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Abstract: Snakebite envenomations are classified as Category A Neglected Tropical Diseases by the
World Health Organization. In Brazil, 405 snake species are distributed among 11 families, with the
genera Bothrops and Crotalus being the most studied and main responsible for severe and lethal
envenomations. In the country, Crotalus genus (i.e., rattlesnakes) is represented by Crotalus durissus
species, showing seven different subspecies distributed along the country, including Crotalus durissus
ruruima, which inhabits Roraima, the Brazilian nothermost state from Amazon forest. Here, we report
a fatal case of a severe envenomation following a rattlesnake bite. The patient presented classic
crotalic neurological signs and symptoms such as ptosis, drooling of saliva, sluggishness, macroscopic
hematuria, and oliguria, which evolved to acute kidney failure (AKF) and hemodynamic instability.
Although the patient was treated with the specific antivenom therapy, the severe envenomation
resulted in three cardiac arrests and death of the victim in less than 38 h. This study discusses the
causes of the patient death, the features of rattlesnake venom-induced AKF, and shows evidences
that the Brazilian crotalic antivenom should be improved to treat rattlesnake envenomations caused
by C. d. ruruima venom in Roraima state.

Keywords: snakebite envenomation; rattlesnake; Roraima; Crotalus durissus ruruima; antivenom;
acute renal failure

1. Introduction

Every year, an estimated 4.5 million people are bitten by venomous snakes, resulting in death for
more than 100,000 people and around 400,000 life-long disfigurements or disabilities [1]. Snakebites
most affect populations from tropical and underdeveloped countries, and the majority of the victims
are unable to get the treatment that could save them from death or permanent disfigurement [1,2].
Snakebite envenomation was recognized by its official addition to the list of Category A Neglected
Tropical Diseases by the World Health Organization (WHO) in 2017 [3], whilst it is still under a hidden
health crises.

In Brazil, there are 405 snake species distributed in 11 different families [4]. The venomous snakes
correspond to 15% of the species and belongs to two families: Viperidae, represented by the genera
Bothrops, Crotalus, and Lachesis; and Elapidae, represented by Micrurus and Leptomicrurus genera [5].

Brazilian rattlesnake is represented only by Crotalus durissus species, which is divided into
six subspecies: C. d. dryinas (Amapá), C. d. terrificus (South), C. d. cascavella (Northeast), C. d.
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ruruima (North), C. d. marajoensis (Marajó Island), and C. d. collilineatus (Midwest, North of Minas
Gerais, and São Paulo). Although there is a previous study reporting C. d. trigonicus in Roraima
state [6], the literature lacks research articles containing updated information, and our group has only
encountered C. d. ruruima in the state in the last years. Roraima has nearly 600,000 inhabitants, with
more than 23% of the population living in rural areas and forests (~40% of the state is considered
Indian areas). The rich vegetation due to rainy season, the abundant flora and fauna, and a scattered
population using paths traversing rural areas or forests makes people from Roraima particularly prone
to snakebite envenomations [7]. Indeed, epidemiological data demonstrate that Roraima has the
highest incidence of snakebite in the country (84.4/100,000 population), followed by Amazonas with
(52.2/100,000 population) [8]. Moreover, there are still other important factors that made snakebites
in Roraima a huge and neglected problem and often life-threatening disease. (1) Records of patients
treated by traditional methods are missing from official databased statistics and deaths reported at
the hamlet level or indigenous areas are mostly not sent on to ministry headquarters, resulting in
several unreported cases [7,9]; (2) the scarcity of antivenoms in the state is frequent [10]; (3) there
is a fragile health system, lacking doctors and medical supplies [11]; (4) there are difficulties to the
patients quickly access the health centers [12]; (5) the recent struggle of Venezuelan migrants (more
than 100,000) also increase the snakebite accidents [13]; (6) and the physicians and health staff are
mostly not well trained to manage snakebite envenomations [14]. Based on that, the Roraima snakebite
problem was recently recognized by the Global Snakebite Initiative [1] and an education program
founded by the Hamish Ogston Foundation will be implemented in 2020 to improve the snakebite
management in the state—from first aid through to hospital care.

