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Background and Purpose: There is an overall paucity of data regarding the human toxicity of chlorpyrifos and cypermethrin 
pesticide mixture. Both organophosphate and pyrethroid insecticides are metabolized by carboxylesterases. Thus, its pesticide 
combination, organophosphates may boost the toxicity of pyrethroids via inhibited its detoxification by carboxylesterases. This 
study examined the clinical course, laboratory tests, and outcomes of patients with chlorpyrifos, cypermethrin or their pesticide 
mixture poisoning, and to determine what association, if any, might exist between these findings.
Patients and Methods: Between 2000 and 2021, 121 patients poisoned with chlorpyrifos, cypermethrin, or their pesticide mixture 
were treated at Chang Gung Memorial Hospital. Patients were categorized as chlorpyrifos (n=82), cypermethrin (n=27) or chlorpyrifos 
and cypermethrin (n=12) groups. Demographic, clinical, laboratory and mortality data were collected for analysis.
Results: The patients experienced a broad range of clinical symptoms, including aspiration pneumonia (44.6%), salivation (42.5%), 
acute respiratory failure (41.3%), acute kidney injury (13.9%), seizures (7.5%), hypotension (2.6%), etc. Leukocytosis (12,700±6600 / 
uL) and elevated serum C-reactive protein level (36.8±50.4 mg/L) were common. The acute respiratory failure rate was 41.3%, 
comprising 48.8% in chlorpyrifos, 11.1% in cypermethrin as well as 58.3% in chlorpyrifos and cypermethrin poisoning. Patients with 
chlorpyrifos and cypermethrin pesticide mixture poisoning suffered higher rates of acute respiratory failure (P=0.001) and salivation 
(P=0.001), but lower Glasgow Coma Scale score (P=0.011) and serum cholinesterase level (P<0.001) than other groups. A total of 17 
(14.0%) patients expired. The mortality rate was 14.0%, including 17.1% in chlorpyrifos, 3.7% in cypermethrin as well as 16.7% in 
chlorpyrifos and cypermethrin poisoning. No significant differences in mortality rate were noted (P=0.214).
Conclusion: Chlorpyrifos pesticide accounted for the major toxicity of the pesticide mixture. While the data show a higher rate of 
respiratory failure in the chlorpyrifos and cypermethrin pesticide mixture group than others, other measures of toxicity such as 
mortality and length of stay were not increased.
Keywords: chlorpyrifos, cypermethrin, pesticide mixture, poisoning, acute respiratory failure, mortality

Introduction
Organophosphate pesticides such as chlorpyrifos are powerful cholinesterase inhibitors that are able to induce severe 
cholinergic toxicity by skin contact, inhalation, or gastrointestinal ingestion.1 These chemicals work by inhibiting the 
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activity of the enzyme acetylcholinesterase, leading to an excess of the neurotransmitter acetylcholine in the body.2 

Chlorpyrifos is a widespread name for the chemical 0,0-diethyl 0-(3,5,6-trichloro-2-pyridinyl)-phosphorothioate. The 
initial step in the metabolism of organophosphate compounds involves the liver enzyme cytochrome P450 (CYP450)- 
dependent oxidative desulfuration, which converts them into chlorpyrifos-oxon, an active anticholinesterase compound. 
Subsequently, paraoxonase, an A-esterase, hydrolyzes chlorpyrifos-oxon into 3,5,6-trichloro-2-pyridinol (TCPy), an 
inactive metabolite that serves as the primary metabolite of chlorpyrifos, which is specific enough to be used as 
a biomarker of exposure. TCPy is then preferentially eliminated from the body through urine. Diethylphosphate, 
diethylthiophosphate could also be generated in this metabolic pathway.3

Acute cholinergic crisis happens speedily after organophosphate exposure owing to the acetylcholinesterase inhibition 
and the features involve nicotinic and muscarinic signs and symptoms.4

Pyrethrin pesticides are derived from the flower of Chrysanthemum cinerariifolium.5 The pyrethrins work by 
targeting the nervous systems of insects, but are considered less poisonous to mammals than organophosphates.5 

