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Short Communication

Severe tissue complications in patients of Bothrops snakebite at
a tertiary health unit in the Brazilian Amazon:
clinical characteristics and associated factors
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Abstract

Introduction: Snakebites in the Brazilian Amazon are caused mostly by snakes from the Bothrops genus and envenomated patients may
suffer from tissue complications. Methods: This study aimed to identify risk factors for severe tissue complications (STC) in patients
with Bothrops snakebite in the Amazonas state, Brazil. Results: Snakebites that were classified as severe and affected female patients
with comorbidities presented greater risks of developing STCs. In addition, hospitalizations of patients with STC exceeded 5 days.
Conclusions: Clinical and epidemiological characteristics can prove essential for assessing the evolution of STC and clinical prognosis

of patients with Bothrops snakebites.
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Snakebites occur frequently worldwide, mainly in the tropical and
subtropical countries of Africa, Asia, America, and Oceania. They are
considered a severe and neglected public health problem that affects
millions of people worldwide annually, especially in countries with
high agricultural activity'. Snakebites affect productive individuals
in communities, such as rural workers, and can cause losses to the
economy and financial hardships to families?”.

In Brazil and the rest of the Amazon region, Bothrops snakes
are responsible for about 80%-90% of reported snakebites®.
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Bothrops venom contains molecules such as metalloproteases,
serinoproteases, phospholipase A2, and L-amino acid oxidases
that can cause inflammatory processes, hemostatic disorders, and
tissue damage resulting in signs and symptoms characteristic of
this type of snakebite®.

Tissue injury resulting from Bothrops snakebites can present
manifestations such as pain, edema, erythema, ecchymosis, and
severe complications such as blistering, abscess, necrosis, and
compartment syndrome*®. Severe tissue complications (STC)
can result in permanent sequelae for individuals who develop
them, harming them physically and economically’. Therefore, it is
essential to analyze the frequency of these complications and their
sequelae to assess the intensity of the problem and provide clearer
information to policy makers and health authorites®.
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Thus, this study aimed to describe the frequency of STCs caused
by Bothrops snakebites in patients treated at a referral hospital in the
Brazilian Amazon as well as to analyze the risk factors associated
with the development of STC.

In the state of Amazonas, Fundacdo de Medicina Tropical
Dr. Heitor Vieira Dourado (FMT-HVD), located in the city of Manaus-
AM, is the reference center in the northern region for the treatment of
tropical diseases including snakebites, and it attends to patients from both
the capital and the municipalities in the interior of the state.

The data of interest for the study were obtained from the iDoctor
system database at the FMT-HVD to obtain clinical information
regarding patient admissions due to Bothrops snakebites that
occurred between January 1, 2012, and December 31, 2016.

Epidemiological and clinical data, such as the date of diagnosis,
age group, sex, area where the snakebite occurred (rural or urban),
anatomical location of the snakebite, length of hospital stay,
clinical classification of envenomation (mild, moderate, or severe),
administration of antivenom, presence of comorbidities, and STCs
were included. The cases were classified into mild, moderate, and
severe cases according to the Brazilian Health Ministry guidelines.
To identify the risk factors for STCs following Bothrops snakebites, a
case-control study was performed, in which patients with STCs were
termed as cases and those without STCs were termed as controls.

Statistical analyses were performed using STATA v. 13 (StataCorp
LLC, College Station, TX, USA). Odds ratios (OR) and 95% confidence
intervals (95% CI) were calculated using a logistic regression analysis.
A backward stepwise technique was applied. Variables with p-values
less than or equal to 0.2 in the univariate logistic regression were
selected for the multivariate model analysis. Goodness-of-fit for the
logistic regression model was determined using the Hosmer-Lemeshow
test. For the final model, statistical significance was defined as p <0.05.

In the period evaluated in the study, 859 electronic medical records
of patients with snakebites were identified. Of these, only 307 were
included in the study, as these records were considered complete with
respect to their descriptions of the clinical signs and symptoms of the
patients’ Bothrops envenomation as well as the severe complications
presented by the patients and treated at FMT-HVD.