The major toxic and lethal effects of Crotalus durissus spp. venoms are associated to crotoxin,
a heterodimer toxin composed by the noncovalent association of a basic subunit (CB), with
phospholipase A2 (PLA2) activity, and an acidic subunit (CA) that lacks enzymatic activity, i.e.,
crotapotin. CB is responsible for the myotoxic and neurotoxic actions induced by crotoxin and the
CA is recognized as a chaperone of CB [15–18]. Among all the subspecies of rattlesnakes in Brazil,
C. d. ruruima is the one with the highest protein levels of crotoxin (82.7%) [19,20]. The subspecies is
exclusively found in the northern area of Roraima, Brazil, an in southern of Venezuela (bordering
Roraima). Moreover, C. d. ruruima is the second subspecies responsible for snakebites in the state
of Roraima, leading to lethal, neurotoxic, coagulant, and myotoxic effects in the victims [21,22].
Two different types of C. d. ruruima venom have been described, i.e., white and yellow, according to
their colour appearance. The highest toxicities were observed for white venoms, with different results
for coagulant and edematogenic activities. On the other hand, crotamine activity was only observed
in yellow venoms, which is usually found in the snakes from the region surrounding Pacaraima, RR,
Brazil [19].

The crotalic envenomations can be classified as mild (1), moderate (2), and severe (3), depending
on their clinical manifestations. (1) The mild envenomation is characterized by the presence of
discrete neurotoxic effects despite the lack of myalgia and altered urine color; (2) the moderate
envenomation presents discrete neurotoxic manifestations, myalgia, and myoglobinuria; (3) during
the severe envenomation, the neurotoxic signs and symptoms are evident and intense, such as
myasthenic facies, muscle weakness, intense myalgia, together with the remarkable dark urine, oliguria
or anuria [23,24]. The effective treatment of rattlesnake envenomations is performed with specific
antivenoms, which consist of hyperimmune antibodies from animals immunized with specific snake
venoms [25]. The present study will report and discuss a fatal case of snakebite in Roraima state of
Brazil, a region inhabits by the rattlesnake C. d. ruruima.

2. Case Presentation Section

A 34-year-old male, single, from the city of Bonfim, a city located in the Mideast of the state
of Roraima in Brazil (Figure 1A), was bitten by a snake on his left ankle during his work activities
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bordering Guyana at 10:20 am on 5 September 2018 (day 0). The patient identified the snake as a
rattlesnake (Figure 1B).

Since the snakebite happened in a rural area near Guyana border, the patient first sought to
medical assistance at Lethem Regional Hospital in Lethem, Guyana (Figure 1C). The patient arrived in
the hospital 3 h after the snakebite. At hospital admission, the symptoms were moderate local pain,
mouth dryness, and blurred vision. Moreover, the patient presented signs of neurotoxicity such as
ptosis, drooling of saliva, and sluggishness. Local examination showed two deep bleeding fang marks,
local redness, bruising, and swelling. On the other hand, the patient had a fair general condition (e.g.,
eupneic, hypoxic, anicteric, acyanotic, and hydrated), arterial blood pressure of 139/89 mmHg, heart
rate of 108 beats/min, respiratory rate of 26 incursions/min, and temperature of 36.1 ◦C. The case was
reported as a rattlesnake envenomation. The patient received intravenous (iv) injection of 200 mg
of hydrocortisone and 10 mg of piriton intravenously (iv) to avoid allergic reactions, and 70 mg
of diclofenac anti-inflammatory. Due to the lack of the specific serum in Lethem and laboratorial
follow-up, the victim was referred to the Hospital Geral de Roraima (HGR) in Boa Vista city, Roraima,
Brazil (Figure 1D).
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Figure 1. (A) Snakebite and therapy locations. Left panel shows Roraima, the northernmost state of
Brazil, bordering Guyana and Venezuela. The map also shows the cities of Bonfim (Brazilian city and the
region of the snakebite), Lethem (Guyana city and local of the first medical care), and Boa Vista (capital
of Roraima state and the local of the Hospital that patient received the specific therapy). (B) Crotalus
durissus ruruima. The rattlesnake species found in Roraima state and bordering areas with Guyana
and Venezuela. Photo kindly provided by Anderson Maciel Rocha. (C) Lethem Regional Hospital.
Photo from the Department of Public Information website, Lethem, Guyana, 2019. (D) Hospital Geral de
Roraima, Boa Vista, RR, Brazil. Photo from Jilvando M. Medeiros, 2020.

