychological consequences are often underreported, 

yet they can represent an important sequela with lasting impact on victims’ lives. These 

effects are not mitigated with antivenom treatments.77 Both physical and psychological health 

problems are common in snakebite survivors and can impair quality of life and 

socioeconomic stability for survivors and their families.78,79 

The substantial heterogeneity in study designs, treatment protocols and patient 

demographics of included studies precluded a formal meta-analysis. Therefore, the 

conclusions in this review should be interpreted within this context of variability. Despite this 

limitation, we could still make clinically relevant observations based on conserved venom 

pathobiology across species and antivenom's common mechanism of toxin neutralization via 

antibody binding. Across studies, some patients continued to experience symptoms after 

antivenom administration, indicating incomplete venom neutralization. These findings 

highlight critical gaps in current therapies, emphasizing the need for targeted research on 
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refractory manifestations to inform antivenom optimization. Ideally, standardized outcome 

measures should be used to allow future comparisons.  

Bothrops envenomation is the most common snakebite in the Region of the Americas 

and represents a persistent public health concern. Emerging One Health challenges, such as 

climate change and human-driven landscape changes, are likely to exacerbate the 

problem.80,81 Climate change may shift snake distributions and behaviour, potentially altering 

envenomation epidemiology.82 Notably, recent evidence demonstrates a direct correlation 

between elevated temperatures, deforestation and an increase in Bothrops snakebite.83 While 

such ecological changes may also drive local extinctions of some venomous species,84 the 

present clinical challenges justify the need for improved therapeutic strategies, amid an 

unpredictable epidemiological future. 

To conclude, this review underscores the challenges associated with antivenom 

therapy for treating Bothrops-related incidents. Despite advancements in research, adverse 

reactions following antivenom administration remain prevalent, necessitating continuous 

efforts to refine antivenom manufacturing processes. Furthermore, persistent clinical 

complications such as severe oedema, secondary infections and coagulopathy highlight the 

need for innovative treatment strategies, including the exploration of adjunct therapies and 

targeted interventions. The disparities in research coverage across affected regions emphasize 

the importance of global collaboration to effectively address snakebite morbidity. Moving 

forward, concerted efforts are required to enhance both preventive measures and care 

following envenomation to mitigate the long-term impact of Bothrops snakebites on patient 

health and well-being. 

Competing interests: 

None declared. 

References 

1. Silva A, Isbister GK. Current research into snake antivenoms, their mechanisms of 
action and applications. Biochem Soc Trans. 2020 Apr 29;48(2):537–46. 
https://doi.org/10.1042/BST20190739 PMID:32196542 

2. WHO Expert Committee on biological standardization sixty-seventh report. 
Geneva: World Health Organization; 2017. 

3. Gutiérrez JM, Solano G, Pla D, Herrera M, Segura Á, Vargas M, et al. Preclinical 
evaluation of the efficacy of antivenoms for snakebite envenoming: State-of-
the-art and challenges ahead. Toxins (Basel). 2017 May 13;9(5):163. 
https://doi.org/10.3390/toxins9050163 PMID:28505100 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

4. Gutiérrez JM, León G, Rojas G, Lomonte B, Rucavado A, Chaves F. 
Neutralization of local tissue damage induced by Bothrops asper (terciopelo) 
snake venom. Toxicon. 1998 Nov;36(11):1529–38. 
https://doi.org/10.1016/S0041-0101(98)00145-7 PMID:9792169 

5. Rucavado A, Escalante T, Shannon JD, Ayala-Castro CN, Villalta M, Gutiérrez 
JM, et al. Efficacy of IgG and F(ab’)2 antivenoms to neutralize snake venom-
induced local tissue damage as assessed by the proteomic analysis of wound 
exudate. J Proteome Res. 2012 Jan 1;11(1):292–305. 
https://doi.org/10.1021/pr200847q PMID:22004524 

6. Nogueira DCS, Calil IP, Santos RMMD, Andrade Filho A, Cota G. A phase IV, 
prospective, observational study of the clinical safety of snake antivenoms. 
Rev Inst Med Trop São Paulo. 2021 Dec 6;63:e79. 
https://doi.org/10.1590/s1678-9946202163079 PMID:34878037 

7. Abouyannis M, Aggarwal D, Lalloo DG, Casewell NR, Hamaluba M, Esmail H. 
Clinical outcomes and outcome measurement tools reported in randomised 
controlled trials of treatment for snakebite envenoming: a systematic review. 
PLoS Negl Trop Dis. 2021 Aug 2;15(8):e0009589. 
https://doi.org/10.1371/journal.pntd.0009589 PMID:34339410 

8. Bush SP, Ruha AM, Seifert SA, Morgan DL, Lewis BJ, Arnold TC, et al. 
Comparison of F(ab’)2 versus Fab antivenom for pit viper envenomation: a 
prospective, blinded, multicenter, randomized clinical trial. Clin Toxicol (Phila). 
2015 Jan;53(1):37–45. https://doi.org/10.3109/15563650.2014.974263 
PMID:25361165 

9. Otero R, Gutiérrez JM, Rojas G, Núñez V, Díaz A, Miranda E, et al. A randomized 
blinded clinical trial of two antivenoms, prepared by caprylic acid or 
ammonium sulphate fractionation of IgG, in Bothrops and Porthidium snake 
bites in Colombia: correlation between safety and biochemical characteristics 
of antivenoms. Toxicon. 1999 Jun;37(6):895–908. 
https://doi.org/10.1016/S0041-0101(98)00220-7 PMID:10340829 

10. Otero-Patiño R, Cardoso JL, Higashi HG, Nunez V, Diaz A, Toro MF, et al. A 
randomized, blinded, comparative trial of one pepsin-digested and two whole 
IgG antivenoms for Bothrops snake bites in Uraba, Colombia. Am J Trop Med 
Hyg. 1998 Feb;58(2):183–9. https://doi.org/10.4269/ajtmh.1998.58.183 
PMID:9580075 

11. Smalligan R, Cole J, Brito N, Laing GD, Mertz BL, Manock S, et al. Crotaline 
snake bite in the Ecuadorian Amazon: randomised double blind comparative 
trial of three South American polyspecific antivenoms. BMJ. 2004 Nov 
13;329(7475):1129–33. https://doi.org/10.1136/bmj.329.7475.1129 
PMID:15539665 

12. Jorge MT, Cardoso JLC, Castro SCB, Ribeiro L, França FOS, de Almeida MES, 
et al. A randomized ‘blinded’ comparison of two doses of antivenom in the 
treatment of Bothrops envenoming in São Paulo, Brazil. Trans R Soc Trop 
Med Hyg. 1995 Jan-Feb;89(1):111–4. https://doi.org/10.1016/0035-
9203(95)90678-9 PMID:7747293 

13. Cardoso JLC, Fan HW, Franca FOS, Jorge MT, Leite RP, Nishioka SA, et al. 
Randomized comparative trial of three antivenoms in the treatment of 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

envenoming by lance-headed vipers (Bothrops jararaca) in Sao Paulo, Brazil. 
Q J Med. 1993 May;86(5):315–25. 

