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Background

Scorpion stings are common emergency events in Upper Egypt, with significant morbidity
and mortality. We aimed to investigate the hematological parameter and their relation to the
severity of envenomation in children presenting with scorpion stings.

Methods

The current study is an observational hospital-based case-control study that was carried
out at the Emergency and Intensive Care Units, from January 2022 to December 2022. The
hematological parameters were compared between these cases and those of controls.
Results

The study included 42 cases and 42 controls. The studied cases and those with moderate/severe
envenomation had significantly higher total leucocyte count, absolute neutrophilic count (ANC),
platelets count, neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR),
d-dimer, and international normalized ratio (INR), compared with controls and those with mild
envenomation, respectively. Multivariate logistic regression analysis showed that younger
aged patients were more likely to suffer from severe scorpion envenomation compared with
older aged ones (OR = 0.572, 95% confidence interval 0.356-0.919, P=0.021), and patients
with white blood cell (WBC) count greater than or equal to 11.6 were 7 times more likely to
suffer from severe scorpion envenomation compared with those with WBC count less than
11.6 (OR = 75.607, 95% Cl: 4.935-1158.258, P = 0.002).

Conclusions

Scorpion envenomation can cause many alterations in hematological parameters and platelet
indices of affected victims. The use of these parameters to predict the severity of scorpion
envenomation is simple, cheap, and easily applicable. Younger age and higher WBC count
(=11.6) were significantly independent predictors of severe envenomation. Further studies
are warranted.
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Introduction

scorpion envenomation. For example, parameters

like the total leukocytic count (TLC), and the

Scorpion stings still represent common emergency
events worldwide. Particularly, it is common in
tropical and subtropical regions. In our locality, Upper
Egypt, scorpions still represent a life-threatening
hazard, especially to children [1]. The scorpion venom
constitutes a mixture of cardiotoxins, hemolytic toxins,
nephrotoxins, and neurotoxins [2]. The balance between
those pro-inflammatory and anti-inflammatory
cytokines released by the host -in varying proportions
according to the different species of scorpions regulates
the extent of inflammation, resulting in major clinical
effects such as cardiac dysfunction, pulmonary edema,
and shock [3]. Severe envenomation is usually associated
with morbidity and mortality which in turn have an
impact on hospitalization and increased costs [4].

Recently, there has been an interest in studying
the changes in hematological parameters about

© 2023 Journal of Current Medical Research and Practice | Published by Wolters Kluwer - Medknow

activated partial thromboplastin time (aPTT)
are useful in predicting the severity of scorpion
envenomation [5]. Moreover, some alterations in
platelet counts and functions happen, due to an
excessive systemic host inflammatory response to
scorpion stings. [3].

Therefore, in this study, we aimed to investigate the
relationship between the severity of envenomation
and hematological parameters in pediatric patients
presenting with scorpion stings.

This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.
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Materials and methods

Study design, setting, and population

The current study is an observational hospital-based
case-control study. It was carried out at the Emergency
and Intensive Care Units, at Assiut University Children’s
Hospital during the period from January 2022 to
December 2022. All children with scorpion envenomation
who were admitted to the hospital during the study period
were prospectively enrolled in the present study. As cases,
they were compared with a group of matched healthy
controls. Exclusion criteria included; patients with any
other envenomation or intoxications, and patients or
parents who refused to participate in the study.

Assessments

'The study participants underwent the following:

(1) Full history: where the following data were
inquired; age, sex, time and date of presentation,
place of first referral, type of scorpion (if known),
location, time and number of stings, region
of residence (urban or rural), administration
of antivenom, number of antivenoms, and the
presenting symptoms.

(2) Full Clinical examination: vital signs, level
of consciousness, general, systemic, and local
examinations.

