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Abstract



          Background:

          Scorpion envenomations are a major public health problem in Brazil, whose most dangerous cases are attributable to the genus Tityus.  This study was designed to compare the clinical and demographic features of envenomations by 77tyus obscurus   in two areas of the state of Pará located in the Amazon basin. Were compared demographic findings, local and systemic signs and symptoms of human envenomations caused byT. obscurus   that occurred in western and eastern areas of the state.

        
          Results:

          Forty-eight patients with confirmed envenomation by T. obscurus were evaluated from January 2008 to July 2011. Most of them came from the eastern region, where male and female patients were present in similar numbers, while males predominated in the west. Median age groups were also similar in both areas. Most scorpion stings took place during the day and occurred significantly more frequently on the upper limbs. The time between the sting and admission to the health center was less than three hours in both areas. Most eastern patients had local manifestations while in the west, systemic manifestations predominated. Local symptoms were similar in both areas, but systemic signs and symptoms were more common in the west. Symptoms frequently observed at the sting site were local and radiating pain, paresthesia, edema, erythema, sweating, piloerection and burning. The systemic manifestations were significantly higher in patients from the west. Futhermore, neurological symptoms such as general paresthesia, ataxia, dysarthria, myoclonus, dysmetria, and electric shock-like sensations throughout the body were reported only by patients from the west.

        
          Conclusion:

          The present study shows that two regions of Para state differ in the clinical manifestations and severity of confirmed envenomation by T. obscurus which suggests a toxicity variation resulting from the diversity of T. obscurus   venom in different areas of the Brazilian Amazon basin, and that T. serrulatus   antivenom can be successfully used against T. obscurus.
					

        Scorpionism; 
          Tityus obscurus
        ; Envenoming; Neurological symptoms; Brazilian Amazon






      Background

      Scorpion envenomations are a major public health problem in Brazil where approximately 50,000 cases are reported annually. Among the 18 scorpion families described in the world, only four (Bothriuridae, Buthidae, Chactidae and Hemiscorpiidae) have been reported in Brazil [ 11 . Prendini L: Order Scorpiones C.L. Koch, 1850.InAnimal biodiversity: An outline of higher-level classification and survey of taxonomic richness , Volume 3148. Edited by Zhang ZQ. Zootaxa; 2011:115-117. http://www.mapress.com/zootaxa/2011/f/zt03148p117.pdf.
http://www.mapress.com/zootaxa/2011/f/zt...
             , 22 . Lourenço WR: Scorpions of Brazil. Paris: Les Éditions de I'lf; 2002. ]. There are at least 160 scorpion species in the country of which four (T. serrulatus, T. bahiensis, T. stigmurus   and T. obscurus) are of medical relevance [ 33 . Fundação Nacional de Saúde: Manual de diagnóstico e tratamento de acidentes por animais peçonhentos. 2nd edition. Brasília: Ministério da Saúde; 2001. , 44 . Secretaria de Vigilância em Saúde: Departamento de Vigilância Epidemiológica : Manual de controle de escorpiões . Brasília: Ministério da Saúde; 2009. ]. Among the 44 scorpion species that occur in the Brazilian Amazon region, only T. metuendus, T. silvestris   and T. obscures were responsible for human envenomations [ 22 . Lourenço WR: Scorpions of Brazil. Paris: Les Éditions de I'lf; 2002. , 44 . Secretaria de Vigilância em Saúde: Departamento de Vigilância Epidemiológica : Manual de controle de escorpiões . Brasília: Ministério da Saúde; 2009. ].

      Tityus obscurus   (Gervais, 1843) (Scorpiones: Buthidae) is a senior synonym of T. paraensis   Kraepelin, 1896 and T. cambridgei Pocock, 1897 [ 55 . Lourenço WR, Leguin EA: The true identity of Scorpio (Atreus) obscurus Gervais, 1843 (Scorpiones, Buthidae) , Volume 75. Huntington, WV: Marshall University; Serial Euscorpius; 2008:1 -11. Edited by Fet V. Euscorpius -Occasional Publications in Scorpiology; N°75. ]. Furthermore, it is widely distributed in the Brazilian Amazon, notably in Mato Grosso, Pará and Amapá states and has been the most important species responsible for scorpion stings in those areas [ 33 . Fundação Nacional de Saúde: Manual de diagnóstico e tratamento de acidentes por animais peçonhentos. 2nd edition. Brasília: Ministério da Saúde; 2001. , 44 . Secretaria de Vigilância em Saúde: Departamento de Vigilância Epidemiológica : Manual de controle de escorpiões . Brasília: Ministério da Saúde; 2009. , 66 . Martins MA, Barradas L, Silva RHV, Pardal PPO: Estudo clínico e epidemiológico dos acidentes por escorpião atendidos no Hospital Universitário João de Barros Barreto período de janeiro a dezembro de 1996.Rev Para Med 2002, 16(1):34-38. ,77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. ].

