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ABSTRACT

Egypt like other developing countries use pesticides widely to increase crops production
and prevent spread of vector-borne diseases. However, pesticides poisoning is considered
as a public health problem as it is associated with high morbidity and mortality.
Objectives: evaluation the red cell distribution width (RDW), neutrophil lymphocyte
ratio (NLR) and platelet lymphocyte ratio (PLR) as prognostic markers in acutely
pesticide-poisoned patients. Methodology: eighty patients with acute pesticide poisoning
who admitted to Toxicology Unit of Emergency Hospital, Tanta University, were
classified into three groups according to their outcome. Three mL of venous blood were
drawn for performing complete blood count (CBC), and were analyzed by hematology
analyzer machine. The RDW, NLR, and PLR were assessed. Results: Patients of group
(3) had the significant highest total WBCs, neutrophils and platelets counts (P<0.001).
Significant lymphopenia was found in patients of group (3). Moreover, group (3) had
significantly higher RDW% (15.49£.91), NLR (median 8.63, IQR 7.00-10.33) and PLR
(362.51+59.45) than groups 1 & 2 (P<0.001). ROC curves showed cut off values of
RDW% >14.3 (sensitivity 93.8% and specificity 83.3%), NLR > 6.49 (sensitivity 87.5%
and specificity 95.8%), and PLR > 292.87 (sensitivity 87.5% and specificity 91.7%).
These parameters were significantly related to the patients outcome (p<0.001). Plasma
cholinesterase enzyme activity was correlated significantly and negatively with RDW%,
NLR and PLR (P<0.001). Conclusion: Measured RDW%, NLR, and PLR are useful,
valuable, inexpensive and easily accessible parameters in estimating prognosis and the
follow-up of patients with acute pesticides poisoning.
KEYWORDS: Acute pesticide poisoning, Red cell distribution width, Neutrophil
lymphocyte ratio, Platelet lymphocyte ratio, Prognosis

INTRODUCTION organochlorines, and pyrethroids are
Pesticides are potentially toxic chemical accounted for human poisoning (Page et

compounds that are mainly used to
protect the agricultural crops (Mansour,
2004). Pesticides are +classified into
herbicide, insecticide, fungicide and
fumigant (Georgiadisa et al., 2018).
Among the insecticides;
organophosphates, carbamates,

al., 2017).

Acute pesticide poisoning leads to great
morbidity and mortality, particularly in
developing countries as they are
commonly wused to increase crops
production to meet the foods need of the
people and their sales are not governed
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(Bertolote et al., 2006). The manner of
pesticides poisoning varies between
intentional and unintentional. Annually,
about 350,000- 440,000 suicidal cases
occur throughout the world that result in
approximately 250,000-300,000 deaths,
and the number of victims of nonfatal
pesticide poisoning are assumed to be
much greater (Gunnell et al., 2007 and
Chaetal., 2014).

The recognition of potent prognostic
biomarkers are needed during the clinical
management of acutely pesticide
poisoned- patients to predict the
outcome. Meanwhile, the clinical
significance of the CBC test in the
diagnosis of humans poisoning was
examined in few studies (Tang et al.,
2018). As CBC is accessible to clinicians
as a part of routine investigations.

The red cell distribution width (RDW) is
one of the full blood count findings,
which determines the size or volume
variability of the erythrocytes. The RDW
reflects  anisocytosis that indicates
heterogonous erythrocyte size (Jo et al.,
2013). Recently, many  studies
demonstrated that a high RDW is
strongly affiliated with cardiac, hepatic,
metabolic patients indicating that RDW
represents the inflammatory status of the
body (Dabbah et al., 2010; Kim et al.,
2012; Zorlu et al., 2012 and Hu et al.,
2013).

The neutrophil-lymphocyte ratio (NLR)
and the platelet-lymphocyte ratio (PLR)
are  sensitive  inflammatory  and
independent prognostic markers in many
clinical states as sepsis, cardiac
disorders, stroke, and acute appendicitis
(Zahorec, 2001; Balta et al.,, 2013;
Kaya et al.,, 2014 and Alan et al.,
2015).

