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A B S T R A C T   

Snakebite envenomings are considered a global health problem. The specific therapy for these envenomings 
consists of administering animal-derived antivenoms aiming to neutralize the venom toxins. Antivenoms have 
been used effectively to treat snakebites for more than a century; however, their administration may result in 
early and/or late adverse reactions. The present study presents the prevalence of early adverse reactions (EARs) 
towards Bothrops antivenom therapy in a health tertiary unit in the Brazilian Amazon and explores if specific 
plasma cytokines and chemokines from envenomed patients could be used as predictors of EARs. A cohort of 
patients bitten by Bothrops atrox was followed-up at the Fundação de Medicina Tropical Dr. Heitor Vieira Dourado 
(FMT-HVD), from 2014 to 2016. Patients were treated with the Brazilian Bothrops antivenom and CXCL-8, CCL-5, 
CXCL-9, CCL-2, CXCL-10, IL-6, TNF, IL-2, IL-10, IFN-y, IL-4, and IL-17A were evaluated in patients’ plasma 
samples before and after antivenom administration. From the total of patients (n = 186), mostly were male 
(82.3%), inhabiting rural areas (87.1%), with an average age of 35 years. Most of the patients (83.8%) were 
admitted to the hospital within 6 h after the accident, 26 (14%) reported having suffered a previous snakebite, 
and 97 (52.1%) received between 7 and 9 antivenom vials. The frequency of antivenom-induced EARs was 11.8% 
(22), resulting mostly of mild reactions. Urticaria was the major EAR manifestation (46.4%). Interestingly, CXCL- 
8 and IL-2 showed significantly lower levels in patients who progressed to EARs, although IL-2 levels might not 
represent biological relevance due the small magnitude difference between groups. This study reveals that CXCL- 
8 and IL-2 could play a role in the onset of EARs in pit viper envenomings.   

1. Introduction 

Snakebites cause high rates of morbidity and mortality in tropical 
and subtropical regions [1]. Globally, it is estimated that occur 
5,500,000 cases of snakebites per year, with 1,841,000 envenomings, 
400,000 permanent disabilities, and 138,000 deaths [2]. In 2019, 

30,482 snakebites were reported in Brazil [14.5 cases/100,000 in
habitants), 13,601 of which were in the Amazon Region of the country 
(52.7 cases/100,000 inhabitants) [3]. In the Brazilian Amazon, snakes of 
the genus Bothrops, especially B. atrox, the Amazonian pit viper, are 
involved in ~ 90% of snakebites [4,5]. 

Venom from Bothrops snakes consists of a cocktail of toxins that 
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induce a variety of local and systemic manifestations in patients [6,7]. 
Among the most important components of the venom are metal
loproteases (MPs: P-I, P-II, and P-III classes), phospholipases A2 (PLA2), 
serine proteases (SPs), type C lectin (CLEC), and L-amino acid oxidases 
(LAAO) [8–12]. Local and systemic manifestations occur due to the 
direct action of toxins and the release of inflammatory mediators 
[13–17]. Envenomings caused by B. atrox usually trigger an intense 
acute inflammatory response with pain, edema, ecchymosis, bleeding, 
and blistering at the bite site [18,19]. Systemic manifestations include 
bleeding, acute renal failure, and rarely disseminated intravascular 
coagulation [20–22]. In animal models, the inflammatory process 
caused by Bothrops venom leads to an increase in the total number of 
leukocytes, mainly polymorphonuclear and/or mononuclear cells [23], 
and an increase of local cytokines TNF-α, IL-1β, IL-6, IL-12p70, and IL-10 
[24–26]. Furthermore, specific components of Bothrops venom such as 
batroxase also demonstrated to cleave directly a few components of the 
complement system (C3, C4, and C5), leading to uncontrolled produc
tion of anaphylatoxins, which play an important role in the progression 
of signs and symptoms during snake envenomings [27]. In humans, a 
similar effect occurs with an increase of circulating CXCL-8, CCL-5, 
CXCL-9, CCL-2 CXCL-10, and IL-6, resulting in activation of the immune 
response, and cell migration [28,29]. The levels of CXCL-8, CCL-2, and 
TNF-alpha are significantly elevated in patients with severe local man
ifestations [28]. 

Currently, antivenoms are the only specific treatment available for 
snakebite envenomings, and the World Health Organization (WHO) list 
of essential medicines includes them in the basic package of health care 
in affected countries [30]. So far, the antivenoms currently available are 
produced via hyperimmunization of large animals, such as horses in 
Brazil [13], being heterologous and polyclonal immunobiologicals, 
resulting in bottlenecks regarding safety [31]. Thus, early adverse re
actions (EAR) to antivenom therapy of anaphylactic origin (IgE or non- 
IgE-mediated reactions) are expected events of varied frequency ac
cording to the type of antivenom and individual hypersensitivity to 
heterologous proteins [32]. Clinically, patients may present urticaria, 
itching, tachycardia, nausea, vomiting, abdominal colic, bronchospasm, 
hypotension, and angioedema [33–35]. Although the frequency and 
severity of EARs have decreased due to the improvement of the anti
venom purification process, the incidence of EARs is still around 20% in 
Brazil [33,35]. This frequency is similar to other Latin American coun
tries [34], and lower than in some Asian countries, where incidence is 
higher than 50% and antivenom-related anaphylaxis is a common event 
[36,37]. Premedication with antihistamines has no benefit in preventing 
antivenom-induced EARs [38–40]. Skin or conjunctival sensitivity tests 
are not recommended as there is no predictive value for EAR and delays 
the antivenom treatment [41]. Another less frequent type of EAR 
nowadays is the pyrogenic reaction, caused by the administration of an 
antivenom contaminated with bacterial endotoxins, characterized by 
fever, rigors, myalgia, headache, nausea, sweating, chills, increase of the 
heart rate, and vasodilation with secondary fall in blood pressure [32]. 
Lastly, the frequency of serum sickness, a late adverse event resulting 
from the deposition of long elimination half-life immune complexes in 
blood vessels, kidneys and joints, seems to be low, but the true frequency 
is unknown [32]. 

