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Abstract

In 2019, a global viral pandemic, due to the SARS-CoV-2 virus, broke out. Soon after,

the search for a vaccine and/or antiviral medicine began. One of the candidate antiviral

medicines tested was ivermectin. Although several health authorities warned the public

against the use of this medicine outside clinical trials, the drug was widely used at the

end of 2020 and in 2021. Simultaneously, several reports started to emerge demon-

strating serious adverse effects after self-medicating with ivermectin. It stands to rea-

son that the self-administration of substandard or falsified (SF) medicines bearing

harmful quality deficiencies have contributed to this phenomenon. In order to have a

better view on the nature of these harmful quality deficiencies, SF ivermectin samples,

intercepted in large quantities by the Belgian regulatory agencies during the period

2021–2022, were analyzed in our official medicines control laboratory. None of the

samples (n = 19) were compliant to the quality criteria applicable to medicinal prod-

ucts. These SF products either suffered from a systematic underdosing of the active

pharmaceutical ingredient or were severely contaminated with bacteria, two of which

were contaminated with known pathogens that cause gastrointestinal illness upon oral

intake. In addition to the direct risks of self-medicating with such a product, the

improper usage and dosage of ivermectin medication might also facilitate ivermectin

tolerance or resistance in parasites. This may have detrimental consequences on a

global scale, certainly as the number of newly developed active pharmaceutical ingredi-

ents that can safely be used to combat parasites is rather scarce.

K E YWORD S

antiparasitic drugs, COVID-19, quality control, online medicines, substandard medicine

1 | INTRODUCTION

In December 2019, the first outbreak of the SARS-CoV-2 virus,

responsible for causing the coronavirus disease 2019 (COVID-19),

took place in the Wuhan province in China.1,2 Soon after, this virus

turned into a global pandemic and a global public health emergency.3

Needless to say that since early 2020, the race for a vaccine and/or

antiviral medicine was on. One of those candidate antiviral medicines

tested was ivermectin, a broad spectrum antiparasitic drug, that had

shown in vitro antiviral activity in the past.4–8 Ivermectin has been

used to treat humans for the past four decades, and through the

years, more than 3 billion doses have been given to humans with a
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high safety profile.9 Consequently, the drug was added to the World

Health Organization's List of Essential Medicines. Mid-2020, a study

was released that demonstrated that ivermectin showed, at least

in vitro, a highly significant reduction (99.8%) in viral SARS-COV-2

RNA after 48 h.10 However, the dosage used was much higher in

comparison with the standard dose for the treatment of parasitic

infections such as onchocerciasis (river blindness) and strongyloidiasis

or scabies.11 Since the outcome of these results, multiple clinical trials

were carried out to assess clinical outcomes,12 with conflicting evi-

dence. Moreover, some of these studies were withdrawn due to con-

cerns about inconsistencies or even fraudulent practices.12

Consequently, the World Health Organization, the US Food and

Drug Administration, and the European Medicines Agency are currently

advising against the use and repurposing of this prescription medicine,

against COVID-19, other than its use in clinical trials. Yet, the drug has

been widely used and has even been called a “COVID-19 miracle drug,”
supported by vaccine opponents or even by health authorities in some

countries.13 However, several reports, originating from different coun-

tries, demonstrated that several people developed serious adverse

effects after self-medicating and some of them were even

hospitalized.14–18 A large fraction of these cases were likely due to an

ivermectin overdose, as a consequence of the self-administration of

highly concentrated ivermectin medicines intended for livestock.14–16

Indeed, an ivermectin overdose could result in disturbing gastrointesti-

nal symptoms but it can also inflict hypotension and neurological

effects such as decreased consciousness, confusion, hallucinations, sei-

zures, coma, and even death.16 However, not all cases could be attrib-

uted to an overdose with this veterinarian product. These undesired

effects could also be due to self-medication and the possible interaction

with other medication taken by the patient. Alternatively, the use of

harmful substandard or falsified (SF) medicines, available through rogue

online pharmacies, could contribute to the number of people with

undesired side effects. A Hungarian study demonstrated that during the

pandemic, Google users' queries regarding ivermectin were trending

and peaked during the last week of November 2020 and March 2021.