The aim of this study was to evaluate the
prognostic role of the RDW, NLR and
PLR in patients with acute pesticide
poisoning.

MATERIALS AND METHODS
This study was hospital based
prospective study. Patients with acute
pesticide  poisoning  admitted to
Toxicology Unit of Emergency Hospital
of Tanta University, Tanta, Egypt, from
May to October 2014 were enrolled in
this study. The diagnosis of acute
pesticide poisoning was grounded on the
history of exposure to a pesticide, the
presence of typical clinical
manifestations that were improved after
supportive and specific treatment.
Exclusion criteria were patients with (i)
history of pregnancy, cancer,
hematological, cardiovascular, renal,
hepatic diseases, diabetes mellitus,
trauma, and symptomatic bacterial or
viral infection (i)  delay  of
hospitalization for more than 24 hours
after pesticide exposure (iii)
administration of any intravenous drugs
or undergone any invasive treatment
such as hemoperfusion. As all these
disorders are accompanied with elevated
either RDW or NLR and PLR (Shehata
et al., 1998; Li et al., 2017; Tang et al.,
2018).

All studied patients underwent thorough
history taking which included age, sex,
marital status, residence, education,
route, manner of pesticide exposure, type
and amount of pesticide, time delay of
hospital arrival and history of any acute
or chronic diseases. Physical
examination comprising vital signs (heart
rate, blood pressure, respiratory rate, and
temperature), head & neck, chest, and
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abdomen were performed. The level of
consciousness was evaluated using the
Glasgow Coma scale (GCS).

Five mL of venous blood were drawn to
do routine laboratory investigations and
pseudocholinesterase activity.

Regarding the complete blood count
(CBC), 3 mL of venous blood was taken
under complete aseptic conditions into
heparin lithium-anticoagulant tubes on
admission and before administration of
any drug medications. This sample was
analyzed by hematology analyzer
machine (Beckman Coulter, Brea, CA).
The RDW was directly obtained by the
hematology  analyzer. NLR  was
estimated as absolute neutrophil count
divided by absolute lymphocyte number,
while PLR was calculated by dividing
total platelet number by absolute
lymphocyte count.

Outcome of the poisoned patients was
studied as regards clinical improvement
with  or without occurrence of
complications or death. They categorized
into three groups: group (1); complete
recovery, Group (2); complicated
recovery and group (3); death. The
complications vary according to the
causative pesticide agent.
Organophosphates and  carbamates
poisoning is complicated by cardiac
arrhythmias, non-cardiogenic pulmonary
edema, respiratory depression, aspiration
pneumonia, and metabolic acidosis (Faiz
et al., 2011). Phosphides toxicity is
complicated by hemorrhage, acute renal
failure, disseminated intravascular
coagulation and arrhythmias (Mehrpour
et al., 2012). Pyrethroid poisoning is
complicated by respiratory failure,
hypotension, acidosis, seizures, and renal
failure (Kim et al., 2015). This study

was approved by the Ethical Committee
of The Faculty of Medicine, Tanta
University, Egypt. All included patients
or their relatives signed an informed
written consent regarding the analysis of
their medical data after declaring the
objectives and research plan. All
patients’ information was securely coded
and analyzed.

STATISTICAL ANALYSIS
For quantitative data, the Shapiro-Wilk
test for normality was performed. For
data that were not normally distributed,
median  and interquartile  range
(expressed as 25M-75" percentiles) were
calculated and Kruskal-Wallis test was
used for comparison between groups. For
normally distributed data, values were
expressed as mean * standard deviation
and one-way ANOVA test was
performed for comparison between
groups. When results of these tests were
significant, the suitable posthoc tests
were done for pairwise comparison.
For qualitative data, they were expressed
as numbers and percentages in brackets.
In addition, Spearman’s rank correlation
was done to test association of
cholinesterase level and the studied
hematological parameters. For prediction
of the prognosis of the studied patients
by using RDW%, NLR, and PLR,
Receiver Operating Characteristic (ROC)
curves were constructed. Significance
was adopted at p < 0.05 for interpretation
of results of tests. All analyses were done
using SPSS version 20 (Knapp, 2017)