      The neurotoxic effect of scorpion species within the Buthidae family has been reported in several countries [ 88 . Chowell G, Díaz-Dueñas P, Bustos-Saldaña R, Míreles AA, Fet V: Epidemiological and clinical characteristics of scorpionism in Colima, Mexico (2000-2001). Toxicon 2006, 47(7):753-758. , 99 . Ozkan O, Kat I: Mesobuthus eupeus scorpionism in Sanliurfa region of Turkey. J Venom Anim Toxins incl Trop Dis 2005, 11 (4):479-491. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-91992005000400008.
http://www.scielo.br/scielo.php?script=s...
             ]. In Brazil, local envenoming causes pain, erythema, and swelling. Systemic envenoming usually causes vomiting, sweating, hypersalivation, priapism, bradycardia or tachycardia, arterial hypotension or arterial hypertension, and cardiac failure, with little or no effect on the central nervous system [ 1010 Bucaretchi F, Baracat ECE, Nogueira RJN, Chaves A, Zambrone FAD, Fonseca MRCC, Tourinho FS: A comparative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus serrulatus . Ver Inst Med Trop São Paulo 1995, 37(4):331 -336. , 1111 . Horta FMB, Caldeira AP, Sares JAS: Escorpionismo em crianças e adolescentes: aspectos clínicos e epidemiológicos de pacientes hospitalizados.Rev Soc Bras Med Trop 2007, 40(3):351-353. ]. There are few data describing the clinical and epidemiological features of envenomations due to T. obscurus   in the Brazilian Amazon, in particular the difference in the occurrence of neurological signs or symptoms in some previously surveyed areas [ 77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. ]. Therefore, this study was designed to compare the clinical and demographic features of envenomations by T. obscurus   in two areas of the Amazon basin located in the state of Pará.

    
      Methods

      
        Study area

        This prospective study was carried out from January 2008 to July 2011. Four municipalities were chosen: Belém and Ananindeua in the east, and Santarém and Rurópolis in western Pará state, located in the eastern Brazilian Amazon, encompassing an area of about 850 km2 ( Figure 1 ). Belém is the capital of the state with an area of 1,059.402 km2 and 1,393,399 inhabitants. Ananindeua is located in the metropolitan region of Belém, with an area of 190.452 km2 and 471,980 inhabitants. Santarém and Rurópolis are typical rural municipalities. The former is located at the edge of the Amazon River with an area of 22,886.761 km2  and 294,580 inhabitants. Rurópolis has 7,021.305 km2 and 40,078 inhabitants. The four cities are surrounded by tropical forests. The climate in these areas is hot and humid with an average annual temperature ranging between 22°C and 34°C.

        
          

[bookmark: f01]




Figure 1

               Study areas in Pará state, northern Brazil.
            





        
      
      
        Patients

        Patients with proven envenomations by T. obscurus   but no previous history of neurological disease were included in the study. Initially, patients were attended in the emergency rooms of public hospitals of the selected cities. Altogether 48 patients with confirmed envenomation byT. obscurus   were evaluated: 34 patients from eastern Pará state and 14 patients from the western part. Participants were admitted on a voluntary basis and received follow-up based on the identification of the specimens provided to the medical staff as T. obscurus  (Gervais, 1843) ( Figure 2 ).
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Figure 2

               Female specimen of Tityus obscurus (Gervais, 1843) with length of 10 cm from the eastern region of Pará state, Brazil. It had been provided by a patient who was showing systemic manifestations upon hospital admission.
            





        
        The specimens were provided voluntarily by the patients upon hospital admission. They were initially identified at the Medical Entomology Laboratory of the Tropical Medicine Centre at the Pará Federal University according to the description of Lourenço and Leguin [ 55 . Lourenço WR, Leguin EA: The true identity of Scorpio (Atreus) obscurus Gervais, 1843 (Scorpiones, Buthidae) , Volume 75. Huntington, WV: Marshall University; Serial Euscorpius; 2008:1 -11. Edited by Fet V. Euscorpius -Occasional Publications in Scorpiology; N°75. ] and later confirmed by the Arthropods Laboratory at Butantan Institute, São Paulo, Brazil. All specimens were subsequently preserved in 70% ethanol and deposited at Pará Federal University.