Consumers most likely found links leading directly or indirectly to illegal

online retailers.19 Evidently, law enforcement agencies, responsible to

curtail the sales, purchasing, trafficking, and use of illegal medicines,

encountered also more ivermectin tablets, intended for human use, dur-

ing the pandemic.20,21

Based on the scientific literature, the major health risks associated

with the use of these SF medicinal products are the fact that they are

likely not produced under good manufacturing practices. Conse-

quently, they may contain only inactive ingredients, wrong ingredi-

ents, the improper amount of active pharmaceutical ingredient (API),

or potentially toxic impurities, or they can be contaminated with

potentially pathogenic microorganisms.22–31 Therefore, in order to

assess the risks associated with the use of these substandard and fal-

sified ivermectin products, we set out to perform a mapping of the

potentially dangerous chemical and biological risks, other than

the self-medication of prescription medicines and the usage of high

doses of ivermectin intended for livestock. These samples were inter-

cepted by Belgian regulatory agencies in the period 2021 and 2022.

2 | MATERIAL AND METHODS

2.1 | Solvents, reagents, and standard solutions

Mass spectrometry (MS)-grade acetonitrile and formic acid were pur-

chased from Biosolve (Valkenswaard, the Netherlands). Water was gen-

erated using a milliQ-Gradient A10 system (Millipore, Billerica, USA).

Reference standards utilized for the identification of ivermectin and the

quantification of ivermectin and ivermectin impurity 8a-oxo-H2B1a

were obtained from the US pharmacopoeia (USP). These reference

standards corresponded to ivermectin (purity of 90.8%, mixture of

89.4% Ivermectin H2B1a and 1.4% Ivermectin H2B1b) and 3-tert-Butyl-

4-hydroxyanisole (purity 99.5%), used to quantify 8a-oxo-H2B1a.

Moreover, a reference standard to confirm the retention time of the

8a-oxo-H2B1a impurity (CAS number 102190-68-1) was purchased

from Toronto research chemicals (Ontario, Canada) with a purity of

99.7%. A reference standard of cetirizine (cetirizine dihydrochloride,

purity 100%) was obtained from Fagron (Waregem, Belgium).

Dimethyl sulfoxide (DMSO), used as solvent for the residual sol-

vent analysis of the different samples, was purchased from Merck

(Darmstadt, Germany). High performance liquid chromatography

(HPLC)-grade 2-propanol, acetone, dichloromethane, and pesti-

S-grade ethylacetate, used to quantify the detected residual solvents,

were also purchased from Biosolve (Valkenswaard, The Netherlands).

Toluene and diethyl ether were, respectively, purchased from VWR

prolabo (Fontenay-Sous-Bois, France) and Merck.

2.2 | Buffers and media for bioburden testing

Sabouraud dextrose agar with neutralizers (lecithin, tween, and histi-

dine), trypto-casein-soy agar with neutralizers (lecithin, tween,

histidine, and thiosulfate), violet red bile glucose agar, and buffered

sodium chloride peptone with neutralizers (lecithin, tween, histidine,

and thiosulfate) were purchased from Merck (Darmstadt, Germany).

Sterile analytical filter units 0.45 μm Nalgene™, used for the

membrane filtration during the bioburden testing, were purchased

from Thermo-Fisher Scientific (Rochester, NY, USA).

2.3 | Sample set

Nineteen samples were seized by the Belgian Federal Agency for

Medicine and Health products and subsequently sent to our Official

Medicines Control Laboratory where pictures were taken upon arrival

and the information available on the packaging or blister was recorded

(see Data S1). All seized samples were in the form of tablets.

