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Abstract 

 

Background 

Organophosphate, a pesticide that can be used intentionally or inadvertently to induce bodily 

harm, is a significant cause of morbidity and mortality globally. Beyond its devastating health 

consequences, the COVID-19 pandemic also put a massive strain on healthcare infrastructure 

globally. There is limited data available in South Africa regarding the patterns of hospital 

admissions and outcomes for patients presenting with organophosphate-like toxidrome during 

the recent COVID-19 pandemic.  

 

Objectives 

To describe the demographics of patients admitted with an organophosphate-like toxidrome 

during the COVID-19 lockdown period, their clinical presentations, length of stay, and the 

outcomes in both COVID-19-negative and COVID-19-positive patients, and to describe their 

comorbidities. 

 

Methods 

A retrospective descriptive data analysis was conducted on patients admitted to the High-Care 

Unit at Edenvale Regional Hospital and treated with atropine for organophosphate-like 

toxidrome from January 2020 to December 2023. Of 219 identified patients, only 128 cases 

were analysed. Of the 91 excluded files, 31 files could not be found, and 60 files had 

polypharmacy ingestion (organophosphate compound and other toxins/ drugs).  

 

Results  

The study population consisted entirely of Black African ethnicity (100%). The mean age was 

31 ± 11 years, with a male predominance (62%). The most common clinical findings included 

pinpoint pupils (59%), Glasgow coma scale (GCS) ≤13 (50%), and bronchorrhea (40%). 

Intentional ingestion accounted for 59% of cases. The COVID-19 status was unknown for 

45% of cases, 7% of cases were admitted before the COVID-19 pandemic, and only 3% of 

cases tested positive. The median cholinesterase level was 368 U/L (interquartile range 

(IQR): 200-1157). Hypertension (11%) and HIV (10%) were common comorbidities. 
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Atropine infusion was administered in all cases, lasting an average of 5±4 days. Relapse 

occurred in 12.5% (16 out of 128) of cases.  

Of the relapses, 87.5% were discharged, 6.25% were transferred to another hospital, and 

6.25% refused hospital treatment. Mechanical ventilation was required in 58% of cases, with 

a median duration of 7 days (interquartile range: 5 -15). The overall survival rate for the 

cohort was 85.9%. 

 

Conclusion  

This study aimed to evaluate the effect of the COVID-19 pandemic on organophosphate-like 

toxidrome, however, no definitive conclusions could be drawn due to the small number of 

positive cases. Nonetheless, it provides insights into the regional epidemiology of 

organophosphate-like toxidrome and highlights the need for further research to understand 

the patterns and determinants of organophosphate-like toxidrome in South Africa. In addition, 

further research is needed to explore the impact of COVID-19 pandemic-related factors such 

as isolation, financial problems, fear and anxiety, and other mental health conditions that may 

have contributed to suicide and self-harm. 
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Chapter 1: Literature Review 

 

1.1 General Introduction 

Mental health is a serious public health concern, and its impact is also felt by those close to 

the affected individuals. One of the most devastating effects of mental health problems is 

suicide.  According to a 2019 report from the World Health Organization (WHO), roughly 

703 000 deaths occurred globally every year due to suicide. More people died from suicide 

than from HIV/AIDS, homicide, malaria, breast cancer, and war. The report also showed a 

male predominance based on age, with the suicide rate being 2.3 times higher in males than 

in females [1]. 

In 2019, the African continent had the highest suicide rate, approximately 11.2 per 100 000 

population, versus a rate of 9.0 per 100 000 population globally. It was also noted that, 

compared to females, the prevalence of suicide is significantly higher in males, and these 

findings were not limited to the African region. The suicide rate is 2.3 times higher in males 

than in females. The suicide rate for males in the African continent is 18.0 per 100 000 

population, versus the global average of 12.6 per 100 000 population. Lesotho reported the 

highest suicide rate at 29.4 per 100 000 population in the African region. South Africa was 

reported to have the fifth-highest suicide rate (13.6 per 100 000) after Zimbabwe (23.5 per 

100 000), the Central African Republic (16.1 per 100 000), and Eswatini (14.1 per 100 000) 

[2]. 

The COVID-19 pandemic was the first of its kind to bring the whole world to a standstill. It 

was a period filled with anxiety and uncertainty. Measures such as working from home, 

physical and social distancing, the use of protective equipment, and shutting down schools 

and universities were introduced by government authorities to restrict the spread of the 

infectious virus. Despite the implementation of these measures, the number of new infections 

and related deaths continued to rise. The number of suicidal thoughts and attempts also 

increased [3]. 

People may attempt suicide using different methods. A study conducted in the emergency 

department at Charlotte Maxeke Johannesburg Academic Hospital revealed that methods 

used in suicide attempts included polypharmacy ingestion, ingestion of household chemicals, 

paracetamol overdose, organophosphate/ carbamate poisoning, non-steroidal anti-
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inflammatory drugs (NSAIDS) overdose, opioid use, methanol/ethylene glycol, and 

unidentified substances [4]. 

 

1.2 Organophosphate-like toxidrome 

1.2.1 Introduction 

Organophosphate-like substances are commonly used as pesticides and insecticides, which 

can lead to human poisoning due to their widespread use. Organophosphate-like toxidrome, 

whether unintentional or intentional, is a frequent occurrence due to the simple availability 

and low cost of the compounds. Given their common use and associated risk of poisoning, 

clinicians must familiarize themselves with the clinical presentations and management of 

organophosphate-like toxidrome. 

 

1.2.2 Incidence 

Pesticide poisoning, notably organophosphate-like toxidrome, is a global health issue. The 

incidence of organophosphate self-poisoning varies greatly among regions. In low- to middle-

income countries in the Western Pacific region, the incidence was 48.3%, compared to 0.9% 

in low- to middle-income countries in the European region [5]. Between 2010 and 2014, there 

were almost 110 000 pesticide self-poisoning deaths annually, accounting for 13.7% of 

suicides worldwide [5]. This study also noted that the incidence was on a downward trend. 

The downward trend was due to the introduction of regulations to access these toxic 

substances and also the movement of people from rural to urban areas [5].  

A Johannesburg study conducted on 288 subjects, covering the period of November 2016 to 

October 2017, revealed that the most frequently ingested substance for intentional self-

poisoning was organophosphate compounds/carbamates, accounting for 25% of the cases [4]. 

The results are similar to those of a cohort carried out by Favara at a local hospital's critical 

care unit in the Eastern Cape province of South Africa [6]. In this 5-year review of 419 

subjects, Favara found that 55% of individuals admitted with intentional self-harm presented 

with organophosphate-like toxidrome [6]. 

At Chris Hani Baragwanath Academic Hospital, a study was undertaken to compare the 

burden of organophosphate-like toxidrome across two separate periods in patients admitted to 

the Intensive Care Unit (ICU) [7]. The results showed an increase in the burden of disease, 
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with 32 patients admitted in 2017 compared to 9 admitted in 2012. The length of stay in the 

ICU was noted to be considerably longer in 2017 compared to 2012, likely due to carbamate 

ingestions in 2012 rather than a true organophosphate compound. 

The overall incidence of organophosphate poisoning in South Africa remains unknown. 

Although a few studies have been conducted, three of which are from Gauteng province, 

none provided data about incidences [8-10].  A study conducted on 61 patients at Tygerberg 

Hospital in the Western Cape showed an increase in the number of individuals admitted to the 

intensive care unit with organophosphate-like toxidrome [11]. The increases were notably 

higher during the final two years of the seven-year review period.  

 

1.2.3 Sex 

Of the five studies conducted in South Africa, four reported a predominance of male patients. 

The male predominance was 56%, 68.2%, 58.9%, and 63%, respectively [8-11]. No reasons 

were provided for the observed male predominance. In contrast, a cohort by Favara et al., 

which reviewed 419 patients admitted to a critical care unit with self-harm, reported a female 

predominance of 53.2% [6]. However, Favara's cohort was not exclusively focused on 

organophosphate-like toxidrome, even though the majority of patients (232 out of 419) had 

ingested organophosphate-like toxidrome. No further breakdown regarding sex was provided 

for patients with organophosphate poisoning in the study.  

