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ABSTRACT

Scorpionism is recognized by the World Health Organization as a neglected disease and, in
Para State, Brazil, it is considered a public health hazard. The objective of this study was to
describe the spatial distribution of envenomation caused by scorpions in Para. The data related
to envenomation were collected from 2007 to 2014 and used for both descriptive and transversal
studies. For those studies records obtained from ongoing investigations from the database of the
National Notifiable Diseases Information System at the Public Health Department of Para State
were used. Envenomation occurs year round, most often in the first half of the year, in males
from the countryside, aged 20 to 59 years and taking up to 3 hours to reach medical care. The
deaths occurred from ages 15 to 59. Regarding the severity of the cases, class I cases were the
most frequent and class III cases were the least frequent, accounting for only 5.1% of all cases.
Of the 144 municipalities of Para State, in 126 the frequency of envenomation ranged from 1 to
1,208 cases per municipality. Thirteen municipalities located in the lower Amazon region and in
the southwest of Para State presented higher occurences, including the highest number of deaths.
Scorpionism is present throughout Para State. However, there were differences in severity and
incidence in the various regions, with higher frequency in the southwest of the State and in the
lower Amazon region, corresponding to the Tapajos and Guyana endemic areas in the Brazilian
Amazon.
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INTRODUCTION

The World Health Organization considers Scorpionism a neglected
disease (WHO 2007). According to Chippaux & Goyffon (2008), annually,
about one million, two hundred thousand cases of envenomation are
caused by scorpions, throughout the world. In Brazil, envenomation by
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scorpions is the most frequent public health hazard (Reckziegel & Pinto
2014) of all those caused by venomous animals. According to the National
Notifiable Diseases Information System (SINAN), 462,024 accidents
with scorpions were notified from 2007 to 2014, with an average 57,753
cases per year. In the North Region, the state of Para presents the most
scorpionism notifications (SINAN 2015).

Northern Brazil harbors about 44 species of scorpions (Lourengo
2002), and species such as Tityus obscurus, Tityus metuendus, Tityus
silvestris and Rhopalurus amazonicus have been recorded as the cause
of envenomation. However, 7. obscurus is the species of greatest medical
relevance (Martins et al. 2002, Pardal et al. 2003, 2014a,b, Fuentes-Silva
et al. 2014, Coelho et al. 2016).

In the capital city of Para State (Belém) Asano et al. (1999) and
Martins etal. (2002) first reported a case of scorpion envenomation. Outside
the capital city, there were envenomation reports in the municipalities of
Itaituba (Pardal et al. 1999); Oriximina (Pardal et al. 2001); Altamira,
Brasil Novo (Sperotto et al. 2001) and Santarém (Pardal et al. 2003,
2014,b, Torrez et al. 2015).

The severity of the clinical manifestations in patients stung by
scorpions depends on the amount of venom inoculated and the amount of
chemical mediators released at the time of the accident. In Brazil, scorpion
envenomation is classified as mild, moderate and severe (Brasil 2001),
corresponding to Classes I, IT and III (Khattabi et al. 2011) according to
the Scorpion Consensus Expert Group. In Para, depending on the region,
scorpion envenomation might present different signs and symptoms.

In Para State, there are four endemic areas (Tapajds, Xingu, Belém
and Guyana (Fig. 1) (Silva et al. 2005). In two endemic areas in Para State
(Tapajos and Belém), a previous study (Pardal et al. 2014a,b) noted severe
clinical manifestations caused by scorpion envenomation. These included,
most importantly, myoclonias, dysarthria, ataxia and dysmetria. These
signs and symptoms were only reported by patients from the lower Amazon
region and by patients from southwestern Para State, corresponding to the
endemic areas of Tapajos and Guyana, suggesting that there is variation
and diversity of venom toxicity in different areas of the Brazilian Amazon
basin. For this reason, the present study was designed to describe the
spatial distribution of envenomation caused by scorpions in Para State.

MATERIALS AND METHODS

Epidemiological data related to envenomation by scorpions in
patients from Parda State were collected from 2007 to 2014, and used
for both descriptive and transversal studies. For the present study,
records obtained from the data base of the National Notifiable Diseases
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Information System (SINAN) of the Public Health Department of the Para
State (SESPA) were used.

Para State is located in northern Brazil with a land area of
1,247,954.32 km?. The terrain is low and flat: The altitude of 58% of the
territory is less than 200 meters. The weather in the state is hot and humid
throughout the year with an average annual temperature of 27°C. The
population in 2014 numbered 8,073,924 inhabitants, with a population
density of 60.7 inhabitants / km? (IBGE 2015).