Pyrethroid is an organic composite that derived from natural pyrethrins. Synthetic pyrethroids such as cypermethrin 
have been used as an insecticide in agricultural sector. It behaves as a fast-acting neurotoxin in insects. The effects of 
which are mediated through preventing the closure of the voltage-gated of sodium channels in the axonal membranes.5 

Symptoms of acute poisoning may manifest as dizziness, loss of appetite, fatigue, nausea, vomiting, and unusual 
sensations in the face.6 These abnormal facial sensations are often described as burning, itching, or tingling, and they 
can become more intense when sweating or washing with warm water.6 Fortunately, they typically subside within a few 
hours to a day after exposure. The more serious cases developed coarse muscular fasciculations in large muscles of 
extremities, conscious disturbance, twilight state or coma.6

In 2006, Tripathi et al7 reported the outcomes of eight Nepal patients due to suicidal ingestion of an illegal mixing 
pesticide of organophosphate and pyrethroid. The details of the pesticide were not described. After treatment, seven of 
the patients recovered without chronic complications. One patient died of aspiration pneumonia. As shown in Table 1, 
clinical research on the toxicity of chlorpyrifos and cypermethrin pesticide mixture poisoning are sparse in the literature, 
and confined to one original research.1,8–13 In a retrospective study of pesticide poisoning database, Iyyadurai et al12 

presented that patients with chlorpyrifos and cypermethrin pesticide mixture poisoning suffered lesser ventilator-free 
days than patients poisoned by either of the pesticides alone. The mortality rate was not significantly different among the 

Table 1 Published Literatures on the Medical Complications of Chlorpyrifos and Cypermethrin Poisoning

Year Study Sample 
Size

Pesticide Acute Respiratory  
Failure Rate, %

Mortality Rate, %

Current 

study

Wu et al 121 Chlorpyrifos, 

cypermethrin, chlorpyrifos 
and cypermethrin

48.8 (chlorpyrifos), 11.1 

(cypermethrin), 58.3 (chlorpyrifos 
and cypermethrin)

17.1 (chlorpyrifos), 3.7 

(cypermethrin), 16.7 (Chlorpyrifos 
and cypermethrin)

2021 Jacob et al13 59 Cypermethrin 5.6 0

2020 Liu et al1 40 Chlorpyrifos 42.5 15.0

2014 Iyyadurai 

et al12

84 Chlorpyrifos, 

cypermethrin, chlorpyrifos 
and cypermethrin

42.3 (chlorpyrifos), 15.7 

(cypermethrin), 53.1 (chlorpyrifos 
and cypermethrin)

0 (chlorpyrifos), 0 (cypermethrin), 

13 (chlorpyrifos and cypermethrin)

2012 Liu et al11 118 Chlorpyrifos 50.8 15.3

2010 Dawson 

et al10

1376 Chlorpyrifos 7.6

2008 Lin et al9 679 Chlorpyrifos 4.4

2005 Eddleston 

et al8
439 Chlorpyrifos 15.0 8.0
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three groups. Furthermore, Srinivasan et al14 reported a case of a 23-year-old Indian female chlorpyrifos and cyperme-
thrin pesticide mixture poisoning who suffered delayed neuropathy for two years. Moreover, Gupta et al15 described 
a 13-year-old Indian girl of chlorpyrifos and cypermethrin pesticide mixture poisoning, where the cholinergic features 
continued manifesting till 3 weeks after exposure of poison.

