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Abstract: Snakebites are a major public health problem in the Brazilian Amazon and may lead to
local complications and physical deficiencies. Access to antivenom treatment is poorer in indigenous
populations compared to other populations. In this study, we report three cases of long-term severe
disabilities as a result of Bothrops atrox snakebites in indigenous children, according to the narratives
of the parents. The three cases evolved to compartment syndrome, secondary bacterial infection
and extensive necrosis. The cases are associated with delayed antivenom treatment due to very
fragmented therapeutic itineraries, which are marked by several changes in means of transport
along the route. The loss of autonomy at such an early stage of life due to a disability caused by a
snakebite, as observed in this study, may deprive children of sensory and social experiences and of
learning their future roles in the community. In common to all cases, there was precarious access
to rehabilitation services, which are generally centralized in the state capital, and which leads to a
prolonged hospitalization of patients with severe snakebite, and distances them from their territory
and family and community ties. Prospective studies should be conducted in the Amazon that estimate
the burden of disabilities from snakebites in order to formulate public policies for the treatment and
rehabilitation of patients through culturally tailored interventions.

Keywords: indigenous peoples; access to health care; Brazilian Amazon; disabilities

Key Contribution: Snakebites often cause disabilities in indigenous children in the Brazilian Amazon;
and these could be prevented if antivenom treatment were incorporated into the indigenous health
system, thus facilitating timely access to effective treatment.
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1. Introduction

All children have the right to survive and develop and to live a life free from disease,
illnesses or other conditions that affect their well-being and future prospects [1]. However,
there are nearly 240 million children with disabilities in the world, though many of these
are preventable through adequate nutrition, immunization or adequate access to the health
system [2]. Children living in low- and middle-income countries (LMIC) are more likely
to be affected by these preventable conditions that can lead to disabilities [2]. Families of
children with disabilities may experience stigma and tend to perform health care for their
children beyond that performed by other families [3–5]. The extent of these additional
concerns varies among families and depends on the nature and severity of the children’s
disabilities and the social context in which the meaning of the children’s disabilities is
interpreted [3].

Snakebite envenomation is an important cause of long-term disabilities in LMIC coun-
tries [6–8]. Cases of disabilities in children that are caused by snakebites are reported
all around the world, with higher significant physical, psychological and economic im-
pacts than in adults, given their longer life expectancy [9–11]. In Brazil, approximately
30,000 cases of snakebites are registered per year, with 15% occurring in children under
14 years of age [12]. Snakebite incidence is five-fold higher in the Brazilian Amazon com-
pared to the rest of the country [11]. Furthermore, in the Amazon region of Brazil, children
are proportionally more affected than in the other regions of the country [13]. In Brazil,
living in rural areas and time to care of >3 h are risk factors for severity following snakebites
in children [14]. This epidemiological context is precisely what we find in the Amazon,
where cultural and geographical factors contribute to poor access to hospitals for antivenom
treatment, especially riverine and indigenous populations [15–18]. Regardless of the note-
worthy higher incidence of snakebites in children in the Brazilian Amazon, the number of
intensive care units and pediatricians is proportionately lower in this region [14].

In the Amazon, Bothrops atrox is the major cause of snakebite envenomations [19].
Concerning local effects, B. atrox envenomations lead to tissue damage caused by intravas-
cular coagulation, rupture of blood capillary vessels and digestion of the extracellular
matrix [20–24]. These effects manifest themselves clinically in signs and symptoms such
as pain, swelling, regional lymphadenopathy, ecchymosis, blistering, and necrosis [19].
Severe cases can progress to compartment syndrome, atrophy, loss of limb function and
even amputation [25–27].

A national survey in Brazil demonstrated that the indigenous population has a signif-
icantly higher prevalence of motor disabilities in relation to other groups [28]. Similarly,
other studies demonstrate a much higher rate of snakebite envenomations in indigenous
populations of the Brazilian Amazon [11,29]. This ecological association indicates the ur-
gent need to investigate the burden of disabilities caused by snakebites among indigenous
populations. In general, previous studies carried out in the Amazon on disabilities caused
by snakebites have described only the clinical aspects of the problem [19,25–27], without
stressing the repercussions of the problem on the social life of patients. In this study, which
seeks to address this problem, we report the clinical characteristics and narratives obtained
from interviews with the parents and with three children presenting severe physical dis-
abilities from snakebite envenomations in indigenous villages of the Brazilian Amazon,
which were identified in previous surveys carried out in these areas [13].

2. Case Reports

The characteristics of the children with disabilities and therapeutic itinerary are pre-
sented in Table 1.
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Table 1. Characteristics of the children with disabilities and their therapeutic itinerary.

Participant Information Case 1 Case 2 Case 3

Gender Male Male Male
Age 9 years 7 years 5 years

Municipality Tapauá Tabatinga São Gabriel da Cachoeira
cachoeira

Ethnicity Apurinã Tikuna Kubeo
Perpetrating snake Bothrops atrox Bothrops atrox Bothrops atrox

Place of occurrence In the field collecting fruits
with his family members Playing in the village

On a trail, returning from
farming activities with family
members

Time from snakebite to arrival
in the village 1 h . . . 1 h

Time waiting for transport
from the village to the
indigenous health center

27 h 4.5 h 13 h

Time from the village to the
indigenous health center 1 h 1.5 h . . .

Time from the indigenous
health center to the arriving at
the hospital to receive
antivenom

1 h 4 h 1 h

Time from snakebite to
arriving at the hospital to
receive antivenom

30 h 10 h 15 h

Clinical picture of the
snakebite

Intense pain, extensive edema,
compartment syndrome,
secondary bacterial infection
and extensive necrosis

Intense pain, extensive edema,
compartment syndrome,
secondary bacterial infection
and extensive necrosis

Intense pain, extensive edema,
compartment syndrome,
secondary bacterial infection
and extensive necrosis

Disabilities
Atrophy and loss of function
of the right lower limb loss of
left lower limb mobility

suprapatellar amputation of
the left lower limb

Atrophy of the left lower limb
with later suprapatellar
amputation for fitting of a
prosthesis

Use of prosthesis . . . No Yes

In Figure 1, it is possible to observe the trajectory taken by each child who was the
victim of a snakebite from the moment of the bite until they reach specialized care.