(3) Routine laboratory investigations:

The following laboratory workups were obtained;
complete blood count (CBC) with differential count,
with calculations of the neutrophil-to-lymphocyte
ratio (NLR), d-dimer, platelet-to-lymphocyte
ratio (PLR), and coagulation profile [prothrombin
time (PT), prothrombin concentration, partial
thromboplastin  time (PTT), and international
normalized ratio (INR)].

For coagulation parameters, blood samples were
collected from patients and controls in two citrated tubes
containing buffered sodium citrate (0.109 M, 3.2%)
in the blood:anticoagulant 9:1 ratio. The plasma was
run on a fully automated coagulometer (Sysmex CA
1500; Sysmex Corporation, Kobe, Japan), and values of
PT, PC,INR, and PTT were recorded. The rest of the
plasma was used for the calculation of D-dimer levels
by a semiquantitative rapid latex agglutination slide
test (D-Di test, Diagnostica Stago S.A.S., France).

Assessment of severity

As per Shamoon ez al. [6], the patients were classified

into four groups:

(1) Grade 1: local pain and paresthesia at the sting
site. scorpion sting.

(2) Grade 2: local pain and paresthesia at the sting
site as well as proximal to it.

(3) Grade 3: grade 2 with added cranial nerve
(blurryvision, increased oral secretions, rapid tongue
movement, nystagmus), or skeletal neuromuscular
dysfunction (flailing of the extremities, tetanus-like
arching of the back) which can also be accompanied
by autonomic dysfunction.

(4) Grade 4: unlike that of grade 3 where the patient
will experience either cranial nerve or skeletal
muscle dysfunction, grade 4 includes both. This can
cause hyperthermia (up to 40°C), rhabdomyolysis,
pulmonary edema, and multiple organ failures.

Ethical consideration

Informed written consent was obtained from the
guardians of the study participants. The protocol of the
study had been approved by the Local Medical Ethical
Review Board of the Faculty of Medicine, Assiut
University (IRB no: 17101317).

Statistical analysis

The software SPSS (statistical package for the social
science; SPSS Inc., Chicago, IL, USA) version 22 was
used. Data were described in terms of mean # standard
deviation, or median and range when not normally
distributed. The Student #-test was used for the
comparison of quantitative variables for normally
distributed data whereas Mann-Whitney U test was
used for non-normally distributed data. For comparing
categorical data, a Chi-square (y?) test was performed.
An exact test was used instead when the expected
frequency was less than 5. The receiver operating
characteristic curve (ROC) analysis was used to find
out the best cut-off values to validate the prediction
of scorpion envenomation severity using different
markers. Odds ratio (OR) with a 95% confidence
interval (CI) and Logistic Regression was calculated
for the prediction of severe scorpion envenomation.
A P value was set as significant at less than 0.05 level.

Results

Demographic and clinical characteristics

The study included two groups: 42 cases and
42 controls. It was found that there were no significant
differences between the two groups about age, sex,
and body weight. 71.4% of the cases came from rural
areas. The most common sites for the sting were the

hand (42.9%) and leg (40.5%). (Table 1).

Myocarditis, arrhythmia, depressed ST segment, and
heart failure were seen in 38.1, 31, 31, and 31% of
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cases, respectively. 38.1% of cases developed pulmonary
edema. In comparison to the control group, the studied
cases had significantly higher heart rate (HR) and
respiratory rate (RR), but lower body temperature and
blood pressure (BP). Table 2 shows these data.

Laboratory findings

With regards to the blood counts, the studied cases had
significantly higher total leucocyte count, ANC, ALC,
platelets count, PDW, NLR, and PLR, compared with
controls, respectively. On the other hand, cases had
significantly lower lymphocyte count, hematocrit, and
MPYV, than controls, respectively.

With regards to the coagulation profile, the
studied cases had significantly lower prothrombin
concentration, but higher INR and d-dimer values
than controls, respectively. There were no significant

differences about PT and PTT. These data are detailed
in Table 3.

