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COVID‑19 is a novel viral infection that has caused a global 
pandemic leading to millions of deaths.[1] Definitive treatment 
options for established COVID‑19 disease are limited, and the 
development of effective vaccines has shifted the global focus to 
preventive strategies.[2] Nevertheless, research into curative strategies 
for COVID‑19 is ongoing, including the repurposing of promising 
drugs with direct or indirect activity against the SARS‑CoV‑2 virus.[3]

The anthelmintic drug ivermectin is primarily used in the 
veterinary sciences, and can also be used in humans for filarial and 
resistant scabies infections. In June 2020, ivermectin was reported 
to be effective against SARS‑CoV‑2 in vitro,[4] supporting previous 
preclinical studies showing that ivermectin has antiviral and anti‑
inflammatory activity.[5,6] Together these findings sparked global 
interest in ivermectin as potential prophylaxis and treatment for 
COVID‑19, and led to several randomised controlled trials and 
subsequent meta‑analyses.[7‑9] However, the South African (SA) 
National Department of Health and the World Health Organization 
(WHO) do not currently recommend the use of ivermectin for 
COVID‑19, citing significant methodological limitations of most 
trials without clear evidence of benefit.[8,10] Despite this, ivermectin 
has attracted a great deal of public interest globally.

In SA, oral ivermectin for humans is currently unregistered 
and requires a Section 21 application to the South African Health 

Products Regulatory Authority.[11] This has led to increased off‑label 
and unmonitored use, increasing the likelihood of toxic ivermectin 
exposures.[12] Emerging news reports locally and abroad indicate a 
growing number of poisonings due to ivermectin.[13‑15] In SA, the 
Poisons Information Helpline of the Western Cape (PIHWC) is a 
national service that receives calls from both the public and medical 
personnel regarding various toxic exposures, and is therefore well 
placed to assess toxic ivermectin exposures and any change in trends. 
Our objective was to describe and compare cases of ivermectin 
exposure reported to the PIHWC before and during the COVID‑19 
pandemic.

Methods
A retrospective review of ivermectin exposures reported to the 
PIHWC from inception of the PIHWC database on 1 June 2015 to 
31 July 2021 was conducted. The PIHWC is a combined telephonic 
service between two poisons information centres situated in two 
large tertiary academic hospitals in Cape Town: Tygerberg Hospital 
and Red Cross War Memorial Children’s Hospital. The service is a 
24‑hour helpline available to members of the public and healthcare 
workers in SA, with occasional international toxicology‑related calls. 
The helpline is supported by 13 specialists in poisons information, 
comprising 5 clinicians, 7 pharmacists and 1 scientist. All calls 
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received at the PIHWC are logged onto an electronic database, 
AfriTox TeleLog, which allows information to be recorded in real 
time. Quality control of TeleLog data is conducted monthly, when 
quality assessors screen all calls received at the PIHWC, and errors 
are detected and corrected.

Ivermectin‑related calls were divided into two time periods. 
The periods were dichotomised according to the publication of 
the in  vitro study showing ivermectin activity against SARS‑CoV‑2 
in June 2020,[4] which led to a global increase in off‑label use of 
ivermectin for COVID‑19. All calls received between 1 June 2015 and 
30 June 2020 (pre‑publication period) were regarded as period 1. All 
calls received between 1 July 2020 and 31 July 2021 (post‑publication 
period) were recorded as period 2. Period 1 included a longer time 
frame (in months) to increase the probability of detecting rare 
pre‑COVID ivermectin exposures and to limit selection bias.