        Clinical and demographic data from each patient were recorded, including age, gender, sting site, time elapsed from the accident to initial medical attention, as well as the severity of poisoning and treatment at admission. Biochemical and hematological evaluations were not performed. The patients were allocated into one of the following four classes according to the recommendations of the Scorpion Consensus Expert Group [ 1212 Khattabi A, Soulaymani-Bencheikh R, Achour S, Salmi LR, Scorpion Consensus Expert Group: Classification of clinical consequences of scorpion stings: consensus development. Trans R Soc Trop Med Hyg 2011, 105(7):364-369.]:

        	
            Level 0 (dry sting or asymptomatic).

          
	
            Level 1 (local manifestations): pain, burning sensation, erythema, paresthesia, swelling and

          
	
            tingling.

          
	
            Level 2 (minor systemic manifestations): agitation, headache, nausea, vomiting, sweating, unhealthy pallor, salivation, somnolence/lethargy, tachycardia, hypertension, hypothermia, hyperthermia, myoclonia, fasciculation, ataxia, dystonia, miosis and mydriasis.

          
	
            Level 3 (major systemic manifestations): hypotension, ventricular arrhythmia, bradycardia, cardiovascular collapse, cyanosis, dyspnea, pulmonary edema, paralysis and Glasgow score <6 (in absence of sedation).

          


        All patients with systemic manifestations were treated with scorpion antivenom (5 mL/vial; 1 mL neutralizes 1mgof T. serrulatus   reference venom in mice), corresponding to F(ab')2 polyspecific hyperimmune equine antivenom raised against a venom from T. serrulatus   produced by Ezequiel Dias Foundation, Minas Gerais state, Brazil.

      
      
        Statistical analysis

        Data are expressed as the median and the 25th and 75th percentiles [IQR, interquartile range]. Pearson's chi-square method and the Fischer exact test were employed to compare variables between groups. Statistical analyses were performed using the software package Statistica® (Version 6, Stat Soft 2001, USA). All p values were two-tailed, and p < 0.05 was considered statistically significant.

      
      
        Ethical aspects

        Informed consent was obtained from each patient or from a parent thereof. This study was approved by the Ethics Committee of the Tropical Medicine Center of Pará Federal University, document number 038/07. The care of the scorpion specimens was authorized by the Brazilian Environmental Institute (IBAMA), document number 11727-2.

      
    
      Results

      Most of the patients with confirmed envenomations were living in the eastern portion of Pará state (n = 34, 71%), which presented an equal distribution of males and females whereas in the west males predominated. The ages of patients were similar in both areas with a median of 31.5 (23-41) years in the east, and 31.5 (2050) years in the west, but the accidents happened mainly to patients older than 15 in both areas. The stings occurred more frequently in upper rather than lower limbs or other parts of the body in both regions. The majority of scorpion stings occurred during the day in both areas. The interval between the sting and hospital admission was less than three hours in both regions, with a median of 1.7 (0.3-2.0) hours in the east versus 1.3 (1.0-3.0) hours in the west ( Table 1).
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Table 1

             Demographic findings of patients envenomed by Tityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
          





      

      The local manifestations were similar in both regions, but the presence of systemic manifestations predominated in the west. Antivenom (p = 0.005) was used mainly in patients from the western region ( Table 2). It was also observed that patients who were 15 or older had a higher occurrence of systemic manifestations in the west (eight patients) and in the east (five patients), respectively (data not shown).
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Table 2

             Clinical findings of patients envenomed by Tityus obscurus (Gervais, 1843) in two study areas of Pará state, Brazil
          





      

      The signs and symptoms frequently observed at the sting site were local and radiating pain, paresthesia, edema, erythema, sweating, piloerection and burning ( Table 3 ). The paresthesia and radiating pain predominated in patients from the western region. In addition, burning and piloerection were reported only in these patients.
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Table 3

             Local and systemic signs and symptoms of patients envenomed byTityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
          





      

      In both regions, all patients showed minor systemic manifestations ( Table 3 ). The general, ophthalmological and neurological signs and symptoms were more frequent in patients from the western region. The most frequent findings in eastern patients were nausea, dizziness and sweating, whereas those from the west more often reported blurred vision, tremors, sweating, agitation, nausea and somnolence. Some neurological signs and symptoms such as myoclonus, electric shock-like sensations in the body, dysarthria, paresthesia, ataxia and dysmetria were reported only in patients from the western region. All patients evolved to healing after treatment. Patients with only local manifestations were treated with analgesics and discharged from the hospital between 6 to 12 hours after admission. On the other hand, patients with local and systemic manifestations were treated as follows: they had their vital functions monitored and received supportive care; benzodiazepines were administered to those with myoclonus; and each patient received a dosage of 15 mL of scorpion antivenom which was infused intravenously over a 20-minute period. After antivenom administration, no adverse effects were ever noted in patients from both regions. Patients from eastern Pará were released from the hospital within 24 hours, whereas in the western region seven patients and five patients were released, respectively, within 48 hours and 72 hours (data not shown).

