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Abstract

Objectives: To describe and evaluate notified scorpion envenomation incidents in children and adolescents in the
Brazilian state of Minas Gerais between 2001 and 2005, and to calculate the incidence and mortality and identify factors
related to fatal outcomes.

Methods: Analysis of 14,406 mandatory notifications of scorpion envenomation involving patients aged 0 to 19
years in Minas Gerais. After performing a univariate analysis of factors related to mortality (p < 0.25), multivariate
analysis was carried out using logistic regression.

Results: The number of notifications of accidents involving scorpions increased over the period. The age group
that suffered most accidents was 5 to 9 years. Local pain was reported in 95% of cases. The majority of cases were
classified as mild (60%) and antivenom was given to 42% of this population. The mean mortality rate was 0.7%. The
state capital, Belo Horizonte, was the municipality with the greatest occurrence of incidents. Each hour’s delay before
receiving first medical care was associated with a 9% increase in the odds ratio for the likelihood of death, which was 46
times greaterin the severe group than in the moderate and mild groups. A decrease of 1 year in patient age was associated
with a 13% increase in the odds ratio for the likelihood of death.

Conclusions: There was an increase in the number of notifications over the period studied. The following factors
were identified as linked with a higher odds ratio for the likelihood of death: delayed first medical care, being classified

as a severe case, and younger age of victim.
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Introduction

Scorpion stings are a public health problem in some of the
states in Brazil, with large numbers of cases notified each year,
traditionally in the states of Minas Gerais and S&o Paulo.1™3
Scorpion envenomation still causes deaths in Brazil, despite
the availability of antivenom and advances in critical care
medicine, which plays an important role in severe cases.

The majority of stings occur during hot rainy months,?*
have a benign course and a lethality of 0.58%. Deaths have

been linked to an increased frequency of children? under 14
years of age being stung by Tityus serrulatus.*

Scorpions are carnivorous animals that primarily feed on
insects.® They have nocturnal habits and spend the day hid-
den in dark and humid places,!? and can be encountered
inside houses, in domestic rubbish, behind skirting and in cel-
lars and attics.® They can enter residences via the sewage sys-
tem.® Tityus serrulatus lives for 3 to 5 years and can survive
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for many months without food or water. It reproduces by par-
thenogenesis.3® These characteristics have made it very dif-
ficult to combat, since they make dispersal of the species more
likely.

The venom causes adrenergic and/or cholinergic sub-
stances to be released.”-® Recent studies have detected high
levels of cytokines in circulation, which may participate in the
genesis of the changes caused by scorpion envenomation.®
Patients are generally agitated with localized pain, sialor-
rhea, diaphoresis and vomiting, and may become torpid or
comatose. They may present conditions ranging from mild
tachypnea to acute pulmonary edema (APE).° There will
often be tachycardia. Occasionally, arrhythmia and transi-
tory systemic arterial hypertension,'! arterial hypotension
and even circulatory shock, which is generally cardiogenic,
will also be observed.”-8:11

The Brazilian Ministry of Health published a manual in
2001* that includes a clinical classification of scorpion stings
as: mild, when there is localized pain and paresthesia; mod-
erate, when there is discrete sialorrhea, diaphoresis vomit-
ing and nausea and agitation, tachypnea and tachycardia; or
severe, when, in addition to the above, one or more of the
following: profuse and uncontrollable vomiting, profuse dia-
phoresis, intense sialorrhea, prostration, convulsions, coma,
bradycardia, heart failure, pulmonary edema and/or shock.

Diagnosis is based on clinical history of a sting or sudden
iliness, particularly in endemic areas, combined with recog-
nition of symptomology and laboratory test results sugges-
tive of scorpion envenomation: hyperglycemia,
hyperamylasemia and elevated creatine phosphokinase which
isincreased by rhabdomyolysis*? and its cardiac fraction./*3
Further tests are generally needed: hemagram,*3 arterial
blood gas analysis, 3% chest X-ray, '3 electrocardiogram®-18
and echocardiogram.®13 To confirm diagnosis, the venom in
circulation can be assayed using ELISA (enzyme-linked immu-
nosorbent assay), although this is not yet available for clini-
cal practice./*3

Treatmentin mild cases basically consists of pain manage-
ment./13 For moderate and severe cases and where the vic-
tim is a child less than 3 years old, scorpion antivenom is
indicated, administering two to three ampoules in moderate
cases and four to six in severe cases. The antivenom is given
intravenously, as quickly as possible, in order to neutralize

venom in the circulation.:*°

The objectives of this study were: to describe and analyze
the notifications of scorpion stings suffered by children and
adolescents in the state of Minas Gerais between 2001 and
2005; to calculate their incidence and lethality; and to iden-
tify factors related with fatal outcomes.