There are no accurate predictive factors for antivenom-induced 
EARs, thus hindering the prevention of side effects from antivenom 
treatment. During anaphylaxis, a range of mediators is generated, within 
multiple overlapping pathways and the involvement of several types of 
cells [42]. Few studies have evaluated the release of specific mediators 
in cases of antivenom-induced adverse reactions in patients with the 
immune profile already affected by the envenoming scenario. In Sri 
Lanka, antivenom-based therapy was demonstrated to enhance the 
release of inflammatory mediators in the patients, resulting in anaphy
lactic reactions characterized by high levels of mast cell degranulation 
but not further complement activation [43]. However, to the best of our 
knowledge, there are no findings on immune profiles that predict 

adverse reactions to antivenoms upon patient admission, considering 
the underlying cytokine and chemokine profile. This study aims to es
timate the frequency of EARs of Bothrops antivenom therapy in a tertiary 
unit in the Brazilian Amazon and to determine whether the EARs can be 
predicted by a characteristic profile of cytokine and chemokine in pa
tients’ plasma samples. 

2. Methods 

2.1. Study design and patients 

In this study, a cohort of patients with a diagnosis of Bothrops 
envenomations attended at the Fundação de Medicina Tropical Dr. Heitor 
Vieira Dourado (FMT-HVD), Manaus, Amazonas state, Brazil, was fol
lowed from August 2014 to August 2016. The FMT-HVD is a reference 
center for the management of snakebites in the Brazilian Amazon. All 
Bothrops envenomations were confirmed by identifying the snake 
brought by the patient to the hospital and/or by using an enzyme 
immunoassay [84]. Patients who received premedication or antivenom 
therapy in another hospital prior to FMT-HVD admission were not 
included. The sample size was calculated by means of an expected fre
quency of EARs of 23.5%, from a previous study carried out in the 
Amazon region [35], at an 80% power and 5% of the significance level. 
A minimum of 186 individuals was needed. 

Clinical and epidemiological characterization included de
mographics, occupation, locality of the snakebite, association with 
work, the time elapsed from bite to hospital admission, history of pre
vious snakebites, anatomical site of the bite, severity grading, anti
venom dosage, and local and systemic manifestations. 

Biological samples were collected on admission (T0), before pre
medication, and 24 h after the antivenom treatment (T1), for whole 
blood counts, biochemistry, and quantification of cytokines and che
mokines. For immune mediators’ quantification, samples were pro
cessed immediately and plasma was stored at − 80 ◦C until analysis. A T0 
plasma aliquot was used to confirm Bothrops envenomation by enzyme 
immunoassay. 

2.2. Antivenom treatment 

Twenty minutes before antivenom treatment, pre-medication with 
IV hydrocortisone (500 mg), IV cimetidine (300 mg), and oral dex
chlorpheniramine (5 mg), was administered, as standardized according 
to FMT-HVD guidelines. Antivenom treatment was given to all patients 
in a dosage corresponding to envenomation severity, classified accord
ing to the Brazilian Health Ministry guidelines [13]: i) mild cases 
(2–4vials): local pain, mild edema, and ecchymosis; ii) moderate cases 
(4–8vials): local manifestations without necrosis, minor systemic signs 
(coagulopathy and bleeding, no shock); iii) severe cases (12vials): life- 
threatening snakebite, with severe bleeding, hypotension/shock and/ 
or acute renal failure. Before administration, each antivenom vial was 
diluted in 100 mL of saline solution 0.9%. Antivenom administration 
time was 20 min. 

Patients received the Bothrops antivenom, which is produced by the 
three national laboratories (Instituto Butantan, Fundação Ezequiel Dias, 
and Instituto Vital Brazil), and acquired by the Ministry of Health for 
distribution free of charge to patients. This antivenom is produced from 
purified specific immunoglobulins obtained from plasma of hyper
immunized horses with a pool of venoms of B. jararaca (50%), 
B. alternatus (12.5%), B. jararacuçu (12.5%), B. moojeni (12.5%), and 
B. neuwedi (12.5%). Each vial contains heterologous horse F(ab’)2, 
neutralizing at least 50 mg of the reference venom of Bothrops jararaca, 
in mice, phenol (35mgmaximum), and physiological solution 0.85% q.s. 
10 mL [13]. 

Intravenous metamizole was given on demand for pain. The bitten 
limb was nursed in the most comfortable position, blisters were aspi
rated, necrotic tissue was surgically debrided, abscesses were drained, 
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and antibiotic treatment was given accordingly. 