    
      Discussion

      The majority of patients included in this study were from the eastern region of Pará state, which can be associated with both a higher population density and easier access to medical assistance in the metropolitan area of Belém. Several species of the genus Tityus have been described and an annual incidence of 82.4 stings per 100,000 inhabitants was found statewide [ 22 . Lourenço WR: Scorpions of Brazil. Paris: Les Éditions de I'lf; 2002. ]. However, the range of incidence varied from 6.4 stings per 100,000 inhabitants to 264.4 stings per 100,000 inhabitants, respectively for the east (Belém and Ananindeua) and west (Santarém and Rurópolis).

      Hospital admission was found to be delayed in the western region, probably due to difficulties in transportation to a hospital and the existence of few emergency health centers in rural areas of the Amazon region. The increase in the elapsed time between stings and medical assistance may be responsible for the worsening of signs and symptoms of envenomations, thus contributing to the greater occurrence of systemic manifestations in the western region. A previous report showed that clinical signs and symptoms of envenomation worsened when the elapsed time between sting and first medical attendance was above 30 minutes [ 88 . Chowell G, Díaz-Dueñas P, Bustos-Saldaña R, Míreles AA, Fet V: Epidemiological and clinical characteristics of scorpionism in Colima, Mexico (2000-2001). Toxicon 2006, 47(7):753-758. ].

      The finding of similar results in both genders in the study areas corroborated previous reports of envenomations by several scorpion species in Brazil [ 77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. , 1313 . Soares MRM, Azevedo CS, De Maria M: Escorpionismo em Belo Horizonte, MG: um estudo retrospectivo. Rev Soc Bras Med Trop2002, 35(4):359-363. ]. However, in males the frequency of envenomations by T. obscurus  was slightly higher than had been previously reported for the municipality of Santarém, a finding probably associated with the type of work performed in the rural environment of the western region [ 77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. ]. Similar distributions of cases amongst various age groups were previously reported in Brazil, Colombia and Turkey [ 99 . Ozkan O, Kat I: Mesobuthus eupeus scorpionism in Sanliurfa region of Turkey. J Venom Anim Toxins incl Trop Dis 2005, 11 (4):479-491. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-91992005000400008.
http://www.scielo.br/scielo.php?script=s...
             , 1313 . Soares MRM, Azevedo CS, De Maria M: Escorpionismo em Belo Horizonte, MG: um estudo retrospectivo. Rev Soc Bras Med Trop2002, 35(4):359-363. , 1414 . Otero R, Navío E, Céspedes FA, Núñez MJ, Lozano L, Moscoso ER, Matallana C, Arsuza NB, García J, Fernández D, Rodas JH, Rodríguez OJ, Zuleta JE, Gómez JP, Saldarriaga M, Quintana JC, Núñez V, Cárdenas S, Barona J, Valderrama R, Paz N, Díaz A, Rodríguez OL, Martínez MD, Maturana R, Beltrán LE, Mesa MB, Paniagua J, Flórez E, Lourenço WR: Scorpion envenoming in two regions of Colombia: clinical, epidemiological and therapeutic aspects. Trans R Soc Trop Med Hyg 2004, 98(12):742-750.].

      The high frequency of stings in the upper limbs and the fact that most stings occurred during the day, despite the nocturnal disposition of T. obscurus, suggested that this behavior was a defense strategy of the scorpion against a disturbance in its natural habitat [ 77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. ]. Other reports on Tityus   species showed a high frequency of stings in the lower limbs, such as those caused by T. trivittatus   in Argentina [ 1515 . de Roodt AR, García SI, Salomón OD, Segre L, Dolab JA, Funes RF, de Titto EH: Epidemiological and clinical aspects of scorpionism byTityus trivittatus in Argentina. Toxicon2003, 41(8):971-977.]. Furthermore, nighttime stings were previously reported in Colombia originating from T. fuhrmanni,in   South Africa from Parabuthus granulatus   and in Iran from Hemiscorpius lepturus   [1616 . Gómez JP, Otero R, Núñez V, Saldarriaga M, Díaz A, Velásquez P: Aspectos toxinológicos, clínicos y epidemiológicos del envenenamiento producido por el escorpión Tityus fuhrmanni Kraepelin. Med UNAB 2002, 5(15):159-165.