Calls to the PIHWC were included as cases if the call was about 
a human exposure at any age, if ivermectin had been ingested 
within the 24 hours prior to developing symptoms, and if the caller 
attributed the symptoms to ivermectin use. We excluded repeat calls 
and calls received exclusively for ivermectin information not related 
to an exposure. Cases were screened, reviewed, and captured onto 
an electronic case report form on a secure Research Electronic Data 
Capture (REDCap) web platform by two study investigators (VP‑FL 
and RvR). Information collected included caller location, whether 
the caller was a member of the public or a healthcare professional, 
type of medical facility as applicable, patient demographics (age, 
caller‑identified sex), product type (human or veterinary), dose, 
route of exposure, circumstances of exposure, clinical presentation 
and severity of poisoning. Paediatric exposures were defined as 
exposures occurring in children aged ≤12 years. Poisoning severity 
was determined at the time of the call using the Poisoning Severity 
Score (PSS) as recommended by the WHO.[16] The PSS categorises 
poisoning cases into one of five ordinal categories according to 
symptoms and signs: none (PSS 0), minor (PSS 1), moderate (PSS 2), 
severe (PSS 3) and fatal (PSS 4). COVID‑19‑related cases were 
defined as exposures when the caller explicitly stated that ivermectin 
had been used for the prevention or treatment of COVID‑19. Data 
were exported from the REDCap database and imported into Prism 8 
(GraphPad Software Inc., USA) for analysis. All binary or categorical 
data were reported using frequencies and percentages. Medians and 
interquartile ranges were used to describe continuous data. The study 
was approved by the Stellenbosch University Health Research and 
Ethics Committee (ref. no. N21/08/023_COVID‑19).

Results
Seventy human‑related ivermectin cases were identified, and 65 were 
included in the analysis (Fig.  1). There were 19 cases in period  1 
and 46 in period 2. Caller demographics are described in Table  1. 
The median (interquartile range) age of paediatric exposures during 
period 1 was 4 (2.5 ‑ 5.25) years, compared with 2 (1.75 ‑ 4.25) years 
during period 2.

The trend of ivermectin exposure calls throughout the study period 
is shown in Fig.  2. Calls increased from an average of 0.3 calls per 
month during period 1 to 3.5 calls per month during period 2.

Twenty‑five cases (54.3%) during period 2 were specifically repor ted 
as COVID‑19 related (Table 1). Of the remaining cases during period 2, 
2 callers (4.4%) explicitly stated that ivermectin had not been used for 
COVID‑19 prevention or management, and in 19 cases (41.3%) it 
was unknown whether ivermectin had been used for COVID‑19 
prevention or management. Two paediatric cases involved accidental 
ingestion as a result of ivermectin being accessible in the household 
secondary to its use for prevention or treatment of COVID‑19.

Fourteen cases (73.7%) during period 1 and 30 cases (65.2%) during 
period 2 were symptomatic. When the periods were combined, the 
most common organ systems involved were the central nervous (n=26 
cases; 40%), gastrointestinal (n=18; 27.7%), ocular (n=9; 13.8%) and 
dermatological (n=5; 7.7%) systems (Table 2). The dominant organ 
systems involved during period 1 v. period 2 were the central nervous 
(31.6% v. 43.5%), gastrointestinal (36.8% v. 23.9%), ophthalmological 
(15.8% v. 13.0%) and dermatological (10.5% v. 6.5%) systems. More 
cardiovascular symptoms (6.5%) were reported during period 2, but 
absolute numbers were low. Poisoning severity as measured by the 
PSS is presented in Table 3. All patients with PSS 3 (n=3 cases; 6.5%) 
in period 2 presented with a depressed level of consciousness. One 
patient had multiorgan failure and required dialysis.

During period 1, 13 (68.4%) ivermectin exposures were due 
to oral ingestion, 4 (21.1%) to accidental intramuscular injection 
and 2 (10.5%) to accidental subcutaneous injection. Oral ingestion 
(n=44 cases; 95.7%) was the most common route of exposure during 
period 2. All cases during period 1 involved veterinary preparations, 
compared with 24 cases (52.2%) during period 2. Three cases (6.5%) 
during period 2 involved preparations for human use, and in 19 cases 
(41.3%) the preparation was unknown. In 11 cases (16.9%), the dose 

Fig. 1. Flow diagram of the study.
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Fig. 2. Ivermectin exposures reported to the Poisons Information Helpline of 
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that had been ingested was reported. Two cases were reported for 
each of the following doses: 12 mg, 24 mg and 48 mg, and 1 case each 
for 3 mg, 30 mg, 50 mg, 100 mg and 300 mg.