14. Otero R, León G, Gutiérrez JM, Rojas G, Toro MF, Barona J, et al. Efficacy and 
safety of two whole IgG polyvalent antivenoms, refined by caprylic acid 
fractionation with or without β-propiolactone, in the treatment of Bothrops 
asper bites in Colombia. Trans R Soc Trop Med Hyg. 2006 
Dec;100(12):1173–82. https://doi.org/10.1016/j.trstmh.2006.01.006 
PMID:16698053 

15. Pardal PP de O, Souza SM, Monteiro MR, Fan HW, Cardoso JL, França FO, et 
al. Clinical trial of two antivenoms for the treatment of Bothrops and Lachesis 
bites in the north eastern Amazon region of Brazil. Trans R Soc Trop Med 
Hyg. 2004 Jan;98(1):28–42. https://doi.org/10.1016/S0035-9203(03)00005-1 
PMID:14702836 

16. Campbell JA, Lamar WW. Venomous Reptiles of the Western Hemisphere. 
Volume I. New York: Cornell University Press; 2004. 

17. Malaque CMS, Gutiérrez JM. Snakebite Envenomation in Central and South 
America. In: Brent J, Burkhart K, Dargan P, Hatten B, Megarbane B, Palmer 
R, editors. Critical care toxicology. Cham: Springer International Publishing; 
2015. https://doi.org/10.1007/978-3-319-20790-2_146-1 

18. Chippaux JP. Incidence and mortality due to snakebite in the Americas. PLoS 
Negl Trop Dis. 2017 Jun 21;11(6):e0005662. 
https://doi.org/10.1371/journal.pntd.0005662 PMID:28636631 

19. Afroz A, Siddiquea BN, Chowdhury HA, Jackson TN, Watt AD. Snakebite 
envenoming: a systematic review and meta-analysis of global morbidity and 
mortality. PLoS Negl Trop Dis. 2024 Apr 4;18(4):e0012080. 
https://doi.org/10.1371/journal.pntd.0012080 PMID:38574167 

20. Fan HW, Vigilato MAN, Pompei JCA, Gutiérrez JM. [Situation of public 
laboratories manufacturing antivenoms in Latin America]. Rev Panam Salud 
Publica. 2019 Nov 19;43:e92. Spanish. 
https://doi.org/10.26633/RPSP.2019.92 PMID:31772565  

21. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021 Mar 29;372:n71. https://doi.org/10.1136/bmj.n71 
PMID:33782057 

22. Guerra-Duarte C, Pauline de Sousa V, de Oliveira-Sousa G, Gomes Mol MP. 
Use of snake antivenom in the Region of the Americas: a systematic review, 
supplemental material [online repository]. Meyrin: Zenodo; 2025. 
https://doi.org/10.5281/zenodo.16945616 

23. Loney PL, Chambers LW, Bennett KJ, Roberts JG, Stratford PW. Critical 
appraisal of the health research literature: prevalence or incidence of a health 
problem. Chronic Dis Can. 1998;19(4):170–6. PMID:10029513 

24. Resiere D, Houcke S, Pujo JM, Mayence C, Mathien C, NkontCho F, et al. 
Clinical features and management of snakebite envenoming in French 
Guiana. Toxins (Basel). 2020 Oct 19;12(10):662. 
https://doi.org/10.3390/toxins12100662 PMID:33086750 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

25. Barrantes A, Solís V, Bolaños R. [Alterations in the coagulation mechanisms of 
patients bitten by Bothrops asper (Terciopelo)]. Toxicon. 1985;23(3):399–407. 
Spanish. https://doi.org/10.1016/0041-0101(85)90024-8 PMID:4024146 

26. Kouyoumdjian JA, Polizelli C. [Snake bites caused by Bothrops moojeni: report 
of 37 cases.] Rev Inst Med Trop São Paulo. 1988 Nov-Dec;30(6):624–32. 
Portuguese. https://doi.org/10.1590/S0036-46651988000600007 
PMID:3252439 

27. Kouyoumdjian JA, Polizelli C. [Snake bites by Bothrops moojeni: correlation of 
the clinical picture with the snake size.] Rev Inst Med Trop São Paulo. 1989 
Mar-Apr;31(2):84–90. Portuguese. https://doi.org/10.1590/S0036-
46651989000200004 PMID:2602805 

28. Otero R, Gutiérrez JM, Núñez V, Robles A, Estrada R, Segura E, et al.; The 
Regional Group on Antivenom Therapy Research (REGATHER). A 
randomized double-blind clinical trial of two antivenoms in patients bitten by 
Bothrops atrox in Colombia. Trans R Soc Trop Med Hyg. 1996 Nov-
Dec;90(6):696–700. https://doi.org/10.1016/S0035-9203(96)90442-3 
PMID:9015522 

29. Bucher B, Canonge D, Thomas L, Tyburn B, Robbe-Vincent A, Choumet V, et 
al.; Research Group on Snake Bites in Martinique. Clinical indicators of 
envenoming and serum levels of venom antigens in patients bitten by 
Bothrops lanceolatus in Martinique. Trans R Soc Trop Med Hyg. 1997 Mar-
Apr;91(2):186–90. https://doi.org/10.1016/S0035-9203(97)90219-4 
PMID:9196765 

30. Milani Júnior R, Jorge MT, de Campos FP, Martins FP, Bousso A, Cardoso JLC, 
et al. Snake bites by the jararacuçu (Bothrops jararacussu): 
clinicopathological studies of 29 proven cases in São Paulo State, Brazil. 
QJM. 1997 May;90(5):323–34. https://doi.org/10.1093/qjmed/90.5.323 
PMID:9205667 

31. Thomas L, Tyburn B, Lang J, Ketterlé J, Biao T, Moravie V, et al. Tolérance et 
efficacité d’un fragment F(ab′)2 antivenimeux (équin) spécifique administré 
par voie intraveineuse dans le traitement des morsures de serpent (Bothrops 
lanceolatus) en Martinique. Réanimation Urgences. 1998 Jul;7(4):381–7. 
French. https://doi.org/10.1016/S1164-6756(98)80004-2 

