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[0 Abstract—Background: More than 1500 scorpion spe-
cies exist worldwide, with a few scorpion species potentially
lethal to humans. About 1 million stings annually result in
>3000 deaths, but the incidence and mortality vary greatly
by species and location. Physicians working internationally
must recognize that resulting toxidromes vary significantly
by region. Over the past few decades, South America has re-
ported relatively few deaths and low case mortality rates
from envenomations. In Guyana, a small tropical country
on its northeast coast, they have been extremely rare. A sud-
den fatal case cluster suggests an extension of the black scor-
pion’s habitat, an increase in venom toxicity, or both. Case
Reports: During a 12-month period, Guyana experienced
3 deaths, including 1 adult, from black scorpion (Tityus ob-
scurus) envenomation. The 30-year-old man and 2 young
children experienced the same symptom complex, initially
appearing well except for pain at the sting site. They soon
developed persistent emesis and leukocytosis. All were flown
from remote jungle areas to the only public tertiary care
hospital where they received maximal available medical
support. They gradually developed profound cardiopulmo-
nary failure requiring ventilation and, eventually, dysrhyth-
mias. None had hyperglycemia or pancreatitis, and they had
no neurologic abnormalities until developing progressive
obtundation immediately before intubation. Why Should
an Emergency Physician be Aware of This?: Scorpion en-
venomation symptoms, outcomes, and treatment are
geographically specific. Patients benefit when clinicians
recognize the worldwide variations in grading systems and
treatment options, which we discuss and compare to our pa-
tients. © 2019 Elsevier Inc. All rights reserved.

[0 Keywords—envenomation; Guyana; grading; symp-
toms; treatment

INTRODUCTION

Three deaths from black scorpion (Tityus obscurus) en-
venomation, including 1 adult, occurred in Guyana dur-
ing a 12-month period. Guyana is a small (76,000
square miles; slightly smaller than Idaho) tropical coun-
try in northeast South America, 77% of which is covered
by dense forest (1). This sudden fatal case cluster appears
to indicate an extension of the black scorpion’s habitat, an
increase in venom toxicity, or both. We compare the
timing and nature of these patients’ symptoms during
their medical care with those reported in the literature
and describe the incidence, variation, and available treat-
ment for scorpion envenomations. The differences be-
tween these cases and many of those from other
regions, even others in Central and South America, rein-
force the observations that scorpion envenomation symp-
toms, outcomes, and treatment are highly genus-specific.

CASE REPORTS

Three deaths caused by black scorpion stings occurred in
Guyana’s interior within a 12-month period. When stung,
the patients (1 adult and 2 children) were living in rural set-
tlements in or adjacent to the large Guyana jungle that abuts
the Amazon basin. The population in this area had not
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previously experienced deaths from 7. obscurus scorpion
stings. As is usually the case, all stings were to the patients’
feet. None of the patients had any other comorbidities.
These patients were ultimately transferred by air to George-
town Public Hospital in Georgetown, Guyana.

In all cases, the patients’ parents, local medical
personnel, and the adult patient identified the sting as be-
ing from adult “black scorpions.” While nonexpert scor-
pion species identification is difficult, they were most
likely T. obscurus because that is the only black scorpion
found in the region. As is typical for less-developed coun-
tries, many laboratory tests and medications were not
available, and some records were incomplete.

Case 1

A 4-year-old 12-kg boy was stung at home after putting
on his shoes. The child immediately experienced pain
at the sting site but otherwise appeared well. Several
hours later, he was brought to a remote regional hospital
with persistent nonbilious, nonbloody emesis. Clinicians
found him to be cold, clammy, and somnolent. He had
excessive salivation, pinpoint pupils reactive to light,
and mild generalized abdominal tenderness. His vital
signs were: heart rate (HR) of 145 beats/min, respiration
rate (RR) of 40 breaths/min, temperature 36.1°C, oxygen
saturation (SpO,) of 95% on room air, and a random
blood glucose (RBG) of 78 mg/dL. He was given two
240-mL boluses of normal saline (NS), hydrocortisone
36 mg intravenously (IV), chlorpheniramine 2.4 mg 1V,
epinephrine 0.3 mg intramuscularly (IM), 2 doses of atro-
pine 0.25 mg IV, and begun on DsNS at 44 mL/h.