2.1. Case 1

A 10-year-old boy of Apurinã ethnicity, resident of the Vila Nova community in the
municipality of Tapauá, Amazonas, was bitten by a jararaca (Bothrops atrox) when he was
9 years old. The interview we conducted was with the patient’s mother, who accompanied
her son to Manaus for treatment; she is 28 years old and speaks Portuguese. When the
questions were addressed to her son, she served as an interpreter, since he is only fluent
in Apurinã, despite the fact that the school in which he studies is bilingual (Portuguese-
Apurinã). The mother is not married, and lives with her two children; the boy and a girl
who is a year younger, and with her parents and her brothers and sisters. The boy’s father,
however, also lives in the village. The family lives off fishing and farming. According
to the interviewee, the main fish they catch are peacock bass, sardines, pacu, arowana
and tambaqui. The main crops are fruits such as banana and pineapple, cassava and cará
(Dioscorea trifida). The village is located eight hours from the city of Tapauá by river using a
speedboat. According to the interviewee, the houses are located very close to the forest.
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treatment, the boy developed severe complications requiring transport to Manaus, capital of the 
Amazonas state, for surgery and specialized treatment. (C) Case 2: Boy of the Tikuna ethnic group 
took 10 h to receive the antivenom treatment at the hospital in Tabatinga, and then evolved with 
severe complications that require his transfer to Manaus for surgery and specialized treatment. (D) 
Case 3: Boy of the Kubeo ethnic group took 15 h to receive the antivenom treatment at the hospital 
of São Gabriel da Cachoeira, and then developed severe complications that required his transfer to 
Manaus. 
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Figure 1. Therapeutic itineraries of the three children presenting severe physical disabilities from
snakebite envenomations in indigenous villages of the Brazilian Amazon. On the maps, it is possible
to follow the trajectory taken by each child who was a victim of a snakebite from the moment of the
bite until they reach specialized care. (A) Amazonas state, in the northern region of Brazil; (B) Case
1: Apurinã boy took 30 h to receive antivenom treatment at the hospital in Tapauá; after antivenom
treatment, the boy developed severe complications requiring transport to Manaus, capital of the
Amazonas state, for surgery and specialized treatment. (C) Case 2: Boy of the Tikuna ethnic group
took 10 h to receive the antivenom treatment at the hospital in Tabatinga, and then evolved with
severe complications that require his transfer to Manaus for surgery and specialized treatment. (D)
Case 3: Boy of the Kubeo ethnic group took 15 h to receive the antivenom treatment at the hospital
of São Gabriel da Cachoeira, and then developed severe complications that required his transfer to
Manaus.

The boy was bitten while harvesting pineapples in the plantation together with his
mother, sister and aunt. At the time of the bite, he was alone, at a certain distance from
the rest of the family. According to the boy’s reports, translated by his mother, he walked
past a fallen log and stepped on the snake, which then bit him. The snake was wrapped
around the log, and it was a large, dark snake, the boy said. After receiving this first bite,
he felt himself being bitten on the other foot as well. According to him, at this time, there
were several bites because “the large snake was accompanied by several hatchlings”. After
these bites, the boy saw what was causing the bites: a large snake accompanied by several
hatchlings. Then, he started running and screaming for his mother. He ran until he reached
the place where the mother was working and reported what had happened; even with pain
and fear he shouted: “It’s a snake, mother!”. The mother then went out to look for the
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snakes, but could not find them. From the mother’s account, they were very diligent in
searching for the snake, but as they did not find it, she concluded that it had “gone into
a hole in the ground”. When asked which snake most likely bit the boy, she immediately
answered: “We call it a jararaca”. She adds that jararaca bites are common in the village,
even in children: “It happened to a child of my brother, also 5 years old. He also came to
Manaus by speedboat. He was bitten in the forest, on a trail. He was bitten three times
in the foot”. However, in this case, she points out that the snake was seen by the adult
accompanying the child, and that the snake was killed. “But I didn’t kill this one”, she said,
referring to the snake that bit her son.

After concluding that the perpetrating snake would not be found, the mother said she
examined the boy’s lower limbs and saw several spots of snake fang marks; more precisely,
she said the boy “was bitten eight times, on both legs”. No treatment was given to the boy
during this time and soon they returned to the village, on a route that lasted approximately
1 h by canoe. They arrived in the village at approximately 5 pm. In the village, the mother
asked for help from the tribal chief, who is the political leader of the community. The only
medicine used was some animal lard, which the mother did not know from what animal
it was. Afterwards, the boy himself cleaned the bites just with water, removing dirt and
blood. According to the mother, the boy was not given anything to drink or eat: “You
mustn’t!”. When the mother was asked about what the boy felt, she translates the question
to the boy. Translating the boy’s response, she replies: “He felt pain, right?” According to
her, “He didn’t talk anymore, he stopped talking. His whole legs were swollen; the whole
body was swollen”. The boy’s mother reports that the villagers do not like to go to the city
to take care of their health problems; they always prefer to stay in the village. In this case,
the son had to be taken to the city because he felt a lot of pain.

The chief contacted the indigenous health base via radio. The boy’s transport, however,
only occurred at 3 pm the next day, and he arrived at the indigenous health unit at 7 pm.
The person who took care of the boy during the journey was the chief. This unit does
not have antivenom available. An indigenous health worker gave the boy a painkiller.
According to the mother, it was a medicine “for pain and to make the tiredness go away”.
An uncle accompanied the boy to the hospital. In a serious condition, the boy was trans-
ferred by ambulance to the hospital of Tapauá, where he received the anti-Bothrops serum
approximately 30 h after the bite. At the hospital, the severity of the boy’s condition was
verified, and transfer to Manaus by plane was recommended. Via radio, the mother was
warned in the village about the transfer, and began her journey to Manaus to accompany
her son’s treatment.