Methods

All notifications of scorpion envenomation of children and
adolescents (from 0 to 19 years) occurring in the state of
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Minas Gerais from 2001 to 2005 and entered on the database
of the Information System for Notifiable Diseases (Sinan -
Sistema de Informacgao de Agravos de Notificagdo) were ana-
lyzed. A total of 201 cases were excluded because the neither
the ages nor dates of birth of the patients were known.

The National Program for the Control of Accidents with Poi-
sonous Animals (Programa Nacional de Controle de Aci-
dentes por Animais Pegconhentos) has existed since 1988 and
Sinan was made a part of it when compulsory notification of
scorpion envenomation was introduced in Brazil. The objec-
tive of the program is to improve the management of acci-
dents caused by poisonous animals. In 1998 the health service
was computerized and Sinan was put into operation. Since
that date the system has been improved and an increasing
number of notifications have been received. From the year
2000 onwards there was an impressive increase in the num-
ber of notifications.

Sinan provides a standard unified notification form for all
poisonous animals. This study analyzed only those data relat-
ing to scorpion envenomation. All variables on the form are
collected categorically: (1) yes, (2) no and (9) unknown. The
form offers the following scorpion species options: Tityus ser-
rulatus, Tityus bahiensis, Tityus stigmurus, Bothriurus, other
species and species unknown. There is also a severity classi-
fication based on the patient’s clinical presentation according
to the criteria in the 2001 Manual published by the Brazilian
Ministry of Health.?

Epi-Info (version 6.04) was used to analyze data that had
been tabulated on TabWin. Proportions were compared using
the chi-square test or the Fisher test when the expected value
of the cell was less than five. Odds ratios and their respective
95% confidence intervals were calculated. Factors that
univariate analysis indicated had a relationship with mortal-
ity at p < 0.25 were selected for multivariate analysis by logis-
ticregression, carried out using the Statistical Package for the
Social Sciences (SPSS). In the final model, p < 0.05 was
defined as the cut-off point for statistical significance. This
project was approved by the Research Ethics Committee at
the Universidade Federal de Minas Gerais (UFMG) under pro-
tocol number ETIC 037/06.

Results

A total of 14,406 incidents involving children and adoles-
cents aged up to 19 years notified in the state of Minas Gerais
from 2001 to 2005 were studied. There was a progressive
increase in the number of notifications from year to year
(2,116, 2,656, 2,776, 3,182, and 3,676, respectively) and
male victims predominated, with 55% of cases. The greatest
number of envenomations occurred during hot and humid
months, with the majority during September, October,
November and December.
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Table 1 - Percentages of children and adolescents presenting with clinical signs at health centers after scorpion stings (Minas Gerais, Brazil,

2001-2005)
Systemic At location of sting Myotoxic Location of injury
27% vomiting 95% pain 12% myalgia 46% UL
6% respiratory failure 30% edema 1% oliguria 37% LL
3% hypotension 24% erythema 0.4% renal insufficiency 6% trunk
2% APE 3% ecchymosis 0.8% dark urine 3% head
2% shock - 0.5% anuria 8% location unknown

1% diarrhea -

APE = acute pulmonary edema; LL = lower limbs; UL = upper limbs.

In 40% of the sample it was possible to identify the
species; 87% of these patients had been stung by Tityus ser-
rulatus. No correlation was detected between scorpion spe-
cies and severity of clinical status. Of those cases where the
place that the accident occurred was recorded, 7,797 (57%)
wereinurbanareasand 5,910 (43%) werein rural areas. The
odds ratio that a patient stung in a rural area would die was
2.48 times greater than when the accident occurred in an
urban area (p < 0.001).