Discussion
Our study describes ivermectin exposures reported to the PIHWC 
from 2015 to 2021. We found a 12‑fold increase in average monthly 
recorded cases subsequent to the publication of a study reporting 
in vitro activity of ivermectin against SARS‑CoV‑2.[4] In a recent 
publication, the Oregon Poison Centre also reported an increase 
in ivermectin‑related calls, from 0.25 calls per month in 2020 to 
0.86 calls per month in 2021.[15] The same trend has been seen by 
other poisons information centres and toxicovigilance reporting 
authorities across the world.[17,18] It is likely that the increase in 
ivermectin exposure calls is related to growing pressure by advocacy 
groups to allow access to ivermectin for use against COVID‑19, as 
well as increasing off‑label prescribing of ivermectin by healthcare 
professionals.[19‑21]

Reports describe not only increasing use of ivermectin, but 
also inappropriate use of veterinary formulations, adulteration of 
available products, and prescription of untrialled dose regimens. 
The Oregon report[15] found an increase in the use of ivermectin 
veterinary products, in keeping with our study findings, where 
more than half of the ivermectin exposures during period 2 
were secondary to veterinary preparations. This is probably 
an underestimate, as a further 41.3% of the formulations were 
unknown. Patients may have been reluctant to divulge information 
around the acquisition of ivermectin, as the oral formulation 
is unregistered in SA and only available through Section 21 
application or clinical trials.[11,22,23]

An SA study evaluating seven different ivermectin formulations 
used for COVID‑19 from illegal importation or compounding 
pharmacies found that most were adulterated, with four products 
containing traces of other drugs such as paracetamol, telmisartan 
and clopidogrel.[24] The authors further identified the most 
common ivermectin preparations in SA as 12 mg and 18 mg tablet 
formulations.[24] This would equate to 171 ‑ 257 µg/kg/tablet for an 
average 70 kg adult. Although doses of 200 ‑ 400 µg/kg have been 
recommended for approved antiparasitic indications,[25,26] optimal 
ivermectin dosage regimens for use against SARS‑CoV‑2 have not 
yet been established.[27,28] The consequences of such unregulated 
dispensing and variable prescribing practices as COVID‑19‑
directed prevention or treatment are that patients may experience 
unintended ivermectin toxicity.

Our report is one of only a few describing human toxicity due to 
ivermectin. Limited previous reports have shown that many organ 
systems may be involved, with clinical presentations including coma, 
seizures, diarrhoea and vomiting, respiratory failure, hypotension, 
visual disturbances and metabolic acidosis.[29,30] Our study recorded 
involvement of certain dominant systems, namely the central nervous, 
gastrointestinal and dermatological systems, which were aligned with 
the recent WHO Vigibase pharmacovigilance study reporting on 
ivermectin adverse drug reactions.[31] Reports[31,32] have commented 
on the additional effect of homozygous mutations in the ABCD1 
transporter gene, leading to cases of severe neurological toxicity. As 
this was not assessed in our study, the incidence or impact of such a 
mutation in the SA population on the presentation of neurotoxicity 
is not known.

The PSS recorded in our study was at the time the call was received, 
and no further case follow‑up was performed. Despite this, our 
study found a higher proportion of cases with moderate and severe 
PSSs during period 2 compared with period 1. This potentially 

Table 1. Characteristics of ivermectin cases

Characteristics

Period 1, 
1 June 2015 - 
30 June 2020 
(n=19), n (%)

Period 2,  
1 July 2020 - 
31 July 2021 
(n=46), n (%)

Sex male 9 (47.4) 24 (52.2)
Paediatric exposures 4 (21.1) 8 (17.4)
Caller category

Public 4 (21.1) 19 (41.3)
Medical personnel* 15 (78.9) 27 (58.7)
Public healthcare facility* 11 (73.3) 8 (29.6)
Private healthcare facility* 4 (26.7) 19 (70.4)

Circumstances of poisoning
Accidental 13 (68.4) 5 (10.9)
Intentional self‑harm 6 (31.6) 3 (6.5)
Other 0 38 (82.6)

COVID‑19‑related use of 
ivermectin†

0 25 (54.3)

*Public facilities refer to government‑run hospitals or clinics. Private facilities refer to 
private hospitals, private general practitioners and pharmacies.
†Cases were considered COVID‑19‑related use of ivermectin if the callers explicitly stated 
that ivermectin had been used for either prevention or treatment of COVID‑19.