2.4 | Screening for APIs

All samples were screened for the presence of synthetic drugs or medi-

cines by both liquid chromatography coupled to tandem mass
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spectrometry (LC–MS2) and gas chromatography couppled to

mass spectrometry (GC–MS) according to the methodology described

previously.31 Briefly, the screening of all samples was performed by

ultra high performance liquid chromatogrpahy (UHPLC) coupled to tan-

dem MS (UPLCMSn) on a Dionex UltiMate 3000 Rapid Separation LC

system (Thermo Scientific, Sunnyvale, CA, USA) connected to an ama-

Zon™ speed ETD mass spectrometer (Bruker Daltonics, Bremen,

Germany). The generated LC and MS data were analyzed by Compass

Data Analysis 4.2 (Bruker Daltonics, Bremen, Germany), and the LC–

MSn spectra were compared with different libraries, including a home-

made library, enclosing a total of about 5000 MS and MS2 spectra. A

compound was considered present if the shift of the retention time is

less than or equal to 0.5 min (compared with the reference standard),

m/z of the precursor ion is equal to the one present in the in-house

library (error tolerated: 0.3 Da), and the MS2 spectrum matches at least

85% with the reference spectrum (fragment ions and their relative

intensities) of the library.31,32

The GC–MS analyses were performed on an Agilent 7890A gas

chromatograph coupled to an Agilent 5975C mass detector (Agilent,

Santa Clara, CA, USA). The MS data were analyzed by MassHunter, and

spectra were compared with different libraries, including NIST20 mass

spectral library (NIST, Gaithersburg, MD, USA) and the Cayman spectral

library (Cayman chemical, Ann Arbor, Michigan, USA). A 0.30 Da pre-

cursor tolerance for MS spectra was allowed, and at least a matching

score of 85% was required to be considered a possible hit.31,32

2.5 | Quantification of APIs

The total amount of ivermectin was determined on a Waters Acquity

UPLC™ system (Waters Corp., Milford, MA, USA) including a binary

solvent manager, sample manager flow through needle, column

heater, and photodiode array detector connected to Waters Empower

3.7.0 data station. The chromatographic separation was performed at

40�C on an Acquity™ UPLC BEH RP18 Column (100 � 2.1 mm,

1.7 μm particle size) (Waters, Milford, MA, USA) with a mobile phase

consisting of 0.1% formic acid in water (A) and acetonitrile (B) and

flow rate of 0.5 mL/min. An isocratic run was utilized at 20% A and

80% B for 5 min. Ivermectin was monitored at a wavelength of

245 nm. Prior to the quantification of the real-life samples, the newly

developed method was validated based on guidelines put forward by

the international council for harmonisation of technical requirements

for pharmaceuticals for human use (ICH)33 and the total error

approach34–36 as previously done before by our research unit.31,37

2.5.1 | Validation of the quantification
methodology

The selectivity and the specificity were assessed by comparing the three

blank matrixes consisting of excipients often used to generate tablets

(matrix 1: starch; matrix 2: magnesium stearate; and matrix 3: cellulose).

Peak identity for ivermectin was assigned by analysis of a refence

standard, comparing the retention time and ultraviolet absorbance spec-

tra. The purity angle and purity threshold were checked for all spiked

matrices and were found to be less than the purity threshold, indicating

a good purity of the chromatographic peak. Next, also the lower limit of

quantification and the upper limit of quantification were determined.

The lower limit of quantification was defined as the lowest concentra-

tion with a signal to noise greater than 10 and the highest concentration

for which accuracy and precision could be demonstrated and corre-

sponded to a 5 μg/mL. The upper limit of quantification was determined

as the highest concentration for which accuracy and precision could be

demonstrated and corresponded to 500 μg/mL. Additionally, linearity

was assessed for concentrations ranging from 5 to 500 μg/mL by apply-

ing least squares regression analysis. Adequate linearity was achieved as

the regression coefficient (r) ≥ 0.99. Subsequently, matrix effects were

evaluated by performing a t-test on the slope of the calibration curves

obtained with and without one of the three matrices. All injections were

performed in triplicate, and no significant differences were observed.

Next, the trueness, precision, and accuracy were determined by

means of the total error approach. Hereto, ivermectin-spiked blank

samples were made daily in triplicate at five concentrations in the

linear range (5, 50, 100, 200, and 500 μg/mL) and analyzed for four

consecutive days. The corresponding concentrations were back-

calculated using the calibration lines generated on the same day.