Eight hours after the sting, the boy was transferred to the
tertiary care referral hospital. On arrival, he was alert and ill-
appearing. He had and increased work of breathing with
intercostal retractions, and a small wound to the fourth toe
of the right foot. His vital signs were: HR 147 beats/min,
RR 44 breaths/min, temperature 36.1°C, SpO, 97% on
3 L/min O, by face mask, and an RBG of 150 mg/dL. Ox-
ygen was continued, and he received ranitidine 12 mg IV,
hydrocortisone 120 mg IV, ceftriaxone 600 mg I'V, amikacin
90 mg IV, and two 240-mL boluses of NS. Laboratory tests
showed hemoglobin 13 g/dL, a white blood cell count of
27.5 cells/uL, platelets 493,000, amylase 85 u/L, alanine
transaminase 23 IU/L, aspartate aminotransferase 28 TU/L,
T. bilirubin 0.4 mg/dL, blood urea nitrogen 18 mg/dL, creat-
inine 0.5 mg/dL, sodium 142 mmol/L, potassium
3.7 mmol/L, and chloride 110 mmol/L.

Ten hours after envenomation, while remaining
afebrile and normotensive (blood pressure 128/52 mm
Hg), he became markedly tachycardic (HR 181-206
beats/min), hypoxic (SpO; 82% on high-flow O,), and ta-
chypneic (RR 66 breaths/min). Because of his respiratory
distress, he was intubated and ventilated using positive

end-expiratory pressure. He produced copious blood-
tinged secretions from the endotracheal tube. A chest
radiograph showed bilateral opacifications to both hilar
regions with cephalization. Arterial blood gases were un-
available while he was hospitalized. Despite improve-
ments in his saturation and vasopressor infusions, his
blood pressure dropped to 65/40 mm Hg over the next
several hours. He suffered cardiac arrest 17 hours after
envenomation, but quickly achieved return of sponta-
neous circulation with Pediatric Advanced Life Support
algorithm resuscitation. A half hour later he again suf-
fered cardiac arrest and could not be resuscitated.

Case 2

A 2-year-old 12-kg boy was stung at home after he put on
his shoes. The child immediately experienced pain at the
sting site, but otherwise appeared well. He arrived at the
remote regional hospital 6 hours after the sting. At that
time, he was alert and had persistent, nonbloody, nonbili-
ous emesis. His vital signs were: HR 130 beats/min, RR
40 breaths/min, temperature 39°C, and an RBG of
98 mg/dL. He was given ceftriaxone 600 mg IV, hydro-
cortisone 48 mg IV, acetaminophen 180 mg orally, a
240-mL NS bolus, and a DsNS drip. Arrangements
were made to fly him to the referral hospital.

On arrival at Georgetown Public Hospital 9 h after the
sting, he was alert but ill-appearing. He had normal breath
sounds but an increased work of breathing, with intercostal
and subcostal retractions. His vital signs were: HR 160
beats/min, RR 44 breaths/min, temperature 38.2°C, SpO,
99% on room air, and an RBG 88 mg/dL. He was placed
on O, by face mask at 5 L/min. He received an initial
240-mL NS bolus, hydrocortisone 48 mg IV, chlorphenir-
amine 1.2 mg IV, and ondansetron 2 mg IV. Laboratory
values were: hemoglobin 10.8 g/dL, a white blood cell count
of 24.7 cells/uL, platelets 448,000, amylase 96 u/L, alanine
transaminase 22 IU/L, aspartate aminotransferase 106 IU/L,
total bilirubin 0.6 mg/dL, blood urea nitrogen 15 mg/dL,
creatinine 1.5 mg/dL, sodium 142 mmol/L, potassium
2.8 mmol/L, chloride 103 mmol/L, bleeding time of
1 min, and a clotting time of 1:15 min. A chest radiograph
showed large bilateral perihilar infiltrates with cephalization.
Point of care ultrasound demonstrated a hyperdynamic heart,
plethoric inferior vena cava collapsing with respiration, and
bilateral B lines. Arterial blood gasses were not available
during this patient’s hospitalization.

Two hours after arrival (11 h after the sting), the pa-
tient’s condition worsened. He became progressively
more tachycardic (HR 175-190 beats/min) and tachyp-
neic (RR 65 breaths/min), although his blood pressure
was 110/53 mm Hg and he remained alert and afebrile.
Soon afterward, he was found to have a troponin of
22 ng/mL with a normal electrocardiogram and blood
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pressure of 88/66 mm Hg; he was sedated, intubated, and
ventilated using positive end-expiratory pressure. A
repeat point of care ultrasound was unchanged. He
continued to receive vasopressors and other supportive
medications. At 19 h postenvenomation he had minimal
change in laboratory values except aspartate aminotrans-
ferase 224 TU/L, lactate dehydrogenase 1045, potassium
6.1, and phosphorus 8.5. At 24 h postenvenomation he
had cardiac arrest. Standard resuscitation achieved return
of spontaneous circulation in 3 min, but he soon arrested
and remained in asystole despite 68 min of Pediatric
Advanced Life Support algorithm resuscitation.