In Manaus, the boy underwent surgical treatment and, due to extensive necrosis,
suffered great loss of tissue of the right lower limb, and it was necessary to amputate
the 3rd, 4th and 5th right pododactyls. He also had a secondary bacterial infection and
had compartment syndrome and required fasciotomy and debridement. He remained in
Manaus for six months for wound care, with several surgical debridement procedures and
larval therapy aimed at better healing, as well as physiotherapy aimed at restoring part of
the mobility of the limb (Figure 2).

2.2. Case 2

A 9-year-old boy of Tikuna ethnicity, living in the Novo Cruzador community in the
municipality of Tabatinga, Amazonas, was bitten by a jararaca when he was 7 years old.
The interview conducted for this study was conducted with the patient’s father, with the
help of a Tikuna interpreter. The boy was bitten while he went alone to defecate on the edge
of the creek, in an area of forest. The father reports that the child screamed and relatives
went to help him. A neighbor also went to the scene and killed the snake, which was
identified as a pregnant jararaca. During first aid in the village, salt was used with water at
the site of the bite to make the pain go away. The bite occurred at approximately 9 am and
the family members immediately sought care at the indigenous health unit closest to the
village. From this unit, the boy was transferred to the indigenous health center at Belém do
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Solimões. This unit also does not have anti-ophidic serum and the boy was transferred to
the nearest hospital, in Tabatinga, and was admitted at approximately 7 pm and received
the Bothrops antivenom. The dead snake was taken to this health facility. Given the severity
of the case, and evolution with extensive edema and compartment syndrome, the patient
was taken to Manaus by plane. In Manaus, the condition worsened, and amputation of
the left lower limb at the middle of the thigh was required. The boy stayed in Manaus for
eight months and then returned to the village. The family consists of the parents and five
children, and lives off fishing, hunting and subsistence farming. They produce cassava
flour for their own consumption.
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hospital once when she was bitten, as she had edema and was in a lot of pain. He added 
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Figure 2. Photographs of the Apurinã boy, bitten by a jararaca in a village in the municipality of
Tapauá, AM. He had access to antivenom; though with a delay of 30 h after the bite. (A)—Left lower
limb with compartment syndrome at the time of arrival in Manaus, AM; (B)—left foot after emergency
fasciotomy; (C)—left lower limb after emergency fasciotomy; (D)—right foot with scar 1 month after
fasciotomy; (E)—left lower limb 4 months after fasciotomy and orthopedic external fixation; (F)—
left foot in healing phase after 4 months of fasciotomy and amputation of toes; (G)—patient in a
wheelchair.

The father reports that he has already been bitten by a snake and that his wife has
been bitten twice. However, he did not go to the hospital and his wife only went to the
hospital once when she was bitten, as she had edema and was in a lot of pain. He added
that whenever possible they kill the snake that bit the person. He mentions that when
transportation by canoes or motorized boats is available, the indigenous people of the
village usually seek medical attention quickly at the nearest health unit. For prevention,
the father emphasizes the need to always be attentive and careful during work activities.

Currently, the boy attends Tikuna school regularly. The father carries the boy on his
shoulders to take him to school. The father said the boy plays indoors with the other
siblings. The father reports that the boy is interested in having a prosthesis to so he can
walk again (Figure 3).
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Figure 3. Photographs (A–C) show amputation in three different planes of the leg of an indigenous
Tikuna boy bitten by a jararaca at the age of 7 in the village where he lives. After being transferred to
the hospital in the urban area of Tabatinga (AM), he obtained access to antivenom after a delay of
19 h.

2.3. Case 3

A 15-year-old Kubeo teenager, living in the peri-urban region of the municipality of
São Gabriel da Cachoeira, Amazonas, was bitten by a jararaca when he was 5 years old. The
interview conducted for this study was with the patient’s father, who is fluent in Portuguese.
The boy was bitten on a trail as he returned from the fields with his grandmother, a nine-
year-old brother, and other family members living in the village. According to the father,
the boy liked to come running from the fields and ended up stepping on the snake right
at the moment when it was crossing the trail. He adds that, at the time of the bite, many
snakes were found on this trail: “Around the month of May, many snakes appeared due
to the rains! So, every afternoon, when we returned from the fields, we found them and
killed one or two, exactly at that time (around 5 in the afternoon)”. The father recalls that
the boy’s grandmother told the boy’s brother that he had been bitten and suddenly fainted.
“My mother takes controlled medicine. She freaked out. Then, she told me that she lost
her balance, she was completely out of it when she saw her little grandson passed out. So,
she asked his older brother to run to tell us (the parents). And, according to her, she only
remembers this!” On the trail, just behind the boy, came a cousin, who was the one who
noticed that the bite had occurred and killed the snake. The cousin carried the boy for a
part of the route, approximately a kilometer. Another village boy who was with the group
ran in front of the others to warn the boy’s parents in the village. They then ran from the
village to find the group and to help carry the boy the rest of the way.

At home, the boy was treated with indigenous medicine. The father says that it was
the eve of a holiday and, therefore, there were no cars on the road that passed near the
village. The idea was to ask for help from a driver to take the boy to the hospital. “We
waited until about nine o’clock at night, then gave up and went home. Indigenous medicine
was used in the village “to prevent death”, according to the father.

“The medicine eased the pain, but the bitten limb began to swell. The next day he had
a swollen knee. His leg wasn’t moving anymore”.