According to the medical records included in the study, the
majority of Bothrops snakebites mainly affected individuals aged
16 to 45 (57%) years and most were male (79%). The lower limb
was the most affected anatomical region (88%). Most snakebites
occurred in rural areas (72%), were classified as moderate (63%), and
Bothrops antivenom was the treatment administered in 95% of the
cases. Among the records evaluated in the study, 2% of the patients
had comorbidities. Furthermore, the zone of occurrence, anatomical
site of the snakebite, and days of hospitalization variables were not
described in all the medical records consulted and were analyzed
wherever information was available. In addition, 47% individuals
remained hospitalized for up to 2 d after hospital admission. Analysis
of the 307 records revealed that 19% patients had STCs and that some
patients had more than one type of complication. The STCs listed
in the records were ecchymosis (8%), abscess (7%), blister (5%),
necrosis (2%), and compartment syndrome (1%) (Table 1).
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TABLE 1: Demographic and clinical characteristics in patients hospitalized due
to Bothrops snakebites.

Characteristics (Completeness) n (%)
Age group in years 307 (100)
0-15 33 (11)
16-45 176 (57)
46-65 72 (24)
>65 26 (8)
Sex 307 (100)
Male 242 (79)
Female 65 (21)
Zone of occurrence 246 (80)
Rural 177(72)
Urban 69 (28)
Anatomical site of the snakebite 298 (94)
Upper limb 34 (12)
Lower limb 254 (88)
Snakebite classification 307 (100)
Mild 38 (12)
Moderate 194 (63)
Severe 75 (25)
Antivenom therapy 307 (100)
Bothrops antivenom 292 (95)
Bothrops/Lachesis antivenom 15 (5)
Comorbidities 307 (100)
No 300 (98)
Yes 7(2)
Days of hospitalization 289 (94)
1-2 137 (47)
3-5 84 (29)
>5 68 (24)
Local complication 307 (100)
No 248 (81)
Yes 59 (19)
Description of the local complication 307 (100)
Bruising 25 (8)
Abscess 20 (7)
Blister 15 (5)
Necrosis 6 (2)

Compartmental Syndrome




Rev Soc Bras Med Trop | on line | Vol.:54:(e0374-2020): 2021

Sex, snakebite classification, presence of comorbidities, and
length of hospital stay were independently associated with the
development of STCs. Female patients and snakebites classified as
severe showed a two-fold higher risk (OR: 2.63; p=0.006; OR: 2.40;
p=0.008, respectively) of developing STC. In addition, patients

with comorbidities (diabetes and hypertension) were 8 times more
likely to develop STCs (OR: 8.53; p=0.022). Finally, patients with
STCs were at risk of a longer period of hospitalization, which was
longer than 5 days (OR: 2.70; p=0.003) (Table 2).

TABLE 2: Factors associated with severe tissue complications in patients with Bothrops snakebites

Variables ste Crude OR p-value Adjusted OR p-value*
Cl 95% Cl 95%
Yes (%) No (%) ( ) ( )
Age group in years
0-15 8 (13) 25 (10) - 1 - 1
16-45 27 (46) 149 (60) o 203'?1739) 0213 ; 1
46-65 17 (29) 55 (22) © 307'?2753) 0.944 - 1
>65 7(12) 19 (8) (0_315;_1;73) 0.814 - 1
Sex
Male 39 (66) 203 (82) - 1 - 1
Female 20 (34) 45 (18) (1 _223;31_33) 0.0009 (1 .322'?;26) 0.006
Zone of occurrence
Rural 31 (66) 146 (73) - 1 - 1
Urban 16 (34) 53 (27) o 71éf1223 . 0.311 ; 1
Anatomical site of the snakebite
Upper limb 8 (14) 26 (11) - 1 - 1
Lower limb 49 (86) 204 (89) o 303'_71882) 0.569 ; 1
Snakebite classification
Mild 2(3) 36 (14) - 1 - 1
Moderate 34 (58) 160 (65) (0.8§;?§.56) 0.074 (0.72;:1))411.84) 0.118
Severe 23 (39) 52 (21) R _7;;22_90) 0.007 R _zzﬁ'ff 58) 0.008
Antivenom therapy
Bothrops antivenom 54 (92) 238 (96) - 1 - 1
Bothrops/Lachesis antivenom 5(8) 10 (4) © 722'_2571) 0.164 © 412'_65143) 0.480
Comorbidities
No 55 (93) 245 (99) - 1 - 1
5.93 8.53
Yes 4() 3 (1.29-27.30) 0.022 (1.37-53.14) 0.022
Days of hospitalization
1-2 17 (31) 120 (51) - 1 - 1
1.79 1.79
3-5 17 (31) 67 (29) (0.86-3.74) 0.121 (0.82-3.89) 0.142
3.15 2.70
>5 21(38) 47 (20) (1.53-6.50) 0.002 (1.39-5.23) 0.003