In Taiwan, pesticide poisoning remains a prevalent concern. According to epidemiological data spanning from 
1985 to 1993, documented by The Taiwan National Poison Center, there were 6872 reported cases of human pesticide 
exposure within an eight-year period. Pesticide exposures constituted the biggest single category, accounting for 
29.3% of all reported toxic substances exposures in Taiwan. This category encompassed various types of pesticides, 
including insecticides, rodenticides, and herbicides.16 A more recent study covering the period from July 1985 to 
December 2006 revealed 4799 cases of human organophosphate exposure over approximately 21 years, as reported by 
Taiwan’s Poison Control Center. This highlights the ongoing significance of this issue and underscores the need for 
continued vigilance and attention to pesticide-related health risks.9 On the contrary, in Japan, there were 221 fatalities 
due to pesticide poisoning in 2019, which marked a significant decrease from the 2648 fatalities reported in 1986. 
This remarkable reduction of 92% over a span of 33 years can likely be attributed to a combination of factors, 
including the decreased utilization of highly hazardous pesticides and the adoption of lower-concentration 
formulations.17

The rationale for this research was based on an important, but as yet unanswered, question that arose for many 
chlorpyrifos-poisoned patients receiving treatment at our hospital. Organophosphate compound could be absorbed via the 
inhalation, skin, and in the digestive tract.18 Human organophosphate poisoning could contribute to serious outcomes, 
which depended on ingested amount. Symptoms of organophosphate poisoning comprise muscle twitching, weakness, 
excessive bronchial secretions and respiratory failure. Neuromuscular blockade and cerebral depression may also develop 
and contribute to respiratory failure, consciousness disturbance and mortality.4,19 Pyrethroids, on the other hand are 
considered safer, although some respiratory failure or mortality cases have been described. Nevertheless, reports on the 
human toxicity of chlorpyrifos and cypermethrin pesticide mixture have been limited and inconclusive. Pyrethroid 
insecticides are typically broken down by carboxylesterases into inactive metabolites. However, in the case of chlorpyr-
ifos, it can be converted into chlorpyrifos oxon, a potent inhibitor of carboxylesterases. As a result, chlorpyrifos oxon has 
the potential to effectively block the initial breakdown of permethrin, leading to an increase in its insecticidal 
effectiveness.20

Organophosphates may boost the toxicity of pyrethroids via inhibited its detoxification by carboxylesterases.20 

Therefore, this hospital-based retrospective study examined the clinical course, laboratory tests, and outcomes of patients 
with chlorpyrifos, cypermethrin or their pesticide mixture poisoning, and to determine what association, if any, might 
exist between these findings.

Materials and Methods
Institutional Review Board Statement
The analyses in this retrospective cohort study complied with the guidelines of the Declaration of Helsinki and were 
approved by the Medical Ethics Committee of Chang Gung Memorial Hospital (Institutional Review Board No.: 
202002502B0). As this was a retrospective study based on the assessment of existing data, the committee waived the 
requirement for informed consent from the patients. All personal data were available only to the investigators and were 
secured by delinking the recognition information from the main dataset.

Patients
Between 2000 and 2021, a total of 121 patients poisoned with chlorpyrifos, cypermethrin, or their pesticide mixture were 
treated at Chang Gung Memorial Hospital, a tertiary referral hospital that had a capacity of nearly 3700 beds and 
approximately 100,000 annual admissions in Taiwan. Patients were classified into three groups based on the type of 
pesticide, as chlorpyrifos (n = 82), cypermethrin (n = 27) or chlorpyrifos and cypermethrin (n = 12). All exposures were 
via the oral route. Demographic, clinical, laboratory and mortality data were recorded for analysis.
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Inclusion and Exclusion Criteria
All patients were analyzed. Patients were excluded if they had ingested pesticides other than chlorpyrifos or cyperme-
thrin, or if their exposure was not via oral route.