Mild versus moderate/severe envenomation

For the severity of envenomation; 12, 14, 8, and 8 cases
had grades 1,2, 3, and 4, respectively. These grades were
grouped into two groups: group I (mild envenomation);
26 (61.9%) cases, and group II (moderate and severe
envenomation); 16 (38.1%) cases.

Group II had significantly higher total leucocyte
count, ANC, platelets count, PDW, MPV, and PLR,
compared with group I, respectively. Group II had
significantly prolonged PT, and longer PTT, higher
INR and d-dimer levels, compared with group I

patients, respectively with mild envenomation.

Predictors of severity of envenomation

The WBC, PLR, and d-dimer had areas under
the curve (AUC) of 0.921, 0.805, and 0.841, with
Pvalues of less than 0.001, 0.001, and less than 0.001,
respectively. (Table 4).

Univariate logistic regression analysis had shown
that younger age, lower GCS score, higher WBC
count, higher platelets count, higher PDW, MPV, and
PLR were significant predictors for severe scorpion
envenomation. Multivariate  logistic  regression
analysis showed that younger age and higher WBC
count (211.6) were significantly independent
predictors of severe envenomation. Younger aged
patients were more likely to suffer from severe
scorpion envenomation compared with older aged
ones (OR = 0.572, 95% CI: 0.356-0.919, P = 0.021),
and patients with WBC count greater than or equal
to 11.6 were 7 times more likely to sufter from severe

Table 1 Demographic Features and site of the sting

Item Cases (n=42, %) Controls (n=42, %) P
Age (y)
Mean+SD 5.18+4.12 5.19+3.85 0.982
Sex
Male 31 (73.8) 28 (66.7) 0.474
Female 11 (26.2) 14 (33.3)
Weight
Mean+SD 19.95+8.57 25.17+13.21 0.091
Residency
Urban 12 (28.6) 24 (57.1) 0.008
Rural 30 (71.4) 18 (42.9)

Table 2 Clinical presentations and signs of scorpion sting
among the study participants

ltem Cases (n=42, Controls P
%) (n=42, %)
Signs
Heart rate <0.001
Normal 14 (38.3) 42 (100.0)
Tachycardia 26 (61.9) 0
Bradycardia 2 (4.8) 0
Mean+SD 121.43+24.27 106.19+14.95
Respiratory rate <0.001
Normal 14 (33.3) 42 (100.0)
Tachypnea 26 (61.9) 0
Bradypnea 2 (4.8) 0
Mean+SD 29.50+9.86  23.24+5.45
Temperature (°C) 0.008
Normal 12 (28.6) 24 (57.1)
Hyperthermia 26 (61.9) 18 (42.9)
Hypothermia 4 (9.5) 0
Mean+SD 37.76+1.00 37.61+0.62
Blood Pressure 0.001
Normal 28 (66.6) 42 (100.0)
Hypertension 0 0
Hypotension 4 (9.5) 0
Shocked 10 (23.8) 0
GSC 0.001
Mean+SD 12.64+4.09  14.81+0.59
Presenting symptoms among cases; n=42 (%)
Gastrointestinal No (%)
Excessive salivations 26 (61.9)
Vomiting 25 (59.5)
Diarrhea 16 (38.1)
Abdominal pain 27 (64.3)
Neurological
Agitation 19 (45.2)
Paresthesia 42 (100.0)
Disturbed conscious level 10 (23.8)
Cardiovascular
Myocarditis 16 (38.1)
Arrhythmia 13 (31.0)
Depressed ST segment 13 (31.0)
Heart failure 13 (31.0)
Pulmonary
Pulmonary edema 16 (38.1)

scorpion envenomation compared with those with
WBC count less than 11.6 (OR = 75.607, 95% CI:
4.935-1158.258, P = 0.002). (Table 5).
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Discussion

CBC is an inexpensive and easy-to-perform diagnostic
test. Recently, numerous studies focused on the
proportion of different types of leukocytes in various
medical conditions [7,8].