RESULTS

This study was carried on eighty patients
aged between 18 and 60 years who were
poisoned with different types of
pesticides. All patients arrived at the
toxicological unit within 1-13 hours
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post-exposure to pesticides (Median 3.0,
IQR 2.0-6.0 hours) and stayed in hospital
for a mean duration of 5.3£3.2 days. The
mean systolic blood pressure was
108.50+£22.37 mmHg while, the median
diastolic blood pressure was 70.00 (IQR
50.00-80.00) mmHg.

Most of the enrolled patients were
married male farmers as presented in
Tablel.

Table (1): Demographic data and general
characteristics of the studied patients

Patients  with  normal level of
consciousness outnumbered those with
disturbed level of consciousness whose
GCS was < 12. The majority of patients
suffered from vomiting, abdominal colic,
diarrhea, crepitations, miosis, and
hypotonia.

As obvious in Table 4, The median
hemoglobin levels and the mean red
blood cell counts were comparable
between all groups and did not show
statistical significant differences between
the different studied groups (P value
0.792 and 0.119, respectively).

Table (3): Clinical manifestations of the
poisoned patients

Character N=80 |Percentage %

Sex Female 14 17.5

Male 66 82.5
Marital Married 58 72.5
Status Single 22 27.5
Residence |Rural 58 72.5

Urban 22 27.5
Occupation |Farmer 66 82.5

Housewife 10 12.5

Students 4 5.0
N: Number

The accidental manner of poisoning was
the predominant. Higher percentage of
patients exposed to the
anticholinesterases insecticides including
organophosphates and  carbamates
through mixed routes as inhalation, skin,
and or ingestion. The lowest pesticides
exposures  were  pyrethroid and
organochlorine (2.5%). (Table 2)

Table (2): Circumstances of poisoning in all
studied patients

Clinical findings N=80 |Percentage
%

Consciousness| GCS>13 48 60.0
GCS<12 32 40.0
Miosis Yes 60 75.0
No 20 25.0
Fasciculations| Yes 34 425
No 46 57.5
Hypotonia Yes 42 52.5
No 38 475
Crepitations Yes 42 52.5
No 38 475
Wheeze Yes 36 45.0
No 44 55.0
Vomiting Yes 64 80.0
No 16 20.0
Abdominal Yes 68 85.0
colic No 12 15.0
Diarrhea Yes 59 73.6
No 21 26.4

N. | Percentage %

Manner of Accidental 70 87.5
poisoning Suicidal 10 12.5
Route of Combined 60 75.0
exposure Ingestion 20 25.0
Type of Anticholinesterase 46 575

pesticides insecticides
Phosphides 18 22.5
Pyrethroid 2 2.5
Organochlorine | 2 25
Unknown 12 15.0

N: Number

GCS: Glasgow Coma Scale, N: Number

Biomarkers of inflammation studied
from CBC were total white blood cells
(WBCs), neutrophils, lymphocytes, and
platelets. Patients of group (3) had
significant higher total WBCs, neutrophil
and platelet count compared with the
other groups (P<0.001). In contrast,
patients of group (3) exhibited
statistically significant lowest
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lymphocyte count in comparison with
groups 1 &2 (P<0.001). Regarding the
hematological parameters, group (3) had
significantly higher RDW%, NLR and
PLR than groups 1 & 2 (P <0.001).
Table 4

From the ROC curves, patients were
considered of bad prognosis when

RDW9%, NLR and PLR were >14.3, 6.49

and 292.87, respectively (p value
<0.001). The most sensitive
hematological parameter was RDW

(93.8%) and the most specific parameter
was NLR (95.8%) (Table 5 & Figure 1)