Among the variables collected from SINAN were: gender, age,
time to reach medical care, severity of envenomation, municipality of
occurrence, spatial distribution, seasonality, deaths and lethality.

The clinical classification of severity was based on the Scorpion
Consensus Expert Groups as follows: Class 0, asymptomatic patients;
Class I, envenomation with manifestations only at the bite site; Class II,
envenomation with minor systemic manifestations, not life threatening
and Class III, severe manifestations in which life was threatened (Khattabi
et al. 2011).

For data analysis, descriptive statistics were performed
through absolute and relative frequency measures analyzed using the
TabWin323.6b, Epi Info7.1.3.3 and Microsoft Excel 2010 programs.
The calculation of the incidence rate was set for each year separately by
multiplying the result by 100,000. Mortality was calculated by multiplying
the results by 1000 and lethality was obtained by calculating the rate of
deaths resulting from envenomation caused by scorpions and the number
of people who suffered scorpion stings. The spatial distribution was
determined using the TabWin32 program while the number of people at
risk was found according to an estimate of the resident population in Para
State, provided by the website of the Brazilian Institute of Geography and
Statistics (IBGE 2015).

This study was conducted according to secondary data collected
publicly, without identifying the names and addresses of subjects. It
was approved by the Research Ethics Committee of the Jodo de Barros
Barreto University Hospital, document CAAE: 49802415.5.0000.0017, as
stipulated by the National Health Council (CNS) Resolution No. 466 of
December 12, 2012 and with written consent from the state manager for
the availability of data provided by SESPA.
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RESULTS

According to SINAN (2015), in the states of the northern region
of Brazil 22,697 cases of envenomation by scorpions were recorded from
2007 to 2014. Of all seven states of the northern region, the state of Para
registered most of the cases (59.3%), with an incidence of 21.91 per 10°
inhabitants, a mortality rate of 2.45 per 10° inhabitants and a lethality rate
of 0.23% (Table 1). Envenomation occurs year round, but most often in
the first half of the year.

Table 1. Distribution of the frequency of cases of scorpion envenomations,
its incidence, number of deaths and lethality rate in the Pard State,
Brazil, from 2007 to 2014, registered in the National Notifiable Diseases
Information System. SINAN, 2015.

YEARS  CASES INCIDENCE*  DEATHS LETHALITY

(%)
2007 1,335 18.9 5 0.4
2008 1,536 20.7 5 0.3
2009 1,665 21.8 6 0.4
2010 1,526 19.9 5 0.3
2011 1,771 22.8 1 0.1
2012 1,821 23.2 6 0.3
2013 1,934 243 1 0.1
2014 1,865 23.1 3 0.2
Total 13,453 21.9 32 (2.5)** 0.2

Legend: *Incidence rate per 100,000 inhabitants. ** Mortality per 1000 inhabitants

The frequency distribution regarding gender, area in which the
accidents occurred, age group, time to reach medical care and deaths
related to age group is shown in Table 2. Table 3 shows severity related
to age group while the spatial distribution of envenomation related
to the municipalities with higher incidence of envenomation and the
areas of endemism in the Amazon with higher incidence and severity of
envenomation are in Figure 1, whereas Figures 2 and 3 shows the Spatial
distribution of the municipalities that registered deaths in Para State.
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Table 2. Frequency gender, age group, time to reach medical care and deaths
from envenomations by scorpions in the Para State, from 2007 to 2014.

SINAN, 2015.

Parameters Frequency %
Gender n=13,360

Male 8,794 65.8
Female 4,566 34.2
Occurence Area n=13,453

Urban 188 1.4
Rural 13,265 98.6
Age Group n=13,360

<l to 14 2,705 20.2
15to0 19 1,270 9.5
20 to 39 5,159 38.6
40 to 59 3,189 23.9
60 or more 1,037 7.8
Time to Medical Care n=12,980

Otolh 4,880 37.6
Ito3h 3,942 304
3to6 2,235 17.2
6to12h 1,067 8.2
12 or more 856 6.6
Age Group of Deaths n=32

1-14 11 344
15-59 21 65.6

Table 3. Frequency of severity related to the age group of envenomations by
scorpions in Para State from 2007 to 2014. SINAN, 2015.

Severity/Age Group <1-14 15-59 60-> Total

Mild (Class I) 5,095 511 7,069 (55.8%)
Moderate (Class II) 3,562 402 4,943 (39.1%)
Severe (Class 1) 438 68 641 (5.1%)
Total 9,095 981 12,653 (100%)
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Rondonia

Figure 1. Endemic Areas in the Amazon Region, highlighted in dark are those of greater
envenomation incidence and severity (adapted from Silva et al. 2005).