Diagnosis of Pesticide Poisoning
The diagnosis was based on the exposure history, clinical features, physical examinations, and laboratory results. 
According to database of Animal and Plant Health Inspection Agency, Ministry of Agriculture in Taiwan, chlorpyrifos 
pesticide was normally supplied as 22.5%, 25%, 40.8%, 44.9% or 50% (w/w). Cypermethrin pesticide was normally 
supplied as 5% or 10% (w/w). On the other hand, chlorpyrifos and cypermethrin pesticide mixture was available as 25% 
or 50% (w/w).21 To determine serum cholinesterase levels, an enzymatic method (DF51, Siemens Healthcare 
Diagnostics, Newark, Delaware, USA) was applied, with a normal levels of 7–19 U/mL and a detection level of 0.8 
U/mL.1 The serum cholinesterase activity was used to diagnose organophosphate poisoning, but the test was not specific 
to chlorpyrifos. Due to blood chlorpyrifos and cypermethrin measurements were unavailable at our hospital, a thorough 
clinical exposure history was taken, which incorporated questioning the patient and family about the pesticide label 
image and asking the pesticide bottle for confirmation.

Detoxification Protocols
Gastric lavage was performed if the patient arrived within 1 hour after pesticide ingestion. The contraindications for 
gastric lavage comprise loss of airway protective reflexes, ingestion of a strong acid or alkali, or risk of gastrointestinal 
bleeding due to an underlying illness.22 Chlorpyrifos patients with acute cholinergic crisis were treated with antic-
holinergic and oxime drugs, including atropine (2 mg, intravenously, increased as required to resolve bronchial secretions 
and bronchospasm) and pralidoxime (1 g every 4 hours, intravenously). There is no antidote available for cypermethrin 
poisoning, and its treatment was largely symptomatic and supportive.

Statistical Analysis
Comparisons of categorical variable among the three pesticide groups were conducted using trend estimation. A one-way 
analysis of variance was used when assessing for differences in one continuous variable between the three groups. The 
criterion for significance was a 95% confidence interval to reject the null hypothesis. All analyses were performed with 
SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
As shown in Table 2, the patients aged 55.2 ± 17.5 years and most were male (69.5%). The majority of patients ingested 
the pesticides by intention (94.2%), and they arrived 4.6 ± 9.2 hours after pesticide ingestion. The reason for patients who 
accidentally ingesting pesticides (5.8%) was they forgot and simply grab the pesticides that were previously stored in 
a bottle. Their occupations were mainly non-farmer 95 (81.9%). There were 87 (75%) married, and 29 (25%) unmarried, 
divorced, widowed. There were no significant differences in baseline demographic variables between three groups.

Following ingestion (Table 3), the patients experienced a broad range of clinical symptoms, including aspiration 
pneumonia (44.6%), salivation (42.5%), acute respiratory failure (41.3%), acute kidney injury (13.9%), seizures (7.5%), 
hypotension (2.6%), etc. After analysis, it was found that patients with chlorpyrifos and cypermethrin pesticide mixture 
poisoning suffered higher rates of salivation (P = 0.001) and acute respiratory failure (P = 0.001), but lower Glasgow 
Coma Scale score (P = 0.011) than other groups. Furthermore, patients with chlorpyrifos poisoning suffered higher rates 
of aspiration pneumonia (P < 0.001) and salivation (P < 0.001) than other groups. No significant differences were 
observed for other clinical variables.

Table 4 showed that leukocytosis (12,700 ± 6600 /uL) and elevated serum C-reactive protein level (36.8 ± 50.4 mg/L) 
were common after pesticide poisoning. Furthermore, it was found that patients with chlorpyrifos poisoning suffered 
lower serum cholinesterase level than other groups (P < 0.001). No significant differences were observed for other 
laboratory variables.
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As shown in Table 5, a total of 17 (14.0%) patients expired. The mean duration of hospitalization was 17.9 ± 15.8 
days, and the mean duration of intensive care unit hospitalization was 9.4 ± 10.1 days. After analysis, it was found that 
patients with chlorpyrifos poisoning had longer duration of hospitalization than other groups (P = 0.001). Nevertheless, 
there were no significant differences in mortality rate among the three groups (P = 0.214).

