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Abstract
Background: The Amazon basin is one of the seven major geographical areas where 
scorpionism is recorded. In French Guiana, 90 stings per 100,000 inhabitants are 
registered per year. As the severity of cases is higher in children, descriptive studies are 
needed to have a better understanding of this pathology. The aim of the present study 
is to describe pediatric scorpionism in French Guiana. 
Methods: We conducted a monocentric descriptive retrospective study on scorpion 
stings in all pediatric patients admitted to Cayenne General Hospital from January 1, 
2002 to December 31, 2018. 
Results: In this survey, 132 patients were included. Of them, 63% were male. Patients 
with general signs of envenomation were younger and lighter (p = 0.04). The picture 
was “one sting” (95.3%) by a “big” (47.6%), “black” (60%) and “small pincer” (58%) 
scorpion on the extremity of the body (84%). Stings occurred mainly during the day, 
while patients changed clothes. There was no envenomation during night. The monthly 
evaluation highlights that the number of stings and percentage of general signs of 
envenomation were closely connected to a composite variable including the variation 
of the level of rivers (p = 0.005). Cardiac symptoms were recorded in 82% of cases 
with general signs of envenomation. The presence of pulmonary; ear, nose, and throat 
(ENT); or gastrointestinal symptoms are related to major envenomation (p = 0.001, 
p = 0.01, and p = 0.02 respectively). Leukocytosis and glycemia increased according 
to the envenomation grade whereas serum potassium and alkaline reserve decreased. 
Forty-six patients needed hospitalization and seven of them required intensive care. 
No patient died nor presented sequelae at discharge from the hospital. 
Conclusion: Pediatric scorpionism in French Guiana is closely associated with child 
activities and climatic conditions. Severe envenomation presented most of the time 
with cardiac, pulmonary, and gastrointestinal symptoms.
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Background
The Amazon basin is one of the seven major geographical areas 
with a high incidence of scorpion stings. Thus, 28.5 stings per 
100,000 inhabitants are recorded worldwide every year and 0.08% 
of them results in death [1]. Previous studies have shown that the 
incidence of scorpion stings is closely related to climatic conditions 
[2]. Indeed, in Amazonia, scorpion stings are more common during 
the rainy season [3–5] differing from the other major regions 
where scorpion stings occurred during the dry season [6–8]. It is 
noteworthy that the incidence of scorpion stings is underestimated 
because most patients do not consult their physicians after the sting 
[9]. Besides that, pediatric scorpionism remains a public health 
problem due to the high incidence and potential severity [10]. 

In French Guiana, 30 scorpion species have been identified 
and their distribution is well known [11]. Only three species are 
responsible for severe stings: Tityus obscurus, Tityus silvestris, 
and Isometrus maculatus [12,13]. These three species are from the 
Buthidae family and are considered “opportunistic” [14]. They 
are present throughout the territory and notably in the city [11], 
and are responsible for 90 stings per 100,000 inhabitants/year 
[15]. In addition, the two deaths recorded in French Guiana since 
1997 caused by scorpion envenomation were children stung by 
Tityus obscurus [16,17]. In French Guiana, children represent 
27.8% of calls to the regional emergency call service (SAMU 
973) and 22.1% of consultations in the emergency department 
for scorpion sting [3,18]. Moreover, scorpion envenomation is 
globally more severe for children than adults [19–21]. Therefore, 
we designed this study to describe the epidemiological, 
environmental, clinical, biological and therapeutic features of 
pediatric scorpionism in French Guiana.

Methods
Study population and environment
French Guiana is an overseas region of France located on the 
North Atlantic coast of South America between the third and 
the fifth North degree. In 2018, the population was estimated to 
be 296,700 inhabitants, which represents 3.5 inhabitants/km². 
People under 20 years old represents 41.7% of the population. 
Most inhabitants (86%) live on the coast or along rivers. Fifty-
two percent of them live in the metropolitan area of the main 
city Cayenne, with a density of 574 inhabitants/km². In French 
Guiana, there are three emergency departments (ED) (Cayenne, 
Kourou, and Saint Laurent du Maroni). Cayenne General 
Hospital is a 742-bed health facility that provides a first-line 
medical care for an urban population of 150,000 inhabitants. 
It manages 18 remote centers for prevention and primary care 
of almost 50,000 inhabitants. Thereby, it is also a referral center 
for the largest share of the Guianese population coming from all 
over French Guiana as well as for border areas of neighboring 
countries [22]. 

French Guiana shelters a unique and important ecosystem 
including tropical rainforests (96% of the region), coastal 
mangroves, savannahs, inselbergs and many types of wetlands 
[11]. It is a tropical area with a short dry period and a longer 

rainy season. The rainy season lasts from December to June 
and the highest period of rainfall is from April to June, with 
the biggest pluviometry peak in May. Daytime temperatures are 
higher in the forest than on the coast, while nights are cooler. 
Humidity is constantly high (85%) as well as temperatures of 
27°C all along the year [23].

Study setting and design
This monocentric retrospective study was conducted in the ED 
of the Cayenne General Hospital, and covers a 16-year period 
from January 1st, 2003 to December 31, 2018. We analyzed 
retrospectively all medical files of patients under 18 years old 
admitted to the ED due to scorpion stings. Age groups are 
defined as follows: neonate (0 to 1 months), infant (1 to 23 
months), child (2 to 12 years), and adolescent (13 to 18 years). 
The selection of medical files was based on the 10th revision 
of the International Statistical Classification of Diseases and 
Related Health Problems (ICD-10). The selected codes were 
T63.2 (venom of scorpion), T63.8 (toxic effect of contact with 
other venomous animals), T63.9 (toxic effect of contact with 
unspecified venomous animal) or X22 (contact with scorpions). 
Only medical files with scorpion envenomation mentioned by the 
physician in charge were studied. We gathered epidemiological 
and clinical data, including age and gender of patients, the date 
and time of the sting, the site of the sting on the patient’s body, 
the scorpion description, and the clinical symptoms at the 
arrival to the ED. Topics for the syndromic assessment were:

• Cholinergic symptoms including agitation, apnea, bradycardia or 
tachycardia, bronchoconstriction, coma, confusion, convulsion, 
cyanosis, high blood pressure, hypersecretion (bronchorrhea, 
sialorrhea and diarrhea), lethargy, myosis or mydriasis, nausea, 
paresthesia, paralysis, sweating, and vomiting. 

• Adrenergic symptoms including abdominal pain, acidosis, 
agitation, seizures, fever, headache, high or low blood pressure, 
hypo or hyperglycemia, hypokalemia, insomnia, mydriasis, 
nausea, palpitations, tachycardia, tachypnea, tremor, 
ventricular extrasystoles, and vomiting [24]. 