Patient arrived in HGR at 8:04 pm, nearly 10 h upon the snakebite. After clinical examination,
the physician verified early stages of a truly severe rattlesnake envenomation, as the patient
presented neurotoxic facies, bilateral ptosis, ophthalmoplegia, edema at the biting site (Figure 2A),
and macroscopic hematuria following oliguria (Figure 2B).

The patient was immediately transferred to an intensive care unit and received adequate heart
rate and blood pressure monitoring, pulse oximetry, and oxygen, following iv hydration with 1.5 L
of physiological solution (0.9%) supplemented with hydrocortisone (200 mg) and metamizole (1 g),
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to avoid further allergic reactions and pain, respectively. Finally, sixteen ampoules of crotalic antivenom
were administered (iv) to the patient. Antibiotic therapy with cephalothin (1 g each 6 h) was prescribed,
and a gamut of laboratorial tests was requested (Table 1).
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Figure 2. Patient signs following 10 h of snakebite. (A) Local examination showed two deep
fang marks, swelling, and bleeding. (B) Urinary drainage bag showing macroscopic myoglobinuria,
a black-colored urine.

Table 1. Patient laboratory tests following rattlesnake bite.

Analytes
Days

Reference Range &

0 1

Hemoglobin 16.3 * 15.2 13.5–18.0 g/dL
Hematocrit 46.7 45.7 40.0%–50.0%
Leucocytes 16,810 * 15,920 * 4000–10,000 cells/µL
Neutrophils - 94.00 * 50.0%–70.0%

Platelets 158,000 16,000 * 150,000–400,000/µL
PT 14.2 * 13.5 10.0–14.0 s

PTT 32.2 36.1 25.0–39.0 s
Na+ 139.0 133.0 * 135.0–145.0 mmol/L
K+ 4.0 3.8 3.5–5.1 mmol/L

Ca2+ 0.68 * 0.72 * 1.17–1.32 mmol/L
Cl− 100.0 107.0 98.0–107.0 mmol/L

Glucose 133.26 * - 60.0–99.0 mg/dL
Urea 58.71 * - 15–40 mg/dL

Creatinine 1.65 * - 0.7–1.4 mg/dL
ALT 466.6 * - 5.0–48.8 U/mL
AKP 56.21 - 27.0–100.0 mg/dL
γGT 20.5 - 12.0–45.0 U/L
LDH 151.52 * - 200.0–480.0 U/L
CRP 4.56 - 0.0–8.0 mg/L

Lactate 35.53 * - 4.5–19.8 mg/dL

* Means that results were different from the reference range. & Reference range from the Laboratório Central de
Roraima (LACEM-HGR), Boa Vista, Roraima, Brazil. AKP: alkaline phosphatase; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; Ca2+: calcium; CK-MB: MB fraction of creatine kinase; Cl−: chloride; CPK:
Creatinophosphokinase; CRP: C-reactive protein; γGT: gammaglutamyltranspeptidase; K+: potassium; LDH: lactate
dehydrogenase; Na+: sodium; PT: prothrombin time; PTT: partial thromboplastin time.
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On day 1 (6 September 2018) the patient developed hemodynamic instability with platelet counts
less than 20,000/µL (i.e., indicating intravascular coagulation), demanding ventilatory support and
vasoactive drugs in order to maintain blood pressure. Arterial blood gas evidenced severe metabolic
acidosis, hyponatremia, hypocalcemia, and a bad gas exchange (ratio PaO2/FiO2 = 239). Moreover,
the high serum levels of creatinine and urea, together with rhabdomyolysis evidenced by myoglobinuria,
and oliguria, indicated the development of an acute kidney injury (AKI). In order to control such
alterations, ventilatory parameters were adjusted and sodium bicarbonate and calcium gluconate
were administered (iv) for controlling acidosis. However, the patient persisted with hemodynamic
instability, culminating in 3 cardiac arrests. Unfortunately, the medical team did not obtain success in
reverting the third consecutive arrest and the patient passed away at 11:30 pm of day 1.

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the local Research Ethic Committee under protocol numbers CAAE 70659917.3.0000.5302
and CAAE70651217.7.0000.5302. Written informed consent was obtained from the patient.