Case 3

A 30-year-old miner was stung after putting his boots on at
work. He experienced immediate pain at the sting site but
appeared well. He first sought care at a remote tertiary care
hospital, but 48 h postenvenomation, his family took him
to a secondary level public hospital. On arrival, he had
continued pain at sting site, persistent vomiting, and leth-
argy. His vital signs were: HR 120 beats/min, RR 26
breaths/min, temperature 38.5°C, blood pressure 130/
90 mm Hg, RBG 106 mg/dL, and an SpO, 96% on room
air. They noted an apparent sting mark on the plantar sur-
face of his right foot where he had the pain. Believing him
to have had an insignificant scorpion envenomation, they
admitted him to the ward and administered ceftriaxone,
diazepam, diclofenac, and began an NS drip.

At 60 h postenvenomation his condition worsened,
with intercostal and subcostal retractions, profuse sweat-
ing, and his pupils reacting sluggishly to light. His vital
signs were: HR 140 beats/min, temperature 37.5°C, RR
38 breaths/min, SpO, 88% on high-flow O,, RBG
98 mg/dL, and a Glasgow coma scale score of 7 (eye
opening 2, verbal response 1, and motor response 4).
His chest radiograph showed bilateral infiltrates, his he-
moglobin was 10 g/dL, and his white blood cell count
was 36,500 cells/uL (82% neutrophils). Other laboratory
values were not available while he was hospitalized. He
was intubated and arrangements were made to transfer
him to the tertiary referral hospital.

On arrival at Georgetown Public Hospital, the cardiac
monitor showed bradycardia, but a pulse and BP were un-
obtainable. The Advanced Cardiovascular Life Support
protocol was initiated but was unsuccessful and was
terminated 10 min after arrival.

DISCUSSION
Incidence

Scorpions are arthropods (class Arachnida, order Scor-
piones), of which there are >1500 species worldwide,

except for the Arctic and Antarctica. However, only a
few scorpion species, mostly in the family Buthidae,
are potentially lethal to humans. Scorpions sting =1
million people each year, resulting in >3000 deaths,
with the incidence and mortality varying greatly by spe-
cies and location (Table 1) (2,3).

Over the last few decades in South America, 4 deaths
from T. obscurus envenomation have been formally re-
ported in the medical literature. Two were from Ecuador,
a 3-year-old girl (in 2014) and a 4-year-old boy (in 2016),
and the other 2 were from French Guyana, a 7-year-old
boy (in 1997) and a 6-year-old girl (in 2010) (4,5). In
2015, Brazil reported 77 deaths, most caused by T
obscurus, among >50,000 scorpion envenomations (6,7).
Exceeding the norm are the Brazilian states of Para,
Amazonas, Mato Grosso, Tocantins, and Maranhao, with
>200 envenomations per 100,000 population annually (5).

Scorpion envenomation has long been studied in
French Guyana. With a similar size and geography, Guya-
na’s close neighbor seems to have had more scorpion en-
venomations. Between 1998 and 2001, their emergency
medical services received 56 calls for scorpion envenom-
ation (8). Between 2003 and 2010, their main hospital ED
admitted 253 patients for scorpion stings (~30/year) (9).

In Guyana. nearly all its 740,000 residents live along
the coast, with the jungle being sparsely populated (1).
Deaths from scorpion stings are extremely rare and usu-
ally occur in children. According to the physician Chief
Medical Officers in the regions (1,7) covering Guyana’s
jungle areas, the cases reported here were the only
patients with scorpion stings that sought medical
attention during that year. In addition, our review of
medical records showed that no nonfatal cases were
seen at the country’s only tertiary care public hospital
during that year.

T. obscurus

Tityus (family Buthidae) is a genus of about 220
described species of thick-tailed scorpions first named
by C. L. Koch in 1836 (10). “Tityus” meaning “dark” de-
scribes the genus’s most conspicuous adult characteristic
(11). T obscurus (Figure 1) was discovered by Paul Ger-
vais in the year 1843. Alternative names (junior syno-
nyms) for 7. obscurus include Tityus amazonicus
(Giltay, 1928), Tityus cambridgei (Pocock, 1897), Tityus
paraensis (Kraepelin, 1896), Tityus werneri (Mello-Lei-
tao, 1931), Tityus sampaiocrulsi (Mello-Leitdo, 1931),
and Tityus piceus (Caporiacco, 1947) (12).