The severity of envenomation was assessed according to the 
classification of the scorpion consensus experts group [25]: 

• Grade I: local manifestations. 
• Grade II: minor manifestations (i.e. non-life-threatening). 
• Grade III: severe manifestations (i.e. life threatening). 
• Grade 0: no manifestation / dry sting (an extended 

classification/adaptation by this research group).

The severity of envenomation was also measured using the 
Poisoning Severity Score [26]. For the evaluation of pediatric risk 
of mortality, we used the PRISM Score [27]. The need for individual 
patient consent was waived by the local research ethics committee. 
Our database has been registered at the Commission National 
de l’Informatique et des Libertés (registration n. 2217032), in 
compliance with French law on electronic data sources.
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Statistical analysis
We designed a database with information from patients and 
scorpions and performed a descriptive analysis using Excel 365 
and Stata® Version 15 for Windows. Results were reported as 
median and interquartile range (25th-75th percentiles), mean ± 
standard deviation, or numbers with percentages. To compare 
qualitative variables, Fisher’s exact test was used. To compare 
quantitative variables, student’s t-test and the Mann-Whitney 
test were employed. The significance level was set at p ≤ 0.05. 
Autoregressive-moving-average model (ARIMA) with ponderation 
(0,0,0) [28] and the coefficient of determination (r²) were utilized to 
determine the link between environmental condition and number 
of stings or percentage of general envenomation per month. For 
multiple analysis, the variable was kept p < 0.5. 

Receiver operating characteristic (ROC) curves were used to 
evaluate the diagnostic value of quantitative variable for PRIMS 
II according grade of envenomation. The area under the curve 
was estimated by the method of Hanley and McNeill [29].

Results

Population description 
One hundred thirty two patients stung by scorpions were finally 
included in the study. They were seven infants (5%), 88 children 
(67%) and 37 adolescents (28%). Of them, 63% were male. Fifty-
seven patients (86% of the recorded values) were stung in a coastal 
city and the nine remaining patients (14% of the recorded values) 
in forest area. General signs of envenomation were present in 
100% of infants, 58% of children, and 24.7% of adolescents 
(Figure 1B). Mean age was 10 ± 5 years in patients with Grade 
0 and I envenomation and 8 ± 5 years in those with Grades II 
and III (p = 0.06). It was 7 ± 5 years in patients with Grade III 
envenomation (p = 0.0008). The weight was 28 ± 16 kg in patients 
with general envenomation versus 35 ± 16 kg in those without 
(p = 0.04) (Figure 1A). Ninety-one patients (90% of the recorded 
values) consulted in the first three hours after the sting without 
statistical difference between envenomation grades.

Figure 1. Distribution of the grade of envenomation according to patient (A) weight and (B) age. The curves represent the percentage of general 
envenomation by (A) weight and (B) age group.
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Patients were typically stung one time by a “big black small 
pincer scorpion” at home on the extremity of the body during 
daytime. The color of the scorpion was known in 33 cases (20%), 
as follows: 20 black (60%), ten brown (30%), one grey (3.3%), one 
yellow (3.3%) and one white (3.3%). The size of the scorpion was 
known in 22 cases (16%) and defined as small or less than 2.5 
cm in nine cases (43%), medium or 2.5 to 5 cm length in two 
cases (10%), and big or more than 5 cm in 11 cases (47 %). The 
description of scorpions’ pincer was registered in 67 cases (58%) 
and described as small in 58 of them (86% of the recorded values). 
The number of scorpion stings was available in 126 cases (96%) 
as follows: one sting in 120 cases (95%), two stings in five cases 
(4%) and numerous stings in one case (1%). The sting site in the 
body was available in 125 cases (95%): 105 cases (84%) on the 
extremity (60 on the foot and 45 the on hand), 12 cases (10%) on 
the limbs (five on the arm and seven on the leg), in seven cases 
(5%) on the trunk and in one case (1%) on the face. Physicians 
in charge provided a description of the scorpion as Tityus in 
30 cases (22%) and specified Tityus obscurus in 18 cases (13%).

Environmental features at the time of the sting

The circumstances of the envenomation were recorded in 58 
cases (75%). Patients were at home in 48 cases (83%), at school 
in five cases (9%), at the beach in two cases (3%), and in forest 
or playground in three cases (5%). The time of the sting was 
recorded in 103 cases (78%) (Figure 2). The sting happened 
mostly during daytime (6 am to 6 pm) in 66 cases (63%), without 
difference between groups with and without general signs of 
envenomation (p = 0.36). The highest frequency of scorpion 
stings were observed between 06:00 and 08:00 in 15 cases (11%), 
12:00 and 14:00 in 12 cases (9%), and between 20:00 and 22:00 
in 17 cases (13%). 

The distribution of cases according to the month of occurrence 
is reported in Figure 3B. The number of cases varied according 
to the rain flow, with 0.67 case/month during the dry season 
versus 0.70 case/month during the rainy season. It was 0.91 case/
month during the highest rainy season (p = 0.02). The number 
of cases per month was better correlated with the water level 
of rivers than the other climatic variable in univariate analysis 
(p = 0.01 and r² = 0.40) but most with river level variation in 
multivariate analysis (p = 0.005) (Table 1). 

The ARIMA composite variable (Figure 3) had p <0.0001 and 
r² = 0.81 with mathematical formulation f(x) = 0.0625[River 
Flow] - 0.1264[Water level of river] + 0.0049[Pluviometry] – 
0.0696[River level variation] 

The number of cases with general symptoms (i.e. Grade II or 
III envenomation) was unequally distributed throughout the 
year (Figure 4B) with the lowest number of cases in October 
and November (<50%) and the highest in January (80%) (p = 
0.002). This percentage was better correlated with the absolute 
monthly river level variation (r² = 0.45, p = 0.003) than with 
other climatic variables but most with sunshine in multivariate 
analysis (p = 0.07) (Table 2). 

The ARIMA composite variable (Figure 4) had p <0.0001 and 
r² = 0.77 with mathematical formulation f(x) = -0 .3269 [Absolute 
river level variation] - 54.0915[Temperature] - 0.2843[Water 
level of river] + 0.0349 [River flow] + 0.1451[Pluviometry] + 
0.5258 [Sunshine].