 

1.2.4 Age 

South African studies have shown that most organophosphate-like toxidrome cases occur in 

young people below the age of 40 years, particularly the 20-30 age group [8–10]. Similar 

findings were observed in studies from Turkey [12] and India [13].  An epidemiological study 

conducted by Razwiedani et al. in the Tshwane district of South Africa found that children 

aged between 1-10 years accounted for the second-highest prevalence rate (23.2%), following 

the 20–30-year age group, which had the highest prevalence (23.7%) [10]. The youngest 

individual affected in the study was 10 months old. While reasons for this prevalence in this 

age group were not specified, potential contributing factors may include improper storage 

and/or inadequate cleaning after the use of the substance.  
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1.2.5 Race 

In Bruins' cohort of 129 patients at Chris Hani Baragwanath Academic Hospital, Black 

Africans constituted 99.2% of the participants, with only one Indian participant (0.8%) in the 

study [9]. A Western Cape study published in 1987 reported a higher incidence in the 

Coloured population (50 patients), followed by the White population (9 patients), and lastly 

by the Black population (2 patients) [11]. These findings probably reflect the local population 

demographics under the most socio-economic strain.  

 

1.2.6 Reason for Ingestion 

There are various reasons why organophosphate-like toxidrome may occur, including 

accidental ingestion, intentional self-exposure, and chemical warfare. Studies show that the 

most common reason for ingestion was suicide or a suicide attempt, and exposure to the 

poisonous substance was intentional [9,10,14-16].  In a Turkish study examining 

determinants of mortality in organophosphate poisoning, 86.1% of the patients were found to 

have been exposed through intentional suicide attempts [16].  A systematic review that 

analysed deaths from self-poisoning with pesticides between 2006 and 2015 found that one in 

seven (110,000) of 798,000 suicides that occurred globally in 2012 was due to self-poisoning 

using pesticides [5]. The increased risk of poisoning with organophosphate compounds stems 

from their widespread use and ready availability [17].  

 

1.2.7 Pathophysiology 

The neurotransmitter acetylcholine plays a vital role in maintaining normal body functions. It 

can be found in both sympathetic and parasympathetic ganglia, throughout all postganglionic 

parasympathetic nerves, in postganglionic sympathetic nerves that connect to sweat glands, 

and at skeletal neuromuscular junctions. It works by binding to nicotinic and muscarinic 

receptors [18].  

Exposure to organophosphate compounds can occur through various routes, including 

ingestion, skin absorption, injection, or inhalation. The specific molecule, exposure method, 

dosage, and rate of molecule breakdown all affect the onset and intensity of symptoms [19]. 

Acetylcholine is broken down by the enzyme acetylcholinesterase (AChE). AChE is found in 



5 
 

skeletal tissues, erythrocyte membranes, and nervous tissues. AChE activity is inhibited by 

exposure to organophosphate compounds. 

The resultant accumulation of acetylcholine leads to the stimulation of cholinergic synapses 

within the central and peripheral nervous systems. Initially, inhibition of AChE is reversible,  

however, the phosphorylated enzyme may undergo a process known as “aging,” resulting in 

the irreversible inhibition of AChE. As a result, nicotinic and muscarinic receptors become 

overstimulated, triggering the manifestation of symptoms [18,20,21]. 

 

1.2.8 Clinical Features 

Factors such as the route of exposure, tissue concentration of the substance, body mass index, 

and the type of compound determine the rate of onset, duration, and severity of toxicity 

[22,23]. Following oral and/or respiratory exposure, symptoms occur within three hours, 

whereas toxicity resulting from skin absorption may take up to 12 hours to manifest [23]. 

The manifestation of clinical features results from overactivation of nicotinic and muscarinic 

receptors, with the expression of symptoms depending on the location of these receptors. 

Overstimulation of nicotinic receptors results in mydriasis, tachycardia, delayed 

atrioventricular conduction, atrial/and ventricular fibrillation, muscle weakness, cramps, 

hypertension, fasciculations, confusion, agitation, seizures, paralysis, tremors, ataxia, coma, 

and respiratory failure. The overstimulation of muscarinic receptors results in bronchospasm, 

bradycardia, miosis, salivation, lacrimation, emesis, urination, stomach cramps, blurred 

vision, hypotension, and diarrhoea [18,20,23,24]. Depression of the central respiratory drive, 

combined with respiratory muscle weakness, can lead to respiratory failure with hypercapnia, 

potentially resulting in death [22,24].  

The manifestations of organophosphate-like toxidrome can be divided into three groups: 

acute syndrome, intermediate syndrome, and delayed syndrome. The features of acute 

syndrome, already described above, occur minutes to hours following exposure to an 

organophosphorus compound. In Bruins’ retrospective analysis of 129 patients at Chris Hani 

Baragwanath Academic Hospital, the most frequently observed clinical features included 

decreased level of consciousness (GCS <13), fasciculations, seizures, diarrhoea, miosis, and 

excessive salivation [9]. Miosis was observed in 96.1% of the cases. Similar findings were 

reported in another South African study, where miosis (55.2%) was the most common clinical 
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presentation [8]. In India, a cohort conducted by Sanjay et al. reported that the most common 

clinical features on presentation were vomiting (89.47%), salivation (85.76%), miosis 

(68.42%), sweating (60.99%), and restlessness (50.15%) [15]. 

Intermediate syndrome, occurring in 10–40% of poisonings, is a neurological disorder that 

manifests 24–96 hours following exposure. It is characterized by facial weakness, decreased 

deep tendon reflexes, areflexia, inability to flex the neck, slow eye movement, limb 

weakness, difficulty swallowing, and respiratory muscle weakness [12,14,15,24]. Features of 

intermediate syndrome have also been reported 114 hours post-exposure [20]. 

The delayed syndrome, also called Organophosphate-Induced Delayed Polyneuropathy 

(OPIDP), manifests one to five weeks after exposure to an organophosphate compound. 

Symptoms include pins and needles sensations, pain in the calves, muscle weakness, toe 

drop, atrophy of limb muscles, and paralysis. Eventually, death occurs, as this syndrome does 

not respond to oxime or atropine therapy [18,20,24].  

 

1.2.9 Laboratory Investigations 

Laboratory testing can be performed to confirm exposure to organophosphate compounds. 

Cholinesterase activity can be assessed using the red-cell cholinesterase and 

pseudocholinesterase (butyrylcholinesterase) tests. While these tests aid in diagnosis, results 

are not immediately available. The red-cell cholinesterase test serves as an indicator of the 

severity of poisoning, while the pseudocholinesterase test confirms exposure to 

organophosphates [8,18]. Organophosphate poisoning is indicated by a decrease in the red-

cell cholinesterase levels of more than 50% of normal. Red-cell cholinesterase is a sensitive 

marker; however, its measurement can be challenging, making it less readily available. When 

red-cell cholinesterase measurement is unavailable, plasma cholinesterase testing may be 

used. However, results should be interpreted cautiously, as conditions such as malnutrition, 

septicaemia due to burns, liver cirrhosis, neoplasia, and obstructive jaundice can also lead to 

a decrease in plasma cholinesterase levels [19,24]. The sensitivity of plasma cholinesterase 

varies depending on the specific organophosphate compound to which the patient has been 

exposed [25]. 
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1.2.10 Peradeniya Organophosphate poisoning (POP) score 

The Peradeniya organophosphorus poisoning scale is used to evaluate the prognosis and 

severity of organophosphorus poisoning based on symptoms observed at the time of 

presentation. A score is assigned to each of five clinical parameters: level of consciousness, 

fasciculation, pupil size, respiratory rate, and convulsions. Each parameter is scored from 0 to 

2, depending on the clinical presentation. The scores are then summed to generate a total 

score, which classifies the patient's condition as mild (0–3), moderate (4–7), or severe (8–11) 

[26,27]. A higher mortality and an increased need for ventilatory support were observed in 

patients classified as having severe Peradeniya organophosphorus scale scores compared to 

those with moderate or mild scores [15,26,27]. 

 

1.2.11 Treatment 

The management of patients with organophosphate toxicity can be separated into two main 

groups:  specific and supportive measures [28].  

 

1.2.11.1 Supportive Measures 

These measures largely depend on the clinical presentation. 