Our demographic data showed that males were
more affected by scorpion stings than females. This
finding is in agreement with several studies [9] and
could be explained by the fact that boys go outdoors
more often than girls. Upper and lower limbs were
the most frequent sites for scorpion envenomation.
This finding is by the study of Baseer and Naser [10].
This could be attributed to that the upper and lower

Table 3 Hematological parameters and coagulation profile
among the study participants

Item Cases (n=42, %) Controls P
(n=42, %)
CBC parameters
WBC (10%ul) <0.001
Mean+SD 10.16+3.08 5.99+1.78
Leukocytosis 30 (71.4) 15 (35.7)
Leucopenia 2 (4.7) 6 (14.2)
Normal 10 (23.8) 33 (78.5)
Neutrophils (10%ul) 0.053
Mean+SD 49.45+19.35 40.67+21.65
ANC (cells/microL) <0.001
Mean+SD 5321.45+2596.95 2456.95+1574.33
Lymphocyte (10%ul) 0.027
Mean+SD 39.74+19.82 49.93+21.73
ALC (cells/microL) 0.003
Mean+SD 4385.12+2609.62 2960.79+1557.75
Hemoglobin (g/dl) 0.613
Mean+SD 11.69+0.98 11.78+0.77
Platelets (10%ul) <0.001
Mean+SD 333.29+150.16  207.17+52.38
NLR 0.019
Mean+SD 1.94+1.59 1.69+1.39
PLR 0.045
Mean+SD 11.49+9.39 7.98+6.57
Coagulation profile
PT (sec) 0.098
Mean+SD 13.66+1.81 12.68+0.94
PC (%) <0.001
Mean+SD 74.88+21.05 93.93+11.16
PTT (sec) 0.108
Mean+SD 34.79+9.08 30.68+5.59
INR 0.034
Mean+SD 1.29+0.48 1.06+0.33
D-dimer (mg/l) <0.001
Mean+SD 0.82+1.04 0.25+0.21

extremities were the exposed area, so easy to be liable
for envenomation.

The studied cases and those with moderate to severe
envenomation have significantly higher HR, RR,
lower mean BP, and lower GCS scores compared
with their counterparts of controls and those of mild
envenomation. These findings could be explained by
the anaphylactic reaction as a result of releasing the
allergenic proteins which leads to hypotension with
vasodilation and decreased intravascular volume with
reduced myocardial perfusion [3,6,9]. Moreover, the
scorpion venom inhibits the angiotensin-converting
enzyme (ACE), leading to the accumulation of
bradykinin, which is implicated in the development of
pulmonary edema [3,11].

Agitation and disturbed level of consciousness was seen
in 45.2 and 23.8%, of cases, respectively. Myocarditis,
arrhythmia, depressed ST segment, and heart failure
were seen in 38.1,31,31,and 31% of cases, respectively.
38.1% of cases developed pulmonary edema.

In contrast, Baseer and Naser [10] reported that the
most frequent clinical manifestations were vomiting
and tachycardia, while local manifestations such as pain,
and induration were documented in 37.0 and 11.3%,
respectively. The most frequent general manifestations
were fever and sweating which were documented in

30.5 and 50.0%, respectively [10].

Valdivia ez al. [12] reported a series of 32 children
with scorpion bites, 50% exhibited myocarditis, 12.5%
had subclinical disease, and 63% had observed ECG
changes [12]. These differences could be attributed to
differences in the inclusion criteria and the severity of
envenomation.