Clinical pictures and paraclinical results
Patients were divided according to the Katthabi classification 
into 15 patients (11%) in Grade 0, 40 patients (30%) in Grade I, 
38 patients (29%) in Grade II, and 39 patients (30%) in Grade III. 
Clinical symptoms according to the severity of envenomation 
are summarized in Table 3. The average number of symptoms 
was 3.79 in Grade III versus 1.52 in Grade II patients (p = 0.001). 
The average number of organs affected was 2.28 in Grade III 
versus 1.21 in Grade II patients (p = 0.0002). In comparison of 
Grade II and Grade III envenomation, tachycardia was associated 
with Grade II (p < 0.0001) and the presence of pulmonary or 
ENT symptoms (notably sialorrhea) or nausea was associated 
with Grade III envenomation (respectively p < 0.0001, p = 0.01, 
p = 0.01 and p = 0.02). 

Paraclinical investigations included three chest radiography, 
71 electrocardiography and 62 blood sample tests (Table 4 
shows the blood tests abnormalities recorded). Only one chest 
radiography showed alveolar syndrome. The analysis of the 
electrocardiogram record found sinus rhythm in all patients 
without sinus or ventricular electric dysfunction.

Leukocytosis was dosed in 58 cases (93%) (Figure 5A). The 
mean leukocytes count was 10 ± 6.3 G/L (extremes 1.9-42.2 
G/L). Leukocytosis was significantly associated with general 
envenomation (p = 0.03). Glycemia was dosed in 55 cases (88%) 
(Figure 5B). The mean glycemia dosage was 6 ± 2.5 mmol/L 
(extremes 3.6-18.6 mmol/L). Hyperglycemia was significantly 
associated with Grade III envenomation (p = 0.02). Alkaline 
reserve was dosed in 59 cases (90%) (Figure 5C). The mean 
alkaline reserve dosage was 22.7 ± 4.1 mmol/L (extremes 
12-32 mmol/L). A decrease in alkaline reserve was recorded in 
22 patients (37%). It was significantly associated with Grade II 
and III envenomation (p = 0.02). Serum potassium was dosed in 
57 cases (87%) (Figure 5D). It was 3.8 ± 0.6 mmol/L (extremes 
1.9-5.0 mmol/L). Hypokalemia was found in seven patients 
(12%). The rate of hypokalemia increased with the grade of 
envenomation without statistical significance (p = 0.056). Lactic 
acid was dosed in 13 cases (20%). The mean lactic acid dosage was 
3.3 ± 2.3 mmol/L (extremes 1.0-8.8 mmol/L). Hyperlactatemia 
was diagnosed in eight patients (61%). All of them were Grade 
II or III envenomation. 

Therapeutic features and outcome 
Ninety patients (68%) received a symptomatic treatment. Oxygen 
therapy has been administered to four patients (5%) and only 
one patient (0.8%) required mechanical ventilation. Analgesics 
were prescribed to 88 patients (67%). The prescribed analgesics 
were Class I, II, and III in 83 (66%), 11 (9%), and 13 patients (10%) 
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Figure 2. Number of patients according to the time of the day.

Table 1. Factors associated with monthly scorpion sting distribution for the study population via regression analysis per month (scorpion sting rate is response 
variable).

Model Factor b S.E. (b) T value p r²

UA Water level of river 0.0465 0.020 2.35 0.01 0.40

River flow 0.0150 0.007 2.12 0.03 0.40

Absolute river level variation -0.0462 0.091 0.615 0.61 0.11

Pluviometry 0.0070 0.008 0.91 0.36 0.11

River level variation -0.0227 0.028 0.41 0.41 0.08

Sunshine -0.0002 0.017 -0.01 0.99 0.02

Temperature -0.4082 2.154 -0.19 0.85 <0.01

MA Water level of river -0.1265 0.161 -0.79 0.43

River flow 0.0624 0.051 1.20 0.23

Pluviometry 0.0049 0.006 0.77 0.44

River level variation -0.0696 1.277 3.90 0.005

r² = 0.81, p < 0.001

UA: univariate analysis, MA: multivariate analysis, b: coefficient, S.E. (b): standard error of coefficient, r²: coefficient of determination

respectively. There was no significant relationship between the 
class of analgesic used and the grade of envenomation. No use 
of prazosin or antivenom was recorded. 

Eighty-six patients (64%) received ambulatory treatment and 
46 (36%) required a hospitalization. Outpatients were divided 

into 11 (12%) Grade 0, 32 (38%) Grade I, 24 (29%) Grade II, 
and 18 (21%) Grade III envenomation. The duration of medical 
management in the ED was 4.2 ± 3.3 hours, without statistical 
difference between grades of envenomation. Inpatients were 
divided into 4 (9%) Grade 0, 7 (15%) Grade I, 14 (30%) Grade 

https://www.editoraletra1.com.br
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Figure 4. (A) Correlation between the number of general envenomation recorded and the number predicted by the ARIMA composite variable (r² = 0.77). (B) 
The monthly representation of the percentage of general envenomation recorded and the number predicted by the ARIMA composite variable.

Figure 3. (A) Correlation between the number of patients recorded and the number predicted by the ARIMA composite variable (r² = 0.81). (B) The monthly 
representation of the number of stings recorded and the number predicted by ARIMA composite variable.

Table 2. Factors associated with monthly general envenomation distribution for the study population via regression analysis per month (general envenomation 
rate is response variable).

Model Factor b S.E. (b) T value p r²

UA Absolute river level variation -0.1261 0.1523 -0.83 0.41 0.45

River level variation 0.0680 0.173 0.39 0.70 0.44

Temperature -22.0612 9.390 -2.35 0.02 0.33

Water level of river 0.2107 0.155 1.36 0.17 0.32

River flow 0.0688 0.049 1.40 0.16 0.31

Pluviometry 0.0589 0.031 1.88 0.06 0.29

Sunshine -0.1200 0.085 -1.41 0.16 0.16

MA Absolute river level variation -0.3269 0.183 -1.78 0.08

Temperature -54.0915 37.643 -0.27 0.15

Water level of river -0.2843 1.043 -0.27 0.79

River flow 0.0349 0.350 0.10 0.92

Pluviometry 0.1451 0.857 1.69 0.90

Sunshine 0.5258 0.285 1.84 0.07

r² = 0,77 p < 0.001

UA: univariate analysis, MA: multivariate analysis, b: coefficient, S.E. (b): standard error of coefficient, r²: coefficient of determination
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Table 3. Clinical parameters recorded in the general population and according to the grade of envenomation.