Table (4): Statistical analysis (Posthoc test) of the hematological parameters in the different

studied groups

Hematological elements Groups Kruskal-Wallis
& ANOVA tests
Group (1) Group (2) Group (3) Test |P value
N=22 N=26 N=32 statistic
(27.5%) (32.5%) (40.0%0)
Hb (gm) Median (IQR) | 12.0 (11.4-13.1) |12.4(11.7-13.1)| 12.3(11.3-13.8) | 0.467 | 0.792
RBCsx10° Mean+ SD 4.66+0.31 4.49+0.38 4.87+0.56 2.320 | 0.119
WBCs(x10%)* Mean+ SD 8.21+1.05 9.55+1.42 13.32+1.05 | 70.23 [<0.001*
Neutrophils Median (IQR) | 3.71(2.87-3.97) [3.68 (3.37-3.98)|6.65 (5.93-8.15)| 28.15 |<0.001*
(x10%°
Lymphocytes Median (IQR) | 1.82 (1.32-2.02) [1.02 (0.95-1.05)| 0.8 (0.79-0.87) | 30.28 (<0.001*
(x10%"
i - - _ *
Platelets (x10%° Median (IQR) | 190 (180-199) | 191 (184-205) 2883(22652.)45 26.63 | <.001
RDW% ® Mean+ SD 13.17+.48 13.47+1.21 15.49+ .91 36.32 |<0.001*
NLR® Median (IQR) | 2.02(1.87-2.33) |3.87(3.30-4.14)|8.63(7.00-10.33)| 33.068 [<0.001*
PLR* Mean+ SD 116.36+25.60 | 200.63+29.0 | 362.51+59.45 | 109.61 |<0.001*

Pairwise comparison (Tukey test) revealed significant differences between: * all groups (p<0.05) ¥; Group
(1) versus Group (3) and Group (2) versus Group (3) (p<0.001%*).

RDW: Red cell Distribution Width, NLR: Neutrophil Lymphocyte ratio, PLR: Platelet Lymphocyte Ratio, gm:
gram, SD: Standard Deviation, IQR: interquartile range, P* significant if < 0.05, N: Number

Table (5): The best cut off, sensitivity and specificity for prediction of the outcome of pesticide
intoxication by Red cell Distribution Width (RDW %), Neutrophil Lymphocyte ratio (NLR), and
Platelet Lymphocyte Ratio (PLR)

Hematological | Cut off Sensitivity | Specificity | Accuracy | AUC P value
parameters
RDW% >14.30 93.8% 83.3% 90% 0.96 <0.001*
NLR >6.49 87.5% 95.8% 92.5% 0.97 <0.001*
PLR >292.87 87.5% 91.7% 90% 0.98 <0.001*

RDW: Red cell Distribution Width, NLR: Neutrophil Lymphocyte Ratio, PLR: Platelet Lymphocyte Ratio, AUC:
Area Under the Curve, P* significant if < 0.05

Table 6 presented that there was no
significant association between the type
of pesticides and the evaluated
hematological ratios (P value > 0.05). In

the current study, there was significant
strong negative correlation between
plasma pseudocholinesterase enzyme
activity and RDW%, NLR and PLR (P
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value <0.001) as it is obvious in Figures

2,3 and 4.

Table (6): Statistical analysis for detection the association between the types of pesticides and
Red cell Distribution Width, Neutrophil Lymphocyte ratio, and Platelet Lymphocyte Ratio

Hematological parameters Types of pesticides Kruskal-Wallis &
ANOVA tests
Anticholinesterases | Phosphides | Unknown | Test statistic P
RDW Mean+ 14.24 + 14.16 £ 13.40 £ 0.937 0.401
SD 1.43 1.13 1.36

NLR Median 3.90 6.10 2.98 2.06 0.367
(IQR) (2.17-7.11) (3.30-8.63) | (2.24-4.43)

PLR Median 195.79 324.3 233.33 1.85 0.454
(IQR) (114.3-324.3) (173.91-369) | (180-309.5)

RDW: Red cell Distribution Width, NLR: Neutrophil Lymphocyte ratio, PLR: Platelet Lymphocyte Ratio, SD:

Standard Deviation, IQR: Interquartile Range, P: significant if <0.05

Fig. 1: Receiver Operating Characteristic (ROC)
curves of Red cell Distribution Width (RDW%),
Neutrophil Lymphocyte ratio (NLR), and Platelet
Lymphocyte Ratio (PLR) for prediction of the
prognosis of the pesticide poisoned patients.