32. Fan HW, Marcopito LF, Cardoso JLC, França FOS, Malaque CMS, Ferrari RA, et 
al. Sequential randomised and double blind trial of promethazine prophylaxis 
against early anaphylactic reactions to antivenom for bothrops snake bites. 
BMJ. 1999 May 29;318(7196):1451–2. 
https://doi.org/10.1136/bmj.318.7196.1451 PMID:10346769 

33. Bucaretchi F, Herrera SRF, Hyslop S, Baracat ECE, Vieira RJ. Snakebites by 
Bothrops spp in children in Campinas, São Paulo, Brazil. Rev Inst Med Trop 
São Paulo. 2001 Nov-Dec;43(6):329–33. https://doi.org/10.1590/S0036-
46652001000600006 PMID:11781603 

34. Otero R, Gutiérrez J, Beatriz Mesa M, Duque E, Rodríguez O, Luis Arango J, et 
al. Complications of Bothrops, Porthidium, and Bothriechis snakebites in 
Colombia. A clinical and epidemiological study of 39 cases attended in a 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

university hospital. Toxicon. 2002 Aug;40(8):1107–14. 
https://doi.org/10.1016/S0041-0101(02)00104-6 PMID:12165312 

35. Jorge MT, Malaque C, Ribeiro LA, Fan HW, Cardoso JLC, Nishioka SA, et al. 
Failure of chloramphenicol prophylaxis to reduce the frequency of abscess 
formation as a complication of envenoming by Bothrops snakes in Brazil: a 
double-blind randomized controlled trial. Trans R Soc Trop Med Hyg. 2004 
Sep;98(9):529–34. https://doi.org/10.1016/j.trstmh.2003.12.009 
PMID:15251401 

36. Mise YF, Lira-da-Silva RM, Carvalho FM. [Envenomation by Bothrops in the 
State of Bahia: epidemiological and clinical aspects]. Rev Soc Bras Med Trop. 
2007 Sep-Oct;40(5):569–73. Portuguese. https://doi.org/10.1590/S0037-
86822007000500015 PMID:17992415 

37. Otero-Patiño R, Silva-Haad JJ, Barona Acevedo MJ, Toro Castaño MF, Quintano 
Castillo JCQ, Díaz Cadavid A, et al. Accidente bothrópico en Colombia: 
estudio multicéntrico de la eficacia y seguridad de Antivipmyn-Tri®, un 
antiveneno polivalente producido en México. Iatreia. 2007;20(3):245–62. 
Spanish. https://doi.org/10.17533/udea.iatreia.4405 

38. Caron EJ, Manock SR, Maudlin J, Koleski J, Theakston RDG, Warrell DA, et al. 
Apparent marked reduction in early antivenom reactions compared to 
historical controls: was it prophylaxis or method of administration? Toxicon. 
2009 Nov;54(6):779–83. https://doi.org/10.1016/j.toxicon.2009.06.001 
PMID:19520099 

39. Otero-Patiño R, Segura A, Herrera M, Angulo Y, León G, Gutiérrez JM, et al. 
Comparative study of the efficacy and safety of two polyvalent, caprylic acid 
fractionated [IgG and F(ab’)2] antivenoms, in Bothrops asper bites in 
Colombia. Toxicon. 2012 Feb;59(2):344–55. 
https://doi.org/10.1016/j.toxicon.2011.11.017 PMID:22146491 

40. da Silva IM, Tavares AM. Comparative evaluation of adverse effects in the use of 
powder trivalent antivenom and liquid antivenoms in Bothrops snake bites. 
Rev Soc Bras Med Trop. 2012 Jul-Aug;45(4):523–5. 
https://doi.org/10.1590/S0037-86822012000400022 PMID:22930051 

41. Mendonça-da-Silva I, Magela Tavares A, Sachett J, Sardinha JF, Zaparolli L, 
Gomes Santos MF, et al. Safety and efficacy of a freeze-dried trivalent 
antivenom for snakebites in the Brazilian Amazon: an open randomized 
controlled phase IIb clinical trial. PLoS Negl Trop Dis. 2017 Nov 
27;11(11):e0006068. https://doi.org/10.1371/journal.pntd.0006068 
PMID:29176824 

42. Sachett JAG, da Silva IM, Alves EC, Oliveira SS, Sampaio VS, do Vale FF, et al. 
Poor efficacy of preemptive amoxicillin clavulanate for preventing secondary 
infection from Bothrops snakebites in the Brazilian Amazon: a randomized 
controlled clinical trial. PLoS Negl Trop Dis. 2017 Jul 10;11(7):e0005745. 
https://doi.org/10.1371/journal.pntd.0005745 PMID:28692641 

43. Oliveira SS, Alves EC, Santos AS, Pereira JPT, Sarraff LKS, Nascimento EF, et 
al. Factors associated with systemic bleeding in bothrops envenomation in a 
tertiary hospital in the Brazilian amazon. Toxins (Basel). 2019 Jan 7;11(1):22. 
https://doi.org/10.3390/toxins11010022 PMID:30621001 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

44. Heckmann X, Lambert V, Mion G, Ehrhardt A, Marty C, Perotti F, et al. Failure of 
a Mexican antivenom on recovery from snakebite-related coagulopathy in 
French Guiana. Clin Toxicol (Phila). 2021 Mar;59(3):193–9. 
https://doi.org/10.1080/15563650.2020.1786108 PMID:32609546 

45. Silva de Oliveira S, Campos Alves E, Dos Santos Santos A, Freitas Nascimento 
E, Tavares Pereira JP, Mendonça da Silva I, et al. Bothrops snakebites in the 
Amazon: recovery from hemostatic disorders after Brazilian antivenom 
therapy. Clin Toxicol (Phila). 2020 Apr;58(4):266–74. 
https://doi.org/10.1080/15563650.2019.1634273 PMID:31264481 

46. Negrin A, Battocletti MA, Juanena C, Morais V. Reports of doses administered 
and adverse reactions to snake antivenom used in Uruguay in 2018. Front 
Toxicol. 2021 Aug 27;3:690964. https://doi.org/10.3389/ftox.2021.690964 
PMID:35295149 

47. Gimenes SNC, Sachett JAG, Colombini M, Freitas-de-Sousa LA, Ibiapina HNS, 
Costa AG, et al. Observation of Bothrops atrox snake envenoming blister 
formation from five patients: pathophysiological insights. Toxins (Basel). 2021 
Nov 13;13(11):800. https://doi.org/10.3390/toxins13110800 PMID:34822585 