Overall population Grade 0-I Grade II Grade III

Parameter Nb Result Nb Result Nb Result Nb Result

Local symptoms 131 104 (79.4%) 55 40 (72.7%) 38 33 (89.2%) 39 31 (79.5%)

Pain 130 93 (71.5%) 54 35 (64.8%) 37 29 (78.4%) 39 29 (74.4%)

Paresthesia (local) 126 19 (15.1%) 54 7 (13%) 36 8 (22.2%) 36 8 (22.2%)

Erythema 128 47 (36.7%) 54 17 (31.5%) 36 14 (38.9%) 38 14 (38.9%)

Local edema 129 34 (26.4%) 54 11 (20.4%) 37 11 (29.7%) 38 12 (31.6%)

Muscle cramps 130 1 (0.8%) 55 0 (0%) 37 0 (0%) 38 1 (2.9%)

General symptoms 132 9 (6.8%) 55 0 (0%) 38 2 (5.3%) 39 7 (17.9%)

Fever (T > 38.5°C) 112 1 (0.9%) 49 0 (0%) 33 0 (0%) 30 1 (3.3%)

Asthenia 131 4 (3.1%) 55 0 (0%) 37 0 (0%) 39 4 (10.3%)

Sweat 131 5 (3.8%) 55 0 (0%) 37 2 (5.3%) 39 3 (7.7%)

Neurologic symptoms 132 14 (10.6%) 55 0 (0%) 38 5 (13.2%) 39 9 (23.1%)

Coma 131 2 (1.5%) 55 0 (0%) 37 0 (0%) 39 2 (5.1%)

Agitation 131 10 (7.6%) 55 0 (0%) 37 2 (5.4%) 39 8 (20.5%)

Dysarthria 130 2 (1.5%) 54 0 (0%) 37 0 (0%) 39 2 (5.1%)

Muscular hypertonia 131 4 (3.1%) 55 0 (0%) 37 0 (0%) 39 4 (10.3%)

Mydriasis 131 1 (0.8%) 55 0 (0%) 37 0 (0%) 39 1 (2.6%)

Myosis 131 3 (2.3%) 55 0 (0%) 37 1 (2.7%) 39 2 (5.1%)

Paresthesia (general) 131 3 (2.3%) 55 0 (0%) 37 1 (2.7%) 39 2 (5.1%)

Lack of coordination 131 4 (3.1%) 55 0 (0%) 37 0 (0%) 39 4 (10.3%)

Visual disturbances 131 2 (1.5%) 55 0 (0%) 37 1 (2.7%) 39 1 (2.6%)

Dizziness 131 1 (0.8%) 55 0 (0%) 37 1 (2.7%) 39 0 (0%)

Headache 132 2 (1.5%) 55 0 (0%) 38 2 (5.4%) 39 0 (0%)

Anxiety 131 1 (0.8%) 55 0 (0%) 37 0 (0%) 39 1 (2.6%)

ORL symptoms 131 9 (6.9%) 55 0 (0%) 38 1 (2.7%) 39 8 (20.5%)

Hypersalivation 131 9 (6.9%) 55 0 (0%) 37 1 (2.7%) 39 8 (20.5%)

Tearing 130 0 (0%) 54 0 (0%) 37 0 (0%) 39 0 (0%)

Rhinorrhea 131 3 (2.3%) 55 0 (0%) 37 0 (0%) 39 3 (7.7%)

Cardiovascular signs 132 63 (47.7%) 55 0 (0%) 38 31 (81.6%) 39 32 (82.1%)

Hypertension 86 25 (29.1%) 27 0 (0%) 30 14 (46.7%) 29 11 (37.9%)

Hypotension 86 4 (4.7%) 27 0 (0%) 30 0 (0%) 29 4 (13.8%)

Tachycardia 125 28 (22.4%) 50 0 (0%) 37 22 (59.5%) 38 6 (15.8%)

Bradycardia 125 20 (16%) 50 0 (0%) 37 0 (0%) 38 20 (52.6%)

Pulmonary signs 132 20 (15.2%) 55 0 (0%) 38 1 (2.6%) 39 19 (48.7%)

Polypnea 33 15 (45.5%) 5 0 (0%) 8 0 (0%) 20 15 (75%)

Wrestling signs 127 3 (2.3%) 51 0 (0%) 38 0 (0%) 38 3 (7.9%)

Respiratory distress 127 3 (2.4%) 51 0 (0%) 37 0 (0%) 38 3 (7.9%)

Acute respiratory failure 126 6 (4.8%) 53 0 (0%) 37 0 (0%) 36 6 (16.7%)

Bronchospasm 131 1 (0.8%) 55 0 (0%) 37 0 (0%) 39 1 (2.6%)

Bronchial congestion 132 3 (2.3%) 55 0 (0%) 38 1 (2.6%) 39 2 (5.1%)

Uro-digestive manifestations 131 20 (15.3%) 55 0 (0%) 38 6 (16.2%) 39 14 (35.9%)

Nausea 130 14 (10.8%) 54 0 (0%) 37 3 (8.1%) 39 11 (28.2%)

Vomiting 130 12 (9.2%) 54 0 (0%) 37 3 (8.1%) 39 9 (23.1%)
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Overall population Grade 0-I Grade II Grade III

Parameter Nb Result Nb Result Nb Result Nb Result

Abdominal pain 130 10 (7.7%) 54 0 (0%) 37 3 (8.1%) 39 7 (17.9%)

Meteorism 130 4 (3.1%) 55 0 (0%) 37 1 (2.7%) 39 3 (7.9%)

Urinary retention 131 2 (1.5%) 55 0 (0%) 37 0 (0%) 39 2 (5.1%)

Priapism 131 0 (0%) 55 0 (0%) 37 0 (0%) 39 0 (0%)

Cholinergic syndrome 132 75 (56.8%) 55 7 (12.7%) 38 36 (94.7%) 39 32 (82.1%)

Adrenergic syndrome 132 68 (51.5%) 55 3 (5.5%) 38 37 (97.4%) 39 28 (71.8%)

Table 3. Cont.

Table 4. Paraclinical investigations recorded in the general population and according to the grade of envenomation.

Overall population Grade 0-I Grade II-III

Parameter Nb Result Nb Result Nb Result

Biologic exams 132 62 (47%) 55 18 (32.7%) 77 44 (57.1%)

Biologic abnormalities 62 49 (79%) 18 12 (66.7%) 44 37 (84.1%)

Hematocrit (%) 58 38 (36-40) 17 39 (36.1-40) 41 38 (36-39)

Leukocytosis 58 7 (12.1%) 16 0 (0%) 42 7 (16.7%)

Elevated eosinophilia 56 19 (33.9%) 16 5 (31.3%) 40 14 (35%)

Thrombocytopenia 58 1 (1.7%) 16 0 (0%) 42 1 (2.4%)

Prothombin time < 60% 50 10 (20%) 14 1 (7.1%) 36 9 (25%)

Fibrinogen (g/L) 6 2.6 (2.4-2.8) 2 2.6 (2.6-2.7) 4 2.6 (2.3-2.7)