H Municipalities Frequency
1,2,3 ... 968 - 1208
4,5,6 ... 726 - 967
7,8,9,10 ... 485-725
11,12,13 ... 368 -484

Figure 2. Spatial distribution of envenomation by scorpions in Para State and the
municipalities of greater occurrence from 2007 to 2014. SINAN, 2015. Municipalities:
1-Uruara, 2-Santarém, 3-Medicilandia, 4-Brasil Novo, 5-Almerim, 6-Trairdo,

7-Ruropolis, 8-Altamira, 9-Prainha, 10-Monte Alegre, 11-Belterra, 12-Novo progresso,
13- Placas
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Figure 3. Spatial distribution of the municipalities that registered deaths in Para State from 2007 to
2014. SINAN, 2015. Municipalities: 1-Almerim, 2- Altamira, 3-Trairdo, 4- Santarém, 5- Breves,
6- Medicilandia, 7-Itaituba, 8- Jacareacanga, 9- Novo Progresso, 10-Abaetetuba, 1-Marituba,
12-Benevides, 13-Cameta, 14-Sao Felix do Xingu, 15-Alenquer, 16, Aveiro, 17-Belterra

DISCUSSION

Envenomation by scorpions in this report shows high rates of
incidence and mortality in the State of Pard. Previous studies by Asano et
al. (1999) and Martins et al. (2002) showed scorpion envenomation as the
second most frequent cause of accidents involving venomous animals in the
region. However, Reckziegel & Pinto (2014) referred an incidence of 19.6 and
mortality of 0.03 based on SINAN data from all the Brazilian states. In the
state of Amazonas, Queiroz et al. (2015) found a low mortality rate (0.3%) and
in Para state, Maestri Neto et al. (2008) described a mortality of 0.6%.

The higher prevalence of scorpion stings in males in the study areas is
probably due to the type of labor in which they were involved. Similar results
were found in other Brazilian regions (Chippaux 2015).

Most of the scorpion stings were recorded in rural areas, while only
1.4% of the accidents happened in urban areas of the Para state. However, in a
previous report, Reckziegel & Pinto (2014) show that the Brazilian urban areas
are the most affected. In the rural areas of Para State, most scorpion stings
occured in the lower Amazon and in the southwest of the state, especially
in the municipalities of Santarém (1,114 cases), Uruara (1,208 cases) and
Medicilandia (1,114 cases) respectively. These regions are located between the
Tapajos river and the Xingu river, both of which belong to the Tapajos endemic
area (Haffer 2008, Haseyama & Carvalho 2011).
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The number of deaths was higher among adults, reduced in those under
15 years of age. Similar results were found in Brazil (Reckziegel & Pinto
2014). However, in the study area, Maestri Neto et al. (2008) reported one
infant death, while Pardal et al. (2014a,b) and Torrez et al. (2015) found none.

The time elapsed between envenomation and the first medical
assessment to the victims in the study was under three hours. The same was
reported in other regions of Brazil (Chippaux 2015, Queiroz et al. 2015) where
envenomation in eastern Para was similar (Pardal et al. 2014a,b) to the present
results, whereas in the west of the state medical care was more delayed (Pardal
et al. 2003, 2014a,b, Torrez et al. 2015). The latter was justified by greater
transportation difficulties in rural areas. The number of scorpion stings in
the study increased from January to July, during the heavy rainfall season.
The same was noted in Amazonas State (Queiroz et al. 2015). In Brazil, the
number of cases varies throughout the year, with a slight increase in October
and November (Reckziegel & Pinto 2014).

In this study the majority of the victims from scorpion stings were found
to be Class I with local signs and symptoms. 39.1% of the patients were Class
I cases presenting the lowest frequency of systemic manifestations. 5.1% of
the cases were Class III patients with the most severe systemic manifestations.
Chippaux (2015) reported a difference in the severity of scorpion stings in the
various geographical regions in the country. In northern Brazil 60% of the
patients suffering from scorpion envenomation were asymptomatic (Class 0)
or only presented mild symptoms and signs (Class I), against 80 to 90% of
patients with Class 0 or Class I symptoms and signs in the other four regions
of the country.

Most scorpion stings occurred in people over 15 years of age. Below
this age the frequency noted was 20.4%. Similar results were found in Brazil
by Reckziegel & Pinto (2014). In regard to the age group in class III patients
the same trend was found: below 15 years of age the frequency was 21.1%.
Previous reports in the same region corroborated these results (Pardal et al.
2003, 2014, Torrez et al. 2015). The mortality in the age group ranging from
less than 1 to 15 years of age was 34.4%. Chippaux (2015) reported that
scorpions were responsible for 30% of the deaths in Brazil. In the study region
Torrez et al. (2015) reported six deaths from scorpion stings. The victims were
four children under 10 years of age, while Pardal et al. (2014a,b) reported no
deaths.