Early in the morning the next day, which was a holiday (1 May; Labor Day in Brazil),
the father saw a police car passing along the road, in the opposite direction from the city.
He then stood by the side of the road to await the return of police officers to call for help. At
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approximately 9 am, they returned and took the boy to the hospital, together with the father.
The leg was already very swollen, and tests in the hospital revealed kidney failure. He
was given anti-Bothrops serum 15 h after the bite. According to the father, “The doctor said
that his examination had shown renal failure, and that it was serious. The doctor gave him
antivenom. For this reason, because of kidney failure, he was sent to Manaus”. However,
he was only transported to Manaus by plane three days later. In Manaus, he was admitted
to a pediatric hospital unit. Faced with the severity, he was taken to the intensive care unit.
Fasciotomy for the treatment of compartment syndrome was performed. He remained in
the hospital for three months for reconstructive surgeries and skin grafts. According to
the father, “They did everything to save the leg, but the doctor said that the part affected
by the venom was necrotized, even part of the bone, he explained”. After discharge from
the hospital, he stayed in Manaus for another five months to receive care for the affected
member, staying in a house of an evangelical church member. The same church provided
medical and nursing care during this period. Return tickets to the village were also funded
by the church.

The boy suffered great tissue loss of the left lower limb and, as he grew, there were
significant motor deficits and scoliosis due to posture deviation. In 2021, nine years after
the bite, he had surgery for limb amputation and fitting of the mechanical prosthesis in the
city of Campinas, in the state of São Paulo (Figure 4). The boy was asked if he would like
to add something to the interview. He said his leg is growing and the prosthesis does not
fit well anymore. The father said that calluses are forming where the prosthesis is attached
to the limb. In the indigenous health unit, there are no professionals trained for this type
of patient follow-up. The boy receives financial assistance in the form of social security
payments.
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Figure 4. Indigenous Kubeo boy, resident of the municipality of São Gabriel da Cachoeira (AM),
bitten by a jararaca at the age of 5 when returning from the fields with family members. (A)—Visit
to the victim and his family members in 2019 for disability evaluation; (B)—atrophied left lower
limb as a result of secondary infections; (C)—extensive scar on the right thigh due to the fasciotomy
performed in a children’s hospital in the city of Manaus (AM); (D)—patient using prosthesis 9 years
after the bite.
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3. Discussion

Disability is a complex and evolving concept, and involves aspects of body function
and structure, as well as the individual’s ability to carry out basic activities without the
benefit of assistance [30]. Some children with disabilities live in families and communities
that attempt to eliminate social barriers resulting from disability, while others live in social
contexts that do not strive to promote disabled children’s full participation in society [3–5].
The patients of our cases live in indigenous communities, where children enjoy fairly
large mobility, which allows them to go to different houses and participate in activities in
the forest and fields, and in almost all aspects of social life, including commemorations
and rituals [31]. The loss of autonomy at such an early stage of life due to disability as
a result of snakebites, as observed in this study, can deprive children of these sensory
and social experiences and of learning their future roles in the village. Thus, without a
family and community support network that continues to allow these children to continue
experiencing social activities, these productive capacities will not be strengthened over
time, thus preventing individual learning.

Because children accompany adults in fishing, hunting, extraction from plants, and
farming activities, they are exposed as much as adults are to snakebites during these
activities. In this study, it was observed that children were bitten during these activities and
were helped by relatives. The species Bothrops atrox, the Amazonian lancehead, responsible
for the cases presented here, is commonly found on trails in forests used by residents of the
region in their extractivism activities [32]. According indigenous caregivers, a snakebite is
an unpredictable event. In addition, the snake camouflages itself very well and it knows
how to remain invisible to humans in the midst of the foliage. Therefore, snakebites can be
prevented only if individuals are very attentive and careful during activities in the forest
and kill the snake before the attack [33]. In this sense, children would be less attentive than
adults, since there is an overlap between everyday activities and typical games at this age.
In fact, the participants in this study put a lot of emphasis on finding the perpetrator of the
bite in order to kill it. It seems that there is a belief among indigenous people that the death
of snakes decreases the risk of further bites in areas frequented by people [33].

In common for the three cases of this study, the Bothrops snakebite evolved to compart-
ment syndrome, secondary bacterial infection and extensive necrosis, leading to atrophy
and amputation of the bitten limb. Local tissue damage is an important effect in human
victims of Bothrops snakebites and, in the most severe cases, compartment syndrome ap-
pears as a dangerous complication due to the possibility of ischemia, tissue necrosis and
neuropathy [34–37]. Pediatric cases of compartment syndrome from snakebites are re-
ported worldwide [37–40], in clinical pictures very similar to those seen in this study. In the
Brazilian Amazon, an analysis of cases reported by the epidemiological surveillance system
revealed that children up to 12 years old had a significantly higher risk of severe local
complications, such as compartment syndrome, which often result in amputations [41].
Although the outcomes after fasciotomy in children tend to be excellent [42–44], in our
cases, the exceedingly large delay until the antivenom treatment was received and then for
the fasciotomy to be performed prevented the preservation of the limb. Unfamiliar clinical
scenarios of a compartment syndrome resulting from a snakebite complicated with a sec-
ondary bacterial infection, as seen in the three cases reported here, can lead to diagnostic
delays of compartment syndrome in children [42,43]. In low- and middle-income countries,
clinicians rely on a physical examination of the patient to diagnose compartment syndrome.
Many non-invasive approaches such as ultrasound assessment have the potential to be
used to diagnose compartment syndrome caused by snakebites [45,46].

Unfortunately, we found that poor access to rehabilitation services, which are generally
only available in the state capital, lead to prolonged hospitalization of patients with severe
snakebite, which distances them from their territory and family and community ties. In
addition, upon return to the village, patients are deprived of adequate assistance for
rehabilitation, since this level of care is not present in the indigenous health districts. It is
noteworthy that one of the cases described in this study managed to obtain a prosthesis
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and other rehabilitation procedures after intense articulation of the research team with the
indigenous health district, which led the boy to being referred to a public service in another
state. As observed, with the growth of the child, there is a need to adapt the prosthesis
from time to time, but there are no professionals qualified to perform such a procedure in
indigenous health units [47]. In this extremely vulnerable context, family care is extremely
important and includes, in the case of indigenous people, a diverse arsenal of indigenous
medicine [33].