1.2.11.1.1 Maintenance of Airway, Breathing, Circulation (ABC) 

Airway maintenance is crucial and should be prioritized in management [18,25]. Airway 

management involves clearing secretions, administering oxygen, and performing 

endotracheal intubation where necessary [24]. Failure to maintain the airway can result in 

respiratory failure and subsequent death. Endotracheal intubation is a vital component of 

airway management and must be considered early, especially in patients with seizures, 

bronchospasms, bronchorrhea, and decreased levels of consciousness [18].  

A South African study conducted by Bruins et al. reported that 99.2% of the patients required 

intubation and mechanical ventilation [9], and one patient required prolonged ventilatory 

support for 24 days. In Vanessa Khonje’s cohort of 134 patients at a regional hospital in 

Gauteng province, 53.7% required mechanical ventilation [8]. 
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1.2.11.1.2 Decontamination 

If exposure occurs through the skin, contaminated clothing should be removed and the 

affected area should be thoroughly washed. In case of eye exposure, rinse with normal saline, 

ringer’s lactate, or tap water. Healthcare providers must wear appropriate personal protective 

equipment to prevent self-contamination [18,24,25].   

 

1.2.11.1.4 Medications 

Atropine 

It is the first-line treatment for organophosphate poisoning. It acts on muscarinic receptors by 

competing with acetylcholine for binding. However, nicotinic receptor-mediated 

manifestations respond poorly to atropine [18,28].  The initial dose ranges from 1 to 5 mg 

intravenously. If there is no response, the dose should be escalated by doubling every 2–5 

minutes until atropinization is achieved [18,25].  

Indicators for atropinization include systolic blood pressure >80 mmHg, clear lungs on 

auscultation, pupils not pinpoint, dry axillae, and heart rate > 80 beats per minute [21]. Once 

atropinization is achieved, a continuous infusion of atropine is administered for maintenance 

[24,25].  

 

Oximes 

Pralidoxime reactivates phosphorylated acetylcholinesterase. It is most effective when 

administered before aging of the organophosphate-inhibited acetylcholinesterase occurs. 

However, this can be a limiting factor, as patients often present several hours after exposure, 

rendering the drug ineffective [18,21,25].  

 

Glycopyrrolate (Rubinol) 

It is a long-acting antimuscarinic drug with peripheral effects. Its impact on the central 

nervous system is minimal because it does not penetrate the blood-brain barrier. It is also 

considered safe for use during pregnancy, as it does not cross the placental barrier [29]. 
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Glycopyrrolate, when used in conjunction with Atropine, is more effective than atropine 

alone [29] and has been associated with decreased mortality [30]. 

 

Benzodiazepines 

These drugs work by enhancing GABA-A receptor activity [21,24]. They are first-line agents 

for controlling seizures and reducing anxiety and agitation [24]. Benzodiazepines are also 

used in intubated patients to maintain sedation [25].  

 

1.2.12 Outcome 

Length of Stay 

The duration of hospital stay is directly associated with the use of a ventilator. Two South 

African studies found that intubated patients had a longer average hospital stay than non-

intubated patients [8,9]. In Khonje’s cohort, the median stay for ventilated patients was 11 

days compared to 5 days for non-intubated patients [8].  

In another South African study conducted in the Gauteng province, comparing two separate 

periods (2012 versus 2017), it was observed that patients in 2017 had a prolonged hospital 

stay, with a median of 7 days compared to 2 days in 2012 [7]. It was speculated that this was 

because patients in 2012 likely experienced carbamate poisoning rather than a true 

organophosphate poisoning. 

 

Mortality 

The mortality rate in organophosphate poisoning varies widely. A retrospective South African 

study undertaken at an academic hospital in Soweto found a 5.4% mortality rate (7 out of 129 

patients) [9]. This four-year review included only patients admitted to the High-Care and 

critical care units. 

A lower mortality rate of 3.4% was reported by Razwiedani and Rautenbach in a cross-

sectional study of 207 patients in South Africa’s Tshwane district [10]. Other South African 

studies reported mortality rates of 7.64%, 13.4%, and 16%, respectively [6,8,11]. 



10 
 

Globally studies reported the following mortality rates: from Pakistani, a very low mortality 

rate of 0.05% (147 of 2708) [31], from Turkey a mortality rate of 9.1% [12], from India, a 

mortality rate of 8% [13], and Korea, a mortality rate of 19.1% [32], respectively. 

Several factors, including age, Glasgow Coma Scale score, serum acetylcholinesterase levels, 

the amount of substance ingested, time elapsed after ingestion of organophosphate, and 

respiratory failure requiring mechanical ventilation, are associated with increased mortality 

[13,32].  

 

1.3 COVID-19 disease 

In 2019, cases of viral pneumonia were described in clusters in Wuhan, People’s Republic of 

China. The disease was caused by a new severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) virus. One of the unique features of this virus was its ability to spread rapidly 

[33]. The outbreak was formally declared a global pandemic by the World Health 

Organization on 11 March 2020. This was after it rapidly spread and infected people in 

multiple countries in a short time [34].  

 

The clinical presentation varies widely, from asymptomatic cases to severe respiratory 

distress and multi-organ failure, and the symptoms are nonspecific. Fatigue, Fever, and dry 

cough were the most common presenting symptoms. Loss of appetite, high temperature 

(above 38 degrees Celsius), shortness of breath, confusion, and pressure in the chest or 

persistent chest pain were associated with severe COVID-19 disease [33,35]. 

 

The impact of the COVID-19 pandemic was not only on physical health; it also impacted the 

mental health of individuals. Vindegaard and Benros conducted a study to assess the potential 

impact of SARS-CoV-2 on mental health [36]. Their systematic review comprised 43 studies: 

2 studies conducted on COVID-19 positive patients, 19 studies on the general public, 2 

studies on individuals with pre-existing psychiatric disorders, and 20 studies on healthcare 

workers. Of the individuals who tested positive for COVID-19, higher levels of depressive 

and post-traumatic stress symptoms (PTSS) were reported. Individuals with existing mental 

health disorders reported a deterioration in their mental health symptoms [36]. 

Decreased psychological well-being, along with increased levels of anxiety, depression, and 

post-traumatic stress disorder, were reported in the general public [36,37].  
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Healthcare workers reported poor sleep quality, increased anxiety, depression/ depressive 

symptoms, and psychological distress [36]. 

 

1.4 Suicide and mental health in South Africa 

Suicide and mental health are significant concerns in South Africa. The country has a high 

rate of suicidal behaviour, with 23 people committing suicide daily, and 460 attempts for 

every suicide [38]. Several factors, such as mental health illnesses, substance abuse, previous 

suicidal attempts, previous traumas, chronic physical illnesses, poor coping skills, and 

financial problems, amongst others, are associated with increased risk for suicidal behaviour. 

Individuals who engage in suicidal behaviour often have an undiagnosed mental health 

illness, which remains untreated if not recognised [38]. Mental health illnesses such as mood 

disorders, anxiety disorders, depression, and substance use disorders are common in South 

Africa, and many individuals do not receive sufficient mental health care [39]. Shortage of 

professionals, lack of finances, inadequate mental health policies, and their implementations 

have led to significant gaps in addressing mental health disorders [39].  

A KwaZulu-Natal study by Khuzwayo et al. reported that sexual assaults, harassment, 

cyberbullying, substance use, and physical violence are associated with increased risk for 

suicidal behaviour amongst teenagers [40]. A female predominance of 50.4% was noted in 

the study.  

 

Chapter 2: Study Design 

2.1 Study Aim 

The aim of this study was to describe the profile of patients who were admitted to the 

High-Care unit at Edenvale Regional Hospital with an organophosphate-like 

toxidrome and were treated with atropine between 01 January 2020 and 31 December 

2023. 
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2.2 Study Objectives 

1. To conduct a retrospective record review of patients admitted to the High-Care unit of 

a regional hospital with or without COVID-19 infection and presenting with an 

organophosphate-like toxidrome. 

2. To describe the demographic profile of these patients. 

3. To determine the average length of stay in the High-Care unit for this cohort. 

4. To identify and describe outcomes for both COVID-19-positive and COVID-19-

negative patients admitted with an organophosphate-like toxidrome. 

5. To describe the co-morbidities of these patients. 

 

2.3 Study Design and Population 

This was a retrospective, descriptive study. The study included all adolescents (≥14 

years) and adults admitted to the High-Care unit of Edenvale Regional Hospital who 

were treated with atropine for an organophosphate-like toxidrome between 01 January 

2020 and 31 December 2023. An inclusion criterion was applied to select patients, 

and all those who met the criteria were included in the analysis. 