3. Discussion

In Brazil, pit vipers and rattlesnakes are responsible for the highest number and the most severe
cases of envenomations. In 2017, Brazilian epidemiological studies demonstrated 2484 snakebites
caused by Crotalus spp. and 20,093 caused by Bothrops spp. On the other hand, crotalic envenomations
presented the highest rates of lethality (0.7%) in comparison to bothropic envenomations (0.3%) [8].

Crotalic envenomations can cause local manifestations such as mild pain, edema, erythema,
and paresthesia [24]. Systemic manifestations commonly appear in the first hours after the bite and are
characterized by neurological effects including myasthenic facies, which are evidenced by palpebral
ptosis (uni or bilateral), facial muscle flaccidity, pupillary diameter alteration, ophthalmoplegia, blurred
vision, and diplopia [26]. Furthermore, venom-induced myotoxicity produces systemic skeletal muscle
damage (rhabdomyolysis), leading to the release of enzymes and myoglobin, which are excreted in the
urine. Thus, a classical sign of severe crotalic envenomation is the dark urine due to the elimination of
myoglobin [27]. In this report, the patient presented most of literature classical symptoms of crotalic
envenomation (Table 2), which confirmed the information provided by the victim.

Table 2. Patient clinical presentation.

Patient Signs & Symptoms Reference

Local pain [28]
Local redness, bruising, and edema [28]

Mouth dryness [29]
Bilateral ptosis [30]

Ophthalmoplegia [31]
Salivation [30]

Sluggishness [32]
Myoglobinuria [33]
Oliguria/Anuria [34]

One of the main complications and cause of death caused by rattlesnakes is the acute kidney
failure (AKF), which can occur in the first 48 h after snakebite [35]. Indeed, the patient of the study
presented myoglobinuria during the first 24 h. AKF is mainly diagnosed through high levels of serum
creatinine and oliguria or anuria, albeit other parameters can also support kidney’s injury such as high
levels of urea, hematuria, proteinuria, hypocalcemia, and hyponatremia [36]. Thus, the victim of the
study developed an AKF. Although the pathogenesis of crotalic venom-induced AKF is not completely
elucidated, researches correlate it to rhabdomyolysis, renal vasoconstriction, intravascular hemolysis,
disseminated intravascular coagulation, and direct tubular cell toxicity caused by the venom [35,37,38].
Figure 3 presents a literature overview of AKF induced by rattlesnake venoms.
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Moreover, our patient also presented other important alterations, such as the abnormally low levels
of thrombocytes (i.e., thrombocytopenia). It is known that the treatment of rattlesnake envenomation
with crotalic specific antivenom may not reverse the associated thrombocytopenia [39]. Interestingly, in
a clinical study with 24 patients envenomed with rattlesnake venom, only the two fatal cases presented
thrombocytopenia [40].

The increasing number of leukocytes, probably caused by neutrophilia, indicated that the patient
was under an inflammatory response. Similarly, a study with 107 patients demonstrated that the
neutrophil/leucocytes ratio was significantly increased in patients that developed complications and
needed a longer hospitalization [41]. Although the glucose levels were higher than the reference range
(133.26 mg/dL or ~7.3 mmol/L), the patient was not under fasting conditions and the levels known to
indicate risk factor for high-grade envenomations following viper bites is 7.7 mmol/L [42].

Additional important biochemical parameters such as creatine kinase (CK) and creatine kinase MB
isoenzyme (CK-MB) were not requested by the responsible physician from HGR, which could be very
important to evaluate the cardiac status of the patient. For instance, during rattlesnake envenomation
CK increase is early, with peak maximum elevation within the first 24 h after the accident. On the
other hand, LDH level was examined. LDH increase is low and gradual, representing an important
parameter for late diagnosis of severe crotalic envenomation [23].

Cardiac arrests are not prominent features of snakebite [43], whilst there are few clinical studies
reporting that [44–48]. Although the venom mechanism of myocardial damage is not elucidated, it
is known that increasing levels of blood potassium levels can be responsible for the cardiac arrest
shortly after the bite [49]. In our case, patient potassium levels were inside the normal reference range.
On the other hand, disseminated intravascular coagulation promotes spontaneous formation of clots
large enough to block circulation, which may block arteries to supply vital organs, such as the heart,
causing myocardial infarction [50]. In this case, arrest can be a delayed effect following snakebite
envenomation, which has been reported even 10 days after the accident [40].