48. Brasileiro-Martins LM, Nascimento TP, Silva-Neto AV, Martins F, Cavalcante SA, 
Martins RB, et al. The severity of acute kidney injury correlates with plasma 
venom levels in Bothrops atrox envenomings. Toxicon. 2022 
Nov;219:106924. https://doi.org/10.1016/j.toxicon.2022.09.010 
PMID:36126694 

49. Soares FGS, Ibiapina HN, Sartim MA, Mendonça-da-Silva I, Nascimento EF, 
Ferreira LCL, et al. Lower levels of CXCL-8 and IL-2 on admission as 
predictors of early adverse reactions to Bothrops antivenom in the Brazilian 
Amazon. Cytokine. 2022 Apr;152:155825. 
https://doi.org/10.1016/j.cyto.2022.155825 PMID:35168182 

50. Houcke S, Pujo JM, Vauquelin S, Lontsi Ngoula GR, Matheus S, NkontCho F, et 
al. Effect of the time to antivenom administration on recovery from snakebite 
envenoming-related coagulopathy in French Guiana. PLoS Negl Trop Dis. 
2023 Apr 24;17(4):e0011242. https://doi.org/10.1371/journal.pntd.0011242 
PMID:37093856 

51. Toffano LL, Silva LOD, Neves FF, Teixeira LAS, Silva-Vergara ML. Compartment 
syndrome secondary to Bothrops spp. envenomation in Triângulo Mineiro, 
region, Minas Gerais, Brazil. Rev Soc Bras Med Trop. 2023 Jul 
24;56:e01302023. https://doi.org/10.1590/0037-8682-0130-2023 
PMID:37493738 

52. Soares Coriolano Coutinho JV, Fraga Guimarães T, Borges Valente B, Gomes 
Martins de Moura Tomich L. Evaluation of the snakebite severity in the 
Brazilian Midwest. J Trop Pathol. 2023 Jul 3;52(2):127–40. 
https://doi.org/10.5216/rpt.v52i2.74547 

53. Resiere D, Florentin J, Mehdaoui H, Kallel H, Legris-Allusson V, Gueye P, et al. 
Bothrops lanceolatus envenoming in Martinique: a historical perspective of the 
clinical effectiveness of Bothrofav antivenom treatment. Toxins (Basel). 2024 
Mar 13;16(3):146. https://doi.org/10.3390/toxins16030146 PMID:38535812 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

54. Pujo JM, Houcke S, Lontsi Ngoulla GR, Laurent V, Signaté B, Mutricy R, et al. 
Effectiveness of late and very late antivenom administration on recovery from 
snakebite-induced coagulopathy in French Guiana: a population-based study. 
Lancet Reg Health Am. 2025 Jan 18;42:100994. 
https://doi.org/10.1016/j.lana.2025.100994 PMID:39895905 

55. Ademola-Majekodunmi FO, Oyediran FO, Abubakar SB. Incidence of snakebites 
in Kaltungo, Gombe State and the efficacy of a new highly purified 
monovalent antivenom in treating snakebite patients from January 2009 to 
December 2010. Bull Soc Pathol Exot. 2012 Aug;105(3):175–8. 
https://doi.org/10.1007/s13149-012-0232-2 PMID:22851309 

56. Chippaux JP. Snakebite envenomation turns again into a neglected tropical 
disease! J Venom Anim Toxins Incl Trop Dis. 2017 Aug 8;23:38. 
https://doi.org/10.1186/s40409-017-0127-6 PMID:28804495 

57. Schneider MC, Vuckovic M, Montebello L, Sarpy C, Huang Q, Galan DI, et al. 
Snakebites in rural areas of Brazil by race: indigenous the most exposed 
group. Int J Environ Res Public Health. 2021 Sep 5;18(17):9365. 
https://doi.org/10.3390/ijerph18179365 PMID:34501955 

58. da Silva WRGB, de Siqueira Santos L, Lira D, de Oliveira Luna KP, Fook SML, 
Alves RRN. Who are the most affected by Bothrops snakebite envenoming in 
Brazil? A Clinical-epidemiological profile study among the regions of the 
country. PLoS Negl Trop Dis. 2023 Oct 19;17(10):e0011708. 
https://doi.org/10.1371/journal.pntd.0011708 PMID:37856557 

59. Kasturiratne A, Wickremasinghe AR, de Silva N, Gunawardena NK, 
Pathmeswaran A, Premaratna R, et al. The global burden of snakebite: a 
literature analysis and modelling based on regional estimates of envenoming 
and deaths. PLoS Med. 2008 Nov 4;5(11):e218. 
https://doi.org/10.1371/journal.pmed.0050218 PMID:18986210 

60. Longbottom J, Shearer FM, Devine M, Alcoba G, Chappuis F, Weiss DJ, et al. 
Vulnerability to snakebite envenoming: a global mapping of hotspots. Lancet. 
2018 Aug 25;392(10148):673–84. https://doi.org/10.1016/S0140-
6736(18)31224-8 PMID:30017551 

61. Cavalcante JS, Brito IMDC, De Oliveira LA, De Barros LC, Almeida C, Rossini 
BC, et al. Experimental Bothropsatrox envenomation: blood plasma proteome 
effects after local tissue damage and perspectives on thromboinflammation. 
Toxins (Basel). 2022 Sep 1;14(9):613. https://doi.org/10.3390/toxins14090613 
PMID:36136550 

62. Cumpston KL. Is there a role for fasciotomy in Crotalinae envenomations in 
North America? Clin Toxicol (Phila). 2011 Jun;49(5):351–65. 
https://doi.org/10.3109/15563650.2011.597032 PMID:21740134 

63. Resiere D, Mehdaoui H, Névière R, Olive C, Severyns M, Beaudoin A, et al. 
Infectious complications following snakebite by Bothrops lanceolatus in 
Martinique: a case series. Am J Trop Med Hyg. 2020 Jan;102(1):232–40. 
https://doi.org/10.4269/ajtmh.19-0369 PMID:31628740 

64. Larréché S, Bousquet A, da Silva L, Planelles A, Ksas R, Mérens A, et al. 
Antibiotic susceptibility of cultivable microbiota from the oral cavity of captive 
Bothrops atrox and Bothrops lanceolatus: implications for the treatment of 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

snakebite-associated infections in the French departments of America. Infect 
Dis Now. 2023 Oct;53(7):104721. https://doi.org/10.1016/j.idnow.2023.104721 
PMID:37196810 

65. Yamashita KM, Alves AF, Barbaro KC, Santoro ML. Bothrops jararaca venom 
metalloproteinases are essential for coagulopathy and increase plasma tissue 
factor levels during envenomation. PLoS Negl Trop Dis. 2014 May 
15;8(5):e2814. https://doi.org/10.1371/journal.pntd.0002814 PMID:24831016 