 

2.4 Data Collection Procedure and Measurement Tool 

A total of 219 names and file numbers were identified from the High-Care admission 

book at Edenvale Regional Hospital. Of these, only 188 files were retrieved from 

records. 31 files were missing, and 60 files were excluded from the analysis due to 

polypharmacy ingestion. As a result, 128 patients were included in the data analysis. A 

data collection sheet (Appendix B) was created and used to gather data. The data was 

then entered into REDCap. Once data capturing was complete, it was exported 

without identifiers for statistical analysis. 
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2.5 Inclusion Criteria 

 All patients aged 14 years and above (the High-Care unit only admits patients from 14 

years and above) 

 All adolescents and adults admitted to the High-Care unit with a history of 

organophosphate-like substance ingestion and/or clinical signs of organophosphate 

toxicity, and treatment with atropine infusion. 

 

2.6 Exclusion Criteria 

 All patients admitted to other wards with an organophosphate-like toxidrome. 

 All patients with a diagnosis of polypharmacy toxin ingestion. 

 

2.7 Data Analysis 

The data analysis was conducted using IBM SPSS Statistics software version 28. The raw 

data were extracted from REDCap in SPSS syntax format. The analysis was performed using 

inferential and descriptive statistical methods. Frequencies and percentages were calculated 

for categorical variables, including age groups, gender, race, reason for ingestion, mechanical 

ventilation, and patient outcomes. The association between variables such as age group and 

outcomes was assessed using chi-square tests, with a p-value of <0.05 considered statistically 

significant. Continuous variables will be assessed for normality. Depending on the 

distribution, data will be summarised using means and standard deviations or, where 

appropriate, medians and interquartile ranges.  

 

2.8 Ethical Considerations 

Authorisation to conduct the study was granted by the Chief Executive Officer of Edenvale 

Regional Hospital. Ethical approval was granted from the Human Research Ethics Committee 

(Medical) at the University of Witwatersrand (Reference: M240959).  
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National Health Research Database granted clearance for the study, reference number: 

GP_202407_090. Following amendments to the study protocol, a new clearance was issued, 

with reference number: GP_202504_013.   

Each patient was assigned a participant number, and all identifiers were removed before 

exporting data for statistical analysis. 

 

2.9 Funding 

As anticipated, the costs of the project were minimal and were self-funded.  

 

Chapter 3: Results 

During the study period (01 January 2020 to 31 December 2023), a total of 2077 admissions 

to the high-care unit were recorded. Of these, 14 % (291) were due to suicide and self-harm. 

Further review of patient files revealed that 219 cases presented with organophosphate-like 

toxidrome. However, only 128 cases were included in the final cohort for analysis. Ninety-

one patients were excluded, of which 31 patients’ files could not be retrieved, and the 

remaining 60 files either lacked a diagnosis of organophosphate-like toxidrome or involved 

polypharmacy ingestion (organophosphate compounds in combination with other 

substances). 

 

Demographic Characteristics 

Age 

The mean age was 31±12 years, with patient age ranging from 14 to 73 years. The most 

affected age group was 20–29 years (33.6%), followed by 30–39 years (28.1%) and 14–19 

years (16.4%). Only one patient was aged 70 years or older. See Table 1. 
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Table 1 shows demographics, POP score, reason for ingestion, relapses, ventilator use, and 

outcome 

Variable                                                                                                  Number (Percentage) 

Age 

 14-19 years:                                                                                              21 (16.4%) 

 20-29 years:                                                                                              43 (33.6%) 

 30-39 years:                                                                                              36 (28.1%) 

 40-49 years:                                                                                              20 (15.6%) 

 50-59 years:                                                                                              5 (3.9%) 

 60-69 years:                                                                                              2 (1.6%) 

 70-79 years:                                                                                              1 (0.8%) 

 >80                                                                                                            0             

Sex distribution 

   Male                                                                                                                   79 (62%) 

   Female                                                                                                                49 (38%) 

Ethnicity 

   Black                                                                                                                   128 (100%) 

Peradeniya Organophosphorus poisoning (POP) score 

   Mild: 0-3                                                                                                              74 (58%) 

   Moderate: 4-7                                                                                                      54 (42%) 

   Severe:  8-11                                                                                                         0 

Reason for ingestion 

   Intentional                                                                                                            75 (58.6%) 

   Unintentional                                                                                                       38 (29.7%) 

   Unknown                                                                                                             15 (11.7%) 

Relapses 

   Patients with relapses                                                                                          16 (12.5%) 

   Patients without relapses                                                                                     112 (87.5%) 

Ventilator use 
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   Intubated                                                                                                            74 (58%) 

   Non intubated                                                                                                    54 (42%) 

Outcomes 

   Death                                                                                                                  13 (10.2%) 

   Discharged                                                                                                         110 (85.9%) 

   Refusal of hospital treatment                                                                             2 (1.6%) 

   Transfer out                                                                                                        3 (2.3%) 

 

The sex distribution in the study reveals a male predominance of 62%, while females 

comprised 38%. See Figure 1.  

Figure 1: Sex distribution 

 

When age groups were considered, a female predominance of 76.2% was noted in the 14–19 

age group and 100% (2 patients) for the 60–69 age group. All other age groups showed a 

male predominance, as illustrated in Figure 2. A statistically significant association exists 

between sex distribution and age group distribution (P-value = 0.002), as shown in Table 2. 

 

Table 2: Sex distribution by age 

 Sex distribution   

P-value 
Age group Male (n=79) Female (n=49) Total (n=128) 

14 - 19 5 16 21 (16.4%)  

 

 

20 – 29 26 17  43 (33.6%) 

30 – 39 27 9 36 (28.1%) 

62%

38%

Male

Female
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40 – 49 16 4 20 (15.6%) 0.002 

50 - 59 4 1 5 (3.9%) 

60 - 69 0 2 2 (1.56%) 

70+ 1 0 1 (0.78%) 

Total   100% 

 

Figure 2: Sex Distribution by Age 

 

 

All subjects involved in the study were of black African ethnicity. See Table 1 on page 15. 

 

History of Ingestion and Reasons 

Among the 128 cases analysed, 58% of the patients intentionally ingested the compound, 

30% were unintentional exposures, and in 12% of the patients, the intent was unknown. The 

unknown category included patients who died, those who declined to disclose the reason for 

ingestion, and cases where the reason for ingestion was not documented in the patient 

records.   

Among the 75 cases of intentional ingestion, the most common reasons were:  

 Family issues/ conflict (25.3%) 
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 Relationship issues (24.0%) 

 Unknown/ not disclosed (21.3%) 

 Financial issues (10.7%) 

 Academic problems (5.3%) 

Other less frequent reasons included suicidal ideation, grief and loss, psychological trauma, 

conflict with non-family members, pregnancy-related stress, and legal issues, each 

contributing 1–2% of cases. See Table 3. 

 

Table 3: intentional reasons 

 

 

 

Variable Option Frequency Percent 

Intentional reason 

(n=75) 

Family issues/ conflicts 19 25.3% 

Relationship and social issues 18 24.0% 

Unknown/ Not disclosed 16 21.3% 

Financial issues 8 10.7% 

Academic problems 4 5.3% 

Suicide ideation 2 2.7% 

Grief and loss 2 2.7% 

Conflict with non-family members 2 2.7% 

Psychological trauma 1 1.3% 

Legal issues 1 1.3% 

Pregnancy-related stress 1 1.3% 
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Organophosphate Clinical Signs 

The most notable clinical signs included pinpoint pupils (59%), GCS ≤ 13 (50%), 

bronchorrhea (40%), and salivation (33%). Diarrhoea and fasciculations were each observed 

in 29% of cases. Sweating (16%), vomiting (11%), urination (9%), and seizures (7%) were 

less commonly observed. Lacrimation was the least common sign, observed in only 5% of 

cases. See Figure 3. 

 

Figure 3:Frequency of clinical signs 

 

 

Vital Signs 

The results were obtained upon arrival in the emergency department and are summarized in 

Table 4. 