Protidemia (g/L) 56 73.9 (70-78) 16 74.3 (69-78.3) 40 73.5 (70.7-77.3)

Sodium (mmol/L) 59 139 (137-141) 16 138 (137-139) 43 139 (138-141)

Potassium (mmol/L) 57 3.8 (3.5-4.2) 14 3.9 (3.8-4.4) 43 3.8 (3.4-4.1)

Hypokalemia 57 12 (21.1%) 14 1 (7.1%) 43 11 (25.6%)

Metabolic acidosis 59 22 (37.3%) 16 2 (12.5%) 43 20 (46.5%)

Calcium (mmol/L) 57 2.45 (2.3-2.6) 16 2.39 (2.3-2.4) 41 2.5 (2.4-2.6)

Hypoglycemia 55 6 (10.9%) 15 1 (6.7%) 40 5 (12.5%)

Hyperglycemia 55 13 (23.6%) 15 1 (6.7%) 40 12 (30%)

Urea nitrogen (mmol/L) 57 4.1 (3.4-5) 16 3.7 (3.2-4.6) 41 4.1 (3.4-5)

Creatinine (µmol/L) 56 45.9 (37.2-57) 16 44.5 (37-55.5) 40 46 (37.3-57.3)

Bilirubin (mmol/L) 30 5 (2-6) 7 5 (4-5) 23 5 (3-6)

Elevated ASAT 39 1 (2.6%) 8 0 (0%) 31 1 (3.2%)

Elevated ALAT 38 2 (5.3%) 8 0 (0%) 30 2 (6.7%)

Elevated GGT 36 1 (2.8%) 8 1 (12.5%) 28 0 (0%)

Elevated AP 37 3 (8.1%) 8 0 (0%) 29 3 (10.3%)

Elevated lipase 3 1 (33.3%) 0 - 3 1 (33.3%)

Elevated troponin 18 8 (44.4%) 3 0 (0%) 15 8 (53.3%)

Elevated BNP 8 2 (25%) 1 0 (0%) 7 2 (28.6%)

Elevated myoglobin 5 2 (40%) 2 0 (0%) 3 2 (66.7%)

Elevated lactic acid 13 8 (61.5%) 0 - 13 8 (61.5%)

ALAT: alanine aminotransferases; ASAT: aspartate aminotransferases; GGT: gamma-glutamyltranspeptidase; AP: alkaline phosphatase; BNP: 
brain natriuretic peptide.
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II, and 21 (46%) Grade III envenomation. The hospital length 
of stay ranged between 1 and 14 days and was less than three 
days in 38 patients (82%). Hospitalization in intensive care 
unit was required for seven cases (six Grade III and one Grade 
II envenomation) and the hospitalization in a pediatric ward 
was required for nine patients (three Grade III, five Grade II, 
and one Grade 0 envenomation). No patient presented sequelae 
at the hospital discharge. No death was recorded during the 
study period.

At the hospital discharge, the worst poisoning severity score 
(PSS) and the worst pediatric risk of mortality (PRISM) score 
were assessed. PSS score was divided into 21 (16%) PSS 0, 68 
(52%) PSS 1, 36 (27%) PSS 2, and 7 (5%) PSS 3. All patients with 
PSS score of 3 were Class III envenomation. The mean PSS 
increased with the envenomation grade (p < 0.001). PRIMS was 
divided into 80 (61%) PRISM 0, 50 (38%) PRISM between 1 and 
9, and 2 (1%) PRISM higher than 10. All patients with PRISM 

score strictly higher than 6 were Class III envenomed (Figure 6). 
The mortality rate predicted with PRISM score at 10 was 4.1%. 

The worst PRISM score recorded was 17. It was a Grade III 
envenomation, 11 years old boy with blood pressure at 202/135 
mmHg (12 points), serum potassium at 3.5 mmol/L (1 point) and 
glycemia at 12.5 mmol/L (4 points). Predicted mortality was 22% 
and 12.8% when the score is adapted for age. He was hospitalized 
in intensive care unit for three days. The second worst PRISM 
score was at 16 points. It was a Grade III envenomation, 8 years 
old girl with heart rate at 60 beat per minute (4 points), serum 
potassium at 2.6 mmol/L (5 points), glycemia at 18.6 mmol/L 
(4 points) and alkaline reserve at 12 mmol/L (3 points). She 
was hospitalized in the pediatric unit for onbe day. Predicted 
mortality was 18.7% and 8.4% when the score is adapted for age. 
The longest intensive care unit hospitalization was for a 7 years 
old boy with severe acute pancreatitis. This case was previously 
reported by Kallel et al. [30]. He had a PRISM score at 8.

Figure 5. Blood sample results according to the grade of envenomation: (A) leukocyte count, (B) glycemia, (C) alkaline reserve and (D) serum potassium. 
*p < 0.05.
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Discussion
This study shows that the rate of scorpion stings in pediatric 
patients is closely correlated to some climatic conditions. It can 
be responsible for several clinical pictures ranging from local 
pain to severe organ dysfunction. Despite the severity of this 
pathology and the need for intensive care in some cases, all 
patients recovered well and, no death was recorded.

In the present study, we recorded eight cases per year in the 
average. As the study is monocentric, we are convinced that the 
incidence rate of pediatric scorpionism is underestimated in 
French Guiana. Indeed, in many cases, patients do not consult 
their physicians after the sting [9]. It is noteworthy that in 
French Guiana, the traditional pharmacopoeia is widely used. 
It is composed of vegetal, animal and mineral substances, known 
and relayed by experience. In either Amerindian or Bushinengues 
communities, traditional medicine is practiced, on a daily basis, 
by shamans or traditional doctors in whom native people have 
entire trust [31,32].

Around the world, deaths secondary to scorpion envenomation 
occurred mostly in patients under 15 years old [9]. Furthermore, 
preschool children present more complications than older ones, 
and represent the most vulnerable population [9]. The two cases 
of death previously reported in French Guiana were in this age 
range [16,17]. Thus, a better understanding of this pathology and 
an adapted medical care are mandatory to avoid new fatal cases.

Unless the scorpion is clearly seen when stinging, its 
description is often very subjective. Scorpion color and pincer 
size can be difficult to describe for untrained persons. Thus, no 
scorpion identification based on a visual description is relevant 
[33]. The French Guiana killer, Tityus obscurus, is brown when 

it is young and may be confused with many other scorpions. 
Once it reaches adulthood, it turns into black and visually 
similar to Jaguajir pintoi kourouensis [11]. Therefore, statistics 
and evaluation based on scorpion visual description should 
be performed with caution. In the present study, the scorpion 
was described as “big” (48%), “black” (60%), and “small pincer” 
(58%). In many cases, the scorpion was not captured and the 
identification was based only on the description given by the 
patient or by witnesses, so that, any conclusion about the 
responsible scorpion species would be interpretative.