66. da Silva GM, de Souza DHB, Waitman KB, Ebram MC, Fessel MR, Zainescu IC, 
et al. Design, synthesis, and evaluation of Bothrops venom serine protease 
peptidic inhibitors. J Venom Anim Toxins Incl Trop Dis. 2021 Jan 
15;27:e20200066. https://doi.org/10.1590/1678-9199-jvatitd-2020-0066 
PMID:33488681 

67. Rucavado A, Escalante T, Gutiérrez JM. Effect of the metalloproteinase inhibitor 
batimastat in the systemic toxicity induced by Bothrops asper snake venom: 
understanding the role of metalloproteinases in envenomation. Toxicon. 2004 
Mar 15;43(4):417–24. https://doi.org/10.1016/j.toxicon.2004.01.016 
PMID:15051405 

68. Rodrigues Sgrignolli L, Florido Mendes GE, Carlos CP, Burdmann EA. Acute 
kidney injury caused by Bothrops snake venom. Nephron Clin Pract. 
2011;119(2):c131–6. https://doi.org/10.1159/000324228 PMID:21757950 

69. Albuquerque PLMM, Paiva JHHGL, Martins AMC, Meneses GC, da Silva GB, 
Buckley N, et al. Clinical assessment and pathophysiology of Bothrops 
venom-related acute kidney injury: a scoping review. J Venom Anim Toxins 
Incl Trop Dis. 2020 Jul 10;26:e20190076. https://doi.org/10.1590/1678-9199-
jvatitd-2019-0076 PMID:32704246 

70. Zychar BC, Gonçalves LRC. Understanding local reactions induced by Bothrops 
jararaca venom: the role of inflammatory mediators in leukocyte-endothelium 
interactions. Biomedicines. 2024 Mar 26;12(4):734. 
https://doi.org/10.3390/biomedicines12040734 PMID:38672090 

71. Ko JH, Chung WH. Serum sickness. Lancet. 2013 Jan 19;381(9862):e1. 
https://doi.org/10.1016/S0140-6736(11)60314-0 PMID:22884753 

72. Habib AG. Effect of pre-medication on early adverse reactions following 
antivenom use in snakebite: a systematic review and meta-analysis. Drug Saf. 
2011 Oct 1;34(10):869–80. https://doi.org/10.2165/11592050-000000000-
00000 PMID:21879781 

73. de Farias AS, Cristino JS, da Costa Arévalo M, Carneiro Junior A, Gomes Filho 
MR, Ambrosio SA, et al. Children growing up with severe disabilities as a 
result of snakebite envenomations in indigenous villages of the Brazilian 
Amazon: three cases and narratives. Toxins (Basel). 2023 May 23;15(6):352. 
https://doi.org/10.3390/toxins15060352 PMID:37368653 

74. Oliveira IS, Ananias CB, Medeiros JM, Franco MVS, Ferreira IG, Cerni FA, et al. 
Medical management after lancehead snakebite in north Amazon: a case 
report of long-term disability. Toxins (Basel). 2022 Jul 16;14(7):494. 
https://doi.org/10.3390/toxins14070494 PMID:35878232 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

75. Pucca MB, Franco MVS, Medeiros JM, Oliveira IS, Ahmadi S, Cerni FA, et al. 
Chronic kidney failure following lancehead bite envenoming: a clinical report 
from the Amazon region. J Venom Anim Toxins Incl Trop Dis. 2020 Dec 
14;26:e20200083. https://doi.org/10.1590/1678-9199-jvatitd-2020-0083 
PMID:33424950 

76. Nascimento TP, Gomes TA, Costa BJC, Carvalho E, Cunha AB, Pereira BL, et 
al. Long-term hospital care needs after Bothrops atrox envenomation with 
hemorrhagic stroke in the Brazilian Amazon: ‘from social to physical death’ - a 
case report. Toxicon. 2024 Apr;241:107682. 
https://doi.org/10.1016/j.toxicon.2024.107682 PMID:38460605 

77. Bhaumik S, Kallakuri S, Kaur A, Devarapalli S, Daniel M. Mental health 
conditions after snakebite: a scoping review. BMJ Glob Health. 2020 
Nov;5(11):e004131. https://doi.org/10.1136/bmjgh-2020-004131 
PMID:33257419 

78. Arias-Rodríguez J, Gutiérrez JM. Circumstances and consequences of snakebite 
envenomings: A qualitative study in south-eastern Costa Rica. Toxins (Basel). 
2020 Jan 11;12(1):45. https://doi.org/10.3390/toxins12010045 
PMID:31940786 

79. Kasturiratne A, Lalloo DG, Janaka de Silva H. Chronic health effects and cost of 
snakebite. Toxicon X. 2021 Jul 17;9-10:100074. 
https://doi.org/10.1016/j.toxcx.2021.100074 PMID:34355162 

80. Tidman R, Abela-Ridder B, de Castañeda RR. The impact of climate change on 
neglected tropical diseases: a systematic review. Trans R Soc Trop Med Hyg. 
2021 Jan 28;115(2):147–68. https://doi.org/10.1093/trstmh/traa192 
PMID:33508094 

81. Martín G, Erinjery JJ, Ediriweera D, Goldstein E, Somaweera R, de Silva HJ, et 
al. Effects of global change on snakebite envenoming incidence up to 2050: a 
modelling assessment. Lancet Planet Health. 2024 Aug;8(8):e533–44. 
https://doi.org/10.1016/S2542-5196(24)00141-4 PMID:39122322 

82. Martinez PA, Teixeira IBDF, Siqueira-Silva T, da Silva FFB, Lima LAG, Chaves-
Silveira J, et al. Climate change-related distributional range shifts of 
venomous snakes: a predictive modelling study of effects on public health and 
biodiversity. Lancet Planet Health. 2024 Mar;8(3):e163–71. 
https://doi.org/10.1016/S2542-5196(24)00005-6 PMID:38453382 

83. da Silva FFB, Moura TA, Siqueira-Silva T, Gutiérrez JM, Martinez PA. Predicting 
the drivers of Bothrops snakebite incidence across Brazil: a spatial analysis. 
Toxicon. 2024 Nov 6;250:108107. 
https://doi.org/10.1016/j.toxicon.2024.108107 PMID:39343148 

84. Lourenço-de-Moraes R, Lansac-Toha FM, Schwind LTF, Arrieira RL, Rosa RR, 
Terribile LC, et al. Climate change will decrease the range size of snake 
species under negligible protection in the Brazilian Atlantic Forest hotspot. Sci 
Rep. 2019 Jun 12;9(1):8523. https://doi.org/10.1038/s41598-019-44732-z 
PMID:31189933 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