2.3. Patients’ follow-up and safety outcomes 

After antivenom treatment, patients were admitted to the hospital 
ward for close monitoring for at least 48 h. Primary safety outcome was 
defined as the presence of EARs related to type I hypersensitivity, 
including urticaria, asthma-like crisis, laryngeal edema, and shock, 
shortly after infusion until the first 24 h after administration. The 
severity of these adverse reactions were classified according to the 
World Allergy Organization, as follows: Grade I) skin signs: pruritus, 
erythema, urticaria, and angioedema; Grade II) skin signs and measur
able not life-threatening manifestations, including hypotension, tachy
cardia, and respiratory symptoms such as cough and difficulty 
breathing; Grade III) life-threatening symptoms, including shock, 
tachycardia or bradycardia, arrhythmias, and bronchospasm; Grade IV) 
cardiac and/or respiratory arrest; and Grade V) death [85]. All patients 
presenting EARs had the antivenom administration interrupted and 
were treated with and IV anti-histamine. Patients with Grade III EARs 
were treated also with subcutaneous adrenaline (1:1000, 0.3–0.5 mL), 
and repeated after 10 min if needed. After the symptoms had subsided, 
and a new course of premedication was given, and antivenom admin
istration was restored. 

The presence of pyrogenic reactions was considered when a patient 
presented fever and/or chills, associated or not to rigors, myalgia, 
headache, nausea, sweating, chills, increase of the heart rate, and 
vasodilation with secondary fall in blood pressure, within the first hour 
after initiating the antivenom administration [32]. Adrenaline and an
tipyretics were the standard treatments for this type of reaction. 

Patients were asked to attend the hospital seven (D7) and twenty-one 
days (D21) after discharge. At follow-up visits, clinical examination was 
carried out in order to investigate the clinical evolution of the enveno
mations and the occurrence of late adverse reactions to antivenom. The 
presence of late adverse events was considered if the patient presented 
fever, myalgia, arthralgia, arthritis, lymphadenopathy, gastrointestinal 
disorders, neurological and renal complications until D21 [32]. If the 
patient did not present for the follow-up visits, the investigator con
tacted the patient by phone, and in case of complaints, planned a 
domiciliary visit. Patients who did not present to hospital visits and were 
not found at phone calls were considered lost to follow-up. After D15, 
patients were advised to return to the hospital or to contact the study 
physician by phone in case of any signs of complications. In case of late 
reactions, treatment consisted of analgesics, anti-histamines, and 
corticotherapy. 

2.4. Cytokines and chemokines analysis 

The quantification of cytokines and chemokines in the plasma sam
ples of the patients was performed by the flow cytometry technique CBA 
(Cytometric bead Array) with the BDTM Kit CBA Human Chemokine 
(Cat. No. 552990, Lot: 7198865, brand BD® Biosciences, San Diego, CA, 
USA) and Kit BDTM CBA Human Th1/Th2/Th17 Cytokine (Cat. 560484, 
Lot: 6078753, brand BD® Biosciences, San Diego, CA, USA) following 
the guidelines described by the manufacturer. The quantified molecules 
were CXCL-8 (IL-8), CCL-5 (RANTES), CXCL-9 (MIG), CCL-2 (MCP-1), 
CXCL-10 (IP-10), IL-6, and TNF, IL-2, IL-10, IFN-y, IL-4, and IL-17A. The 
acquisition of the samples was carried out with the Cytometry-Flow 
FACS Canto II (Becton, Dickinson and Company, San Jose, CA, USA), 
at the Fundação Hospitalar de Hematologia e Hemoterapia do Amazonas 
(HEMOAM). The data were obtained in Mean Fluorescence Intensity 
(MFI) of each molecule with the FCAP-ArrayTM software (v3). 

2.5. Antigenemia analysis by ELISA 

The diagnosis of Bothrops envenomation confirmation and anti
genemia quantification was performed by ELISA (Enzyme-Linked 

Immunosorbent Assay) quantitative specific-genus at the Instituto 
Butantan as described previously [86]. 

2.6. Statistical analysis 

A univariable regression analysis was used to identify factors related 
to EARs, considering the value of p < 0.05 of significance. The odds ratio 
with the respective confidence intervals (CIs) were calculated. For the 
laboratory parameters, the continuous values, analyzed using the Mann- 
Whitney test, were considered and the mean and standard deviation was 
calculated for both groups. Data normality was performed with the 
Shapiro-Wilk test and showed a nonparametric distribution. The com
parison of the values of cytokine and chemokine levels in plasma at T0 
and T1 was made using the Kruskal-Wallis test, with the Dunn post-test 
for multiple comparisons. Correlations between circulating cytokine and 
chemokine levels were made with Spearman’s correlation test, and 
molecule networks were built with Cytoscape Consortium software San 
Diego, CA, USA (v3.7.2). The correlation coefficient was interpreted 
according to previous studies [28] as being strong (R ≥ 68), moderate 
(R ≤ 0.36 to R ≤ 0.36), and weak correlation (R ≤ 0.35). The analysis 
was performed with the STATA statistical package (V15. 1) and the 
GraphPad Prism Software (v6.0). 

2.7. Eth ical approval 

This study was approved by the Research Ethical Board of the Uni
versidade do Estado do Amazonas (approval number 492.892/2014). 
The adult patients signed an informed consent form after the study was 
explained to them. Parents or guardians signed the consent of minor 
patients. 