17 . Müller GJ: Scorpionism in South Africa. A report of 42 serious scorpion envenomations. S Afr Med J 1993, 83(6):405-411. - 1818 . Pipelzadeh MH, Jalali A, Taraz M, Pourabbas R, Zaremirakabadi A: An epidemiological and a clinical study on scorpionism by the Iranian scorpion Hemiscorpius lepturus . Toxicon 2007, 50(7):984-992. ]. In Brazil, stings by T. bahiensis   and T. serrulatus   were reported as having occurred either at night or during the day [ 1111 . Horta FMB, Caldeira AP, Sares JAS: Escorpionismo em crianças e adolescentes: aspectos clínicos e epidemiológicos de pacientes hospitalizados.Rev Soc Bras Med Trop 2007, 40(3):351-353. , 1919 . Ribeiro AL, Rodrigues L, Jorge MT: Aspectos clínicos e epidemiológicos do envenenamento por escorpiões em São Paulo e municípios próximos. Ver Patol Trop 2001, 30(1):83-92. ].

      The frequency of local signs and symptoms was similar in patients from both regions. The most frequently observed manifestations were pain followed by paresthesia, edema and erythema, thus corroborating previous clinical findings on envenomations byT. obscurus   and T. silvestris   in the Brazilian Amazon and by T. stigmurus   in northeastern Brazil,T. serrulatus   and T. bahiensis   in southeastern Brazil and other countries [ 66 . Martins MA, Barradas L, Silva RHV, Pardal PPO: Estudo clínico e epidemiológico dos acidentes por escorpião atendidos no Hospital Universitário João de Barros Barreto período de janeiro a dezembro de 1996.Rev Para Med 2002, 16(1):34-38.

7 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. -88 . Chowell G, Díaz-Dueñas P, Bustos-Saldaña R, Míreles AA, Fet V: Epidemiological and clinical characteristics of scorpionism in Colima, Mexico (2000-2001). Toxicon 2006, 47(7):753-758. , 1010 Bucaretchi F, Baracat ECE, Nogueira RJN, Chaves A, Zambrone FAD, Fonseca MRCC, Tourinho FS: A comparative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus serrulatus . Ver Inst Med Trop São Paulo 1995, 37(4):331 -336. , 1313 . Soares MRM, Azevedo CS, De Maria M: Escorpionismo em Belo Horizonte, MG: um estudo retrospectivo. Rev Soc Bras Med Trop2002, 35(4):359-363. , 1717 . Müller GJ: Scorpionism in South Africa. A report of 42 serious scorpion envenomations. S Afr Med J 1993, 83(6):405-411. , 2020 . Lira-da-Silva RM, Amorim AM, Brazil TK: Envenenamento porTityus stigmurus (Scorpiones; Buthidae) no Estado da Bahia, Brasil. Rev Soc Bras Med Trop 2000, 33(3):239-245. ]. In Tunisia, envenomations by H. lepturus   were not accompanied by local inflammatory process, but in Iran local necrosis was

      reported [ 2121 . Bouaziz M, Bahloul M, Kallel H, Samet M, Ksibi H, Dammak H, Ahmed MN, Chtara K, Chelly H, Hamida CB, Rekik N: Epidemiological, clinical characteristics and outcome of severe scorpion envenomation in South Tunisia: multivariate analysis of 951 cases. Toxicon 2008, 52(8):918-926. , 2222 . Jalali A, Pipelzadeh MH, Sayedian R, Rowan EG: A review of epidemiological, clinical and in vitro physiological studies of envenomation by the scorpion Hemiscorpius lepturus(Hemiscorpiidae) in Iran. Toxicon 2010, 55(2-3):173-179. ].