These calculated concentrations were then used to calculate the true-

ness and precision (repeatability and intermediated precision) and to

generate accuracy profiles (see Data S2 and S3) for the developed

method. Indeed, the calculation of the β-expectation tolerance limits,

calculated at each concentration level, can be used as a predictive tool

which guarantees that 95% of future results, given by the analytical

method, will fall inside the predefined acceptance limits [�λ;λ]. The

predefined acceptance limits were set to ±10% given that USP toler-

ates an error of 10% of labeled content of ivermectin in ivermectin

tablets.38 As can be seen in Data S2–S6, the obtained β-expectation

tolerance limits did not exceed the acceptance limits, rendering the

method suitable for quantification purposes.

2.5.2 | Quantification of the real-life samples

The quantification of the samples was performed on two separate

units and a mixture of different units (minimal three units present in

the mixture). All preparations (n = 3) were injected four times, and

these 12 injections were used to generate the mean amount of iver-

mectin present in the sample. The measurement uncertainty was esti-

mated as confidence interval using the standard deviations obtained

for these preparations.

2.6 | Quantification of ivermectin impurity 8a-oxo-
H2B1a

The quantity of ivermectin impurity 8a-oxo-H2B1a was determined on

a Waters HPLC™ system (Waters Corp., Milford, MA, USA) connected
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to a photodiode array detector. The chromatographic separation was

performed at 30�C with the use of a Hypersil ODS C18 column

(150 � 4.6 mm, 5 μm particle size) (Thermo Scientific™, Waltham,

MA, USA) with a mobile phase consisting of 53:35:12 mixture of ace-

tonitrile, methanol, and water, conform the methodology described in

the USP.38 The amount of the impurity was determined based on the

area obtained for a known amount of 3-tert-Butyl-4-hydroxyanisole

and the application of the correction factor (=0.98) mentioned in the

USP. The reference standard of the impurity 8a-oxo-H2B1a was solely

used to unambiguously confirm the retention time. The quantification

was performed on a mixture of different units. The measurement

uncertainty was estimated as confidence interval using the obtained

standard deviations.

2.7 | Residual solvent analysis

The samples were analyzed for the occurrence of residual solvents,

and the encountered solvents were quantified according to the meth-

odology previously described.31 Briefly, for the identification of the

solvents present in the samples, the mass spectrometer was operated

in full-scan mode, while for quantification, the mass spectrometer was

operated in selected ion monitoring (SIM) mode. Starting from the

stock solutions, dilutions were prepared in DMSO, brought into vials,

and automatically sealed. DMSO was used as blank. For the analysis

of the samples, 1 mL of DMSO was added to the tablets. Samples

were prepared in duplicate and also injected in duplicate. A one-point

calibration was performed in the linear range established for the

encountered residual solvents.

2.8 | Bioburden analysis and identification of the
encountered microorganisms

Bioburden testing was performed based on USP and European phar-

macopoeia by utilizing the membrane filtration methodology.38,39

Next, the encountered bacteria were isolated on trypto-casein-soy

agar and subsequently analyzed by means of the MALDI Biotyper®

(Bruker Daltonics, Bremen, Germany). The data generated by the

matrix-assisted laser desorption ionization–time-of-flight mass spec-

trometry were processed by the MALDI Biotyper 3 software (Bruker

Daltonics, Bremen, Germany).31 Only hits with log (score) values equal

to or higher than 2.00 were considered as a high confidence identifi-

cation at species level. In case of hits with a lower log (score) value

between 1.70 and 2.00, identifications were reported as an identifica-

tion at the genus level. Log (score) values below 1.70 were considered

as nonidentified.