3. Results 

3.1. Patient characteristics 

In total, 186 patients with a diagnosis of Bothrops snakebites were 
followed up. The majority of patients were male (82.3%), from rural 
areas [87.1%), and aged between 16 and 60 years (75.3%), with an 
average of 35 years. The lower limbs were predominantly affected 
(84.4%). Patients mostly initiated the treatment till 6 h after the bite 
(83.8%). A proportion of 14.0% of the patients reported having suffered 
a previous snakebite. Snakebite severity was classified as moderate in 
47.3% of patients and the majority of them (52.1%) received 7 to 9 vials 
of Bothrops antivenom (Table 1). 

3.2. EAR incidence and risk factors 

Of a total of 186 patients included in the study, 22 presented EARs 
related to type I hypersensitivity (11.8%). None patient presented 
anaphylactic shock or pyrogenic reactions. No demographic or clinical 
variables presented an association with antivenom-associated EARs 
(Table 1). Other reported adverse events were nausea (1.6%), chills 
(1.1%), headache (1.1%), dizziness (0.5%), and vomiting (0.5%). 

Manifestations of hypersensitivity included mainly pruritus/urti
caria (59.1%), laryngeal irritation (36.4%), angioedema (27.3%), and 
facial flushing (22.7%). Regarding severity classification, 11 cases 
(50.0%) were classified as Grade I, 9 (40.9%) as Grade II, and 2 (9.1%) 
as Grade III (two cases of bronchospasm) (Table 2). The time for the EAR 
onset ranged from 3 to 60 min after the start of the antivenom treatment, 
with a median of 20 min. Eleven patients (50%) had EAR before the end 
of the antivenom treatment and needed the interruption of the proced
ure. Among patients with EARs, the average number of antivenom vials 
administered was significantly higher in patients with Grade III (mean of 
12 vials) compared with the other groups (mean of 7.4 ± 2.1 vials) (p =
0.040). There was no difference in the means of the time (in minutes) 
until EARs onset between the grades of EARs severity (p = 0.467). 
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Moreover, there was no correlation between time (in minutes) until 
EARs onset and the number of antivenom vials received (Spearman’s 
correlation test; R = 0.017; p = 0.938). 

All patients presenting EARs had the antivenom administration 
interrupted and were treated with an IV anti-histamine. Two patients 
with Grade III EARs needed treatment with subcutaneous adrenaline 
(1:1000, 0.3–0.5 mL). A new course of premedication with IV hydro
cortisone (500 mg), IV cimetidine (300 mg), and oral dexchlorphenir
amine (5 mg), was administered. After restoring the administration of 
the antivenom, it was possible to complete the antivenom dosage in all 
patients, without the need for further interruptions. Fig. 1 shows pho
tographs of patients presenting EARs, represented by pruritus/urticaria. 
None of the patients presented late adverse reactions in the follow-up. 

3.3. Immunological molecules and hematological parameter in EAR 
patients at admission 

The patients were categorized in EAR[+) or EAR[-) according to the 
presence or absence of the Early Adverse Reaction (EAR), respectively. 
Levels of the CXCL-8 and IL-2 were stistically lower in patients with 
EARs when compared to patients without EARs (Fig. 2), although the 
difference of IL-2 between groups was apparently of modest magnitude. 
Others chemokines and cytokines did not show significant differences in 
both Bothrops snakebite groups. Furthermore, mean blood cell counts, 
INR and antigenemia, were similar between EAR[+) and EAR[-) groups 
(Table 3). 

3.4. Networks interaction of cytokines and chemokines at admission 

The EAR[-) snakebite envenomed patients demonstrated an inter
action of immune mediators different from the EAR[+) (Fig. 3). Corre
lations in Bothrops-envenomed patients show an acute inflammatory 
response occurring with weak, moderate, and strong interactions be
tween inflammatory chemokines and cytokines. Furthermore, the 
analyzed cellular components showed more correlations in the ERA[+) 
group, both among themselves and with the chemokines and cytokines. 
Patients EAR[-) have a complex and diverse network of interactions of 
both chemokines and pro-inflammatory/regulatory cytokines, with 
highlights for molecules CCL-2, CXCL-10, IL-6, IL-10, and IL-17A. 
Otherwise, patients EAR[+) demonstrated a poor interaction between 
chemokines and cytokines at T0, with the absence of interaction of the 
molecules or loss of interaction, mainly in CXCL-8, IL-2, IFN-γ, and IL-4, 
but many interactions between monocytes, lymphocytes and 
eosinophils. 

3.5. Chemokines and cytokines changes after antivenom therapy 

The analysis of the production dynamics of chemokines and cyto
kines was performed at admission (T0) and 24 h after antivenom therapy 
(T1). Fig. 4 summarizes the comparison between T0 and T1 in each 
group, more reliably demonstrating the chemokine and cytokine pro
files, beyond changes in immune molecules after antivenom therapy. 
Bothrops-envenomed patients showed decreasing in CXCL-9, CXCL-10, 
and IL-10, regardless of the presence of EAR in T1. In addition, a sig
nificant decrease of CXCL-8, with increased IL-17A, was observed only 
in patients that did not develop EARs. 

4. Discussion 

Venomous animals derived toxins are well-known to induce 
inflammation [44–46], highlighting the involvement of several cyto
kines. Regarding pit vipers, an early increase in IL-6 and TNF-α after 
intraperitoneal injection of B. asper and B. jararaca venoms has already 
been demonstrated in mice [47]. Moreover, the release of IL-1 and IL-6 
was also observed in vivo after injection of BaP1, a P1 metalloproteinase 
isolated from B. asper [48]. Further studies have also shown that 

Table 1 
Characteristics of the patients and factors associated with early adverse re
actions to antivenom in Bothrops-envenomed patients.  