The Brazilian crotalic antivenom (Cav) is produced by horse immunization with C. d. terrificus
and C. d. collilineatus venoms (1:1), being species not found in the North of Brazil [12,51]. Cav is
manufactured with 10 mL solution containing specific and purified heterologous F(ab)2 antibodies [52].
Besides the high percentage (more than 70%) of non-neutralizing antibodies (for review see [53]),
the remaining 30% of Cav antibodies may have several non-specific antibodies for the Roraima’s
rattlesnake venom. Various omics studies have demonstrated the high venom variability between
Crotalus durissus subspecies added to the intraspecies and geographic venom differences. In fact, the
venom of Roraima’s rattlesnake subspecies C. d. ruruima presents low levels of metalloproteinase
(2.9%), but higher levels of crotoxin (82.7%) in comparison to C. d. terrificus, which presents 4.8% and
59.5%, respectively [19]. On the basis of the above, the Brazilian Cav may not present high efficacy
in neutralizing rattlesnake envenomation in Roraima state. Our case report supports this fact, since
the victim died even after receiving 16 ampoules of Cav. In addition, other unpublished clinical data
from our research group have already observed the low efficiency of Brazilian Cav antivenom in other
rattlesnake bite patients in Roraima, where several victims developed long-term effects following
envenomation, such as chronic kidney disease with indication to undergo dialysis.
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Figure 3. Mechanisms of acute kidney failure (AKF) induced by crotalic venom. AKF occurs in
consequence to the acute kidney injury (AKI), which is defined by a sudden decrease in kidney
function. Snake toxins trigger several mechanisms to induce AKF. (1) Venom-induced hemorrhage and
rhabdomyolysis, which results in hematuria and myoglobinuria, induce direct tubulotoxicity, renal
tubular obstruction, and secondary decreased of glomerular filtration [54–56]. This kidney injury is also
referred to as pigment-induced nephropathy [57]. (2) Direct effects of snake venom toxins on kidneys
(i.e., direct nephrotoxicity) are reported as well [58]; however the precise mechanism of injury remain
to be elucidated. (3) Inflammatory mediators (i.e., IL-6, TNF-α, and IL-1β cytokines, prostaglandins,
leukotrienes, and proteins from complement system such as C3a, C4a, and C5a) are also involved in
the pathogenesis of AKI [59,60]. (4) Hemodynamic changes, such as hypotension, and hypovolemia
caused by venom compounds (e.g., phospholipases A2, natriuretic peptides, serine proteases, and
vascular endothelial factor), decrease vascular resistance, increase cardiac output, and increase renal
vascular resistance, with the latter causing hypovolemia [61]. (5) Coagulation activation, specifically
disseminated intravascular coagulation, results in thrombotic microangiopathy, which decreases renal
blood flow and contributes to AKI [62].

The Brazilian Ministry of Health recommends the administration of 5 ampoules of Cav for mild,
10 ampoules for moderate, and 20 ampoules for severe crotalic envenomations [23]. Our patient did not
receive the recommended 20 vials for severe envenomations due to the limited antivenom available at
that moment. Lack of sufficient antivenoms is a globally issue [63] and, in Brazil, the growing financial
limitations of public institutions and governments had an extremely negative impact on antivenom
production. Nevertheless, other clinical studies with severe crotalic envenomation showed success
even with 12 vials of crotalic antivenom therapy, which was administered 7 h after the snakebite [64].

The timeframe of the snakebite episode and the antivenom therapy is also an important issue.
Clinical studies have demonstrated that victims that received antivenoms in the first hours after the bite
have a far better prognosis. A case report regarding C. d. terrificus severe envenomation demonstrated
that the efficacy of an antivenom was better and faster when the patient received it 25 min after the
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snakebite (17 ampoules of Antivipmyn TRI® antivenom still in the ambulance on the way to the
hospital), since the victim showed significant improvement with normal vital signs immediately after
finishing antivenom administration (after 5–6 h of admission time) [65]. On the other hand, another
study performed with Australian snakebite victims demonstrated that independent of the set time
of the initiation of the antivenom therapy (before or after 6 h of snakebite), the serum was unable
to inhibit venom-induced coagulopathy [66]. In addition, an interesting study demonstrated that
levels of serum creatinine concentration on admission and neurotoxicity following snakebite were
strong predictors of mortality among in-hospital envenomation patients [67]. Indeed, our patient had
neurotoxic alterations and high creatinine levels (1.65 mg/dL) on day 0.