The age group that suffered most accidents was 5 to 9
years, with 4,217 cases (29%); the age group least affected
was less than 1 year old, with 405 cases (3%). There were
2,912 cases (20%) inthe 1 to 4 years age group; 3,624 cases
(25%) in 10 to 14-year-olds; and 3,248 cases (23%) in the
15 to 19 years group, (p < 0.001).

With relation to the clinical manifestations, 95% of the
patients described pain on admission and 27% suffered vom-
iting (Table 1).

With relation to severity of the cases, 60% were consid-
ered mild, 23% moderate and 7% severe, while 10% were of
unknown severity. The majority of severe cases (77%) were
children less than 9 years old. The younger the age the more
severe the event (p < 0.001).

A linear relationship was identified between case severity
classification and the frequency of death, i.e., the more severe
the case classification, the greater the number of deaths. The
severe cases had an odds ratio for the likelihood of death that
was 820.47 times than the mild cases (Table 2).

In addition to the increase in the number of cases notified
over the years, there was also an increase in the number of
ampoules of scorpion antivenom used each year: 4,814,
5,388, 5,699, 6,043 and 6,728, respectively. Lethality varies
(0.5 to 1.0%) over the years analyzed, with a mean of 0.7%

for the 5-year period. The variation in the number of deaths
over these years was not significant (p = 0.05).

The greater the period elapsed between the sting and first
medical care, the greater the number of deaths. It was
observed that among those seen between 6 and 12 hours after
the sting, death occurred 8.77 times more often in compari-
son with those seen during the first hour (p = 0.003).

Lethality varied according to age group, being greatest
among patients aged 1 to 4 years. The odds ratio for the like-
lihood of death among these cases was 24.36 times greater
than for patients aged 15 to 19 years (Table 3).

Of the 14,406 cases of scorpion envenomation, 8,254
(57%) were given specificantivenom. Among the mild cases,
42% (3,613 patients) were given antivenom, while 92%
(3,099) of the moderate and 95% (930) of the severe cases
received antivenom. A total of 28,672 ampoules were used,
10,950 given to patients with mild scorpion envenomation,
10,821 to moderate patients and 4,353 to severe cases (p <
0.0001); 2,548 ampoules were used in cases whose severity
was ignored. In 8,013 notifications the number of ampoules
administered was provided; a total of 27,496 were adminis-
tered in these cases; with a mean of 3.43 ampoules and a
standard deviation of 1.39 (1 to 15 ampoules), median of 4
ampoules andinterquartile range 25-75% (1Q25-75%) of 2-4
ampoules. The lower the age of the patient the greater the
use of specific antivenom (p = 0.001).

A univariate analysis was performed for each of the symp-
toms on admission with relation to the chance of death, and
several factors were identified with statistical significance (p
< 0.25): diarrhea, vomiting, APE, hypotension, respiratory
failure, oliguria, myalgia, living in a rural area, time between
sting and first medical care, young patients and case severity.
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Table 2 - Distribution of deaths according to severity of cases of children and adolescents who had been victims of scorpion envenomation (Minas

Gerais, 2001-2005) (n = 12,858)

Death
Severity classification Yes (%) No (%) Total OR (95%CI)
Mild 1(0.001) 8,258 (99.99) 8,259 1
Moderate 6(0.19) 3,178 (99.80) 3,184 15.59 (1.88-343.77)
Severe 77 (9.00) 775 (91.00) 852 820.47 (123.73-15,918)
Unknown 4(0.70) 559 (99.30) 563 -
Total 88 (0.70) 12,770 (99.30) 12,858 -

95%CI = 95% confidence interval; OR = odds ratio.
p =0.001.
Chi-square test for linear tendencies = 285.99.

Table 3 - Distribution of deaths according to age of children and adolescents who were victims of scorpion envenomation in Minas Gerais between

2001 and 2005 (n = 12,852)

Death (lethality)

Age group Yes (%) Total OR (95%CI)
<1year 3(0.9) 345(99.1) 348 12.55 (1.71-107.34)
1-4 years 43(1.7) 2,747 (98.3) 2,590 24.36 (5.78-145.46)
5-9 years 27(0.7) 3,773 (99.3) 3,800 10.33 (2.89-62.83)
10-14 years 13(0.4) 3,219 (99.6) 3,232 5.83(1.26-37.38)
15-19 years 2(0.1) 2,886 (99.9) 2,888 1

Total 88 (0.7) 12,770 (99.3) 12,858 -

95%CI = 95% confidence interval; OR = odds ratio.
p =0.001.
Chi-square test for linear tendencies = 45.929.