      The severity of envenomations differed between the two regions in that western patients presented higher frequencies of systemic signs and symptoms with an emphasis on the neurological findings. All the patients of this study were included in level 2 of the Scorpion Consensus Expert Group [ 1212 Khattabi A, Soulaymani-Bencheikh R, Achour S, Salmi LR, Scorpion Consensus Expert Group: Classification of clinical consequences of scorpion stings: consensus development. Trans R Soc Trop Med Hyg 2011, 105(7):364-369. ], corroborating the finding of Nishikawa et al . [2323 . Nishikawa AK, Caricati CP, Lima ML, Dos Santos MC, Kipnis TL, Eickstedt VR, Knysak I, Da Silva MH, Higashi HG, Da Silva WD: Antigenic cross-reactivity among the venoms from several species of Brazilian scorpions.Toxicon 1994, 32(8):989-998. ] who have shown that the venom ofT. obscurus   was slightly toxic when compared with venoms of other Brazilian scorpions, such as T. serrulatus, T. bahiensis   andT. estigmurus .

      Several signs and symptoms have been reported in scorpion envenomations, mostly involving both sympathetic and parasympathetic stimulation as well as central manifestations. A variety of central nervous system (CNS) symptoms has been reported in human scorpionism by T. serrulatus, T. bahiensis   and T. stigmurus,   including somnolence, dizziness, contracture, tremors and seizures [ 1010 Bucaretchi F, Baracat ECE, Nogueira RJN, Chaves A, Zambrone FAD, Fonseca MRCC, Tourinho FS: A comparative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus serrulatus . Ver Inst Med Trop São Paulo 1995, 37(4):331 -336. , 1111 . Horta FMB, Caldeira AP, Sares JAS: Escorpionismo em crianças e adolescentes: aspectos clínicos e epidemiológicos de pacientes hospitalizados.Rev Soc Bras Med Trop 2007, 40(3):351-353. , 2020 . Lira-da-Silva RM, Amorim AM, Brazil TK: Envenenamento porTityus stigmurus (Scorpiones; Buthidae) no Estado da Bahia, Brasil. Rev Soc Bras Med Trop 2000, 33(3):239-245. ]. However, some neurological findings were observed only in envenomations attributed to T. obscurus   in the western area and were not found in other regions of Pará state [ 66 . Martins MA, Barradas L, Silva RHV, Pardal PPO: Estudo clínico e epidemiológico dos acidentes por escorpião atendidos no Hospital Universitário João de Barros Barreto período de janeiro a dezembro de 1996.Rev Para Med 2002, 16(1):34-38. ]. This was the case in regards to myoclonus, electric shock-like sensations in the body, dysarthria, paresthesia, ataxia and dysmetria. Previous reports of similar clinical manifestations have been attributed to this species in the municipalities of Santarém, Belterra and Prainha in the west of Pará, Brazil and French Guiana, as well as by Centruroides infamatus   and C. limpidus tecomanus   in Mexico,P. granulatus   and P. transvaalicus   in South Africa and in Zimbabwe [ 77 . Pardal PPO, Castro LC, Jennings E, Pardal JSO, Monteiro MRCC: Aspectos epidemiológicos e clínicos do escorpionismo na região de Santarém, Estado do Pará, Brasil. Rev Soc Bras Med Trop 2003, 36(3):349-353. , 88 . Chowell G, Díaz-Dueñas P, Bustos-Saldaña R, Míreles AA, Fet V: Epidemiological and clinical characteristics of scorpionism in Colima, Mexico (2000-2001). Toxicon 2006, 47(7):753-758. , 2424 . Benmosbah M, Guegueniat P, Mayence C, Egmann G, Narcisse E, Gonon S, Hommel D, Kallel H: Epidemiological and clinical study on scorpionism in French Guiana. Toxicon 2013, 73:56-62. doi:10.1016/j.toxicon.2013.05.025.
https://doi.org/10.1016/j.toxicon.2013.0...
             ,2525 . Bergman NJ: Clinical description of Parabuthus transvaalicus scorpionism in Zimbabwe. Toxicon1997, 35(5):759-771. ].

      The difference in neurological signs and symptoms caused by T. obscurus from eastern and western regions suggests a variability in venom composition. The venom of T. obscurus   contains at least 102 distinct peptide components, but the complete primary structures of only 18 peptides are known. Three of them are K+-channel-specific toxins and the other 15 toxins act on Na+-channels [ 2626 . Batista CV, Gómez-Lagunasa F, Lucas S, Possani LD: Tc1, fromTityus cambridgei, is the first member of a new subfamily of scorpion toxin that blocks K(+)-channels. FEBS Lett 2000, 486(2):117-120.