The time of the sting is a key element in scorpion envenomation. 
This study suggests three specific periods when most of the 
stings occur. The first period is in the morning where children 
are stung when dressing up. The second period is around lunch 
time, when school children go home for lunch and take off their 
shoes. The third period is at sleeping time when children wear 
nightclothes. A fourth less significant time period is identified 
by the end of school day, with a similar reason to those for the 
midday. In these periods, children are stung because they are 
not aware or do not pay attention to the presence of the scorpion. 
In the other periods, stings occurred only during children’s 
activities and rarely during the sleeping time. It is noteworthy 
that scorpions can adapt to their environment and can live in 
human habitations [2,13]. We also noted that most of the stings 
occurred in coastal cities and at home. A more prudent behavior 
at home, during at-risk periods could decrease efficiently the 
number of stings. It is interesting to emphasize that periods of 
activity of children and those of scorpion are different. Scorpions 
are essentially active during the first five hours of the night [34]. 
This suggests that stings are due to a defensive behavior when 
scorpions are disturbed. 

Figure 6. Receiver operating characteristic (ROC) curve showing the link between the grade of envenomation and a PRIMS II score ≥ 5 and (AUC: 0.83).
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The correlation between the stings rate and the climatic 
conditions is obvious. The rainy weather was correlated with 
scorpion stings in other Amazonian studies [3,4]. However, this 
parameter does not explain why scorpions moved to urbanized 
areas when it is raining. Further studies identified fluvial water 
level as the most significant variable [35]. We argue that the 
fluvial water level leads the scorpion to move to dryer places. 
Consequently, urban areas represent a safer environment, as 
they are non-floodable. At this time, scorpion can cross human’s 
path and sting them [36]. This can partially explain why stings 
occurrence is higher at home than in forest. In the present work, 
we found similar results with a significant correlation between 
the rate of stings and the river level variation. Thus, urban area 
represents safe places for scorpions when the river level rises. It 
is noteworthy that the other climatic conditions did not show 
significant impact on the rate of scorpion stings. The impact of 
monthly river level variation on the epidemiology of scorpion 
sting was not described yet. We think that scorpions do not 
have to flee to seek a new refuge when rivers are stagnant. By 
the way, scorpion sting can occur also during the dry season, 
when children wear less clothes and open shoes. 

Clinical symptoms range from local pain to cardiovascular, 
respiratory, neurologic, or digestive symptoms [6]. In the present 
study, local symptoms were present in 47% of patients. However, 
the most common symptom of envenomation was abnormal 
heart rate (61% of cases of Grade II or III envenomation). This can 
be explained by the scorpion venom action on the adrenergic and 
cholinergic pathways [19]. The venom spreads in the organism 
in less than 1 hour [37] and most of patients come to hospital 
between the second and third hour after being injured. This is 
why researching abnormal heart beat seems the most relevant 
sign to determine if there is a severe envenomation. The most 
serious envenomations are also associated to cholinergic 
symptoms such as hypersecretion, lacrimation, rhinorrhea, 
and abdominal pain related to an over-secretion of digestive 
enzymes. Digestive or neurologic symptoms are also linked to 
major envenomation [38–41]. In this study, these symptoms were 
linked to Grade III envenomation too. Numerous abnormalities 
are highlighted on blood samples analysis. Some of them are 
related to the activation of the adrenergic pathway. This is the 
case of hyperglycemia, hypokalemia and metabolic acidosis. 
Hyperglycemia was found to be linked to unfavorable outcome 
and cardiac dysfunction in patients with scorpion sting [42,43]. 
So, the capillary glycemia should be checked as soon as possible 
at the emergency department. This parameter can provide 
a quick orientation on the severity of the envenomation. In 
our hospital, capillary glycemia at admission is part of the 
standard care in the emergency department. The presence of 
hyperglycemia and hypokalemia may suggest a dysregulation of 
insulin or sodium-glucose cotransporters, and Na/K exchange 
pumps, as described with other scorpions [44]. Other blood 
analysis abnormalities might be related to cholinergic pathway 
activation with hypersecretory action including pancreatic 
enzymes. This condition was observed in one patients who 

developed acute necrotic pancreatitis [30]. Indeed, pancreatitis is 
a rare but serious complication that can lead to death [45]. Lactic 
acidosis is observed in many patients with general symptoms of 
envenomation. This biological marker reflects cellular anoxia. It 
is generally associated to an increase in cardiac markers with a 
moderate elevation of troponin and a minimal elevation of BNP. 
This elevation can be associated to left ventricular dysfunction 
[46] and echocardiography is the standard investigation to search 
for this classical complication in scorpion envenomed patients 
[47]. In our study, no patient had signs of cardiac dysfunction 
and no echocardiography was performed.

The management of those patients is principally based on 
pain killers use as the patient’s suffering is at the forefront of the 
envenomation. It presents as an electrical discharge going up 
along the stung limb. Its intensity is subject to inter-individual 
variability making difficult to link the level of pain to the grade of 
envenomation. As a result, it is impossible to propose a systematic 
analgesic schema. A recent study showed an equal effect between 
cold pack and paracetamol for the management of local pain, 
but a better analgesia with local lidocaine [48]. In the present 
study, class I, II, and III analgesics were used in 68% of cases. 

Neither antivenom nor prazosin is currently available in French 
Guiana. Indeed, scorpion antivenom is difficult to synthesize 
due to the large number of scorpions in FG. Furthermore, its 
price and shelf life make it an expensive product [49]. Thus, 
it seems unnecessary to acquire it for such relatively safe 
scorpion envenomation. Concerning the prazosin, its benefit 
is debated [48]. Indeed, even though our patients mainly 
presented cardio-circulatory disorders, without neurological 
or pulmonary damages, the cost efficiency of prazosin can be 
valuable. Nevertheless, this treatment has no authorization for 
use in case of scorpion envenomation in our country. This limits 
our possibility of management in envenomed children without 
going through a temporary administrative authorization.

The PRISM score seems relevant to discriminate the different 
Grades in case of scorpion envenomation. However, it is not 
relevant to predict mortality in scorpion envenomed children in 
French Guiana. In the other hand, the PSS did not seem relevant 
in case of scorpion envenomation. The PSS over estimates the 
severity of the envenomation because affected patients are often 
very painful and major pain alone can class patient with PSS at 
3. However, if the patient’s pain is not considered, the PSS tends 
to underestimate the severity of the envenomation.

The reversibility of the symptoms is common after scorpion 
sting. In our patients, all the effects of the sting had recovered and 
there was no complication after hospital discharge. In all cases, 
patients returned home safely after few hours of monitoring or 
after hospitalization.