For indigenous peoples, hospital treatment is not understood as the final stage of
treatment for snakebites. Actually, a re-establishment of a sense of well-being and reintro-
duction of the individual into social life is planned upon the patients return to the village.
This phase aims at the organic, social and psychological rehabilitation of the individual,
and includes rituals (such as tobacco smoking and ayahuasca, for example), massages and
compresses on the affected limb with animal fats and plant resins, and the oral or topical use
of bitter plants [33]. At least in our work, contrary to some sources that say that people with
disabilities are the target of stigma and exclusion in indigenous communities [48], in this
study, no signs of these negative reactions were reported in the narratives of the participants.
On the contrary, in the family context observed here, very strong bonds were witnessed be-
tween children with disabilities and their guardians in a dynamic that motivates caregivers
and care recipients to assume and continue the caregiving relationship [49].

As confirmed in our case series, therapeutic itineraries of snakebite patients in the
Brazilian Amazon are very fragmented and are marked by several changes in means of
transport along the route [16]. Access to antivenom required a considerable effort on the
part of the parents of the children that participated in this study, since in the health units
of indigenous areas this immunobiological is unavailable. The main obstacles that were
identified were poor access to health care due to long distances and geographic barriers,
and lack of timely transport to hospitals. Decentralization of antivenom from reference
hospitals to community health centers in the Brazilian Amazon would be an effective
strategy that would maximize access to treatment with antivenom [11,17].

One limitation of this study is the incompleteness of clinical and laboratorial infor-
mation regarding the cases, since all the information presented comes from the narratives
of those responsible for the patients. However, since we already understand much of the
pathophysiology and factors associated with the severity of B. atrox envenomation [19], we
believe that the most innovative part of our results is related to better understanding the
social burden of the problem. These illness narratives can be used in medical education
and may have implications for clinicians’ thinking and care of patients since they enhance
clinicians’ sensitivity to the problem [50].

4. Conclusions

Snakebites are the cause of disabilities in indigenous children in the Brazilian Amazon,
and also affect the full development of these children, as well as causing social, economic
and psychological impacts on the family. These disabilities could be prevented if antivenom
treatment were incorporated into the indigenous health system, which would facilitate
timely access to effective treatment. The results demonstrate that prospective studies
should be conducted in the Amazon region to estimate the real burden of disabilities from
snakebites, so that public policies for the treatment and rehabilitation of patients can be
formulated based on accurate information, through culturally tailored interventions.

Author Contributions: Conceptualization, A.S.d.F., J.N.V., F.H.W., J.S. and W.M.; methodology,
A.S.d.F., J.S., V.A.M. and W.M.; investigation, A.S.d.F., M.d.C.A., A.C.J., M.R.G.F. and S.A.A.; resources,
A.S.d.F. and M.R.G.F.; writing—original draft preparation, A.S.d.F., J.S.C. and W.M.; writing—review
and editing, F.H.W., V.A.M. and J.S.; supervision, F.H.W., J.S. and W.M.; project administration,
A.S.d.F., F.H.W., J.S. and W.M.; funding acquisition, J.S. and W.M. All authors have read and agreed
to the published version of the manuscript.



Toxins 2023, 15, 352 11 of 13

Funding: J.S. and W.M. were funded by Conselho Nacional de Desenvolvimento Científico e Tec-
nológico (CNPq productivity scholarships; 09/2022). W.M. was funded by Fundação de Amparo
à Pesquisa do Estado do Amazonas (PRÓ-ESTADO, Call No. 011/2021-PCGP/FAPEAM, Call No.
010/2021-CT&I ÁREAS PRIORITÁRIAS, Call No. 003/2022—PRODOC/FAPEAM) and by the Min-
istry of Health, Brazil (proposal No. 733781/19-035). A.S.d.F. is funded by Fiocruz (Inova scholarship,
73322179682991).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Research Ethics Committee of the Universidade do Estado do
Amazonas (CAAE: 35855820.2.0000.5016, approved on 14 August 2020).

Informed Consent Statement: Written informed consent was obtained from all participants of this
study.

Data Availability Statement: Not applicable.

Acknowledgments: We thank all the managers and health professionals of the Manaus, Médio Rio
Purus and Alto Rio Solimões indigenous health districts, and the health professionals of the CASAI
Manaus. Our special thanks go to the parents of children with disabilities for agreeing to participate
in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations Children’s Fund. Convention on the Rights of the Child. Available online: https://www.unicef.org/child-rights-

convention/convention-text (accessed on 17 December 2022).
2. United Nations Children’s Fund. Seen, Counted, Included: Using Data to Shed Light on the Well-Being of Children with Disabil-

ities. Available online: https://data.unicef.org/resources/children-with-disabilities-report-2021/ (accessed on 17 December
2022).

3. Featherstone, H. A Difference in the Family: Life with a Disabled Child; Basic Books: New York, NY, USA, 1980.
4. Leiter, V.; Krauss, M.W.; Anderson, B.; Wells, N. The Consequences of Caring: Maternal Impacts of Having a Child with Special

Needs. J. Fam. Issues 2004, 25, 379–403. [CrossRef]
5. Read, J. Disability, the Family and Society: Listening to Mothers; Open University Press: Philadelphia, PA, USA, 2000.
6. Bhaumik, S.; Gopalakrishnan, M.; Meena, P. Mitigating the chronic burden of snakebite: Turning the tide for survivors. Lancet

2021, 398, 1389–1390. [CrossRef]
7. Kasturiratne, A.; Lalloo, D.G.; Janaka de Silva, H. Chronic health effects and cost of snakebite. Toxicon X 2021, 9–10, 100074.