The range for 7. obscurus, commonly known as the
“Guyana black devil scorpion” or “Amazonian scor-
pion,” extends from Costa Rica to Argentina (13). As
of 2011, a regional survey of Tityus species did not report
any in Guyana (14). The species has expanded its
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Table 1. Approximate Incidence and Mortality of Scorpion
Envenomations*

Incidence/100,000
Population/Year

Mortality/100,000
Population/Year

Saudi Arabia (some >1000 N/A
rural areas)
Mexico 600-2000 5
Brazil (some states) >200 N/A
Iran 140 N/A
Africa 50-400 0.4—>5
South America 5-40 6
(especially east
of the Andes)
United States 22 Rare
(Southwest)

N/A = not available.

* The exact incidence and mortality of scorpion envenomation in
Guyana and French Guyana is unclear, but available information
is described in the text.

geographic region significantly over the past few decades,
possibly in response to changes in human habitation in its
environment. 7. obscurus lives 25 years in captivity and
can survive almost a year without food. They hide during
the day and come out at night to feed by waiting for prey
to approach (11). T obscurus scorpions are 80 to 100 mm
long, about the size of an adult’s palm (12).

Scorpion Venom and Mechanism of Envenomation

Scorpions’ venom glands and stingers are in their curved
tails. To inject venom, they swing their tail over their
body to penetrate their victim. Despite substantial local
pain, the paucity of enzymes in Buthid venom usually
makes visualizing the sting site difficult (15). Severe sys-
temic envenomation, usually occurring in children, is
rare, even from the most dangerous scorpions (16).

Figure 1. Adult Tityus obscurus scorpion. Photograph cour-
tesy of Dick Culbert, shared through Creative Commons.
Available at: https://nv.wikipedia.org/wiki/E%CA%BCelyaa
%C3%ADg%C3%AD%C3%AD:Tityus_obscurus_-_Flickr_-_
Dick_Culbert.jpg Accessed April 1, 2019.

Scorpion venom’s complex composition makes
formulating effective antivenoms difficult (4). It causes
a mixed cholinergic/adrenergic toxidrome with a
massive endogenous release of epinephrine, norepi-
nephrine, and other vasoactive peptides (17). Along
with a direct toxin effect on the heart and lungs, these
cause many of the severe systemic effects, including
myocardial injury, pulmonary injury, and cardiogenic
shock. The result is often myocarditis, myocardial
ischemia (coronary vasoconstriction), pulmonary injury
and, in many parts of the world, central nervous system
dysfunction. After envenomation, the venom quickly
diffuses throughout the body before being slowly elim-
inated (4).

T. obscurus venom’s toxicity may be significantly
increasing in Guyana. In the past, deaths from scorpion
envenomations have been rare, with previous studies
indicating that 7. obscurus venom toxicity was relatively
low. In mice, the venom has an medial lethal dose of
3.13 mg/kg compared with 0.43 mg/kg for Tityus serrula-
tus (yellow scorpion), a common toxic species in Brazil,
and to 0.69 mg/kg for Centuroides limpidus (bark scor-
pion), the most significant scorpion in Mexico and similar
to that in the United States (7,18). The lower the median
lethal dose the more potent the venom.

Clinical Findings

Because of the depolarizing action of the low molecular
mass toxin, scorpion sting victims generally have symp-
toms related to early cholinergic (e.g., excessive saliva-
tion, lacrimation, bradycardia, and hypotension) and
persistent stimulation of the adrenergic (e.g., tachycardia,
hypertension, dysrhythmias, and mydriasis) autonomic
nervous system (5). However, geographic isolation of
scorpion populations, including 7. obscurus, results in in-
ter- and intraspecific variations in signs and symptoms af-
ter envenomation (14,19,20). In Iran, many patients have
muscle weakness and generalized rigidity, acute
pancreatitis, rhabdomyolysis, ophthalmoplegia, and
consumption coagulopathies (3). In India, 7-8% of those
admitted to referral centers develop a stroke from either
diffuse coagulopathy or spasm of intracranial arteries
(3). In Para, Brazil, envenomation by 7. obscurus usually
causes neurologic manifestations in addition to severe
local pain and paresthesias (18).

Death from scorpion envenomation is usually caused
by cardiopulmonary dysfunction. Experimentally in
rats, T. obscurus venom resulted in hemorrhagic patches
in the lung parenchyma but not pulmonary edema
(7,18). This has been postulated to result from both
catecholamine and direct venom-induced ischemic heart
disease and the involvement of proinflammatory cyto-
kines (4,21,22).
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Consistent with previous reports, the 3 Guyanese pa-
tients experienced immediate local pain and persistent
emesis and had leukocytosis and liver function abnormal-
ities. They all gradually developed profound tachycardia,
cardiopulmonary failure requiring ventilation and, even-
tually, dysrhythmias. None had hyperglycemia or pancre-
atitis, and they had no neurologic abnormalities (i.e.,
progressive obtundation) until immediately premortem.