Fig. 2: Spearman rank Correlation between Red cell

Distribution ~ Width (RDW%) and
cholinesterase  (ChEl) activity. r:
Coeffecient, P*: significant if < 0.05

plasma
Correlation

Fig. 3: Spearman rank Correlation between
Neutrophil Lymphocyte ratio (NLR) and plasma
cholinesterase  (ChEl) activity. r: Correlation
Coeffecient, P*: significant if < 0.05

Fig. 4: Spearman rank correlation between Platelet
Lymphocyte Ratio (PLR) and plasma cholinesterase
(ChEl) activity. r: Correlation Coeffecient, P*:
significant if < 0.0
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DISCUSSION
In Egypt, Pesticides (mainly
anticholinesterase insecticides)
intoxication is the most frequent cause of
morbidity and mortality among the non-
pharmaceutical agents poisoning (Azab
et al., 2016). Many studies revealed
higher rates of pesticide poisoning in
developing countries, especially in rural
areas Wwhere pesticides are poorly
regulated and easily  available
(Eddleston et al., 2002 and Andiran &
Sarikayalar, 2004). The socioeconomic
status, cultural practices, local industrial
and agricultural activities reflected on
the variation between countries and
populations (Peden et al., 2008).
In the current study, the mean duration of
hospital stay was 5.3+£3.2 days, which
was consistent with Dundar et al.
(2014) who found that the mean duration
of hospitalization was (4.25+4.63) days.
The mean hemoglobin level exhibited no
statistically ~ significant  differences
between the studied groups. In
agreement with these findings, Al-Sarar
et al. (2009) and Dundar et al. (2015)
who reported that Hb, MCV, MCH, and
MCHC remained unchanged with
organophosphates poisoning. Similarly,
Dindar et al. (2014) and Kang et al.
(2014) stated that there was no statistical
significant difference between survivors
and non-survivors in terms of Hb and
hematocrit value following pesticides
and organophosphates poisoning (P
=0.117 and 0.569), respectively. This
was explained on the basis that CBC was
done within the first 24 hours where the
antioxidant capacity of erythrocytes was
not worn out (Dundar et al., 2015).
Statistical studying of CBC indices
revealed statistically significant

leukocytosis, neutrophilia, lymphopenia,
and thrombocytosis in death group (3) if
compared with patients of groupsl & 2.
These results were similar to the study of
Tang et al. (2018) who found significant
difference between the healthy, the
moderate and the severe groups of
organophosphates poisoning in terms of
WBCs, neutrophil,  platelet and
lymphocyte. In addition, they detected
significant  difference  between the
survival, the death, and the healthy
groups of paraguat poisoning regarding
the same indices.

Moreover, these findings were in partial
agreement with Dundar et al. (2014)
and Zhou et al. (2016) as they did not
detect statistically significant differences
between the studied groups of pesticide
poisoning in terms of lymphopenia and
thrombocytosis. Ambali et al. (2010)
have reported thrombocytosis in
subacute and chronic pesticide poisoning
in rats while Ambali et al. (2011) have
reported thrombocytopenia.
Thrombocytopenia is commonly noticed
in non-poisoning clinical settings (de
Jager et al.,, 2010 and Wright et al.,
2010)

The above-mentioned results could be
elucidated that acute pesticide poisoning
results in an  extensive  body
inflammatory reaction due to oxidative
stress as they induce excessive
production of free radicals or impair the
antioxidant mechanisms of the body
(Abdollahi et al., 2004; Hernandez et
al., 2013). Free radicals can elicit lipid
peroxidation of the cellular membrane
with subsequent cellular damage (Xu et
al., 2014) and produce chemokine
production (Michalec et al., 2002). As a
result, leukocytosis, neutrophilia, and
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lymphopenia could be detected in the
acute clinical course when the oxidative
stress is increased (de Jager et al., 2010
and Wright et al., 2010).