Table 1. Description of included studies on the use of snake antivenom in the 
Region of the Americas 

Study Study type Country or 
territory 

Sample 
size 

Age range of 
study 

population, 
years 

Study period 

Barrantes et al., 198525 Prospective Costa Rica 13 NR 1985 
Kouyoumdjian et al., 198826 Prospective Brazil 37 20–83 1982–1987 
Kouyoumdjian et al., 198927 Prospective Brazil 22 1–69 1986–1987 
Cardoso et al., 199313 Randomized clinical trial Brazil 121 7–68 1989–1991 
Jorge et al., 199512 Randomized clinical trial Brazil 170 9–66 1988–1991 
Otero et al., 199628 Randomized clinical trial Colombia 39 NR 1994–1996 
Bucher et al., 199729 Retrospective Martinique 40 8–82 1993–1995 
Milani Junior et al., 199730 Retrospective Brazil 29 NR 1975–1995 
Otero-Patiño et al., 199810 Randomized clinical trial Colombia 79 NR 1994–1996 
Thomas et al., 199831 Prospective Martinique 68 6–82 1993–1997 
Fan et al., 199932 Randomized clinical trial Brazil 101 NR 1994–1995 
Otero et al., 19999 Randomized clinical trial Colombia 53 NR 1996–1997 
Bucaretchi et al., 200133 Prospective Brazil 73 1–14 1984–1999 
Otero et al., 200234 Randomized clinical trial Colombia 39 NR 1999–2000 
Pardal et al., 200415 Randomized clinical trial Brazil 74 5–68 1998–2000 
Jorge et al., 200435 Randomized clinical trial Brazil 251 NR 1990–1996 
Smalligan et al., 200411 Randomized clinical trial Ecuador 210 2–80 1997–2001 
Otero et al., 200614 Randomized clinical trial Colombia 67 NR 2003–2004 
Mise et al., 200736 Retrospective Brazil 665 NR 2001 
Otero-Patiño et al., 200737 Randomized clinical trial Colombia 53 NR 2003 
Caron et al., 200938 Randomized clinical trial Ecuador 129 1–70 1997–2001 and 

2004–2006 
Otero-Patiño et al., 201239 Randomized clinical trial Colombia 72 NR 2006–2008 
da Silva & Tavares, 201240 Prospective Brazil 102 12–70 NR 
Mendonça-da-Silva et al., 
201741 

Randomized clinical trial Brazil 44 > 12 2005–2008 

Sachett et al., 201742 Randomized clinical trial Brazil 186 NR 2014–2016 
Oliveira et al., 201943 Retrospective Brazil 412 NR 2013–2016 
Resiére et al., 202024 Prospective French Guyana 83 29–52 2016–2019 
Heckmann et al., 202144 Retrospective French Guyana 42 16–44 2014–2017 
Silva-de-Oliveira et al., 202045 Prospective Brazil 100 14–79 2016–2017 
Negrin et al., 202146 Retrospective Uruguay 49 NR 2018 
Gimenes et al., 202147 Prospective Brazil 5 NR NR 
Brasileiro-Martins et al., 
202248 

Prospective Brazil 127 0–60 2019–2020 

Soares et al., 202249 Prospective Brazil 186 NR 2014–2016 
Houcke et al., 202350 Prospective French Guyana 119 Mean: 41 2016–2022 
Toffano et al. 202351 Prospective Brazil 47 Mean:45 2018–2019 
Coutinho et al., 202352 Retrospective Brazil 268 1–93 2018–2019 
Resiére et al., 202453 Retrospective Martinique 389 Mean:46 2000–2023 
Pujo et al., 202554 Prospective French Guyana 101 Mean:43 2016–2023 

NR: not reported. 
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Table 2. Description of envenoming characteristics for each included study from the Region of the Americas 
Study Bothrops 

species 
Sex of bite victim, no. (%)  Bite site, no.  Envenoming grade, no.  Received lay 

first aid 
interventions,a 

no. (%) 

Mean time 
to 

treatment, 
hours 

 Antivenom 

Male Female Inferior limb Superior limb Mild Moderate Severe Manufacturer Molecule Mean no. of 
10mL doses 

Barrantes et al., 
198525 

asper NR NR  NR NR  4 (33.3) 3 (25.0) 5 (41.7)  NR NR  Instituto Clodomiro 
Picado 

IgG 1.5 

Kouyoumdjian et 
al., 198826 

moojeni 28 (75.7) 9 (24.3)  27 (73.0) 10 (27.0)  9 (25.0) 22 (61.1) 5 (13.9)  35 (94.6) 3.4  Brazilian health 
ministry accredited 
producers 

F(ab’)2 6.0 

Kouyoumdjian et 
al., 198927 

moojeni 18 (81.8) 4 (18.2)  18 (81.8) 4 (18.2)  5 (23.8) 13 (61.9) 3 (14.3)  NR 4.1  Brazilian health 
ministry accredited 
producers 

F(ab’)2 6.2 

Cardoso et al., 
199313 

jararaca 89 (73.6) 32 (26.4)  98 (81.0) 23 (19.0)  0 (0.0) 89 (73.6) 32 (26.4)  65 (53.7) 4.9  Brazilian health 
ministry accredited 
producers 

F(ab’)2 5.5 

Jorge et al., 199512 jararaca 137 (80.6) 33 (19.4)  137 (80.6) 33 (19.4)  NR NR NR  82 (48.2) 4.6  Brazilian health 
ministry accredited 
producers 

F(ab’)2 3.5 

Otero et al., 199628 asper NR NR  NR NR  15 (38.5) 15 (38.5) 9 (23.1)  26 (66.6) 10.9  Instituto Clodomiro 
Picado 

IgG NR 

Bucher et al., 
199729 

lanceolatus 30 (75.0) 10 (25.0)  23 (57.5) 17 (42.5)  20 (50.0) 17 (42.5) 3 (7.5)  NR 1.5  Institut Pasteur F(ab’)2 3.0 

Milani Junior et al., 
199730 

jararacussu 19 (65.5) 10 (34.5)  21 (72.4) 8 (27.6)  NR NR NR  NR 8.2  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Otero-Patiño et al., 
199810 

asper NR NR  NR NR  33 (41.8) 22 (27.8) 24 (30.4)  58 (73.4) 8.5  Brazilian health 
ministry accredited 
producers; Instituto 
Nacional de Salud 
Colombia 