Notably, many studies have been conducted with
the help of hematological parameters, especially, the
total and differential leukocytic count and platelet
indices as potential biomarkers to predict the worse
clinical course of scorpion envenomation [4]. In the
current study, cases had significantly higher total
leucocyte count, ANC, ALC, platelets count, PDW,
NLR, and PLR, compared with controls, respectively.
On the other hand, cases had significantly lower
lymphocyte count, hematocrit, and MPV, than

controls, respectively. These findings were similar to

Table 4 The sensitivity and specificity of hematological parameters in predicting severe envenomation

Parameter Cut off 95% CI Sensitivity Specificity AUC P

WBCs (10%ul) >11.6 0.833-1.0 87.5% 88.5% 0.921 <0.001
MPV (fL) >0.85 0.491-0.840 62.5% 100.0% 0.666 0.074
PLR >8.2 0.661-0.950 75.0% 61.5% 0.805 0.001
D-dimer (mg/dl) >0.85 0.702-0.981 62.5% 100.0% 0.841 <0.001
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Table 5 Predictors of severe envenomation among the study cases

Variables n Univariate analysis Multivariate analysis
OR 95% Cl P OR 95% ClI P

Age 42 0.732 0.570-0.939 0.014 0.572 0.356-0.919 0.021
GCS 42 0.463 0.270-0.794 0.005
WBCs

<11.6 ref

=>11.6 53.67 7.958-361.897 <0.001 7.607 4.935-115.258 0.002
Platelets 42 1.015 1.006-1.024 0.001
PDW 42 1.961 1.167-3.297 0.011
MPV 42 2.785 1.044-7.430 0.041
D-dimer 42

<0.85 32 ref

>0.85 10 0.977 0.011-0.657 0.999
PLR

<8.2 20 ref

=82 22 4.800 1.207-19.082 0.026 5.963 0.443-80.342 0.178

previous studies [4,5,13] and could be explained by the
induction of a venom-mediated systemic inflammatory
response-like syndrome.

Thrombocytosis has been seen among our cases,
particularly those with severe envenomation. This may
reflect the stimulatory effect of released catecholamines,
especially adrenaline, on platelet synthesis [14]. NLR
and PLR are novel inflammatory markers that can be
applied in many diseases for predicting inflammation.
In the current study, it was found that the mean NLR
and PLR ratios were statistically significantly higher
in studied cases compared with healthy controls.
Moreover, the WBC, PLR, and d-dimer had areas
under the curve (AUC) of 0.921, 0.805, and 0.841,
with P values of less than 0.001, 0.001, and less than
0.001, respectively. Horoz ez al. [4] found that the
mean NLR and PLR were significantly higher among
scorpion sting patients compared with matched
controls. Moreover, the NLR can predict mortality
and major adverse cardiac events in acute coronary

syndrome [15].

With regards to the coagulation profile, the studied cases
had significantly lower prothrombin concentration,
but higher INR and d-dimer values than controls,
respectively. These findings are in concordance with
the previous literature that the coagulation disorders,
including bleeding diathesis and disseminated
intravascular coagulation (DIC), were reported as a
complication in severe forms of envenomation [16].

This could be explained by the fact that the toxin
released by the sting stimulates the autonomic nervous
system, which activates the coagulation cascade [17]
The elevated d-dimer level could be explained by
activation of the coagulation system and subsequent
fibrinolysis and has a high predictive value for venous
thromboembolism (VTE), which may occur either
locally or diffusely [18].

As predictors of severity of envenomation, our
data showed that younger age and higher WBC
count (211.6) were significantly independent predictors
of severe envenomation.

In daily clinical practice, these parameters can be
used as surrogate markers for scorpion envenomation
severity and have the advantages of being simple, cheap,
easily measured, and reproducible. Further prospective
studies using simple applicable and cheap biomarkers
namely (MPV, NLR, PLR, and PDW) are needed to
determine the best combination of these hematological
biomarkers to detect those with high risk to receive
earlier appropriate management to achieve better
outcomes.

Conclusion

Our data showed that scorpion envenomation can lead
to many alterations in hematological parameters and
platelet indices. The use of these parameters to predict
the severity of scorpion envenomation is simple,
cheap, and easily applicable. Younger age and higher
WBC count (211.6) were significantly independent
predictors of severe envenomation. Further studies are
warranted.
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