27 . Batista CV, Gomez-Lagunas F, Rodríguez de la Vega RC, Hajdu P, Panyi G, Gáspár R, Possani LD: Two novel toxins from the Amazonian scorpionTityus cambridgei that block Kv1.3 and Shaker B K +channels with distinctly different affinities. Biochim Biophys Acta2002, 1601 (2):123-131. -2828 . Guerrero-Vargas JA, Mourão CB, Quintero-Hernández V, Possani LD, Schwartz EF: Identification and phylogenetic analysis of Tityus pachyurus and Tityus obscurus novel putative Na + -channel scorpion toxins. PloS One 2012, 7(2):e30478. ]. The diversity of components in scorpion venom resulting from geographical differences and environmental changes in the habitat has been described for several scorpion species. According to Ruiminget al.   [ 2929 . Ruiming Z, Yibao M, Yawen H, Zhiyong D, Yingliang W, Zhijian C, Wenxin L: Comparative venom gland transcriptome analysis of the scorpionLychas mucronatus reveals intraspecific toxic gene diversity and new venomous components. BMC Genomics 2010, 11:452. ] and Ozkan and Ciftci [ 3030 . Ozkan O, Ciftci G: Individual variation in the protein profile of the venom of Mesobuthus gibbosus (Brullé, 1832, Scorpiones: Buthidae) from Turkey. J Venom Anim Toxins incl Trop Dis 2010, 16(3):505-508. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-91992010000300017.
http://www.scielo.br/scielo.php?script=s...
             ], geographical separations can lead to diversity of components among scorpion venoms. Other authors such as Badheet al. [ 3131 Badhe RV, Thomas AB, Harer SL, Deshpande AD, Salvi N, Waghmare A: Intraspecific variation in protein pattern of red scorpion (Mesobuthus tamulus, coconsis, pocock) venoms from Western and Southern India.J Venom Anim Toxins incl Trop Dis 2006, 12(4):612-619. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-91992006000400008.
http://www.scielo.br/scielo.php?script=s...
             ] found intraspecific variation between venoms of Mesobuthus tamulus   from different regions of India; Abdel-Rahman et al.   [ 3232 Abdel-Rahman MA, Omran MA, Abdel-Nabi IM, Ueda H, McVean A: Intraspecific variation in the Egyptian scorpion Scorpio maurus palmatus venom collected from different biotopes.Toxicon 2009, 53(3):349-359. ] observed that a number of factors such as environmental, genetic and geographic ones contributed to intraspecific variation of the toxin fromScorpio maurus palmatus   populations of different regions of Egypt. In Brazil the variation and diversity in the toxicity from the venom ofT. serrulatus   and other Tityus   species of medical importance have already been shown [ 2020 . Lira-da-Silva RM, Amorim AM, Brazil TK: Envenenamento porTityus stigmurus (Scorpiones; Buthidae) no Estado da Bahia, Brasil. Rev Soc Bras Med Trop 2000, 33(3):239-245. , 3333 . Rates B, Ferraz KK, Borges MH, Richardson M, De Lima ME, Pimenta AM: Tityus serrulatus venom peptidomics: assessing venom peptide diversity. Toxicon 2008, 52(5):611 -618. ].

      The specific treatment for scorpion envenomations in Brazil is based on the administration of species-specific antivenom, obtained from plasma of horses immunized with the venoms of T. serrulatus,   which has been used effectively for the treatment of human scorpionism attributable to T. serrulatus,   and other species such as T. stigmurus  and T. bahiensis   [ 33 . Fundação Nacional de Saúde: Manual de diagnóstico e tratamento de acidentes por animais peçonhentos. 2nd edition. Brasília: Ministério da Saúde; 2001. , 1010 Bucaretchi F, Baracat ECE, Nogueira RJN, Chaves A, Zambrone FAD, Fonseca MRCC, Tourinho FS: A comparative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus serrulatus . Ver Inst Med Trop São Paulo 1995, 37(4):331 -336. , 1111 . Horta FMB, Caldeira AP, Sares JAS: Escorpionismo em crianças e adolescentes: aspectos clínicos e epidemiológicos de pacientes hospitalizados.Rev Soc Bras Med Trop 2007, 40(3):351-353., 2020 . Lira-da-Silva RM, Amorim AM, Brazil TK: Envenenamento porTityus stigmurus (Scorpiones; Buthidae) no Estado da Bahia, Brasil. Rev Soc Bras Med Trop 2000, 33(3):239-245. ]. In addition, an in vivo and in vitro   study showed that the antivenom ofT. serrulatus   can also be used successfully against T. obscurus   [ 2323 . Nishikawa AK, Caricati CP, Lima ML, Dos Santos MC, Kipnis TL, Eickstedt VR, Knysak I, Da Silva MH, Higashi HG, Da Silva WD: Antigenic cross-reactivity among the venoms from several species of Brazilian scorpions.Toxicon 1994, 32(8):989-998. ].