IgG and/or 
F(ab’)2 

NR 

Thomas et al., 
199831 

lanceolatus 53 (77.9) 15 (22.1)  41 (60.3) 27 (39.7)  41 (63.1) 20 (30.8) 4 (6.2)  NR 4.5  Institut Pasteur F(ab’)2 3.0 

Fan et al., 199932 sp. 80 (79.2) 21 (20.8)  NR NR  76 (75.2) 25 (24.8) 0 (0.0)  NR NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Otero et al., 19999 sp. NR NR  NR NR  NR NR NR  NR NR  Instituto Clodomiro 
Picado 

IgG NR 

Bucaretchi et al., 
200133 

jararaca 48 (65.8) 25 (34.2)  62 (84.9) 11 (15.1)  19 (26.8) 37 (52.1) 15 (21.1)  13 (17.8) 3.2  Brazilian health 
ministry accredited 
producers 

F(ab’)2 6.0 

Otero et al., 200234 asper 31 (79.5) 8 (20.5)  23 (59.0) 16 (41.0)  2 (5.1) 8 (20.5) 29 (74.4)  21 (53.8) NR  Probiol; Instituto 
Nacional de Salud 
Colombia; Bioclon 

IgG and/or 
F(ab')2 

9.1 

Pardal et al., 200415 atrox 64 (86.5) 10 (13.5)  65 (87.8) 9 (12.2)  43 (58.1) 27 (36.5) 4 (5.4)  28 (37.8) NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 5.8 
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Jorge et al., 200435 sp. 204 (81.3) 47 (18.7)  NR NR  NR NR NR  126 (50.2) 4.2  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Smalligan et al., 
200411 

atrox 106 (50.5) 104 (49.5)  101 (52.9) 90 (47.1)  NR NR NR  NR 7.8  Brazilian health 
ministry accredited 
producers; Instituto 
Nacional de Salud 
Colombia; Instituto 
Nacional de 
Higiene y Medicina 
Tropical Leopoldo 
Izquieta Pérez 

IgG and/or 
F(ab')2 

NR 

Otero et al., 200614 asper 47 (70.1) 20 (29.9)  54 (80.6) 13 (19.4)  17 (25.4) 35 (52.2) 15 (22.4)  32 (47.7) 7.9  Instituto Clodomiro 
Picado 

IgG NR 

Mise et al., 200736 sp. 510 (76.7) 155 (23.3)  500 (75.2) 165 (24.8)  127 (21.1) 318 (52.8) 157 (26.1)  70 (10.5) NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 7.7 

Otero-Patiño et al., 
200737 

asper and 
atrox 

37 (69.8) 16 (30.2)  38 (71.7) 15 (28.3)  13 (24.5) 30 (56.6) 10 (18.9)  23 (44.2) NR  Bioclon F(ab’)2 5.5 

Caron et al., 200938 atrox and 
bilineatus 

67 (51.9) 62 (48.1)  NR NR  NR NR NR  NR 5.2  Brazilian health 
ministry accredited 
producers 

F(ab’)2 2.0 

Otero-Patiño et al., 
201239 

asper 48 (66.7) 24 (33.3)  61 (84.7) 11 (15.3)  19 (26.4) 36 (50.0) 17 (23.6)  27 (37.5) 5.4  Instituto Clodomiro 
Picado 

IgG and/or 
F(ab')2 

NR 

da Silva & Tavares, 
201240 

sp. NR NR  NR NR  NR NR NR  NR NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Mendonça-da-Silva 
et al., 201741 

sp. 37 (84.1) 7 (15.9)  40 (90.9) 4 (9.1)  NR NR NR  NR 2.8  Brazilian health 
ministry accredited 
producers 

F(ab’)2 6.0 

Sachett et al., 
201742 

sp. 153 (82.3) 33 (17.7)  157 (84.4) 29 (15.6)  80 (43.0) 91 (48.9) 15 (8.1)  46 (24.7) 4.9  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Oliveira et al., 
201943 

sp. 322 (78.2) 90 (21.8)  360 (87.4) 52 (12.6)  112 (27.7) 219 (54.2) 73 (18.1)  240 (58.2) 3.6  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Resiére et al., 
202024 

sp. 52 (71.2) 21 (28.8)  NR NR  32 (42.1) 28 (36.8) 16 (21.1)  NR 9.0  Bioclon F(ab’)2 5.0 

Heckmann et al., 
202144 

atrox 34 (81.0) 8 (19.0)  40 (95.2) 2 (4.8)  0 (0.0) 33 (78.6) 9 (21.4)  NR 11.0  Bioclon F(ab')2 3.0 

Silva-de-Oliveira et 
al., 202045 

sp. 88 (88.0) 12 (12.0)  92 (92.0) 8 (8.0)  27 (27.0) 59 (59.0) 14 (14.0)  29 (29.0) NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 8.0 

Negrin et al., 202146 alternatus 
and 

pubescens 

NR NR  NR NR  NR NR NR  NR NR  BIOL; Malbran; 
Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 
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Gimenes et al., 
202147 

atrox 4 (80.0) 1 (20.0)  5 (100.0) 0 (0.0)  0 (0.0) 3 (60.0) 2 (40.0)  1 (20.0) 5.6  Brazilian health 
ministry accredited 
producers 

F(ab')2 v 

Brasileiro-Martins 
et al., 202248 

atrox 110 (86.6) 17 (13.4)  115 (90.6) 12 (9.4)  17 (13.4) 72 (56.7) 38 (29.9)  43 (33.8) 7.7  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Soares et al., 
202249 

sp. 153 (82.3) 33 (17.7)  156 (83.9) 30 (16.1)  80 (43.0) 88 (47.3) 18 (9.7)  NR NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 3.4 

Houcke et al., 
202350 

sp. 80 (67.2) 39 (32.8)  NR NR  60 (50.4) 31 (26.1) 28 (23.5)  NR 6.1  Bioclon F(ab’)2 6.0 

Toffano et al. 
202351 

sp. 37 (78.7) 10 (21.3)  33 (70.2) 14 (29.8)  6 (16.2) 19 (51.4) 12 (32.4)  NR 6.0  Brazilian health 
ministry accredited 
producers 

F(ab’)2 8.0 

Coutinho et al., 
202352 

sp. 206 (76.9) 62 (23.1)  NR NR  88 (32.8) 106 (39.6) 74 (27.6)  NR NR  Brazilian health 
ministry accredited 
producers 

F(ab’)2 NR 

Resiére et al., 
202453 

lanceolatus 292 (75.1) 97 (24.9)  227 (58.4) 162 (41.6)  241 (70.9) 58 (17.1) 41 (12.1)  NR 4.5  Sanofi Pasteur F(ab’)2 4.2 