Discussion
Chlorpyrifos was the most widely used pesticide in agricultural sector in the world, but is also one of the most 
controversial pesticides in its use.23 The debate appears to be the inconsistency between the clinical findings and the 
conclusions drawn for the pesticide’s approval in data reporting the toxicity of chlorpyrifos on human health.24 In 
Taiwan, the Agricultural Chemicals and Toxic Substances Research Institute released a ban on the production of 
chlorpyrifos, which took effect in April 2022.25 Additionally, the government will ban the usage of this pesticide by 
January 2026. Similarly, the chlorpyrifos and cypermethrin pesticide mixture had been banned from production in 
December 2022, and will be banned from use in April 2024. In August 2021, the Environmental Protection Agency 
(EPA) had forbidden the use of chlorpyrifos on food crops in the United States.26 In December 2019, the European Union 
announced that it would no longer permit sales of chlorpyrifos after January 2020.27

As shown in Table 2, the acute respiratory failure rate was 41.3%, comprising 48.8% in chlorpyrifos, 11.1% in 
cypermethrin as well as 58.3% in chlorpyrifos and cypermethrin poisoning. The respiratory failure rate was lower in 

Table 2 Baseline Characteristics of Patients with Pesticide Poisoning, Stratified by Type of Pesticide (n = 121)

Variable All Patients 
(n = 121)

Patients with 
Chlorpyrifos  
Poisoning (n = 82)

Patients with 
Cypermethrin  
Poisoning (n = 27)

Patients with Chlorpyrifos 
and Cypermethrin  
Poisoning (n = 12)

P value

Age, year 55.4 ± 17.4 55.2 ± 17.5 56.0 ± 16.9 55.1 ± 19.7 0.979

Male, n (%) 80 (66.1) 57 (69.5) 15 (55.6) 8 (66.7) 0.413

Intentional ingestion, n (%) 113 (94.2) 76 (93.8) 26 (96.3) 11 (91.7) 0.828

Unintentional ingestion, n (%) 7 (5.8) 5 (6.2) 1 (3.7) 1 (8.3)

Ingested amount, mL 132.6 ± 164.7 111.4 ± 110.4 182.5 ± 252.7 136.7 ± 154.8 0.206

Time between pesticide ingestion 

and hospital arrival (hour)

4.6 ± 9.2 3.7 ± 3.9 7.4 ± 17.6 3.9 ± 1.8 0.359

Alcohol consumption habit, n (%) 36 (29.8) 23 (28) 7 (25.9) 6 (50) 0.265

Medical history of hypertension, 
n (%)

31 (25.6) 23 (28.0) 4 (14.8) 4 (33.3) 0.319

Medical history of diabetes mellitus, 
n (%)

16 (13.2) 10 (12.2) 4 (14.8) 2 (16.7) 0.878

Occupation

Farmer, n (%) 21 (18.1) 14 (17.3) 4 (16.7) 3 (27.3) 0.707

Non-farmer, n (%) 95 (81.9) 67 (82.7) 20 (83.3) 8 (72.7)

Marital status

Married, n (%) 87 (75) 62 (76.5) 16 (66.7) 9 (81.8) 0.531

Unmarried, divorced, widowed, 

n (%)

29 (25) 19 (23.5) 8 (33.3) 2 (18.2)

Notes: Categorical data were reported as numbers with corresponding percentages in parentheses, while continuous data was reported by the mean and standard 
deviation.
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cypermethrin group than other groups, and this was in line with other studies. In the study by Iyyadurai et al,12 the 
respiratory failure rates were 42.3%, 15.7%, and 53.1%, in chlorpyrifos, cypermethrin as well as chlorpyrifos and 
cypermethrin, respectively. The respiratory failure rates were 15.0%, 50.8%, and 42.5% after chlorpyrifos poisoning in 
three other studies.1,8,11 Moreover, Jacob et al13 disclosed that only 5.6% of patients with cypermethrin poisoning 
developed acute respiratory failure. Chlorpyrifos associated respiratory failure can be classified into two types depending 
on the time of onset after exposure.19 Central and peripheral mechanisms are implicated the pathogenesis of respiration 
inhibition. Studies have proposed that the major mechanisms regulating early respiratory failure associated with 
organophosphate absorption are in the central nerve system. Excess acetylcholine can depress respiratory activity in 
the respiratory center, which induces respiratory paralysis.19 On the other hand, mechanisms for late respiratory failure 
consist of peripheral dysfunction due to the continued overstimulation of the neuromuscular junction. Peripheral 
acetylcholine at neuromuscular junction produces voluntary muscle weakness and fasciculations, which inducing late 
respiratory failure.28