Table 4: Vital Signs 

Variable 
variable 

documented 
Minimum Maximum Mean 

Standard 

Deviation 

Temperature (°C) 122 35 37.8 36.3 0.6 

Oxygen Saturation (%) 126 40 100 92 12 

59%

50%

40%

33%

29%

29%

16%

11%

9%

7%
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Pulse rate (beats/minute) 128 29 156 100 24 

Respiratory rate 

(breaths/minute) 
126 10 91 21 8 

Systolic Blood Pressure 

(mmHg) 
127 44 244 134 26 

Diastolic Blood Pressure 

(mmHg) 
127 25 149 83 20 

 

 

COVID-19 Status 

A total of 4 patients tested positive for COVID-19, 58 patients tested negative for the virus, 

57 patients’ COVID-19 status was not known, and 9 patients were seen before the COVID-19 

pandemic.  Among the COVID-19-positive group, only one patient died, and 3 were 

discharged. Of the 58 patients who tested negative, 47 were discharged, 7 died, 3 were 

transferred to the ICU of another hospital, and 1 refused hospital treatment. Of the 9 patients 

admitted before the COVID-19 pandemic, one patient died, another patient refused hospital 

treatment, and seven were discharged. Of the 57 patients with an unknown COVID-19 status, 

53 were discharged and four demised, as shown in Table 5 on pages 20 & 21. There was no 

statistically significant difference in outcomes between the groups based on COVID-19 status 

(p-value = 0.378). 

Table 5: COVID-19 status and associated outcomes 

COVID-19 test 

Outcome 
Positive  

(n=4) 

Negative 

(n=58) 

Unknown 

(n=57) 

Before COVID 

(n=9) 

Total 

(n=128) 
P Value 

Discharge 3 (75.0%) 47 (81.0%) 53 (93.0%) 7 (77.8%) 110 (85.9%) 

0.378 Death 1 (25.0%) 7 (12.1%) 4 (7.0%) 1 (11.1%) 13 (10.2%) 

Transfer to other 

hospital 
0.0% 3 (5.2%) 0.0% 0.0% 3 (2.3%) 
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Refusal of 

hospital 

treatment 

0.0% 1 (1.7%) 0.0% 1 (11.1%) 2 (1.6%) 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

 

Laboratory Investigations 

Most of the laboratory investigations were performed in the emergency department upon the 

patients’ arrival. In cases where the initial specimens were rejected by the laboratory, 

recollection was carried out, and the new samples were subsequently submitted to analysis. 

The median cholinesterase level was 368 U/L (IQR: 200–1157), with the lowest recorded 

level being 100 U/L. The white cell count had a median of 12.9 x 10⁹/L (IQR: 8.7-17.1). 

Haemoglobin levels had a median of 14.4 g/dL (IQR: 13–15.7), while the mean cell volume 

was 93.1 fL (IQR: 88.7–98.6). The platelet count had a median of 265 × 10⁹/L (IQR: 223–

319). 

Electrolyte and renal function assessments showed a median sodium level was 140 mmol/L 

(IQR: 138-142) and a median potassium level of 3.9 mmol/L (IQR: 3.5-4.4). Urea had a 

median of 3.8 mmol/L (IQR: 3.2–5.0), while creatinine was 72 µmol/L (IQR: 58–85). The 

estimated glomerular filtration rate (eGFR) had a median of 60 mL/min/1.73m² (IQR: 60–

60.3). 

Protein and liver function parameters indicated that total protein levels had a median of 66 

g/L (IQR: 62–73), and albumin levels a median of 40 g/L (IQR: 36–44). Total bilirubin was 

10 µmol/L (IQR: 6–15), while conjugated bilirubin was 3 µmol/L (IQR: 2–4). Alanine 

transaminase (ALT) had a median of 22 U/L (IQR: 17–34), while aspartate transaminase 

(AST) was 36 U/L (IQR: 28–59). The median alkaline phosphatase level was 79 U/L (IQR: 

62–95), and the median gamma-glutamyl transferase (GGT) level was 30 U/L (IQR: 18–55). 

Blood gas analysis revealed a mean pH of 7.28 ± 0.16, while the partial pressure of arterial 

oxygen averaged 60 ± 48mmHg, reflecting possible hypoxemia in some patients. The partial 

pressure of carbon dioxide had a mean of 48 ± 28 mmHg, while bicarbonate levels averaged 

19.8 ± 5.3 mmol/L. Additionally, the base excess had a mean of -4.6 ± 6.3 mmol/L.  
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Table 6: Laboratory Investigations 

Variable 

Normal 

reference 

range 

Variable 

documen

ted 

Minimu

m 
Maximum 

 

Mean 

(SD) 

     Median 

(IQR) 

Cholinesterase level 

U/L 

4620 - 

11500 
92 100 8444 

 368 (200-

1157) 

White cell count (x 

10/L) 
3.92-10.40 127 1.3 30.2 

 12.9 (8.7- 

17.1) 

Haemoglobin (in g/dL) 13.4-17.5 127 8.4 19.9 
 14.4 (13- 

15.7) 

Mean cell volume (in 

fL) 
83.1-101.6 123 3.5 135.0 

 93.1 (88.7-

98.6) 

Platelet count (x 10/ L) 171-388 127 46 765 
 265 (223-

319) 

Sodium (in millimoles 

per liter) 
136-145 128 117 150 

 140 (138-

142) 

Potassium (in 

millimoles per liter) 
3.5-5.1 127 2.0 6.1 

 
3.9 (3.5- 4.4) 

Urea (in millimoles per 

liter) 
2.1-7.1 128 1.20 13.0 

 
3.8 (3.2- 5) 

Creatinine (in 

micromoles per liter) 
64-104 128 22 156 

 
72 (58- 85) 

Estimated glomerular 

filtration rate  

(in mL/min/1.73m) 

> 60 122 33 139 

 

60 (60-60.3) 

Total Protein (in g/L) 60-78 103 47 103  66 (62-73) 

Albumin (in g/L) 35-52 103 26 57  40 (36-44) 

Total Bilirubin (in 

umol/L) 
5-21 103 1 47 

 
10 (6-15) 

Conjugated bilirubin 

(umol/L) 
0-3 104 0 21 

 
3 (2-4) 
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Alanine transaminase 

(in U/L) 
10-40 103 6 248 

 
22 (17- 34) 

Aspartate transaminase 

(in U/L) 
15-40 104 13 420 

 
36 (28-59) 

Alkaline phosphatase 

(in U/L) 
53-128 103 10 239 

 
79 (62- 95) 

Gamma-glutamyl 

transferase (in U/L) 
< 68 100 3 188 

 
30 (18- 55) 

PH 7.35-7.45 120 6.82 7.65 
7.28 

(0.16) 
 

Partial Pressure of 

Arterial Oxygen (in 

mmHg) 

83-108 118 12 284 

 

60 (48)  

Partial pressure of 

carbon dioxide (in 

mmHg) 

 35- 45 119 15 107 

 

48 (28)  

Bicarbonate (in 

millimoles per liter) 
22.0-26.0 118 -11 32 

19.8 

(5.3) 
 

Base excess (in 

millimoles per liter) 
-2.0 – 3.0 118 -25.0 24.9 

-4.6 (6.3) 
 

 

 

Comorbidities 

Among the reported comorbidities, hypertension was the most prevalent, affecting 11% of 

individuals, followed closely by Human Immunodeficiency Virus (HIV) at 10%. Mental 

health conditions such as depression (2%) and bipolar mood disorder (2%) were also 

reported. Notably, anxiety disorder was not reported at all. Nine percent (9%) of comorbid 

conditions were due to 3 pregnant patients, 3 epileptic patients, 1 patient with syphilis, and 4 

patients who used cannabis. These findings highlight the presence of both physical and 

mental health comorbidities, with a higher prevalence of chronic illnesses, including 

hypertension and HIV, compared to psychiatric conditions.  
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Figure 4: Comorbidities 

 

 

Ventilation, Atropine, & Adjunct Medications 

Mechanical ventilation was required in 58% of cases, with an average duration of 7±5 days. 

Atropine infusion was administered in all cases, lasting an average of 5±4 days. 

Adjunct medications were also used, with midazolam being the most common (33% of 

cases), followed by glycopyrrolate (14%), haloperidol (8%), risperidone, and inotropes (2% 

each). 