Characteristics Total Early adverse 
reaction 

Odds ratio p 

No (n, 
%) 

Yes (n, 
%) 

Gender      
Female 33 

(17.7) 
32 
(19.5) 

1 (4.5) 1 … 

Male 153 
(82.3) 

132 
(80.5) 

21 
(95.5) 

5.09 
(0.66–39.26) 

0.118 

Area of 
occurrence      

Urban 24 
(12.9) 

24 
(14.6) 

0 (0.0) … … 

Rural 162 
(87.1) 

140 
(85.4) 

22 
(100.0)   

Age group 
(years)      

1–15 27 
(15.5) 

25 
(15.2) 

2 (9.1) 1 … 

16–60 140 
(75.3) 

125 
(76.2) 

15 
(68.2) 

1.5 (0.32–6.97) 0.605 

>60 19 
(10.2) 

14 (8.6) 5 (22.7) 4.46 
(0.76–26.09) 

0.097 

Anatomical site of the bite    
Upper limbs 29 

(15.6) 
25 
(12.2) 

4 (18.2) 1 … 

Lower limbs 157 
(84.4) 

139 
(84.8) 

18 
(81.8) 

0.80 
(0.25–2.59) 

0.722 

Time until medical care    
≤ 6 156 

(83.8) 
138 
(84.2) 

18 
(81.8) 

1 … 

> 6 30 
(16.2) 

26 
(15.8) 

4 (18.2) 1.17 
(0.36–3.76) 

0.781 

Previous bite      
Yes 26 

(14.0) 
21 
(12.8) 

5 (22.7) 2.00 
(0.66–6.00) 

0.215 

No 160 
(86.0) 

143 
(87.2) 

17 
(77.3) 

1 … 

Classification of severity   
Mild 80 

(43.0) 
72 
(43.9) 

08 
(36.4) 

1 … 

Moderate 88 
(47.3) 

77 
(46.9) 

11 
(50.0) 

1.28 
(0.48–3.37) 

0.610 

Severe 18 (9.7) 15 (9.2) 3 (13.6) 1.80 
(0.42–7.58) 

0.423 

Number of antivenom vials received   
4–6 57 

(30.7) 
50 
(30.5) 

7 (31.8) 1 … 

7–9 97 
(52.1) 

86 
(52.4) 

11 
(50.0) 

0.91 
(0.33–2.50) 

0.861 

> 9 32 
(17.2) 

28 
(17.1) 

4 (18.2) 1.02 
(0.27–3.79) 

0.976  

Table 2 
Frequency of signs and symptoms and severity classification in 22 patients 
presenting early adverse reactions after antivenom treatment in Bothrops 
snakebites.  

Signs and symptoms Number % 

Pruritus/urticaria 13  59.1 
Laryngeal irritation 8  36.4 
Angioedema 6  27.3 
Facial flushing 5  22.7 
Multiple skin papules 3  13.6 
Dyspnea 3  13.6 
Tachycardia 2  9.1 
Bronchospasm 2  9.1 
Hypertension 1  4.5 
Final severity classification   
Grade I 11  50.0 
Grade II 10  45.5 
Grade III 1  4.5  
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Fig. 1. Envenomed patients presenting early 
adverse reactions as skin manifestations 
following antivenom treatment. (A and B) - 
Men, 23 years old, farmer, suffered a snake
bite classified as moderate. After 6 h of the 
accident, he arrived at the hospital and 
received 6 vials of Bothrops antivenom, and 
60 min later, he had pruritus and urticaria, 
angioedema and edema on the face. (C and 
D) – Men, a 38-year-old, farmer, suffered a 
snakebite classified as moderate. After 3 h of 
the accident, he arrived at the hospital and 
received 8 vials of Bothrops antivenom, and 
17 min after the administration, presented 
multiple papules, pruritus, laryngeal irrita
tion, and angioedema.   

Fig. 2. Cytokine and chemokine plasma levels of patients before the Bothrops antivenom administration. Significant differences were presented in p < 0.05 (*), p <
0.01 (**), and p < 0.0001 (***). Quantification of cytokine and chemokine levels was performed using cytometric bead array (CBA). The graphs show the mean and 
standard deviation of each molecule in the groups, expressed in median fluorescence intensity (MFI). Comparative analyzes between groups were performed using 
Mann-Whitney test. EAR(-): patients without early adverse reaction (blue). EAR(+): patients with early adverse reaction (red). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
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jararhagin, a P-III metalloprotease isolated from B. jararaca venom, in
duces macrophage expression of mRNA encoding for TNF-α, IL-1, and IL- 
6 cytokines [49]. In our study we evaluated total TNF, which includes 
TNF-α and TNF-β(lymphotoxin). Although we did not test IL-1β from 
patient plasma samples, it is evident that macrophages are important 
targets for B. atrox venom since it is responsible to produce such pro- 
inflammatory cytokines (IL-1β, IL-6, and TNF-α) [50]. 