Nearly half of the patients (44.6%) developed aspiration pneumonia in this study. Aspiration pneumonia is a common 
complication of pesticide poisoning, which may contribute to acute lung injury and mortality. Published incidence rates 
of aspiration pneumonia following organophosphate intoxication range from 21% to 43.5%.29–31 Reddy et al32 reported 
16 cases of respiratory distress to aspiration pneumonia in young children after accidental ingestion of mosquito 
repellants containing pyrethroid, but the study attributed the pulmonary complication to hydrocarbon ingredients rather 
than pyrethroid as the causative agent. Excess mucosal fluid secretion, vomiting and consciousness change increased the 
possibility of aspiration pneumonia after pesticide exposure.33,34

As shown in Table 5, the mortality rate was 14.0%, including 17.1% in chlorpyrifos, 3.7% in cypermethrin as well as 
16.7% in chlorpyrifos and cypermethrin poisoning. Nevertheless, there were no significant differences in mortality rates 

Table 3 Clinical Manifestations of Patients with Pesticide Poisoning, Stratified by Type of Pesticide (n = 121)

Variable All Patients  
(n = 121)

Patients with  
Chlorpyrifos 
Poisoning (n = 82)

Patients with 
Cypermethrin  
Poisoning (n = 27)

Patients with Chlorpyrifos 
and Cypermethrin  
Poisoning (n = 12)

P value

Systolic blood pressure, mmHg 146.0 ± 28.9 148.1 ± 29.1 143.4 ± 25.6 137.3 ± 34.7 0.429

Diastolic blood pressure, mmHg 85.8 ± 17.4 86.6 ± 17.6 87.0 ± 16.3 77.8 ± 17.4 0.242

Heart rate, beat per minute 94.8 ± 21.2 96.4 ± 21.2 91.0 ± 22.5 92.5 ± 18.0 0.503

Respiratory system

Acute respiratory failure, n (%) 50 (41.3) 40 (48.8) 3 (11.1) 7 (58.3) 0.001**

Aspiration pneumonia, n (%) 54 (44.6) 43 (52.4) 8 (29.6) 3 (25.0) 0.042*

Cardiovascular system

Corrected QT interval, ms 471.7 ± 32.3 469 ± 32.3 476.4 ± 38.3 485.6 ± 25.0 0.528

Hypotension, n (%) 3 (2.6) 2 (2.5) 0 (0) 1 (8.3) 0.323

Urinary system

Acute kidney injury, n (%) 16 (13.9) 11 (14.1) 3 (11.5) 2 (18.2) 0.864

Neurological system

Salivation, n (%) 51 (42.5) 43 (53.1) 3 (11.1) 5 (41.7) 0.001**

Glasgow Coma scale, score 12.9 ± 5.7 12.8 ± 3.7 14.2 ± 1.9 10.4 ± 5.7 0.011*

Seizure, n (%) 9 (7.5) 6 (7.4) 1 (3.7) 2 (16.7) 0.365

Notes: Categorical data were reported as numbers with corresponding percentages in parentheses, while continuous data was reported by the mean and standard 
deviation. *P < 0.05; **P < 0.01.
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among the three pesticide groups (P = 0.214). The mortality rate was lower in cypermethrin group than other groups, and 
this was in line with other studies (Table 1). Iyyadurai et al12 found that patients with chlorpyrifos, cypermethrin as well 
as chlorpyrifos and cypermethrin poisoning suffered mortality rate of 0%, 0%, and 13.0%, respectively. The mortality 
rates were ranged between 4.4 and 15.3% following chlorpyrifos poisoning according to other studies.1,8–11 None of the 
cypermethrin patients expired according to the Jacob study.13