Conclusion
Scorpion envenomation in French Guiana is related to the activity 
of children. A simple preventive behavior such as checking 
shoes and clothes before wearing could reduce significantly the 
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number of stings. This study highlights a climatic impact on 
scorpion activities and stings in the Amazon region where the 
rate and the severity of envenomation is strongly related to the 
rivers water level and to the absolute rivers level variation. After 
scorpion sting, the rate of general symptoms decreases with age. 
The peak of risk involves children under 3 years old. The clinical 
and biological presentations are rarely serious. They include local 
pain associated to adrenergic and/or cholinergic symptoms. In 
view of the potential risks and frequency of Grade II and III 
envenomation, children under 6 years old should be assessed by 
a pediatrician or in an emergency department. The PRISM score 
seem relevant to grade envenomation. However, more specific 
triage and assessment is needed to improve hospital and pre-
hospital triage, reduce the number of helicopter transports and 
thus the number of hospitalizations and ultimately the overall 
cost of managing scorpion envenomation.

Availability of data and materials
The database of this study has been registered at the Commission 
National de l’Informatique et des Libertés (registration n. 2217032), 
in compliance with French law on electronic data sources.

Funding
JV, RM, MH, JMP, NE, ML and HK declare that they did not 
receive funding of any nature for this study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JV, NE and HK conceived this research and designed experiments. 
JV, RM, ML and HK participated in the design and interpretation 
of the data. JV and HK performed the statistical analysis. JV, 
MH, JMP, NE, ML and HK wrote the paper and participated 
in the revisions of it. All authors read and approved the final 
manuscript.

Ethics approval and consent to participate
The need for individual patient consent was waived by the 
Cayenne General Hospital research ethics committee.

Consent for publication
Not applicable.

References
1. Chippaux JP. Emerging options for the management of scorpion stings. 

Drug Des Devel Ther. 2012;6:165.
2. Chippaux JP. Rôle de l’environnement sur l’incidence et la sévérité des 

envenimations. Med Sci. 2009 Oct;25(10):858-62.
3. Benmosbah M, Guegueniat P, Mayence C, Egmann G, Narcisse E, Gonon S, 

et al. Epidemiological and clinical study on scorpionism in French Guiana. 
Toxicon. 2013 Oct;73:56-62.

4. Soares de Oliveira Costa CL, Fé NF, Sampaio I, Tadei WP. A profile of 
scorpionism, including the species of scorpions involved, in the State of 
Amazonas, Brazil. Rev Soc Bras Med Trop 2016;49:376–9. https://doi.
org/10.1590/0037-8682-0377-2015.

5. Ribeiro de Albuquerque CM, de Lima Santana Neto P, Porto Amorim ML, 
Campos Vidal Pires S. Pediatric epidemiological aspects of scorpionism and 
report on fatal cases from Tityus stigmurus stings (Scorpiones: Buthidae) 
in State of Pernambuco, Brazil. Rev Soc Bras Med Trop 2013;46:484–9. 
https://doi.org/10.1590/0037-8682-0089-2013.

6. Bouaziz M, Bahloul M, Kallel H, Samet M, Ksibi H, Dammak H, et al. 
Epidemiological, clinical characteristics and outcome of severe scorpion 
envenomation in South Tunisia: Multivariate analysis of 951 cases. Toxicon. 
2008 Dec 15;52(8):918-26.

7. Isbister GK, Volschenk ES, Seymour JE. Scorpion stings in Australia: five 
definite stings and a review. Intern Med J. 2004 Jul;34(7):427-30.

8. 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 Dec 1;50(7):984-92.

9. Chippaux JP, Goyffon M. Epidemiology of scorpionism: A global appraisal. 
Acta Trop. 2008 Aug;107(2):71-9.

10. Santos MSV, Silva CGL, Neto BS, Grangeiro Júnior CRP, Lopes VHG, 
Teixeira Júnior AG, et al. Clinical and epidemiological aspects of 
scorpionism in the world: A systematic review. Wilderness Environ 
Med. 2016 Dec;27(4):504-18.

11. Ythier E. A synopsis of the scorpion fauna of French Guiana, with 
description of four new species. ZooKeys. 2018 Jun 6;764:27-90.

12. Ward MJ, Ellsworth SA, Nystrom GS. A global accounting of medically 
significant scorpions: Epidemiology, major toxins, and comparative 
resources in harmless counterparts. Toxicon. 2018 Sep 1;151:137-55.

13. Monteiro WM, de Oliveira SS, Pivoto G, Alves EC, de Almeida Gonçalves 
Sachett J, Alexandre CN, et al. Scorpion envenoming caused by Tityus 
cf. silvestris evolving with severe muscle spasms in the Brazilian Amazon. 
Toxicon. 2016 Sep 1;119:266-9.

14. Lourenço WR. Scorpions and life-history strategies: from evolutionary 
dynamics toward the scorpionism problem. J Venom Anim Toxins 
incl Trop Dis. 2018 Sep 21;24:19. https://doi.org/10.1186/s40409-
018-0160-0.

15. Chippaux JP, Galtier J, Lefait JF. [Epidemiology of envenomation in French 
Guiana]. Bull Soc Pathol Exot Filiales. 1984 Mar-Apr;77(2):206-15. [Article 
in French].

16. Hommel D, Hulin A, Lourenço WR. Accident scorpionique létal par Tityus 
cambridgei Pocock: À propos d ́un cas en Guyane Française . Concours 
Med. 2000 Jan;7:481-4.

17. Ganteaume F, Imbert C. Le point en 2013 sur les envenimations liées 
aux arthropodes en Guyane française. Bull Société Pathol Exot. 2014 
Jan 10;107:31-8.

18. Mimeau E, Chesneau P. [Fauna attacks in French Guiana: retrospective 
4-year analysis]. Med Trop (Mars). 2006 Feb;66(1):69-73.

19. Isbister GK, Bawaskar HS. Scorpion Envenomation. N Engl J Med. 
2014;371:457-63.

20. Mohamad IL, Elsayh KI, Mohammad HA, Saad K, Zahran AM, Abdallah 
AM, et al. Clinical characteristics and outcome of children stung by 
scorpion. Eur J Pediatr. 2014 Jan;173(6):815-8.

21. Abroug F, Ouanes-Besbes L, Tilouche N, Elatrous S. Scorpion 
envenomation: state of the art. Intensive Care Med. 2020 Mar;46(3):401-10.

22. Poussin-Delmas M-A, Fardel D, Léonard A, Moriame E, Romeo L, Yusuf 
withney, et al. IEDOM - Guyane - Rapport Annuel 2018. 2019.