*OR: odds ratio; Cl: confidence interval; Crude: univariate logistic regression; Adjusted: multivariate logistic regression.
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Epidemiological data referring to age, sex, area of snakebite
occurrence, affected limb, and classification of the snakebite are
consistent with previous studies conducted in the Amazon region?.
In addition, medical records with missing information were also
observed in tertiary health units, impacting the completeness
of the data to be analyzed, as seen in other studies*’. These
characteristics are mainly related to the influence of the development
of socioeconomic activities in rural areas, especially agricultural
and extractive activities. Thus, individuals in the productive age
group who are affected end up suffering economically because of
the non-development of socioeconomic activities. This occurs in the
recovery period when the clinical and physical conditions caused
by the envenomation require medical follow-up and because of the
resulting sequelae?’.

Antivenom serotherapy was performed with Bothrops
antivenom (95%) and Bothrops/Lachesis antivenom (5%) (Table 1).
Although we did not observe this in our study, conditions of delay
or absence of antivenom serotherapy may favor the occurrence
of local complications in the clinical picture of injured patients
in the Amazon region'®. The difficulty of traveling from the rural
area to the capital due to the great territorial expanse of the region
and the predominance of river transport in the interior of the state
of Amazonas resulting in journeys lasting several days are some
obstacles involved’. In addition, empirical therapeutic measures
such as the use of a tourniquet on the affected limb can also lead
to the development of tissue complications®!".

In a series of snakebite cases, it was confirmed that envenomation
inflicted by adult snakes can cause more severe tissue inflammatory
effects whereas that inflicted by juvenile snakes results in
venom-induced coagulopathy more frequently!?. Despite this,
persistent bleeding at the site of the bite is not very frequent'.
Cases of amputation and fasciotomy have been described in the
treatment of tissue complications such as necrosis and compartment
syndrome, respectively'.

Furthermore, blisters can act as a gateway for pathogenic
microorganisms that can cause secondary infections’. The most
common complications (ecchymosis, abscess, and blister) can
progress to more severe forms of STC. Compartment syndrome
is considered the most severe, and although it has an uncommon
occurrence, it can result in tissue necrosis, ischemia, and
neuropathy'®. In addition, depending on the severity, necrosis can
trigger functional sequelae and, consequently, lead to amputation
of the affected limb®.

Specific medical procedures are required in cases of envenomation
by Bothrops sp. if the presence of tissue complications, such as
ecchymosis, abscess, blisters, necrosis, and compartment syndrome,
are evident>”!>15, For abscesses, drainage surgery is necessary”. In
cases of compartment syndrome, the patient can usually be treated
by fasciotomy since in this complication there may be ischemia,
tissue necrosis, and neuropathy that contribute to its worsening®!>13,
In addition, tissue necrosis almost always requires a surgical
procedure for removal of both necrotic and devitalized tissues and
tissue repair or reconstitution. When this complication is greatly
aggravated, it can lead to functional deficits®!>. Moreover, patients
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with STCs had longer hospitalization periods since they require
specific hospital care and, consequently, costs for the health center
for the treatment of snakebites are greater.

Bothrops snakebite in patients of the female gender, classified
as severe, and with the presence of comorbidities is the profile most
indicative of the risk of tissue complications among the cases reported
in the Amazon region. Thus, it is noted that simple epidemiological
and clinical observations can prove to be important information since
they can be used to assess patient prognosis and the possibility of the
development of complications after envenomation.

ETHICS APPROVAL

This study was approved by the local Ethics Review Board
FMT-HVD (Approval number # 2.831.006/2018).

ACKNOWLEDGMENTS

We would like to thank all the medical assistance staff at
FMT-HVD who were involved in clinical management of patients.

FINANCIAL SUPPORT

This study was funded by Fundacdo de Amparo a Pesquisa do
Estado do Amazonas (FAPEAM) (Pr6-Estado Program - #002/2008,
PAIC Program - #012/2018, PAMEQ Program - #004/2019
and PAPAC Program - #005/2019), Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) and Coordenagao
de Aperfeigoamento de Pessoal de Nivel Superior (CAPES). FSS and
KFC have fellowships from FAPEAM (Masters and SI students).
HNSI, JCFN and FBAB have fellowships from CAPES (PhD and
master’s student). MVGL and WMM are level 2 research fellows
from CNPq. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

AUTHORS’ CONTRIBUTION

FSS, HNSI, FBAB and AGC designed study and wrote the
manuscript. FSS, JCFN and KFC data collect. FSS, HNSI, WMM
and AGC analysed and interpreted data. MVGL, JAGS, AM, WMM
and AGC revised the manuscript. All authors read and approved
the final manuscript.