The multivariate analysis identified five factors that were
significantly related to increased mortality from a statistical
perspective (Table 4).

Each extra hour’s delay before first medical care increased
the odds ratio for the likelihood of death by 9%. The odds ratio
for the likelihood of death for the severe subset was 46 times
greater than for the mild and moderate subset. The odds ratio
for the likelihood of death among hypotense patients was 2.7
times greater than for patients without hypotension on admis-
sion. The odds ratio for the likelihood of death increased by

13% for each year by which patient age reduced. The odds
ratio for death for patients with respiratory failure on admis-
sion was 6 times greater than for patients without this
symptom.

The municipality with the greatest occurrence of scorpion
envenomation incidents was Belo Horizonte, followed by Gov-
ernador Valadares and then Montes Claros. The greatest inci-
dence was in Conceicdao das Alagoas (629/100,000
inhabitants); the greatest mortality in Pavao (0.1310/1,000
inhabitants); and the greatest lethality was in the municipal-
ity of Santa Luzia (14.29%).
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Table 4 - Factors related to increased mortality in a multivariate analysis of scorpion envenomation of children and adolescents in Minas Gerais

from 2001 to 2005

Risk factors p OR (95%CI)
Time before first medical care 0.043 1.09 (1.00-1.19)
Severity (mild/moderate vs. severe) 0.000 45.76 (15.20-137.8)
Hypotension 0.009 2.63(1.28-5.55)
Age 0.004 1.13(1.04-1.23)
Respiratory failure 0.000 6.25(3.22-12.5)

95%CI = 95% confidence interval; OR = odds ratio .

Discussion

The progressive increase in notifications that was detected
by this study may be the result of a more efficient system, but
it could also be due to an increasing number of incidents.

In Brazil, Tityus serrulatus is considered an opportunistic
scorpion species, i.e. it survive natural selection by having
greater ecological plasticity and because it multiplies rapidly.
This explains its wide distribution across areas of Southeast
Brazil and part of Bolivia, via the state of Rondénia,2° which
had not been described before.

The greatest number of incidents occurred in the state
capital Belo Horizonte. This city was built on scorpion-infested
land,3** with quarries, ravines, marble mines and old build-
ings. The scorpions are constantly being evicted from their
natural habitat by the city’s growth. Living side-by-side with
the human population means that the risk of incident is very
high.34

With relation to the predominance of cases in hot and
humid months, thereis a report that scorpions are more active
during these periods, primarily as a result of reproduction.*

There was no correlation that had significance from a sta-
tistical perspective between the species of scorpion identified
and the severity of the clinical case. This is probably due to
the small percentage of cases in which the species were iden-
tified (40%), with predominance of Tityus serrulatus in 87%
of identified cases, and also due to the small number of “other
species” (13%).

The age group least affected was < 1 year, which agrees
with a study carried out in Belo Horizonte between 1990 and
1997.3 In that study, children less than 1 year old accounted
for 0.1% of the study population, which is because exposure
to high-risk places is necessary for incidents to occur. At this
age, children are more restricted to their cots and pushchairs
or are being held or are on the floor of the residence.

There is consensus that scorpions do not only attack and
sting when they feel threatened, which explains the high num-
ber of stings to upper limbs (46%) while handling dangerous
material, which turns out to house or hide scorpions, gener-
ally dark and humid places.?

The majority of the severe cases (77%) affected children
under 9 years old, which is attributable to the higher propor-
tion of venom injected with relation to body surface area,
resulting in higher concentrations in serum.?* According to
Rezende et al., the severity of a scorpion sting is related to
the concentration of the venom in plasma.?2

It is known that several factors have an effect on lethality
in different regions and countries (lethality is 7.6% in Tuni-
sia?®and 23% in Nigeria),?* primarily the type of scorpion and
the availability of species-specific antivenom. The mean
lethality found here was 0.7%, which is discretely elevated
when compared with data from the general populations of
Minas Gerais, Bahia and Sao Paulo states held on Sinan for
2001 t02005: 0.24,0.32and 0.06%, respectively. Thisis the
result of exclusively analyzing the pediatric age group.
Although the increase in lethality described in the literature
for the extremes of age was not observed, children less than
1 year old did have an odds ratio for the probability of death
that was 12.55 times greater than the adolescents aged 15 to
19 years.