[CrossRef] [PubMed]
8. Aglanu, L.M.; Amuasi, J.H.; Schut, B.A.; Steinhorst, J.; Beyuo, A.; Dari, C.D.; Agbogbatey, M.K.; Blankson, E.S.; Punguyire, D.;

Lalloo, D.G. What the snake leaves in its wake: Functional limitations and disabilities among snakebite victims in Ghanaian
communities. PLoS Negl. Trop. Dis. 2022, 16, e0010322. [CrossRef] [PubMed]

9. Brenes-Chacón, H.; Gutiérrez, J.M.; Camacho-Badilla, K.; Soriano-Fallas, A.; Ulloa-Gutierrez, R.; Valverde-Muñoz, K.; Ávila-
Agüero, M.L. Snakebite envenoming in children: A neglected tropical disease in a Costa Rican pediatric tertiary care center. Acta
Trop. 2019, 200, 105176. [CrossRef] [PubMed]

10. Essafti, M.; Fajri, M.; Rahmani, C.; Abdelaziz, S.; Mouaffak, Y.; Younous, S. Snakebite envenomation in children: An ongoing
burden in Morocco. Ann. Med. Surg. 2022, 77, 103574. [CrossRef] [PubMed]

11. Monteiro, W.M.; Farias, A.S.; Val, F.; Neto, A.V.S.; Sachett, A.; Lacerda, M.; Sampaio, V.; Cardoso, D.; Garnelo, L.; Vissoci, J.R.N.
Providing Antivenom Treatment Access to All Brazilian Amazon Indigenous Areas: ‘Every Life Has Equal Value’. Toxins 2020, 12,
772. [CrossRef]

12. Ministério da Saúde. Acidentes por Animais Peçonhentos—Notificações Registradas no Sistema de Informação de Agravos de
Notificação-Brasil. 2022. Available online: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sinannet/cnv/animaisbr.def (accessed
on 17 December 2022).

13. Farias, A.S.; Gomes Filho, M.R.; Arévalo, M.C.; Cristino, J.S.; Farias, F.R.; Sachett, A.; Monteiro, W.M. Snakebite Envenomations
and Access to Treatment in Communities of Two Indigenous Areas of the Western Brazilian Amazon: A Cross-Sectional Study.
PLoS Negl. Trop. Dis. 2023, in press.

14. Oliveira, I.S.; Pucca, M.B.; Cerni, F.A.; Vieira, S.; Sachett, J.; Seabra de Farias, A.; Lacerda, M.; Murta, F.; Baia-da-Silva, D.; Rocha,
T.A.H.; et al. Snakebite envenoming in Brazilian children: Clinical aspects, management and outcomes. J. Trop. Pediatr. 2023, 69,
fmad010. [CrossRef]

15. Feitosa, E.L.; Sampaio, V.S.; Salinas, J.L.; Queiroz, A.M.; da Silva, I.M.; Gomes, A.A.; Sachett, J.; Siqueira, A.M.; Ferreira, L.C.L.;
Dos Santos, M.C.; 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 2015, 10, e0132237. [CrossRef]

https://www.unicef.org/child-rights-convention/convention-text
https://www.unicef.org/child-rights-convention/convention-text
https://data.unicef.org/resources/children-with-disabilities-report-2021/
https://doi.org/10.1177/0192513X03257415
https://doi.org/10.1016/S0140-6736(21)01905-X
https://doi.org/10.1016/j.toxcx.2021.100074
https://www.ncbi.nlm.nih.gov/pubmed/34355162
https://doi.org/10.1371/journal.pntd.0010322
https://www.ncbi.nlm.nih.gov/pubmed/35604939
https://doi.org/10.1016/j.actatropica.2019.105176
https://www.ncbi.nlm.nih.gov/pubmed/31526777
https://doi.org/10.1016/j.amsu.2022.103574
https://www.ncbi.nlm.nih.gov/pubmed/35399368
https://doi.org/10.3390/toxins12120772
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sinannet/cnv/animaisbr.def
https://doi.org/10.1093/tropej/fmad010
https://doi.org/10.1371/journal.pone.0132237


Toxins 2023, 15, 352 12 of 13

16. Cristino, J.S.; Salazar, G.M.; Machado, V.A.; Honorato, E.; Farias, A.S.; Vissoci, J.R.N.; Neto, A.V.S.; Lacerda, M.; Wen, F.H.;
Monteiro, W.M.; et al. A painful journey to antivenom: The therapeutic itinerary of snakebite patients in the Brazilian Amazon
(The QUALISnake Study). PLoS Negl. Trop. Dis. 2021, 15, e0009245. [CrossRef] [PubMed]

17. Fan, H.W.; Monteiro, W.M. History and perspectives on how to ensure antivenom accessibility in the most remote areas in Brazil.
Toxicon 2018, 151, 15–23. [CrossRef] [PubMed]

18. Salazar, G.K.M.; Cristino, J.S.; Silva-Neto, A.V.; Farias, A.S.; Alcântara, J.A.; Machado, V.A.; Murta, F.; Sampaio, V.S.; Val, F.;
Sachett, A.; et al. Snakebites in “Invisible Populations”: A cross-sectional survey in riverine populations in the remote western
Brazilian Amazon. PLoS Negl. Trop. Dis. 2021, 15, e0009758.

19. Monteiro, W.M.; Contreras-Bernal, J.C.; Bisneto, P.F.; Sachett, J.; Silva, I.M.; Lacerda, M.; Da Costa, A.G.; Val, F.; Brasileiro, L.;
Sartim, M.A.; 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. [CrossRef] [PubMed]

20. Almeida, M.T.; Freitas-De-Sousa, L.A.; Colombini, M.; Gimenes, S.N.C.; Kitano, E.S.; Faquim-Mauro, E.L.; Serrano, S.M.T.;
Moura-Da-Silva, A.M. Inflammatory reaction induced by two metalloproteinases isolated from Bothrops atrox venom and by
fragments generated from the hydrolysis of basement membrane components. Toxins 2020, 12, 96. [CrossRef]

21. Gimenes, S.N.C.; Sachett, J.A.G.; Colombini, M.; Freitas-De-Sousa, L.A.; Ibiapina, H.N.S.; Costa, A.G.; Santana, M.F.; Park, J.-J.;
Sherman, N.E.; Ferreira, L.C.L.; et al. Observation of Bothrops atrox snake envenoming blister formation from five patients:
Pathophysiological insights. Toxins 2021, 13, 800. [CrossRef] [PubMed]