The macrophage innate response is initiated by activation of diverse 
membrane recognition receptors, such as the Toll-like receptors (TLRs). 
In inflammatory processes, recognition of pathogen-associated molec
ular patterns (PAMPs) and endogenous damage-associated molecular 
patterns (DAMPs) by TLRs (with exception of TLR3) activates cell- 
signaling pathways mediated by the MyD88 [50]. Venom-derived 
toxins have also been demonstrated to activate TLRs, which were 
named venom-associated molecular patterns (VAMPs) [51]. Thus, we 

postulate that B. atrox venom-derived VAMPs stimulate TLRs culmi
nating in the activation of the MyD88-dependent pathway, transcription 
of NF-κB, resulting in the expression of pro-inflammatory cytokines 
including IL-6 and TNF-α. In fact, our hypothetical mechanism is highly 
supported by other studies demonstrating that snake toxins can directly 
activate TLRs. For instance, TLR2 and MyD88 signaling have a critical 
role in a PLA2 from B. asper venom (MT-III)-induced inflammatory 
response in macrophages [52]; and using B. atrox venom researchers 
have proved that TLR2 is responsible to modulate the induced- inflam
mation [53]. 

The occurrence of adverse reactions to the use of antivenoms is 
common in clinical practice, presenting a rate ranging from 3% to 88% 
[54,55]. This large variation in the prevalence rates of adverse reactions 
to antivenom is due to the different processes of antivenom production, 
antibody formats (e.g. whole IgG, Fab, F(ab’)2), the amount and the 
velocity of antivenom infusion, and the specific characteristics of the 
snake venom and the studied population [32]. 

In this study, we observed a rate of 11.8% of EARs following anti
venom administration. Clinical trials have shown values of 18% to 25% 
[33,40]. Pruritus/urticaria and vomiting were the most observed EARs 
in our study, with 46.4% and 13.3%, respectively, showing similar 
prevalence to previous studies with Bothrops antivenom [33,35]. All 
patients were premedicated with corticosteroids and anti-histamines as 
recommended by the Brazilian Ministry of Health guidelines for EAR 
prevention [13]. Clinical studies have been conducted in order to 
evaluate the effectiveness of premedication in the prevention of adverse 
reactions to horse-derived antivenoms and have not found any protec
tive effect in the use of antihistamines and glucocorticoids 
[39,40,56,57]. However, other studies have demonstrated the effec
tiveness of adrenaline when applied subcutaneously, immediately prior 
to antivenom therapy, indicating that this method significantly reduces 
the incidence of early reactions [56,58–60]. Use of adrenaline in the 
prevention of adverse reactions is still controversial, specially in patients 
with history of heart disease. 

There was no significant association between sociodemographic 
variables and the presence of EARs in our study. The majority of the 
patients were males from rural areas of an economically active age. 

Table 3 
Cell profiles and laboratory results of patients presenting or not EARs following 
antivenom administration.  

Laboratory parameter Early adverse reaction Total p 

No Yes 

Leukocytes (x103/ 
mm3) 

11.5 (±3.7) 12.2 (±3.7) 11.54 (±3.7)  0.398 

Monocytes (%) 5.2 (±2.6) 5.4 (±2.8) 5.24 (±2.7)  0.765 
Lymphocytes (%) 18.9 (±6.9) 21.6 (±7.3) 19.3 (±6.9)  0.109 
Neutrophils (%) 71.6 (±12.6) 70.3 (±8.8) 71.44 

(±12.2)  
0.662 

Eosinophils (%) 2.0 (±1.8) 2.6 (±2.0) 2.1 (±1.82)  0.137 
Basophils (%) 0.03 (±0.18) 0.02 (±0.22) 0.03 (±0.18)  0.664 
Band cells (%) 0.5 (±1.6) 0.9 (±2.2) 0.6 (±1.6)  0.256 
Platelets (x106/mm3) 229.9 

(±72.2) 
243.9 
(±76.9) 

242.2 
(±76.1)  

0.655 

INR 1.3 (±0.2) 1.2 (±0.3) 1.3 (±0.2)  0.111 
Antigenemia (ng/mL) 

* 
4.6 (±10.6) 16.4 (±37.6) 15.0 (±35.6)  0.144 

Reference values: eosinophils: 0.0–3.0%; lymphocytes: 20.0–51.1%; leukocytes: 
4,000–10,800/mm3; basophils: 0.0–3.0%; monocytes: 1.7–9.3%; neutrophils: 
40.0 to 60.0%; band cells: 1 to 5%; INR (International Standardized Ratio): 0.8 
to 1.0.*Antigenemia assay was performed with T0 plasma samples. 

Fig. 3. Network interactions of cytokines and chemokines at T0 in patients presenting or not adverse reactions. The correction index (r) was used to divide the 
correlations by category according to strength into strong (R ≥ 0.68), moderate (R ≥ 0.36 to R ≤ 0.67), and weak (R ≤ 0.35). Dashed lines show negative correlations 
and continuous lines indicate positive correlations. Thin lines indicate weak correlation, medium lines show moderate correlation, and thick lines, strong correlation. 
EAR(-): patients without early adverse reaction (blue). EAR(+): patients with early adverse reaction (red). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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Moreover, the lower limbs were the most affected by the snakebite, 
similar to previous studies conducted in the Brazilian Amazon 
[61,28,35]. These findings may be related to the greater exposure of 
these individuals to work and leisure activities [61]. Moreover, snake
bite associated variables such as the time until medical care, number of 
antivenom vials received, envenomation severity, and anatomical site of 
the bite showed no correlation to the development of EAR, indicating 
that adverse reactions are more related to patients intrinsic factors. 
Notably, patients were clinically followed during 30 days after being 
discharged. The mainly late adverse reaction associated with snakebites 
following antivenom administration is Serum Sickness. The large 
amount of antivenom antibodies combined with the human anti-horse 
antibodies (IgGs and IgMs) may result in the generation of immune 
complexes (ICs) pesenting long elimination half-life. This can trigger IC 
deposition in target tissues including blood vessels, glomeruli, and joints 
(1–2weeksafterantivenomtherapy) and cause Serum Sickness [31]. 
None of our patients evolved with late reactions. 