CONFLICT OF INTERESTS

The authors declare that they have no competing interests.

REFERENCES

1. Gutiérrez JM, Calvete JJ, Habib AG, Harrison RA, Williams DJ, Warrell
DA. Snakebite envenoming. Nat Rev Dis Primers. 2017;3:17079.

2. Borges CC, Sadahiro M, dos Santos MC. Epidemiological and Clinical
Aspects of Snake Bites in the Municipalities of the State of Amazonas,
Brazil. Rev Soc Bras Med Trop. 1999;32(6):637-46.

3. Harrison RA, Hargreaves A, Wagstaff SC, Faragher B, Lalloo DG.
Snake Envenoming: A Disease of Poverty. PLoS Negl Trop Dis.
2009;3(12):¢569.

4. Alcantara JA, Bernarde PS, Sachett J, Silva AM, Valente SF, Peixoto
HM, et al. Stepping Into a Dangerous Quagmire: Macroecological
Determinants of Bothrops Envenomings, Brazilian Amazon. PLoS One.
2018;13(12):¢0208532.



Rev Soc Bras Med Trop | on line | Vol.:54:(e0374-2020): 2021

Monteiro WM, Contreras-Bernal JC, Ferreira-Bisneto P, Sachett J,
Silva IM, Marcus Lacerda M, et al. Bothrops atrox, the most important
snake involved in human envenomings in the amazon: How venomics
contributes to the knowledge of snake biology and clinical toxinology.
Toxicon X. 2020;6:100037.

Oliveira SS, Sampaio VS, Sachett JAG, Alves EC, Silva VC, Lima
JAA, Silva IM, Ferreira LCL, Fan HW, Lacerda MVG, Monteiro
WM. Snakebites in the Brazilian Amazon: Current Knowledge and
Perspectives. In: Gopalakrishnakone P, Vogel CW, Seifert S, Tambourgi
D, editors. Clinical Toxinology in Australia, Europe, and Americas.
Toxinology. Springer, Dordrecht; 2018.p.73-99.

Sachett JAG, Silva IM, Alves EC, Oliveira SS, Sampaio VS, 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;11(7):e0005745.

Kasturiratne A, Wickremasinghe AR, 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;5(11):e218.

Feitosa ES, Sampaio V, Sachett J, Castro DB, Noronha MDN, Lozano
JLL, et al. Snakebites as a Largely Neglected Problem in the Brazilian
Amazon: Highlights of the Epidemiological Trends in the State of
Amazonas. Rev Soc Bras Med Trop. 2015;48(1):34-41.

OPEN ACCESS
https://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

Roriz KRPS, Zaqueo KD, Setubal SS, Katsuragawa TH, Silva RR,
Fernandes CFC, et al. Epidemiological Study of Snakebite Cases in
Brazilian Western Amazonia. Rev Soc Bras Med Trop. 2018;51(3):338-
46.

Ribeiro LA, Jorge MT, Lebrao ML. Prognostic Factors for Local
Necrosis in Bothrops Jararaca (Brazilian Pit Viper) Bites. Trans R Soc
Trop Med Hyg. 2001;95(6):630-34.

Bernal JCC, Bisneto PF, Pereira JPT, Ibiapina HNS, Sarraff LKS,
Monteiro-Junior C, et al. "Bad Things Come in Small packages":
Predicting Venom-Induced Coagulopathy in Bothrops atrox Bites Using
Snake Ontogenetic Parameters. Clin Toxicol (Phila). 2020;58(5):388-96.

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. Springer, Cham;
2015.p.1-22.

Wen FH, Monteiro WM, Silva AMM, Tambourgi DV, Silva IM, Sampaio
VS, et al. Snakebites and Scorpion Stings in the Brazilian Amazon:
Identifying Research Priorities for a Largely Neglected Problem. PLoS
Negl Trop Dis. 2015;9(5):¢0003701.

Pardal PPO, Souza SM, Monteiro MRCC, Fan HW, Cardoso JLC,
Franca FOS, 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;98(1):28-42.

5/5