Whilst our patient received the specific therapy, i.e., antivenom, there are other medical approaches
that may also be critical during severe snakebite cases. Since myoglobin precipitates at pH 6.5, to avoid
kidney damage by myoglobinuria, it is recommended to perform osmotic diuresis and urine alkalization
in the patient [29], but no diuretic drug was prescribed to the patient (e.g., mannitol or furosemide). On
the other hand, the patient received infusion of sodium bicarbonate aiming to adjust his blood acidosis.
Unfortunately, the patient died before a new round of laboratory tests, and we could not analyze if the
acidosis was controlled. However, due to the well-established AKF, a recommended treatment for the
patient should have been dialysis (hemodialysis or peritoneal dialysis), which should be continued
until irreversibility of the underlying lesion has been proved beyond doubt [68,69], although it was
not performed.

While the relationship between acidosis and cardiac arrest needs further investigation, it is
reported that lactate accounts for 50% of the metabolic acidosis and consequent acidemia seen in
arrested patients [70], and our patient presents a pH 6.7 and high levels of lactate. Despite this, it is
hard to predict if a different medical management protocol could have changed the victims’ negative
outcome. Actually, we believe that the physician in charge of the patient did not have enough time to
make different approaches, since the envenomation quickly resulted in death in less than 16 h after
hospitalization in HGR.

Rattlesnake case reports, as well as current reviews [23,35], have been alerting the medical
community about the great diversity during case evolution. Pardal et al. (2007) reported a moderate
case of a 19-year-old boy who was bitten by a rattlesnake and sought medical attention 12 h after the
accident, due to the appearance of classic symptoms. The patient received a total of 14 ampoules of
antivenom, evolved well, and was discharged 5 days after the accident [24]. Nishioka and co-authors
(2000) also showed a case of a 38-year-old patient bitten by a rattlesnake who presented classic
symptoms received 12 ampoules of antivenom and was discharged; however, the patient returned to
the hospital a week later due to a bacterial infection [64]. On the other hand, Baum and colleagues (2019)
described a severe case of a herpetologist (56-year-old) who was bitten by a rattlesnake. Although the
patient received administration of antivenom (Antivipmyn-TRI®), he presented respiratory failure and
required mechanical ventilation. Fortunately, the patient was discharged 55 h after the accident [65].
Azevedo-Marques and colleagues (1987) reported three cases of patients of different ages (27, 24, and
9 years old) bitten by rattlesnakes. All of them showed the classic signs of crotalic envenomation,
including dark urine, requiring the administration of antivenom. Only one of them developed acute
renal failure [27]. Unfortunately, the envenomation evolution of our patient was different from the
other presented cases, whilst he received the antivenom therapy.

Based on the above, it is extremely difficult to determine the physio-pathological aspects that
culminated in our patient death. Actually, we assume that multiple factors were responsible for causing
the victim’s death: (1) the time frame between the snakebite and the antivenom administration; (2) the
use of an unspecific antivenom, due to the lack of C. d. ruruima venom for horse immunization during
antivenom manufacture; (3) the low dose of antivenom (16 rather than 20 vials); (4) the venom-induced
AKT; (5) and the cardiac arrests.

Our clinical case supports the idea that new protocols to manufacture the Brazilian crotalic
antivenom are required in aspects to produce a heterologous and polyclonal antivenom effective to
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neutralize all Crotalus durissus subspecies venoms from the country. Therefore, this article strengthens
the necessity of the production of an effective antivenom able to neutralize the C. d. ruruima venom,
a neglected subspecies found in Roraima: the northernmost, the poorest (with the lowest GDP—Gross
Domestic Product), and with the highest snakebite incidence of Brazil [7]. In addition, our case report
can also assist the local medical community with rattlesnake envenomations, showing how a case
developing irreversible envenomation effects (e.g., AKF and arrest) can be treated since antivenom
may not be effective and first aid measures need to be the focus.
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