The early adverse reactions observed in the treatment of snakebite 
are an association of immune responses to components within anti
venom (or with a similar component) which triggers IgE-mediated 
anaphylactic reactions occurred by prior contact of the individual, 
where mast cells, basophils and/or eosinophils are sensitized; thus, in 
the second contact, IgEs induce their degranulation, releasing pharma
cological mediators [32,50,62]. Anaphylactic reactions not mediated by 
IgE are induced by the production of anaphylatoxins (C3a, C4b, and 
C5a) derived from the cleavage of C3, C4, and C5 zymogens from the 
complement system [63]. Results observed in the present work showed 

that patients that reported previous snakebites were not more suscep
tible to the EAR, indicating that previous sensitization of cells involved 
in anaphylactic reactions might not be associated. Similar findings have 
been reported in a previous study that investigated the immune re
sponses to Russell’s viper snake envenoming and antivenom treatment, 
where authors observed EAR in patients who had not been previously 
exposed to antivenom [42]. The authors have also observed no associ
ation of EAR to anaphylatoxins C3a, C4a, and C5a increase, suggesting 
that complement activation does not mediate early anaphylactic re
actions. Their conclusion indicates that antivenom reactions may be 
triggered by a different pathway, which involves antivenom complexes 
binding to IgG receptors or non-specifically crosslinking IgE on the 
surface of mast cells [42]. 

Much is discussed concerning how antivenoms are responsible for 
adverse reactions, however, neglected attention has been pointed to 
how can envenomation modulate the EAR induced by antivenoms. An
imal venoms are capable of inducing a variety of immune reactions, 
including innate and adaptive responses, along with hypersensitivity 
response characterized by exaggerated or inappropriate immunologic 
reactions involving IgE production and mast cell degranulation [64]. 
Previous pre-clinical studies have demonstrated that snake venoms are 
capable of inducing mast cell degranulation and allergic reactions 
[65–68]. The same has been proven to Bothrops atrox venom and its 
isolated toxins, which mast cell degranulation showed to be involved in 
inflammatory alterations such as edema and hyperalgesia [69–71]. 
However, venom-induced immune reactions could interfere with 
antivenom-induced hypersensitivity reactions. Stone and colleagues 

Fig. 4. Cytokine and chemokine plasma levels of patients presenting or not EAR following Bothrops antivenom administration at different times. Significant dif
ferences were presented in p < 0.05 (*), p < 0.01 (**), and p < 0.0001 (***). Quantification of cytokine and chemokine levels was performed using cytometric bead 
array (CBA). The graphs show the mean and standard deviation of each molecule in the two groups, expressed in median fluorescence intensity (MFI). Comparative 
analyzes between times were performed using Wilcoxon test. EAR(-): patients without early adverse reaction (blue). EAR(+): patients with early adverse reaction 
(red). T0: at patient admission. T1: 24 h after antivenom administration. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 
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[42] have found that a relevant frequency of patients from Russell’s 
viper snakebite who developed antivenom-related EAR (skin reactions 
and anaphylaxis) presented increased plasma levels of histamine before 
antivenom therapy, compared to patients who did not develop EAR. The 
authors also evidenced elevated plasma levels of the inflammatory cy
tokines IL-10 and IL-6 from all patients before antivenom, which 
remained elevated for up to 24 h after the initial dose of antivenom in 
patients who developed anaphylaxis. The results indicate that previous 
venom stimulation of mast cell degranulation and inflammation is 
responsible for priming cells to react to antivenom and can increase the 
risk for EAR development [42]. 

Considering the pro-inflammatory behavior of Bothrops atrox 
snakebite found in previous studies [26,27], as well as pre-clinical data 
referred to crude venom and isolated toxins [23,25,27,53,72], we have 
then evaluated the inflammatory cytokines and chemokines profile of 
patients with and without EAR previous and after antivenom therapy. 
The inflammatory profile from patients previously to antivenom showed 
that IL-2, and namely CXCL-8, were found significantly decreased in 
patients who developed EAR (Fig. 5). CXCL-8 is a well-known chemo
attractant agent, responsible for the recruitment of neutrophils during 
the inflammatory process, which can be released from several cell types 
in response to inflammation, including monocytes, macrophages, 

neutrophils, intestine, kidney, placenta, and bone marrow cells [73]. IL- 
2 is produced mainly by CD4 + T helper (Th) cells and by CD8 + T cells, 
natural killer (NK) cells, and natural killer T (NKT) cells, and has been 
associated with T-cell growth, augments NK cytolytic activity, and in
duces the differentiation of regulatory T cells [74]. It has been found that 
IL-2 and histamine can down-modulate each other, where studies have 
shown that IL-2 can inhibit histamine release from mast cells and that 
histamine down-regulates IL-2 gene/protein expression [75,76]. Also, 
the involvement of IL-2 in allergic reactions has been discussed. It is well 
established that in the pathogenesis of allergic diseases the hista
miactivity on Th2-type immune response is found [77]. Our findings 
showed that the IL-2 level magnitude difference between the EAR + and 
EAR- groups was modest, which may not have a relevant impact on the 
outcome, despite the statistical significant difference. However, a pre
vious study has found that even low doses of IL-2 administration 
modified the local balance of Th1/Th2 (decreases the predominance of 
Th2) and decrease the degranulation of basophils and mast cells in an 
experimental model of food allergy in mice [78]. While for CXCL-8, 
there is an ambiguous relationship between histamine release and 
leukocyte degranulation, with studies finding a positive correlation 
between histamine and increase CXCL-8 production in endothelial cells 
[79,80], but inhibits histamine release from basophils [81]. Therefore, 