Leukocytosis (12,700 ± 6600 per uL) and elevated serum C-reactive protein level (36.8 ± 50.4 mg/L) were common 
after pesticide poisoning (Table 4). Furthermore, chlorpyrifos and cypermethrin pesticide mixture group suffered higher 
incidences of salivation (P = 0.001) and lower Glasgow Coma Scale score (P = 0.011) and serum cholinesterase level (P 
< 0.001) than other groups (Tables 3 and 4). The observations could be explained by the toxicity of pesticide compounds. 
Salivation may develop after acute cholinergic crisis, neuromuscular blockade and cerebral depression. Acute cholinergic 
crisis always develops promptly after organophosphate exposure. Neuromuscular blockade and brain depression may 
develop and contribute to respiratory failure, consciousness disturbance and mortality.19 Besides, type II pyrethroids can 

Table 4 Laboratory Data of Patients with Pesticide Poisoning, Stratified by Type of Pesticide (n = 121)

Variable All Patients  
(n = 121)

Patients with  
Chlorpyrifos 
Poisoning (n = 82)

Patients with 
Cypermethrin  
Poisoning (n = 27)

Patients with Chlorpyrifos 
and Cypermethrin  
Poisoning (n = 12)

P value

White blood cell count, 1000/uL 12.7 ± 6.6 12.8 ± 6.9 12.5 ± 6.6 12.4 ± 4.6 0.964

Hemoglobin, g/dL 13.8 ± 2.4 13.8 ± 2.3 13.8 ± 2.5 13.4 ± 2.6 0.820

Platelet count, 1000/uL 242.5 ± 66.7 242.6 ± 67.0 239.4 ± 70.0 248.3 ± 62.7 0.938

Blood urea nitrogen, mg/dL 17.3 ± 14.8 18.3 ± 16.7 13.8 ± 7.3 18.2 ± 14.1 0.512

Creatinine, mg/dL 1.2 ± 1.3 1.2 ± 1.5 1.0 ± 0.4 1.00 ± 0.4 0.591

Alanine transaminase, U/L 40.8 ± 51.6 47.8±60.6 24.4 ± 8.9 26.8 ± 13.2 0.118

Sodium, mEq/L 139.7 ± 4.4 139.8 ± 4.7 139.5 ± 3.8 139.7 ± 3.3 0.958

Potassium, mEq/L 3.5 ± 0.5 3.5 ± 0.5 3.6 ± 0.4 3.6 ± 0.5 0.628

Calcium, mg/dL 8.7 ± 1.2 8.7 ± 1.4 8.8 ± 0.6 8.4 ± 0.5 0.856

Cholinesterase, U/mL 2.5 ± 4.7 1.1 ± 2.4 11.2 ± 7.1 1.4 ± 2.3 < 0.001***

C-reactive protein, mg/L 36.8 ± 50.4 47.6 ± 56.0 11.1 ± 20.3 17.4 ± 31.3 0.175

Notes: Categorical data were reported as numbers with corresponding percentages in parentheses, while continuous data was reported by the mean and standard 
deviation. The laboratory information was collected upon hospital arrival. ***P < 0.001.

Table 5 Outcomes of Patients with Pesticide Poisoning, Stratified by Type of Pesticide (n = 121)

Variable All Patients  
(n = 121)

Patients with 
Chlorpyrifos  
Poisoning (n = 82)

Patients with 
Cypermethrin  
Poisoning (n = 27)

Patients with Chlorpyrifos 
and Cypermethrin  
Poisoning (n = 12)

P value

Mortality, n (%) 17 (14.0) 14 (17.1) 1 (3.7) 2 (16.7) 0.214

Oxime therapy, n (%) 90 (74.4) 79 (96.3) 0 (0) 11 (91.7) < 0.001***

Hospitalization duration, day 17.9 ± 15.8 21.0 ± 16.4 7.9 ± 9.4 19.8 ± 14.6 0.001**

Intensive care unit duration, day 9.4 ± 10.1 9.8 ± 10.9 14.7 ± 5.1 5.6 ± 4.3 0.374

Notes: Categorical data were reported as numbers with corresponding percentages in parentheses, while continuous data was reported by the mean and standard 
deviation. **P < 0.01, ***P < 0.001.
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produce a severe syndrome typified by salivation and choreoathetosis in laboratory animals.35 In addition, Lin et al36 also 
presented that the death organophosphate group had a higher white blood cell count than the survival group.