Of the 144 municipalities of Para State, 126 recorded envenomation by
scorpions in the study period, with a frequency on the spatial distribution of the
accidents ranging from 1 to 1208 cases per municipality. The 13 municipalities
with the highest number of accidents were located in the lower Amazon and
southwest regions of Para State, where the highest number of deaths was
reported (23 deaths). These two regions are in the Tapajos and Guyana endemic
areas (Haffer 2008, Haseyama & Carvalho 2011). The symptoms presented by
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victims in these two areas differed from those symptoms found in other regions
of Para. Pardal et al. (2014b) classified envenomation in this region as Class I
(35.8%) and Class II (64.2%) which was corroborated by Torrez et al. (2015).
On the other hand, in the metropolitan region of Belém which encompasses
five municipalities, Pardal et al. (2014b) found 76.5% of the cases in the Class
I group and 23.5% of the cases in Class I, located in the Belém endemic area
and also the lowest number of deaths (2 deaths).

The difference in severity and clinical manifestations found among
regions such as the state of Para may be related to the evolution of scorpion
species influenced by weather, vegetation and geographic barriers, undergoing
an evolutionary process in the various endemic areas in the northern region of
Brazil (Haffer 2008, Haseyama & Carvalho 2011).

In conclusion, this study shows that envenomation by scorpions occurs
throughout Para State and that there are differences among regions, especially
in the severity and incidence of the cases from the lower Amazon and
southwestern region of the state. The lower Amazon region presents a higher
frequency of severe clinical manifestations. These two regions are located in
the Tapajos and Guyana endemic areas, which may influence the evolution of
scorpion species, as well as the severity of the envenomation.

ACKNOWLEDGMENTS

The authors are grateful to Regina Doérea for reviewing the manuscript and
Elke Abreu and Fernando Esteves from the State Department of Para State Health for
the epidemiological data.

REFERENCES

1. Asano ME, Arnund RM, Lopes FOB, Pardal JSO, Pardal PPO. Estudo clinico e epidemiologico
de 12 acidentes por escorpides atendidos no Hospital Universitario Jodo de Barros Barreto,
Belém-Para, no periodo de 1992-1995. Rev Soc Bras Med Trop 29 (Supl. 1): 243, 1999.

2. Brasil. Ministério da Saude. Manual de diagnéstico e tratamento de acidentes por animais
pegonhentos. Brasilia, Fundagdo Nacional de Saude, 2001.

3. Chippaux JP. Epidemiology of envenomations by terrestrial venomous animals in Brazil based
on case reporting: from obvious facts to contingencies. J Venom Anim Toxins incl Trop Dis
21:13,2015.

4. Chippaux JP, Goyffon M. Epidemiology of scorpionism: A global appraisal. Acta Trop 107:
71-79, 2008.

5. Coelho JS, Ishikawa EAY, Santos PRSG, Pardal PPO. Scorpionism by Zityus silvestris in eastern
Brazilian Amazon. J Venom Anim Toxins incl Trop Dis 22: 24, 2016.

6. Fuentes-Silva DF, Santos Jr AP, Oliveira JS. Envenomation caused by Rhopalurus amazonicus
Lourencgo, 1986 (Scorpiones, Buthidae) in Para State, Brazil. J Venom Anim Toxins incl Trop
Dis 20: 52, 2014.

102 Rev Patol Trop Vol. 46 (1): 94-104. jan.-mar. 2017



7. Haffer J. Hypotheses to explain the origin of species in Amazonia. Braz J Biol 68 (Suppl.):

917-947, 2008.

8. Haseyama KLF, Carvalho CJB. Distributional patterns of amazon biodiversity: an evolutionary

point of view. Rev Biol 2011, Esp. Biogeografia 35-40, 2011.

9. Instituto Brasileiro de Geografia Estatistica - IBGE. Estados@: Para. Brasilia (DF): IBGE. 2015.

10.

11.
12.

14.

15.

16

17.

19.

20.

2

—_

22.

23.

Available at:  http://www.ibge.gov.br/estadosat/temas.php?sigla=pa&tema=projecao2013.
Acessed: 05/15/2015.

Khattabi A. Soulaymani-Bencheikh R, Achour S, Salmi LR. Classification of clinical
consequences of scorpion stings: consensus development. Trans Royal Soc Trop Med Hyg
105:364-369, 2011.