 

Table 7: Ventilator, Atropine, and adjunct medications 

Variable Option Frequency 
Percent / 

Mean ± SD 

Mechanical ventilator 
Yes 74 58% 

No 54 42% 

Ventilator use duration   7 ± 5 

Atropine infusion Yes 128 100% 

Atropine infusion use duration  5 ± 4 

Adjunct medication use Midazolam 42 33% 
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Glycopyrrolate 18 14% 

Haloperidol 10 8% 

Risperidone 2 2% 

Inotrope use 2 2% 

 

Indications for Intubation 

Among the 74 indications for intubation illustrated in Figure 5, the most common indication 

was a decreased level of consciousness, accounting for 54 cases (73%). Other reasons 

included Type 2 respiratory failure (8 cases), cardiorespiratory arrest (5 cases), and seizures 

(2 cases). One patient was already intubated upon arrival at the emergency department. In 4 

cases, no reason for intubation was documented in the patient’s records. 

Figure 5: Indications for intubation 

 

 

Ventilator use and associated outcomes 

Of the 128 participants, 58% (74 patients) required intubation, of whom 17.6% (13 of 74 

patients) did not survive, 78.4% (58 patients) were discharged, and 4% (3 patients) were 

transferred to another hospital. In contrast, non-ventilated patients had a more favourable 

outcome, with 52 of 54 patients discharged to the ward, while 2 patients refused hospital 

treatment.  
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Figure 6: Ventilator use and its associated outcome 

 

 

Relapse Cases 

Only 16 patients (12.5%) of 128 patients experienced relapse, with an average length of stay 

of 5 days (range: 1–13 days). Among these, 15 patients (including one patient who refused 

hospital treatment) were discharged, and one patient was transferred to the Intensive Care 

Unit of another hospital for further management. 

 

Peradeniya Organophosphate Poisoning (POP) Score 

A total of 74 cases were classified as mild, and 54 cases as moderate based on the POP score. 

There were no cases classified as severe based on the Peradeniya score. Among the 74 mild 

cases, 31 required intubation and ventilation. Meanwhile, 43 of 54 moderate cases underwent 

intubation and ventilation, as shown in Table 8. A P-value <0.001 indicated that the 

association between POP score severity and ventilator use is statistically significant.   
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Table 8: Association between POP score and ventilator use 

 Peradeniya Organophosphorus Poisoning Score 

P-value 

Mechanical 

ventilator 
Mild 0-3 (n=74) Moderate 4-7 (n=54) Total (n=128) 

Yes 31 (41.9%) 43 (79.6%) 74 (57.8%) 

0.000 No 43 (58.1%) 11 (20.4%) 54 (42.2%) 

Total 100.0% 100.0% 100.0% 

 

 

Figure 7: Outcome based on POP scores 

 

Higher POP scores were associated with increased mortality, with 9 deaths occurring in the 

moderate group compared to 4 deaths in the mild group.  
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Length of In-Hospital Stay 

The duration of in-hospital stay in the High-Care unit ranged from 0 to 25 days, with a 

median of 5 days (IQR: 4 -11). The median length of stay was significantly longer in 

ventilated patients (7 days; IQR: 5–15; range: 25 days) compared to non-ventilated patients 

(4 days; IQR: 2–6; range: 1–20 days). A P-value <0.001 showed that the difference in length 

of stay between ventilated and non-ventilated patients was statistically significant. See figure 

8.  

 

Figure 8: length of stay in ventilated vs non-ventilated patients 

 

 

Outcome 

Most patients were successfully discharged, totalling 110 patients (85.9%). However, 13 

patients (10.2%) did not survive. 3 patients (2.3%) were transferred to the Intensive Care unit 

of another hospital, and therefore their outcome in terms of discharge or death is not known. 

2 patients (1.6%) refused hospital treatment and were subsequently discharged from the 

High-Care unit. See figure 8 on page 27. 
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Chapter 4: Discussion 

128 files were analysed in this retrospective review of patients with an organophosphate-like 

toxidrome at Edenvale Regional Hospital for the period 01 January 2020 to 31 December 

2023. Of the 90 patients that were excluded, 31 files could not be found, and the other 60 

files either had polypharmacy ingestion or did not have the diagnosis of organophosphate-like 

toxidrome.  

 

Age 

The mean age was 31 years (±12), indicating that most patients were young adults. The 

relatively large standard deviation suggests variability in age. Our findings are comparable to 

those of a Pakistani study, which reported a mean age of 27.3 years ± 11.4 [16]. A South 

African reported a mean age of 30 years (±13), while a study from Turkey reported a mean 

age of 25.8 years (±11.8) [9,14]. In our cohort, the age group 14-39 accounted for 78.1% of 

the study participants, with the 20-29 age group having the highest number of patients 

(33.6%).  

 

Ethnicity 

Our study found that black Africans constituted the overwhelming majority, making up 100% 

of the study population. These findings are consistent with those of a South African study 

conducted by Bruins et al., which reported that 99.2% of the participants were of Black 

African ethnicity [9]. Our findings align with the demographics of the local population. 

 

Sex distribution 

The sex distribution of patients in this study indicates a higher proportion of males (62%) 

compared to females (38%). Similar trends have been observed in 4 other South African 

studies that reported a male predominance [8-11].  In another South African study, Dunga et 



30 
 

al. found an overall female prevalence of 61.6% compared to 38.4% in males [41]. However, 

it was noted that the cohort included some participants who had ingested an organophosphate 

compound and a non-organophosphate compound. A further analysis of patients who only 

ingested an organophosphate compound showed a male predominance of 51.1% (136) 

compared to 48.9% (130) females. Globally, research findings on sex distribution vary 

significantly. Some studies report a higher prevalence in males, reinforcing the male 

predominance observed in this study [15,32,42], whereas other studies have shown a female 

predominance [12,14,16,43,44]. This demonstrates that sex distribution is not uniform. In our 

study, further analysis of sex distribution by age groups showed a female predominance in the 

14-19 age group. This may be due to the psychological effects seen in females during 

adolescence, however, this needs to be investigated further. 

 

Clinical presentation and vital signs 

Our findings of miosis, GCS ≤ 13, bronchorhoea, and salivation as the most common clinical 

signs are in keeping with those reported in another South African study conducted at a 

regional hospital by Khonje et al [8]. A GCS of ≤ 13 was associated with an increased risk of 

mortality [45]. 

Blood pressure measurements showed a mean systolic of 134 mmHg (SD±26) and a mean 

diastolic of 83 mmHg (SD±20). A mean respiratory rate of 21 bpm (SD±8), a mean 

temperature of 36.3 °C (SD±0.6), and a mean oxygen saturation of 92% (SD±12). The vital 

signs findings are comparable to those found in Bruins’s cohort of 129 patients [9].   

 

Peradeniya Organophosphorus Poisoning Scale 

In our cohort, 57.8% of participants were classified as mild cases, and 42.2% as moderate, 

based on the POP scale. No severe cases were observed. These findings are consistent with 

those reported in a cohort conducted in India [27].  In our study, 41.9% of patients classified 

as having mild poisoning were intubated and ventilated, while 79.6% of those with moderate 

poisoning were ventilated. In comparison, Mundhe et al. reported that among 323 patients in 

their study, intubation and ventilation were required in 6 of 112 mild cases, 61 of 121 

moderate cases, and 57 of 90 severe cases [15].         
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Blood Results 

Cholinesterase levels were done in 71.9% (92 of 128 cases), with a median of 368 U/L (IQR: 

200-1157), and the lowest value was 100 U/L. In a study by Khonje et al., the median 

cholinesterase level was 208.5 U/L (IQR: 129.8-545.5) [8]. A reduction of either red-cell 

cholinesterase or pseudocholinesterase by 10-20 % signifies moderate poisoning, while a 

decline of 50% is observed in severe cases [46]. A Turkish study reported that, upon 

admission to the emergency department, 69.6% of male patients and 74.1% of female patients 

had serum cholinesterase levels reduced by 50% or more [12]. 

The overall renal function and electrolytes in our study were normal. Acute kidney injury has 

been described. Mundhe et al. reported that 10.53% of patients in their study developed renal 

failure [15]. The underlying mechanisms of renal injury are not well understood, and the 

limited literature presents various hypotheses. The proposed mechanisms are oxidative stress 

due to high intratubular organophosphate concentrations, rhabdomyolysis, and hypovolaemia 

resulting from dehydration [47]. 

The overall mean of indicators of liver damage or hepatic function in our study was within 

normal limits. Literature revealed a notable correlation between specific organophosphate 

exposure and indicators of liver injury or hepatic function [48].  