Fig. 5. Chemokine and cytokine profiles of envenomed patients presenting or not early adverse reactions previous Bothrops antivenom administration. The left panel 
in blue represents the immunological profile of envenomed patients that did not present early adverse reactions after antivenom administration – EAR(-). The right 
panel in red represents the immunological profile of envenomed patients presenting early adverse reactions after antivenom administration – EAR(+). The yellow 
boxes indicate the immune mediators showing differences between groups (CXCL-8 and IL-2), resulting in potential biomarkers. (For interpretation of the references 
to colour in this figure legend, the reader is referred to the web version of this article.) 
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the literature brings the possible protective role of CXCL-8 and IL-2 to 
hypersensitivity and allergenic reactions, corroborating with the results 
in our present which both mediators are found increased in patients who 
did not develop EAR. 

Another interesting aspect found in the present work involves the 
cytokines/chemokines profile found at T1 (24 h after antivenom treat
ment). Among the major differences observed in patients who developed 
EAR and not, the mediators CCL-2 and CXCL-8 were found decreased, 
whereas IL-17 increased following antivenom administration in patients 
without EAR comparing at T0 and T1. It has been demonstrated that 
increased levels of CCL-2 are associated with the development of 
anaphylactic reactions due to a CCL2-dependent chemotactic activity for 
basophils [82]. As for CXCL-8 mentioned above, its role as an activator 
or inhibitor of histamine-mediated reactions still unknown due to its 
dual character. However, the decreased values found in non-EAR pa
tients at T1 could be associated with a resolution phase of the pro- 
inflammatory response of Bothrops snakebite. Exacerbated reactions 
involving Th-17 type immune response have been strongly associated 
with autoimmune diseases as psoriasis and rheumatoid arthritis [83]. 
Therefore, its increased levels at T1 in patients who did not develop EAR 
is an unlikely result that should be more investigated in the future. 

Complement mediators were not measured in the present study, 
although a previous report by our research group has found that patients 
victims of Bothrops snakebite in the Brazilian Amazon showed activation 
of complement system components [28]. Therefore, it was not possible 
to define the participation of complement system activation in the EAR 
genesis in the present work. Moreover, histamine levels were not 
investigated, preventing a better description of its correlation with the 
levels of CXCL-8 and IL-2, which may be the key to the findings of this 
study. 

5. Conclusion 

The present study has elucidated some important aspects associated 
with hypersensitivity reactions due to antivenom therapy against 
Bothrops. The immunological response induced by Bothrops snakebite, 
evaluated by the inflammatory mediators profile, has shown to be 
directly related to the antivenom-induced EAR, showing that venom 
components can modulate positively in order to induce these reactions. 
Moreover, CXCL-8 and IL-2 were found as immune molecules potentially 
involved in EARs onset following antivenom administration in Bothrops 
envenomings. 
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[3] Brasil. Ministério da Saúde. SINAN - Sistema de Informação de Agravos de 
Notificação. Acidente por Animais Peçonhentos [Internet]. 2019. 2020 [cited 2020 
Feb 24]. p. 1. Available from: http://www2.datasus.gov.br/DATASUS/index.php? 
area=0203&id=29878153&VObj=http://tabnet.datasus.gov.br/cgi/deftohtm. 
exe?sinannet/cnv/animais. 

[4] Hui Wen F, Monteiro WM, Moura da Silva AM, Tambourgi D V., Mendonça da Silva 
I, Sampaio VS, et al. Snakebites and Scorpion Stings in the Brazilian Amazon: 
Identifying Research Priorities for a Largely Neglected Problem. PLoS Negl Trop 
Dis [Internet]. 2015;9(5):e0003701. Available from: https://doi.org/10.1371/ 
journal.pntd.0003701. 

[5] Feitosa EL, Sampaio VS, Salinas JL, Queiroz AM, Silva IM, Gomes AA, et al. Older 
age and time to medical assistance are associated with severity and mortality of 
snakebites in the Brazilian Amazon: A case-control study. PLoS One [Internet]. 
2015;10(7):1–15. Available from: 10.1371/journal.pone.0132237. 

[6] Bourguignon S, Paes F, Calheiros E, Juliano M, Aguiar A, Melgarejo A, et al. 
Bothrops Moojeni Venom Peptides Containing Bradykinin Potentiating Peptides 
Sequences. Protein Pept Lett [Internet]. 2005;8(1):21–Available from: 10.2174/ 
0929866013409689. 

[7] S.V. Pierini, D.A. Warrell, A. De Paulo, R.D.G. Theakston, High incidence of bites 
and stings by snakes and other animals among rubber tappers and amazonian 
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