22. Moreira, V.; Santos, M.C.; Nascimento, N.G.; Silva, H.B.; Fernandes, C.M.; D’Império Lima, M.R.; Teixeira, C. Local inflammatory
events induced by Bothrops atrox snake venom and the release of distinct classes of inflammatory mediators. Toxicon 2012, 60,
12–20. [CrossRef]

23. Kanashiro, M.; Escocard, R.; Petretski, J.; Prates, M.; Alves, E.; Machado, O.; da Silva, W.D.; Kipnis, T.L. Biochemical and biological
properties of phospholipases A2 from Bothrops atrox snake venom. Biochem. Pharmacol. 2002, 64, 1179–1186. [CrossRef]

24. Barros, S.F.; Friedlanskaia, I.; Petricevich, V.L.; Kipnis, T.L. Local inflammation, lethality and cytokine release in mice injected
with Bothrops atrox venom. Mediat. Inflamm. 1998, 7, 339–346. [CrossRef]

25. Sachett, J.A.G.; Val, F.F.; Alcântara, J.A.; Cubas-Vega, N.; Montenegro, C.S.; Silva, I.M.; de Souza, T.G.; Santana, M.F.; Ferreira,
L.C.; Monteiro, W.M. Bothrops atrox Snakebite: How a Bad Decision May Lead to a Chronic Disability: A Case Report. Wilderness
Environ. Med. 2020, 31, 317–323. [CrossRef]

26. Oliveira, I.S.; Ananias, C.B.; Medeiros, J.M.; Franco, M.V.S.; Ferreira, I.G.; Cerni, F.A.; Sandri, E.A.; Monteiro, W.M.; Pucca, M.B.
Medical Management after Lancehead Snakebite in North Amazon: A Case Report of Long-Term Disability. Toxins 2022, 14, 494.
[CrossRef]

27. Silva, F.S.; Ibiapina, H.N.S.; Neves, J.C.F.; Coelho, K.F.; Barbosa, F.B.A.; Lacerda, M.V.G.; Sachett, J.A.G.; Malheiro, A.; Monteiro,
W.M.; Costa, A.G. Severe tissue complications in patients of Bothrops snakebite at a tertiary health unit in the Brazilian Amazon:
Clinical characteristics and associated factors. Rev. Soc. Bras. Med. Trop. 2021, 54, e03742020. [CrossRef]

28. Dias Junior, C.S.; Verona, A.P. Deficiências visual, auditiva e motora entre a população indígena no Brasil [Visual, hearing, and
motor impairments in the indigenous population in Brazil]. Cad. Saude Publica 2018, 34, e00131717. [CrossRef] [PubMed]

29. Pucca, M.B.; Bernarde, P.S.; Rocha, A.M.; Viana, P.F.; Farias, R.E.S.; Cerni, F.A.; Oliveira, I.S.; Ferreira, I.G.; Sandri, E.A.; Sachett, J.;
et al. Crotalus Durissus Ruruima: Current Knowledge on Natural History, Medical Importance, and Clinical Toxinology. Front.
Immunol. 2021, 12, 659515. [CrossRef] [PubMed]

30. World Health Organization. International Classification of Functioning, Disability and Health; World Health Organization: Geneva,
Switzerland, 2001; p. 311.

31. Silva, A.L.; Nunes, A.; Macedo, A.V. Crianças indÍgenas: Ensaios Antropológicos; Global: São Paulo, Brazil, 2002.
32. Silva, J.L.D.; Fonseca, W.L.D.; Silva, A.M.; Amaral, G.L.G.D.; Ortega, G.P.; Oliveira, A.S.; Bernarde, P.S. Venomous snakes

and people in a floodplain forest in the Western Brazilian Amazon: Potential risks for snakebites. Toxicon 2020, 187, 232–244.
[CrossRef]

33. Farias, A.S.; Nascimento, E.F.; Gomes-Filho, M.R.; Felix, A.C.; Arévalo, M.C.; Adrião, A.A.X.; Wen, F.H.; de Carvalho, F.G.;
Murta, F.; Machado, V.A.; et al. Building an explanatory model for snakebite envenoming care in the Brazilian Amazon from the
indigenous caregivers’ perspective. PLoS Negl. Trop. Dis. 2023, 17, e0011172. [CrossRef]

34. Bucaretchi, F.; Capitani, E.M.; Hyslop, S.; Mello, S.M.; Madureira, P.R.; Zanardi, V.; Fernandes, L.C. Compartment syndrome after
Bothrops jararaca snakebite: Monitoring, treatment, and outcome. Clin. Toxicol. 2010, 48, 57–60. [CrossRef] [PubMed]

35. Severyns, M.; Nevière, R.; Resiere, D.; Andriamananaivo, T.; Decaestecker, L.; Mehdaoui, H.; Odri, G.A.; Andriamananaivo, T.
Case Report: Bothrops lanceolatus Snakebite Surgical Management-Relevance of Fasciotomy. Am. J. Trop. Med. Hyg. 2018, 99,
1350–1353. [CrossRef]

36. Valente-Aguiar, M.S.; Costa-e-Silva, B.G.; Magalhães, T.; Dinis-Oliveira, R.J. Compartment Syndrome following Bothrops Snakebite
Leads to Decompressive Fasciotomies. Case Rep. Med. 2019, 4, 6324569. [CrossRef]

37. Carvalho, J.; Moinho, R.; Macao, P.; Oliveira, G. When snakebites complicate: A paediatric case with shock and compartment
syndrome. BMJ Case Rep. 2021, 14, e240206. [CrossRef]