Albumin was recorded in 80.5% (100 of 128) of the participants, with a median of 40 g/L 

(IQR: 36-44) and a minimum value of 26.00 g/L. A reduction in serum albumin levels, either 

alone or accompanied by an elevation in C-reactive protein (CRP) levels, is linked to a worse 

prognosis in patients with organophosphate poisoning [23].  

The mean arterial PH was 7.28 (range 6.82–7.65), with a mean PaO2 of 60 mmol/L, with the 

lowest 12 mmol/L, indicating overall hypoxaemia on presentation. On presentation, patients 

were hypercapnic with a mean PaCO2 of 46 mmHg (range 15–107 mmHg). Our findings 

align with those reported in Bruins' study, which noted patients presenting with acidaemia 

(mean PH 7.16), hypercapnia (mean PaCO2 52 mmHg), and hypoxaemia (mean PaO2 79 

mmHg) [9]. 
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COVID-19 Status 

Out of the 128 patients, 62 were tested for COVID-19 infection. Among those who tested, 

94% (58 of 62 patients) had negative results, whereas only 6% (4 of 62 patients) tested 

positive for COVID-19 infection. Nine patients presented before the COVID-19 pandemic, 

whereas the COVID-19 status of 57 patients was unknown. 

 

The breakdown of the unknown tests according to the years is as follows:  

2023 - 38 patients 

2022 - 13 patients  

2021 – 1 patient  

2020 – 5 patients.  

There is no documentation in the patient’s records indicating that the test was conducted. The 

most likely explanation for the absence of tests in 2022 and 2023 is that South Africa’s state 

of disaster was lifted in April 2022, after which routine COVID-19 testing was discontinued 

[49].  

Published data to date support the notion that the COVID-19 pandemic had both physical and 

psychological impacts on patients and society. Pathirathna et al. reported an increase in 

suicide as one of the effects [50]. They also reported risk factors that were thought to have 

contributed to this increase in suicide, namely anxiety, financial loss, preexisting mental 

health conditions, depression, domestic conflicts, and violence. Anxiety was higher in 

females and young adults, while individuals with higher education levels reported poorer 

mental well-being [51].  

Loss of relatives, social isolation, and psychiatric and medical complications were factors 

identified in the 1918-1919 Influenza pandemic to be associated with increased suicide [52]. 

The loss of relatives and social isolation can lead to increased stress, lack of support, and 

loneliness. This makes it difficult to cope with stress and other challenges, subsequently 

leading to suicidal thoughts and behaviour. A scoping review by Shoib et al. investigating the 
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association between suicidal behaviour and loneliness found a positive correlation between 

loneliness and suicidal behaviour, regardless of the presence or absence of mental disorders 

[53]. The lockdown restrictions in place significantly limited movement within and between 

countries, resulting in the disruption of support structures and leading to isolation and 

loneliness. People experiencing loneliness and social isolation are five times more likely to 

die from suicide, and this risk is especially high among young adults [54].    

 

Comorbidities 

25% of participants had comorbid conditions, either a physical or a mental health condition.  

The most prevalent comorbid conditions were hypertension (11%) and HIV (10%). Onyeka 

reports that the impact that the physical ailment has on a person’s daily life is a stronger 

predictor of suicide risk than the number of medical conditions that a person has, especially 

among younger individuals [55]. In Ahmedani's cohort of patients who died by suicide 

between 2000 and 2013, seventeen medical conditions, including HIV/AIDS, traumatic brain 

injury, sleep disorders, and others, were linked to an increase in suicide risk [56]. 

In our cohort, diabetes mellitus contributed 4% of comorbidities. Pompili’s study reported 

that patients with diabetic mellitus had an increased suicidality, lacked motivation, and had 

less future expectation [57]. There is a lack of data in South Africa on the influence of 

diabetes mellitus on suicidality. 

Depression (2%) and bipolar mood disorder (2%) were the only 2 mental health conditions 

noted in our study population. Orsolini et al. reported that major depressive disorder was 

associated with increased suicidal behaviour [58]. In Shoib’s scoping review, it was reported 

that social isolation is a common feature observed in individuals with depression, and this 

was a risk factor for suicide [53]. It was found that, although there is a positive correlation 

between loneliness and suicide, depression demonstrated a correlation that was twice as 

strong with suicide. In Dome’s review of suicide risk in bipolar disorder, it was documented 

that the suicide rate for patients with bipolar disorder was 10-30 times higher than the general 

population [59].  

Pregnancy, epilepsy, syphilis, and cannabis use accounted for a combined 9% of the 

comorbid conditions found. A systematic review showed a strong correlation between 

cannabis usage and suicidal thoughts and attempts in the general population, people with 
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bipolar disorder or major depression, and military veterans [60]. The study also noted that 

heavy intake, prolonged use, and younger age of initiation of cannabis were associated with 

worse suicidal outcomes. Pregnancy-related risk factors for suicide include being a teenager 

and cultural stigmatization for being unmarried and pregnant [61]. Notably, two of the three 

pregnant patients in our study were teenagers.  

 

Management & outcome 

Treatment 

All the participants in our study received an infusion of atropine for maintenance. 14% (18 of 

128) of these also received glycopyrrolate. Atropine is the main medication used for the 

treatment of acute organophosphate toxicity. It reverses symptoms by countering the effects 

of excessive stimulation of acetylcholine at the muscarinic receptors [28]. Oximes were not 

used in any of our cases. The literature review shows that oximes are not effective against 

some organophosphate compounds; however, the studies in which they were used have been 

criticised for their small sample sizes [62,63]. 

Other medications used in our cohort were midazolam, haloperidol, risperidone, and 

inotropes (dobutamine). Inotropic support was used in two hypotensive patients. Midazolam 

was used in 41 patients, and the reasons for use were agitation, restlessness, and to keep 

ventilated patients sedated. Either risperidone or haloperidol was used in patients with 

hallucinations or psychosis secondary to atropine.  

 

Outcome 

87.5% of the patients had a favourable outcome and were discharged. This percentage 

includes those who refused hospital treatment. 10.2% of participants did not survive, and 

death occurred only in ventilated patients. The outcome in 2.3% of the participants is 

unknown because they were transferred out to another hospital for further treatment.  

Of the 128 participants, 58% (74 patients) required intubation, of whom 17.6% (13 of 74 

patients) did not survive. In contrast, non-ventilated patients had a more favourable outcome, 

with 52 of 54 patients discharged to the ward, while 2 patients refused hospital treatment. 
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Mortality 

Three patients who were transferred out to other hospitals were excluded when determining 

the mortality rate. Our cohort revealed a mortality rate of 10.2%. South African studies show 

a variable mortality rate for organophosphate poisoning [8,9,41]. The lowest mortality rate 

was seen in a cohort from the Tshwane district at 3.4% [10], and the highest mortality rate 

was observed in the Western Cape at 16% [11]. A review of the literature showed a variable 

mortality rate [12,14,15,64], with one study reporting a very low mortality rate of 0.05% (147 

of 6539 patients) [31]. 

Our mortality rate of 10.2% was observed exclusively in ventilated patients, with no deaths 

reported in the non-ventilated group. A Johannesburg study found a mortality rate of 18.2% in 

ventilated patients compared to 7.1% in non-ventilated patients [8]. However, these findings, 

as reported by Khonje et al., were not statistically significant (p = 0.07). In Bhattad’s cohort, 

only patients who were intubated had an unfavourable outcome [65]. No mortality was 

observed in the non-ventilated group. Several factors, such as leucocytosis, increased 

creatinine, low cholinesterase level, increased amylase, low glasgow coma scale, prolonged 

hospital stay, tracheostomy, ventilatory support, higher APACHE II score, and an increased 

ingested dose of organophosphate compound, were associated with increased mortality 

[14,32,64,66]. The findings are comparable to those in our study, in which blood 

investigations revealed leucocytosis (mean WCC: 13.2 × 10⁹/L), reduced cholinesterase 

levels (mean: 1037 U/L), and a low glasgow coma scale score (as the most common clinical 

sign on presentation.  