23. Météo France. Catalogue sédimentologique des côtes françaises - Guyane 
2018.

24. Hachelaf M, Capellier G, Danel V. Les toxidromes. Réanimation. 
2006;15:364-9.

25. 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 Jul;105(7):364-9.

https://www.editoraletra1.com.br
https://doi.org/10.1186/s40409-018-0160-0
https://doi.org/10.1186/s40409-018-0160-0


Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Vaucel et al.   J Venom Anim Toxins incl Trop Dis, 2020, 26:e20200038 Page 13 of 13

26. Persson HE, Sjöberg GK, Haines JA, Pronczuk de Garbino J. Poisoning 
severity score. Grading of acute poisoning. J Toxicol Clin Toxicol. 
1998;36(3):205-13.

27. Pollack MM, Ruttimann UE, Getson PR. Pediatric risk of mortality (PRISM) 
score. Crit Care Med. 1988;16(11):1110-6.

28. William W. Time series analysis: univariate and multivariate methods. 2d 
edition, Boston: Pearson Addison Wesley. p. 212-35. 2006.

29. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver 
operating characteristic (ROC) curve. Radiology. 1982 Apr;143(1):29-36.

30. Kallel H, Mayence C, Guegueniat P, Hommel D. Acute necrotizing 
pancreatitis after Tityus obscurus scorpion envenomation in French Guiana. 
J Clin Toxicol. 2016 Jan;6.

31. Sauvain S, Moretti C. Médecine et pharmacopées traditionnelles de 
guyane. Doss. 1985:112-6.

32. Grenand P, Moretti C, Jacquemin H. Pharmacopées traditionnelles en 
Guyane: créoles, palikur, wayãpi. Paris: Editions de l’ORSTOM; 1987.

33. Lourenço WR. Scorpion incidents, misidentification cases and possible 
implications for the final interpretation of results. J Venom Anim Toxins 
incl Trop Dis. 2016 Sep 22;22:1. https://doi.org/10.1186/s40409-016-
0075-6.

34. Tobler I, Stalder J. Rest in the scorpion - a sleep-like state? J Comp Physiol 
A. 1988 Mar;163:227-35.

35. Queiroz AM, Sampaio VS, Mendonça I, Fé NF, Sachett J, Ferreira LCL, 
et al. Severity of scorpion stings in the Western Brazilian Amazon: A 
case-control study. PLoS One. 2015 Jun 10;10(6):e0128819.

36. Chowell G, Díaz-Dueñas P, Bustos-Saldaña R, Mireles AA, Fet V. 
Epidemiological and clinical characteristics of scorpionism in Colima, 
Mexico (2000-2001). Toxicon. 2006 Jun 1;47(7):753-8.

37. Devaux C, Jouirou B, Naceur Krifi M, Clot-Faybesse O, El Ayeb M, Rochat 
H. Quantitative variability in the biodistribution and in toxinokinetic 
studies of the three main alpha toxins from the Androctonus australis 
hector scorpion venom. Toxicon. 2004 May;43(6):661-9.

38. Bahloul M, Souissi B, Turki O, Dlela M, Ben Mahfoudh K, Bouaziz M. 
Evidence of direct toxicological effects of scorpion venom on central 
nervous system in tunisian children. Crit Care. 2018;2018:1-3.

39. Bahloul M, Chaari A, Khlaf-Bouaziz N, Hergafi L, Ksibi H, Kallel H, et 
al. Gastrointestinal manifestations in severe scorpion envenomation. 
Gastroenterol Clin Biol. 2005 Oct;29(10):1001-5.

40. Bahloul M, Rekik N, Chabchoub I, Chaari A, Ksibi H, Kallel H, et al. 
Neurological complications secondary to severe scorpion envenomation. 
Med Sci Monit. 2005 Apr;11(4):CR196-202.

41. Saad K, El-Hamed MAA, Abo-Elela MGM, Ahmed AE, Abdel-Baseer 
KA, Aboul-Khair MD, et al. Neurologic complications in children with 
scorpionism: A retrospective study in upper Egypt. J Child Neurol. 2017 
May;32(6):537-42.

42. Chtara K, Bahloul M, Turki O, Baccouche N, Regaieg K, Ben Hamida C, 
et al. Incidence and impact outcome of hyperglycaemia in severe scorpion 
envenomed children requiring intensive care admission. Intens Care Med. 
2015 Oct;41(10):1871-2.

43. Ahmed AE, Abdel-Baseer KA, Saad K, Hassan AF, El-Houfey AA. 
Endocrinological and biochemical changes of scorpionism in children in 
upper Egypt. Ther Adv Endocrinol Metab. 2015 Oct;6(5):210-6.

44. Chaubey MK, Upadhyay RK. Biochemical and enzymatic changes after black 
scorpion Heterometrus fastigiousus Couzijn envenomation in experimental 
albino mice. J Appl Toxicol. 2008 Oct;28(7):874-84.

45. Lemos Moura Moreira Albuquerque P, do Nascimento Magalhaes K, de 
Castro Sales T, Hícaro Hellano Gonçalves Lima Paiva J, de Francesco 
Daher E, Bezerra da Silva Junior G. Acute kidney injury and pancreatitis 
due to scorpion sting: case report and literature review. Rev Inst Med 
Trop São Paulo 2018;60. https://doi.org/10.1590/s1678-9946201860030.. 

46. Tsai SH, Lin YY, Chu SJ, Hsu CW, Cheng SM. Interpretation and use of 
natriuretic peptides in non-congestive heart failure settings. Yonsei Med 
J. 2010 Mar;51(2):151-63.

47. Sofer S, Zucker N, Bilenko N, Levitas A, Zalzstein E, Amichay D, et al. The 
importance of early bedside echocardiography in children with scorpion 
envenomation. Toxicon. 2013 Jun;68:1-8.

48. Rodrigo C, Gnanathasan A. Management of scorpion envenoming: a 
systematic review and meta-analysis of controlled clinical trials. Syst 
Rev. 2017 Apr 8;6(1):74.

49. Armstrong EP, Bakall M, Skrepnek GH, Boyer LV. Is scorpion antivenom 
cost-effective as marketed in the United States? Toxicon. 2013 Sep;76:394-8.

https://www.editoraletra1.com.br
https://doi.org/10.1186/s40409-016-0075-6
https://doi.org/10.1186/s40409-016-0075-6

	_Hlk1830985
	_Hlk13907138
	_Hlk13907340
	_Hlk11706699
	_Hlk11804686
	_Hlk13908549
	_Hlk13908567
	_Hlk13646382
	_Hlk22472130
	_Hlk13762017
	_Hlk13781665