Pujo et al., 202554 atrox 63 (62.4) 38 (37.6)  NR NR  47 (46.5) 29 (28.7) 25 (24.8)  NR 14.8  Bioclon F(ab’)2 6.0 
Total/sample size 
(%)b 

– 3247/4320 
(75.2) 

1073/4320 
(24.8) 

 2494/3259 
(76.5) 

765/3259 (23.5)  1233/3483 
(35.4) 

1553/3483 
(44.6) 

697/3483 
(20.0) 

 965/2570 (37.5) 5.7 (0.05)c  – – 5.5 (0.04)c 

F(ab')2: fragmented antibody; IgG: immunoglobulin G; NR: not reported; sp.: species. 

a Examples of interventions are tourniquet, traditional medicine and incision. 

b Sample size refers to the total number of participants in studies reporting the variable.  

c Numbers show weighted averages with standard deviations in the parentheses.  
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Table 3. Description of persisting symptoms and outcomes after antivenom treatment, the Region of the Americas 
Study Sample 

size 
Persisting symptoms after antivenom, no.  Adverse reactions, no  Outcome, no.  

Local or 
systemic 
bleeding 

Incoagulable 
blooda 

Severe 
oedema 

Local 
damageb  

Secondary 
infection 

Acute kidney 
injury 

Acute Delayed Death Permanent 
sequelae 

Received 
haemodialysis 

Mean 
hospitalization 

stay, days 
Barrantes et al., 
198525 

13 NR 8 NR NR NR NR  NR NR  NR NR NR NR 

Kouyoumdjian et al., 
198826 

37 NR NR 2 4 5 0  NR NR  1 1 0 8.1 

Kouyoumdjian et al., 
198927 

22 1 NR 2 2 4 0  NR NR  1 NR NR 8.9 

Cardoso et al., 
199313 

121 35 19 88 43 NR NR  72 10  NR 8 NR 3.5 

Jorge et al., 199512 170 43 29 NR NR NR NR  NR NR  NR 1 NR NR 
Otero et al., 199628 39 2 14 5 2 4 8  14 NR  0 2 NR NR 
Bucher et al., 199729 40 NR NR 6 7 NR NR  2 1  0 1 NR 5.2 
Milani Junior et al., 
199730 

29 NR NR NR 1 5 4  NR NR  3 1 1 NR 

Otero-Patiño et al., 
199810 

79 3 21 1 2 15 8  32 1  1 2 2 NR 

Thomas et al., 
199831 

68 NR NR NR NR NR NR  4 2  1 1 NR 5.2 

Fan et al., 199932 101 NR NR NR NR NR NR  25 NR  NR NR NR NR 
Otero et al., 19999 53 6 6 4 4 6 3  20 0  0 4 0 NR 
Bucaretchi et al., 
200133 

73 NR NR NR 13 11 1  25 0  0 3 0 NR 

Otero et al., 200234 39 6 10 3 11 12 15  14 NR  4 14 NR NR 
Pardal et al., 200415 74 1 10 20 2 7 NR  14 NR  0 0 NR 3.9 
Jorge et al., 200435 251 NR NR NR 12 12 NR  NR NR  NR NR NR NR 
Smalligan et al., 
200411 

210 NR 84 NR 10 NR NR  114 NR  2 NR NR NR 

Otero et al., 200614 67 NR 40 NR NR 21 11  13 NR  NR 1 0 NR 
Mise et al., 200736 665 NR NR NR NR NR 1  57 NR  7 NR NR NR 
Otero-Patiño et al., 
200737 

53 1 1 0 NR 16 6  10 1  0 4 0 NR 

Caron et al., 200938 129 NR 76 NR NR NR NR  38 NR  NR NR NR NR 
Otero-Patiño et al., 
201239 

72 NR 11 4 1 4 6  18 1  0 4 NR NR 

da Silva & Tavares, 
201240 

102 NR NR NR NR NR NR  21 NR  NR NR NR NR 
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Mendonça-da-Silva 
et al., 201741 

44 NR 0 NR NR NR 0  12 0  0 0 0 NR 

Sachett et al., 
201742 

186 NR NR NR NR 74 NR  NR NR  0 0 NR NR 

Oliveira et al., 
201943 

412 15 21 NR NR NR NR  NR NR  0 NR NR 7.0 

Resiére et al., 
202024 

83 NR NR 35 5 23 4  17 NR  0 NR NR NR 

Heckmann et al., 
202144 

42 NR NR NR NR NR NR  11 NR  NR NR 1 3.5 

Silva-de-Oliveira et 
al., 202045 

100 4 3 NR NR NR NR  NR NR  0 NR NR 4.0 

Negrin et al., 202146 49 NR 4 NR NR NR NR  4 NR  NR NR NR NR 
Gimenes et al., 
202147 

5 NR NR 5 5 4 NR  NR NR  NR NR NR NR 

Brasileiro-Martins et 
al., 202248 

127 NR NR v NR NR 49  NR NR  NR NR 2 NR 

Soares et al., 202249 186 NR NR NR NR NR NR  22 NR  NR NR NR NR 
Houcke et al., 
202350 

119 NR NR NR NR 31 3  15 NR  NR NR 3 7.0 

Toffano et al. 202351 47 NR NR 7 NR 20 12  NR NR  NR NR 3 NR 
Coutinho et al., 
202352 

268 NR NR 57 8 148 44  NR NR  2 3 4 4.0 

Resiére et al., 
202453 

389 6 NR NR NR 30 NR  9 0  1 NR NR 1.4 

Pujo et al., 202554 101 NR NR NR NR NR 19  6 NR  NR NR 1 9.0 
Total/sample size 
(%)c  

4665 
(100) 

123/1551 
(7.9) 

357/1724 
(20.7) 

239/1032 
(23.2) 

132/1495 
(8.8) 

452/1985 
(22.8) 

194/2017 (9.6)  589/2998 
(19.6) 

16/992 (1.6)  23/3035 
(0.8) 

50/1512 
(3.3) 

17/1139 (1.5) 4.8 (0.06)d 

NR: not reported. 

a Up to 6 hours after antivenom administration. 

b Such as blisters or necrosis. 

c Sample size refers to the total number of participants in studies reporting the variable.  

d Numbers show weighted average with standard deviation in the parenthesis. 



Publication: Bulletin of the World Health Organization; Type: Systematic reviews 
Article ID: BLT.24.291941 

Fig. 1. Flowchart of the selection of studies on the use of snake antivenom in 
the Region of the Americas 

 

 

 