 

Length of stay 

In our cohort, the median length of stay was 5 days, with a range of 0 to 25 days, indicating 

considerable variability in the duration of hospitalisation among patients. These findings are 

comparable with results from other studies [8,9,14,31]. A study comparing the burden of 

organophosphate poisoning over two separate periods (2012 versus 2017) was conducted in 

an intensive care unit in Soweto, South Africa [7]. The results revealed that in 2017, the total 

median length of stay was significantly longer, at 8 days (interquartile range: 4–17), 
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compared to just 2 days (interquartile range: 2–3) in 2012. The reason given for these results 

was that the 2012 cohort had not ingested a true organophosphate but rather a carbamate, 

which is short-lived and has a milder presentation.  

When the participants were divided based on ventilator status, our study revealed that the 

ventilated group had a longer mean and median length of stay compared to the non-ventilated 

group. The findings are consistent with those of two South African studies conducted in the 

Gauteng province, which reported that ventilated patients had a prolonged length of hospital 

stay as opposed to non-ventilated patients [8,9].  

 

Chapter 5: Conclusions 

 

The study was designed to assess the effect of the COVID-19 pandemic on organophosphate 

poisoning; however, due to the small number of patients’ files analysed who were positive for 

COVID-19, no definitive conclusions could be made. Nonetheless, it provides insights into 

the epidemiology of organophosphate poisoning in the region during the COVID-19 

pandemic. The COVID-19 pandemic had a profound impact on the mental health of 

individuals across the globe, and it was influenced by factors such as social isolation, 

economic instability, pre-existing mental health conditions, and heightened fear. Lockdown 

and physical distancing intensified loneliness and despair, leading to new or worsening 

psychiatric conditions. Furthermore, economic fallout, from job losses and reduced economic 

opportunities, likely compounded mental health challenges. The COVID-19 pandemic was 

the first pandemic to bring the world to a complete halt. It was a time of uncertainty with 

overall increased stress, depression, and anxiety. However, the actual impact of the COVID-

19 pandemic on the incidence of patients admitted with an organophosphate-like toxidrome 

needs to be investigated further.  

 

Chapter 6: Limitations 
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 As the study was limited to one centre, its results may not be generalizable 

 Another limitation was that, because the study was conducted retrospectively, several 

files could not be found, and also, the data in some files was not complete. Patient 

records are not electronic and have to be stored manually, and therefore may be lost or 

misplaced.  

 The analysed data does not include patients who were treated with Atropine for 

organophosphate-like toxidrome in the emergency department and subsequently 

admitted to a ward other than the High-Care unit or transferred out. Due to a limited 

number of beds in the High-Care unit, once full capacity is reached, patients are either 

transferred out to other hospitals or kept in the resuscitation area in the emergency 

department until they can be admitted to the ward. 
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Abstract 

 

Background 

Organophosphate, a pesticide that can be used intentionally or inadvertently to induce bodily 

harm, is a significant cause of morbidity and mortality globally. Beyond its devastating health 

consequences, the COVID-19 pandemic also put a massive strain on healthcare infrastructure 

globally. There is limited data available in South Africa regarding the patterns of hospital 

admissions and outcomes for patients presenting with organophosphate-like toxidrome during 

the recent COVID-19 pandemic.  

 

Objectives 

To describe the demographics of patients admitted with an organophosphate-like toxidrome 

during the COVID-19 lockdown period, their clinical presentations, length of stay, and the 

outcomes in both COVID-19-negative and COVID-19-positive patients, and to describe their 

comorbidities. 

 

Methods 

A retrospective descriptive data analysis was conducted on patients admitted to the High-Care 

Unit at Edenvale Regional Hospital and treated with atropine for organophosphate-like 

toxidrome from January 2020 to December 2023. Of 219 identified patients, only 128 cases 

were analysed. Of the 91 excluded files, 31 files could not be found, and 60 files had 

polypharmacy ingestion (organophosphate compound and other toxins/ drugs).  

 

Results  
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The study population consisted entirely of Black African ethnicity (100%). The mean age was 

31 ± 11 years, with a male predominance (62%). The most common clinical findings included 

pinpoint pupils (59%), Glasgow coma scale (GCS) ≤13 (50%), and bronchorrhea (40%). 

Intentional ingestion accounted for 59% of cases. The COVID-19 status was unknown for 

45% of cases, 7% of cases were admitted before the COVID-19 pandemic, and only 3% of 

cases tested positive. The median cholinesterase level was 368 U/L (interquartile range 

(IQR): 200-1157). Hypertension (11%) and HIV (10%) were common comorbidities. 

Atropine infusion was administered in all cases, lasting an average of 5±4 days. Relapse 

occurred in 12.5% (16 out of 128) of cases.  

Of the relapses, 87.5% were discharged, 6.25% were transferred to another hospital, and 

6.25% refused hospital treatment. Mechanical ventilation was required in 58% of cases, with 

a median duration of 7 days (interquartile range: 5 -15). The overall survival rate for the 

cohort was 85.9%. 

 

Conclusion  

This study aimed to evaluate the effect of the COVID-19 pandemic on organophosphate-like 

toxidrome, however, no definitive conclusions could be drawn due to the small number of 

positive cases. Nonetheless, it provides insights into the regional epidemiology of 

organophosphate-like toxidrome and highlights the need for further research to understand 

the patterns and determinants of organophosphate-like toxidrome in South Africa. In addition, 

further research is needed to explore the impact of COVID-19 pandemic-related factors such 

as isolation, financial problems, fear and anxiety, and other mental health conditions that may 

have contributed to suicide and self-harm. 
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Appendix B          

Data Collection Sheet 

Participant ID: 

Race:  Black ☐   White☐   Indian☐   Coloured☐ Other race ☐      Age:                 

Gender: Male☐       Female☐             

Date of admission:         Date of outcome:     

Outcome:  Discharge☐  Death☐  Transfer to another hospital☐    

Refusal of hospital treatment ☐reason:    

Relapse: Yes☐   No☐  

Relapse atropine initiation date:       Relapse atropine stop date:          

Vital parameters on presentation:  Oxygen saturation:   Temperature:  

 Pulse rate:               Respiratory rate:    BP:   

History of Organophosphate ingestion:  Yes☐    No☐   Unknown☐   

Organophosphate clinical signs on presentation:  

Salivation:   Yes☐   No☐             Fasciculations  Yes☐   No☐ 

Urination   Yes☐   No☐             Bronchorrhea  Yes☐   No☐ 

Diarrhoea   Yes☐   No☐             Pinpoint pupils Yes☐   No☐ 

Lacrimation   Yes☐    No☐          Sweating             Yes☐   No☐ 

Vomiting   Yes☐   No☐   Seizures            Yes☐   No☐ 

Glasgow coma scale:  

Peradeniya Organophosphorus Poisoning score (POP):                                                                                                                                                                                                         

Reason for Ingestion: Unintentional☐ Intentional☐-reason:                                unknown☐                                                                                                                                                                                                          

Cholinesterase level:               
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COVID-19 test: Positive ☐    Negative ☐   Unknown  ☐   Before COVID  ☐  

Full blood count:   WCC:            HB:         MCV:   Plts: 

Renal function test:                                                                                                                                                                                                  

Na:              K:                 Urea:               Creatinine:                GFR 

Liver function test:  

TP:          ALB:        Tot Bil:          Cong Bil:           ALT:          AST:            ALP:         GGT     

Atropine infusion given: Yes☐    No☐            duration:                                                                                                                                                                                 

Adjunct meds: 

Glycopyrrolate   Yes☐      No☐    reason:       

Haloperidol    Yes☐      No☐    reason:      

Midazolam    Yes☐      No☐    reason:   

Risperidone    Yes☐      No☐    reason:     

Inotrope use          Yes☐      No☐ name:   duration:  

Mechanical ventilator use: Yes☐   No☐  Indication for intubation: 

Number of days on ventilator: 

Arterial Blood Gas:  PH:          PAO2:    PACO2:       BE:     HCO3:   

Comorbid conditions:  

Diabetes Mellitus        yes ☐    No☐                                                                                                                                                                                                             

Hypertension              yes ☐    No☐                                                                                                                                                                                               

Bipolar Mood disorder        yes ☐     No☐                                                                                                                                                                                                           

Anxiety disorders           yes ☐     No☐                                                                                                                                                                                                             

Depression        yes ☐     No☐           

HIV                                                         yes☐     No☐                                                                                                                                                  
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Other comorbid conditions:                                                                                                                                                                                                                
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