The unfavorable outcomes among patients who arrived at
admission in a severe condition is the result, among other
causes, of the higher serum concentration of the venom and
increased bonding to its areas of activity, already having ini-
tiated pathological changes. The increased length of time
before first medical care (antivenom) allows more and more
venom to bind to its sites of activity, which can worsen prog-
nosis, since the antivenom neutralizes venom in circulation.
The need to administer antivenom early to increase efficacy
is therefore emphasized.
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The majority of Brazilian and international authors use
antivenom therapy and accept its efficacy. In contrast,
Gueron, from Israel, is the most enthusiastic author who
claims they are ineffective.?® In this wide-ranging discus-
sion, certain factors should be taken into consideration. It is
known thatin order to achieve the greatest efficacy from anti-
venom, it should be species-specific, well-conserved, admin-
istered as early as possible!'*3 and at a dosage that is sufficient
to neutralize all of the venom in circulation.?? Generally, to
guarantee fast neutralization of the venom, antivenom will be
given intravenously,?® rapidly and with no premedication to
avert supposed reactions to it.}:13

In a study carried out at a center of excellence in Israel,
Bentur et al.?” stated that the different species associated with
the majority of mild cases (primarily in the north and central
regions of Israel) and the rapid absorption of the venom from
the species responsible for the greatest severity (Leiurus quin-
questriatus) explained the lack of efficacy of antivenom in that
country and was why it is not used there.

This study has emphasized the importance of using scor-
pion antivenom in Brazil, since delays in administering it were
directly correlated with increased numbers of deaths.

Many of the patients with mild scorpion envenomation
among the cases studied for this analysis were given scor-
pion antivenom, which suggests this treatment is being
abused. It could also suggest that cases are being incorrectly
classified in terms of severity or that patients arrived with mild
symptoms on admission and progressed to more dangerous
forms, changing classification, and therefore requiring anti-
venom therapy.

The use of antivenom in mild cases may imply unneces-
sary risks and expenses for patients and institutions. Of the
28,672 ampoules used during the period studied, 10,959 were
used for mild cases, greatly increasing treatment costs. The
current cost of each ampoule is R$ 21.24, and so R$
232,769.16 was spent on mild cases.

Sixteen patients with severe cases were not given spe-
cificantivenom. This raises the suspicion that the treating pro-
fessional lacked knowledge, that there was no antivenom at
the treatment center or that severity was classified incor-
rectly on admission.

Incidence rates were much higher in small municipalities,
which, although the absolute humber of cases was smaller,
indicates a high risk for such small populations. Since inci-
dence is a relative population index, it allows better compari-
sons between populations, reflecting differences in health
(socioeconomic) status between towns.

Lethality was inversely proportional to the total number
of cases. In Belo Horizonte, lethality was 0.16%, while in Mon-
tes Claros, which had the third highest number of incidents,
there were no deaths from scorpion envenomation during the
period. It is known that, in areas with a greater incidence, in
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addition to appropriate infrastructure and trained services, the
population themselves are also aware of the severity of inci-
dents and the urgent need for medical treatment. In small
municipalities, in addition to possible transportation delays,
there may also be a lack of preparation to deal with isolated
cases, influencing prognosis.

Despite the large sample and the fact that it covers 5
years, this study is limited by being based on retrospective
analysis of a database populated from varying sources (dif-
ferent health professionals), some incomplete. There is also
the possibility of typing errors and of under notification in cer-
tain regions.

Conclusions

The results of this study have revealed an increase in the
number of notified cases of scorpion envenomation in the state
of Minas Gerais over the five-year period. Incidents predomi-
nantly affected males, occurred during hot and rainy months
and were generally secondary to stings by Tityus serrulatus.
The observed lethality was low, but increased time between
being stung and first medical care, younger age of victims and
cases classified as severe were all factors related to death.
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