    
      Conclusion

      The present study showed that cases of confirmed envenomation by T. obscurus in two regions of the state of Pará, Brazil presented different clinical manifestations and severity. The neurological manifestations such as myoclonus, dysarthria, electric shock-like sensations throughout the body, ataxia and dysmetria, were reported only by patients from the western portion of the state, which suggests variation and diversity in the toxicity of T. obscurus venom from different areas of the Brazilian Amazon basin, and thatT. serrulatus   antivenom can be successfully used againstT. obscurus.
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Figure 1

               Study areas in Pará state, northern Brazil.
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Figure 2

               Female specimen of Tityus obscurus (Gervais, 1843) with length of 10 cm from the eastern region of Pará state, Brazil. It had been provided by a patient who was showing systemic manifestations upon hospital admission.
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Table 1

             Demographic findings of patients envenomed by Tityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
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Table 2

             Clinical findings of patients envenomed by Tityus obscurus (Gervais, 1843) in two study areas of Pará state, Brazil
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Table 3

             Local and systemic signs and symptoms of patients envenomed byTityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
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Figure 1   
               Study areas in Pará state, northern Brazil.
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Figure 2   
               Female specimen of Tityus obscurus (Gervais, 1843) with length of 10 cm from the eastern region of Pará state, Brazil. It had been provided by a patient who was showing systemic manifestations upon hospital admission.
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Table 1    
             Demographic findings of patients envenomed by Tityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
          





	Parameters	Eastern (n = 34)	Western (n = 14)	p value
	
                  Gender
                			0.52
	Male	17	9	
	Female	17	5	
	
                  Age (years)
                			0.73
	< 5	1	1	
	6-14	4	1	
	> 15	29	12	
	Md (IQR)*
									31.5 (23-41)	31.5 (20-50)	
	
                  Site of sting
                			0.65
	Upper limbs	24	8	
	Lower limbs	8	5	
	Other site	2	1	
	
                  Time of sting
                			0.02
	7 a.m. to 6 p.m.	25	10	
	7 p.m. to 12 a.m.	9	4	
	
                  Time elapsed until admission (hours)
                			0.83
	< 1	22	8	
	2-3	5	2	
	3 >
									7	4	
	Md (IQR)*	1.0 (0.3-2.0)	1.3 (1.0-3.0)	





*Median and interquartile range.
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Table 2    
             Clinical findings of patients envenomed by Tityus obscurus (Gervais, 1843) in two study areas of Pará state, Brazil
          





	Parameters	Eastern (n = 34)	Western (n = 14)	
p   value
	
                  Severity of symptoms*
                			
	Dry sting	2	0	
	Local manifestations	32	14	
	Systemic manifestations	6	9	
	
                  Signs and symptoms*
                			0.005
	Level 1	26	5	
	Level 2	6	9	
	
                  Treatment
                			0.005
	Painkillers	26	5	
	Antivenom	6	9	





*According to the International the Scorpion Consensus Expert Group [12].
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Table 3    
             Local and systemic signs and symptoms of patients envenomed byTityus obscurus   (Gervais, 1843) in two study areas of Pará state, Brazil
          





	Parameters*	Eastern (n = 34)	Western (n = 14)
	
                  Local manifestations
                		
	Pain	30	14
	Pain radiating	2	9
	Paresthesia	16	12
	Edema	12	7
	Erythema	14	5
	Sweating	1	3
	Piloerection	0	4
	Burning	0	1
	
                  S
                  ystemic manifestations General:
                		
	Sweating	2	5
	Headache	1	0
	Agitation	0	4
	Tremors	0	5
	Prostration	0	1
	Asthenia	0	2
	Chills	0	1
	
                  Gastrointestinal
                		
	Nausea	3	4
	Abdominal cramps	0	3
	Vomiting	0	2
	Sialorrhea	0	1
	
                  Cardiorespiratory
                		
	Hypertension	0	1
	Tachypnea	1	0
	
                  Ophthalmologic
                		
	Blurred vision	1	5
	Conjunctival hyperemia	0	4
	Photophobia	0	1
	
                  Neurological
                		
	Somnolence	1	4
	Dizziness	3	0
	Confusion	1	0
	Electric shock-like sensations	0	7
	Myoclonus	0	9
	Ataxia	0	4
	Paresthesia	0	5
	Dysarthria	0	6
	Dysmetria	0	3
	Fasciculation	0	3
	Motor incoordination	1	1





*Some patients had more than one sign or symptom of envenoming.
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