The results of the current study showed
that RDW%, NLR and PLR were
statistically elevated in death group.
These results were comparable with
Dundar et al. (2014), Kang et al. (2014)
and Dundar et al. (2015), studies who
reported significant difference between
the different studied groups of pesticides
and organophosphates poisoning.

The explanation of these findings was
attributed to the resulted status of acute
inflammation and increased oxidative
stress following pesticides poisoning
which  escalates anisocytosis  thus
increases RDW. This may be mediated
by the deformation of erythrocyte
membranes, erythropoiesis disruption
and destruction and shortening RBCs
half-lives (Senol et al., 2013).
Furthermore, the released inflammatory
cytokines reduce RBCs maturation in
bone marrow, consequently, immature
RBCs escape into circulation, eventually
elevating the RDW (Pierce and Larson,
2005).

In this study, the ROC curve analysis
displayed the significant association
between the RDW%, NLR & PLR and
prognosis of acute pesticides poisoning.
The most sensitive parameter was
RDW% (93.8%) with cut off value
14.30, while the most specific parameter
was NLR (95.8%) with cut off value of
6.49. DUndar et al. (2015) found that the
cut off value and sensitivity of RDW%
In anticholinesterases poisoned patients,
the plasma pseudocholinesterase activity
was significantly and  negatively
correlated with RDW%, NLR and PLR.

for  predicting the prognosis in
organophosphates  poisoning  were
>145% and  73%,  respectively.
Additionally, Dundar et al. (2014)
reported the cut off value and specificity
of NLR for predicting mortality in acute
pesticide poisoning were 7.1 and 66%,
respectively. Furthermore, they found
that the cut off value and specificity of
PLR for predicting the mechanical
ventilation requirements were 217.5 and
80%, respectively. Therefore, RDW%,
NLR, and PLR may be useful and
simpler parameters in assessing the
prognosis of pesticide poisoning.

By further statistical analysis, there was
not significant association between the
type of pesticide involved in the toxicity
and the assessed hematological
parameters (RDW, NLR and PLR). In
disagreement with these results was
Mecdad et al. (2011) study who
revealed significant elevation of tumor
necrosis factor level (immunological
biomarkers  of  inflammation) in
insecticides-exposed  workers  versus
fungicides exposed workers and control.
Additionally, Tang et al. (2018) stated
that when the severe organophosphates
poisoned patients were compared with
the death group of paraquat, the
statistical difference indexes included
WBCs, neutrophil, eosinophil, basophil,
monocyte, lymphocyte, and platelet.
Hence, the NLR and PLR were
significantly different between these
groups but the RDW% was not
significantly different.

Plasma cholinesterase is an enzyme that
hydrolyzes acetylcholine. It has an
essential role during inflammatory
reaction and represents an accurate index
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of cholinergic activity (Zivkovic et al.,
2018). It is considered as negative
inflammatory reactants, whose serum
levels are inversely associated with the
increasing degree of inflammation
(Zivkovic et al., 2016). These findings
confirmed that these hematological
parameters could assess the severity and
prognosis of anticholinesterase
insecticides poisoning when there was no
laboratory facility to measure the plasma
level of pseudocholinesterase activity
such as in health institutions of
developing countries.

CONCLUSION

Measurement of Red cell distribution
width, Neutrophil lymphocyte ratio, and
platelet lymphocyte ratio within 24 hours
of pesticide exposure and prior the
administration of any medications are
useful, valuable, inexpensive and easily
accessible parameters in estimating
prognosis and the follow-up of patients
with acute pesticide poisoning in contrast
to other novel prognostic markers.
The sample of this study was small, thus,
it may decrease the statistical power of
the study. Thus, we recommend that
further controlled studies should be
conducted on large scale of patients from
multi-centers to be able to analyze the
pesticide subgroups and to validate these
parameters as prognostic markers.
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