Pesticide self-poisoning is a widely used means of suicide, and one of the most popular approaches of suicide 
worldwide.37 It comprises an important public health issue in Asian nations.38 Suicide by intentional ingestion of 
pesticides is common in Taiwan because of easy access.39,40 Pesticide poisoning accounted for the third most common 
suicide method in Taiwan during 2002–2009.40 In this study, it was found that the occupation of farming was relatively 
low (18.1%). In contrast, the percentage of intentional poisoning was relatively high (94.2%). The results of the study 
were in line with previous researches on pesticide poisoning in Taiwan, which reported that the percentage of pesticide 
poisoning among farmers (20%–32.4%) was lower compared to non-farmers (67.6%–80.0%).1,34 This maybe shows that 
non-agricultural Taiwanese have access to pesticide, and can easily gain pesticide for self-poisoning.40 Previous analysis 
from our group38 also revealed that the selection of pesticides employed in self-poisoning is associated with pesticide 
availability rather than intentional selection. Thus, it is suggested that the government should take proper measure to not 
only forbidding highly poisonous pesticides, but also to control access to pesticides for prevention of self-poisoning.41

The standard approach to treating organophosphate poisoning consists of two primary phases. The first stage involves 
supportive care, which encompasses resuscitation, mechanical ventilation, decontamination, and, when necessary, 
hemodialysis.42 The second stage involves pharmacological interventions. The treatments for organophosphate poisoning 
include atropine as the initial antidote, oximes for reactivating acetylcholinesterase, typically administered in conjunction 
with atropine, benzodiazepines for managing seizures, and pyridostigmine as the primary prophylactic agent.42 On the 
other hand, the treatment approach for pyrethroid poisoning primarily involves providing supportive and symptomatic 
care. Ensuring the optimization of the patient’s airway, breathing, and circulation is of utmost importance, as it is for any 
individual with acute poisoning. While immediate decontamination of the skin with soap and water can be taken into 
consideration, it’s worth noting that there is no conclusive evidence demonstrating its effectiveness in reducing toxicity.5 

In cases of pyrethroid ingestion, it is advisable to avoid gastric lavage due to the heightened risk of aspiration pneumonia 
associated with the solvent. The use of activated charcoal has limited supporting evidence; however, it can be considered 
if the patient seeks medical attention within one hour of ingestion.5 Our study revealed that 96.3% of patients with 
chlorpyrifos poisoning received oxime therapy at our hospital, and 91.7% of patients with chlorpyrifos and cypermethrin 
poisoning underwent the same treatment. This underscores the high level of vigilance and expertise in our emergency 
department when it comes to pesticide poisoning. Once the specific pesticide poisoning type is confirmed, our medical 
team promptly administers the appropriate treatment.

Our study contributed to expanding the current limited understanding of the human toxicity of chlorpyrifos and 
cypermethrin pesticide mixture by reporting on the medical complications and mortality data. Nevertheless, this study 
was limited by retrospective study design, small sample size and short follow-up duration. Meanwhile, the lack of 
information on blood chlorpyrifos and cypermethrin concentrations as well as pesticide surfactant analysis may limit the 
extrapolation of the findings of our study. Further research is needed.

Conclusion
Chlorpyrifos pesticide accounted for the major toxicity of the pesticide mixture. While the data show a higher rate of 
respiratory failure in the chlorpyrifos and cypermethrin pesticide mixture group than others, other measures of toxicity 
such as mortality and length of stay were not increased.
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