Clinical Grading of Envenomation

Clinical grading systems for scorpion envenomation
differ across the world depending upon the local effects
of scorpion venom. The Scorpion Consensus Expert
Group, with input from worldwide experts, developed a
useable system that recognizes these variations. It groups
multiple possible findings into 3 classes. A subsequent
attempt to simplify it and link grades to specific treat-
ments is too simplistic and general to be useful (5).

Class I, which constitutes most stings, includes mild
envenomation with only local symptoms, such as pain,
paresthesia, swelling, and skin discoloration at and
around the sting site. Pain intensity does not signal enven-
omation severity. Most improve within a few hours, but
symptom progression may occur unpredictably, often
within 12 h (4,15). Class II stings are moderate
envenomations with an extensive list of systemic, non—
life-threatening symptoms that are often species-
specific or geographically specific, and include diverse
findings related to nicotinic and muscarinic stimulation.
In our cases, the obvious class I symptoms included early
nausea and continuous emesis and tachycardia and late
diaphoresis. There were no significant neurologic find-
ings and the patients remained alert until late in their
course. Class III manifestations are life-threatening and
include failing cardiac, respiratory, and neurologic sys-
tems (23). Our patients developed all the scorpionism-
related elements of cardiac failure (e.g., hypotension,
ventricular dysrhythmias, bradycardia, and cardiovascu-
lar collapse) and respiratory failure (e.g., cyanosis, dys-
pnea, and pulmonary edema).

Evaluation and Treatment

As with differences in clinical grading of scorpion enve-
nomations, laboratory testing, imaging, and treatment
(often limited in resource-poor settings) should be used
to assess the complications seen in species-specific toxi-
dromes (16). In our cases, tests for renal, cardiac, and
pancreatic involvement were conducted. When available
at the tertiary center, electrocardiographic monitoring
was used sporadically.

While antivenom would seem to be useful, there are
several reasons that it would have been of little help in

these cases. First, there is currently no antivenom for 7.
obscurus. Antivenom 1is species and, possibly, bio-
geographically specific and exists for few scorpions
(24). [One study successfully used T. serrulatus anti-
venom against 7. obscurus in Para State, Brazil (20).]
Those that exist are expensive (>$10,000 in 2013 in the
United States) and can cause complications, such as
serum sickness and anaphylaxis (25,26). Second, to be
effective, antivenom needs to be administered before
severe envenomation develops, because it primarily
binds toxins and prevents them from reaching their
target sites. While it seems not to reverse existing
injury, such as excess catecholamine levels and
cardiopulmonary injury, it may increase the rate of
toxin elimination (16,27). However, as the 3 cases
presented here and other published data show, patients
do not seek medical care until the symptoms are well
established, so the already underresourced remote
medical facilities would need to have a supply of the
antivenom available.

Other Treatments

Management of scorpion stings is primarily symptomatic,
and many medications have been used, depending upon
the presenting symptoms. As in these cases, cholinergic
symptoms have been treated with anticholinergics, such
as atropine, without demonstrable effect. In critical cases,
myocardial depression of accompanies significant adren-
ergic symptoms, so clinicians rarely use beta blockers.

Tetanus immunization is given for the puncture and,
when the necessary resources are available, patients
should be monitored for cardiac dysrhythmias and blood
pressure abnormalities. Pain at the puncture site should be
treated with local anesthetics by infiltration or nerve
blocks, and with non—central nervous system—
depressing medications. The «;-blocker prazosin is now
considered standard treatment, particularly in children
when combined with antivenom, and may prevent some
cardiopulmonary complications and enhance recovery
time. To be effective, it must be administered soon after
symptom onset (28). A recent review of prazosin use
found evidence for this effect only in envenomations
outside the Americas (Old World scorpions) (29). It
was not available for our patients. In children with sys-
temic symptoms, administering antihistamines and ste-
roids may lead to a worse outcome (26).

WHY SHOULD AN EMERGENCY PHYSICIAN BE
AWARE OF THIS?

The signs, symptoms, and lethality of scorpion envenom-
ation vary significantly around the world, often being
genus-specific and geographically specific. Even lethal
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envenomations may present solely with localized pain
and paresthesias. The increased frequency of lethal scor-
pionism in Guyana highlights the ability of scorpion spe-
cies to expand their geographic range and venom toxicity.
Patients benefit when clinicians recognize the worldwide
variations in grading systems and treatment options.
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