Table 2. Common clinical presentations of ivermectin 
exposures reported during periods 1 and 2 combined (N=65)
Clinical presentation n (%)*
Central nervous system

Altered level of consciousness 8 (12.3)
Ataxia 6 (9.2)
Dizziness 5 (7.7)
Blurred vision 5 (7.7)
Nystagmus 3 (4.6)
Hallucinations 2 (3.1)
Involuntary movements 1 (1.5)

Gastrointestinal tract
Abdominal pain 8 (12.3)
Vomiting 6 (9.2)
Diarrhoea 2 (3.1)

Dermatological
Skin reactions 5 (7.7)

Other
Respiratory depression 2 (3.1)
Acute renal injury 2 (3.1)
Acute liver injury 1 (1.5)

*Numbers and percentages reflect clinical presentations and not individual cases. Cases 
may have had more than one organ system involved.

Table 3. PSSs during periods 1 and 2

PSS*

Period 1,  
1 June 2015 - 
30 June 2020 
(n=19), n (%)

Period 2,  
1 July 2020 - 
31 July 2021 
(n=46), n (%)

0 (none) 5 (26.3) 16 (34.8)
1 (minor) 12 (63.2) 19 (41.3)
2 (moderate) 2 (10.5) 8 (17.4)
3 (severe) 0 3 (6.5)
4 (fatal) 0 0

PSS = Poisoning Severity Score.
*The PSS was recorded at the time of the call to the Poisons Information Helpline of the 
Western Cape.
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reflects the use of higher doses of ivermectin for COVID‑19 in 
the absence of appropriate dosing recommendations, as well as 
inappropriate use of veterinary formulations with limited human 
safety data. Further factors likely to have contributed to the severity of 
clinical presentation include the use of formulations with unknown 
concentrations or other constituents, repeated dosing with short 
dosing intervals, and the use of routes of administration different to 
those intended for the specific product.

Study limitations
Our study has several limitations, mainly due to the inherent 
limitations of poisons information centre data, including that the 
data used were routine data collected for purposes other than our 
specific study. Firstly, not all ivermectin exposure cases are reported 
to the PIHWC. Our study therefore suffers from a reporting bias due 
to calls being self‑reported. Some healthcare professionals may be 
more comfortable managing ivermectin toxicities and may not call 
the PIHWC for further advice. Secondly, details around ivermectin 
formulations and the dose ingested were unknown in some instances, 
potentially owing to reluctance to divulge information around 
acquisition of ivermectin for fear of implicating others, or being 
uninformed regarding the doses administered. Thirdly, the PSS was 
assigned at the time of the call, but cases may subsequently have 
become more symptomatic, resulting in under‑reporting of the true 
severity of ivermectin toxicity.

Conclusion
Ivermectin exposures reported to the PIHWC followed worldwide 
trends, increasing subsequent to the announcement of in vitro 
efficacy of ivermectin against SARS‑CoV‑2. Our study found a 
12‑fold increase in the average monthly cases reported to the PIHWC. 
This has occurred despite widely expressed scientific concerns over 
the limitations of such research findings.

Off‑label use of ivermectin for the management of COVID‑19 
is not without hazard, and the potential toxic effects of ivermectin 
may result in serious side‑effects requiring hospital admission. It is 
therefore important that while further evidence is gathered, more 
stringent processes are implemented to curb the irrational use of 
ivermectin, thereby protecting against unwanted clinical toxicity.
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