38. Pietrangiolillo, Z.; Frassoldati, R.; Leonelli, V.; Freschi, R.; Russomando, A.; Lucaccioni, L.; Iughetti, L. Compartment syndrome
after viper-bite in toddler: Case report and review of literature. Acta Biomed. 2012, 83, 44–50. [PubMed]

https://doi.org/10.1371/journal.pntd.0009245
https://www.ncbi.nlm.nih.gov/pubmed/33661895
https://doi.org/10.1016/j.toxicon.2018.06.070
https://www.ncbi.nlm.nih.gov/pubmed/29908262
https://doi.org/10.1016/j.toxcx.2020.100037
https://www.ncbi.nlm.nih.gov/pubmed/32550592
https://doi.org/10.3390/toxins12020096
https://doi.org/10.3390/toxins13110800
https://www.ncbi.nlm.nih.gov/pubmed/34822585
https://doi.org/10.1016/j.toxicon.2012.03.004
https://doi.org/10.1016/S0006-2952(02)01288-1
https://doi.org/10.1080/09629359890866
https://doi.org/10.1016/j.wem.2020.03.001
https://doi.org/10.3390/toxins14070494
https://doi.org/10.1590/0037-8682-0374-2020
https://doi.org/10.1590/0102-311x00131717
https://www.ncbi.nlm.nih.gov/pubmed/30328998
https://doi.org/10.3389/fimmu.2021.659515
https://www.ncbi.nlm.nih.gov/pubmed/34168642
https://doi.org/10.1016/j.toxicon.2020.09.007
https://doi.org/10.1371/journal.pntd.0011172
https://doi.org/10.3109/15563650903356201
https://www.ncbi.nlm.nih.gov/pubmed/20095815
https://doi.org/10.4269/ajtmh.18-0393
https://doi.org/10.1155/2019/6324569
https://doi.org/10.1136/bcr-2020-240206
https://www.ncbi.nlm.nih.gov/pubmed/22978057


Toxins 2023, 15, 352 13 of 13

39. Barani, C.; Mortamet, G.; Forli, A. Upper limb compartment syndrome after a viper bite in a child: A case report. Hand Surg.
Rehabil. 2021, 40, 97–100. [CrossRef] [PubMed]

40. Navaeifar, M.R.; Zakariaei, Z.; Ghadiri, A.; Soleymani, M.; Zakariaei, A. Compartment syndrome following snakebite in a boy: A
case report and literature review. Int. J. Surg. Case Rep. 2023, 105, 108050. [CrossRef]

41. Magalhães, S.F.V.; Peixoto, H.M.; Freitas, L.R.S.; Monteiro, W.M.; Oliveira, M.R.F. Snakebites caused by the genera Bothrops and
Lachesis in the Brazilian Amazon: A study of factors associated with severe cases and death. Rev. Soc. Bras. Med. Trop. 2022, 55,
e05582021. [CrossRef] [PubMed]

42. Flynn, J.M.; Bashyal, R.K.; Yeger-McKeever, M.; Garner, M.R.; Launay, F.; Sponseller, P.D. Acute traumatic compartment syndrome
of the leg in children: Diagnosis and outcome. J. Bone Jt. Surg Am. 2011, 93, 937–941. [CrossRef]

43. Livingston, K.S.; Glotzbecker, M.P.; Shore, B.J. Pediatric Acute Compartment Syndrome. J. Am. Acad Orthop Surg. 2017, 25,
358–364. [CrossRef] [PubMed]

44. Lin, J.S.; Samora, J.B. Pediatric acute compartment syndrome: A systematic review and meta-analysis. J. Pediatr. Orthop. B 2020,
29, 90–96. [CrossRef] [PubMed]

45. Sharma, N.; Sharma, N.M.; Sharma, A.; Mirza, S. Comparison and convergence of compartment syndrome techniques: A
narrative review. Expert Rev. Med. Devices 2023, 20, 283–291. [CrossRef] [PubMed]

46. Smit, A.; Lalloo, V.; Engelbrecht, A.; Mashego, L.D.; Monzon, B.I. Point-of-care ultrasound assessment of a swollen limb following
snakebite envenomation—An adjunct to avoid fasciotomy. S Afr. J. Surg. 2023, 61, 14–16. [PubMed]

47. Murta, F.; Strand, E.; Farias, A.S.; Rocha, F.; Santos, A.C.; Rondon, E.A.T.; de Oliveira, A.P.S.; da Gama, H.S.S.; Rocha, Y.V.; Rocha,
G.D.S.; et al. “Two Cultures in Favor of a Dying Patient”: Experiences of Health Care Professionals Providing Snakebite Care to
Indigenous Peoples in the Brazilian Amazon. Toxins 2023, 15, 194. [CrossRef]

48. Correia, P.C.H. Modos de coMviver do índio com Deficiência: Um Estudo de Caso na Etnia Indígena Pankararé; Universidade Federal da
Bahia: Salvador, Brazil, 2013.

49. Williams, L.A. Theory of Caregiving Dynamics. In Middle Range Theory for Nursing, 3rd ed.; Smith, M.J., Liehr, P.R., Eds.; Springer
Publishing Company: New York, NY, USA, 2014; pp. 309–328.

50. Kleinman, A. The Illness Narratives: Suffering, Healing and the Human Condition; Basic Books, Inc.: New York, NY, USA, 1988; p. 284.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.hansur.2020.07.003
https://www.ncbi.nlm.nih.gov/pubmed/32781253
https://doi.org/10.1016/j.ijscr.2023.108050
https://doi.org/10.1590/0037-8682-0558-2021
https://www.ncbi.nlm.nih.gov/pubmed/35894402
https://doi.org/10.2106/JBJS.J.00285
https://doi.org/10.5435/JAAOS-D-15-00655
https://www.ncbi.nlm.nih.gov/pubmed/28323644
https://doi.org/10.1097/BPB.0000000000000593
https://www.ncbi.nlm.nih.gov/pubmed/30688754
https://doi.org/10.1080/17434440.2023.2206020
https://www.ncbi.nlm.nih.gov/pubmed/37083118
https://www.ncbi.nlm.nih.gov/pubmed/37052284
https://doi.org/10.3390/toxins15030194

	Introduction 
	Case Reports 
	Case 1 
	Case 2 
	Case 3 

	Discussion 
	Conclusions 
	References