Lourengo WR. Scorpions of Brazil. Paris: Les Editions de I’If, 2002.

Maestri Neto A, Guedes AB, Carmo SF, Chalkidis HM, Coelho JS, Pardal PPO. Aspectos do
escorpionismo no Estado do Para -Brasil. Rev Para Med 22: 49-55, 2008.

. Martins MA, Barrada L, Silva RHV, Pardal, PPO. Estudo clinico e epidemiologico dos

acidentes por escorpides atendidos no Hospital Universitario Jodo de Barros Barreto, periodo
de janeiro a dezembro de 1996. Rev Para Med 16: 34-38, 2002.

Pardal PPO. Contribui¢dao ao conhecimento do escorpionismo e do escorpido Tityus obscurus
Gervais, 1843 (Scorpiones: Buthidae), de duas regioes distintas no Estado do Pard na
Amazonia brasileira. Tese de Doutorado, Universidade Federal do Para. Nucleo de Medicina
Tropical. Programa de Pds-Graduagdo em Doengas Tropicais. Belém, Para, 2014a, 93p.

Pardal PPO, Cardoso BS, Fan HW. Escorpionismo na regido do rio Tapajos, Itaituba (Para).
Rev Soc Bras Med Trop 32(Supl. 1): 394-395, 1999.

. Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC. Aspectos epidemiologicos

e clinicos do escorpionismo na regido de Santarém, Estado do Pard, Brasil. Rev Soc Bras Med
Trop 36: 349-353, 2003.

Pardal PPO, Ishikawa EAY, Vieira JLV, Coelho JS, Dérea RCC, Abati PA, Quiroga MM,
Chalkidis HM. Clinical aspects of envenomation caused by Tityus obscurus (Gervais, 1843) in
two distinct regions of Para State, Brazilian Amazon basin: a prospective case series. J Venom
Anim Toxins incl Trop Dis 20:3,2014b.

. Pardal JSO, Pardal PPO, Cardoso BS, Wen FH, Santos ST. Animais causadores de acidentes

entre moradores ribeirinhos do rio Trombetas, municipio de Oriximina-Para. Rev Soc Bras
Med Trop 34(Supl. 1): 377-378, 2001.

Queiroz AM, Sampaio VS, Mendonga I, F¢ NF, Sachett J, Ferreira JCL, Feitosa E, Wen FH,
Lacerda M, Monteiro W. Severity of Scorpion Stings in the Western Brazilian Amazon: A
Case-Control Study. Plos One 1-14, 2015.

Reckziegel GC, Pinto VL. Scorpionism in Brazil in the years 2000 to 2012. J Venom Anim
Toxins incl Trop Dis 20: 46, 2014.

. Silva JMC, Rylands AB, Silva Junior JS, Gascon G, Fonseca GAB. Primate diversity patterns

and their conservation in Amazonia. /n: Purvis A, Gittleman JL. & Brooks T (Eds). Phylogeny
and Conservation. Cambridge, Cambridge University Press, 2005.

Sistema de Informacgao de Agravos de Notificagdo - SINAN. Acidente por animais pe¢onhentos:
Notificagées registradas no Sistema de Informagdo de Agravos de Notificagdo - Sinan Net.
Brasilia (DF): MS. Available at: http://dtr2004.saude.gov.br/sinanweb/. Acessed: 01/18/2015.
Sperotto LS,Yamano EYS, Knowles BM, Camilo FS, Silva MA, Sousa RD, Pardal PPO.
Estudo clinico e epidemiologico de 27 casos de escorpionismo em Brasil Novo/Altamira-PA.
Periodo de fevereiro a setembro de 2000. Rev Soc Bras Med Trop 34(Supl. 1): 381, 2001.

Rev Patol Trop Vol. 46 (1): 94-104. jan.-mar. 2017 103



24. Torrez PP, Quiroga MMM, Abati PAM, Mascheretti M, Costa WS, Campos LP, Fran¢a FOS.
Acute cerebellar dysfunction with neuromuscular manifestations after scorpionism presumably
caused by Tityus obscurus in Santarém, Para/Brazil. Toxicon 96: 68-73,2015.

25. World Health Organization. Rabies and Envenomings: A Neglected Public Health Issue:
Report of a Consultative Meeting. Geneva: World Health Organization 2007, 32p. Available
http://www.who.int/bloodproducts/animal_sera/Rabies.pdf. Accessed 12/29/2015.

104 Rev Patol Trop Vol. 46 (1): 94-104. jan.-mar. 2017