In case of a high confidence identification of a member of the

Bacillus cereus sensu lato (s.l.) clade, DNA extraction was performed

and subjected to whole genome sequencing. Strain identification was

done by using the B. cereus s.l. multilocus sequence typing scheme

from PubMLST.org40 and the BTyper3 software41 as described previ-

ously for B. cereus s.l. strains encountered in substandard and falsified

phosphodiesterase type 5 (PDE-5) inhibitors and in vitamin B2

products.31,42

3 | RESULTS

Ivermectin is a semisynthetic mixture of 22,23-dihydroavermectin B1a

(Ivermectin H2B1a) and 22,23-dihydroavermectin B1b (Ivermectin

H2B1b). These compounds are derived from the macrocyclic lactones

avermectin B1a and avermectin B1b, products that are formed during

the fermentation process of Streptomyces avermitilis, upon selective

catalytic hydrogenation of the cis-22,23-double bonds of these aver-

mectins (see Figure 1).43 In order to use the generated ivermectin as

raw material for medicines, the product has to comply with the

requirements described in the European pharmacopoeia or USP, pro-

vided it has been produced under good manufacturing practice condi-

tions.38,39 Once the raw material is shown to be compliant, it can be

used to generate a finished product, such as ivermectin tablets, iver-

mectin paste, ivermectin solutions for oral intake (veterinary medicine)

or topical application, or ivermectin for injection purposes. Once

again, these finished products are subjected to quality control testing,

F IGURE 1 Chemical structures of the macrocyclic lactones avermectin B1a and avermectin B1b, precursors for the selective catalytic
hydrogenation of the cis-22,23-double bonds to generate Ivermectin H2B1a and Ivermectin H2B1b, respectively.

4 VANHEE ET AL.
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generally according to the tests described in the ivermectin mono-

graphs present in the USP.38 This ensures that the medicines that are

available for the public contain the proper API, in the correct dosage,

and do not contain potentially toxic levels of impurities or contami-

nants. Our 19 seized SF-medicinal products might not have been sub-

jected to all these required quality control tests. All the analyzed

samples did declare to be for human use and claimed to contain con-

centrations from 3 to 12 mg per tablet, corresponding to real-life

concentrations used as antiparasitic medication for humans.

3.1 | Chemical quality control

The samples were screened for the presence of the API, the dosage of

total ivermectin (Ivermectin H2B1a and Ivermectin H2B1b), and the

amount of the impurity Ivermectin 8a-oxo-H2B1a as is described in

the USP monography for ivermectin tablets.38 The USP indicates that

90–110% of the API should be present and tolerates up to 2.0% of

this impurity. In addition to the API and API-related impurities, proces-

sing impurities such as residual solvents or the presence of nonrelated

APIs were assessed as they have been shown to be occasionally pre-

sent in this type of samples.25,27 These tests are not standard require-

ments for finished products as they should have been conducted on

the raw material. As the used raw material was not available to us, the

tests were performed on the samples (see Table 1). From Table 1, it

can be noted that all samples contained the correct API (Table 1) but

they suffered from systematic underdosing of the API as the majority

contained 80–90% of the labeled amount and only 32% (6/19) of the

samples contained 90–110% of the declared dosage (see Figure 2).

One sample displayed a large variation in the amount of API present

in the different pills originating from the same blister and thus

resulted in a larger measurement uncertainty (Table 1).

Next, we also checked the amount of API autooxidation product

8-a-oxo-H2B1a as a marker of ivermectin degradation,44 the presence

TABLE 1 Summary of the results obtained from the chemical quality control tests of the samples.

Sample
no.

Quantity
ivermectin
on the label
(mg/unit)

Measured
amount of
ivermectin
(mg/unit)a

% ivermectin
found compared
with the amount
declareda

Amount of 8-a-
oxo-H2B1a found
exceeding the
tolerated limitc

Presence of
nondeclared
declared API

Amount of
residual solvent
exceeding the
tolerated limitsd

Compliant to
performed
quality
control tests

1 6 5.5 (±0.1) 92.3 (±0.9) — — — Y

2 12 9.7 (±0.2) 80.8 (±1.8) — — 15,096 ppm

2-propanol

N

3 12 8.9 (±0.2) 73.8 (±1.8) — — — N

4 6 4.8 (±0.2) 79.9 (±2.2) — — — N

5 12 10.0 (±0.1) 83.9 (±1.3) — — — N

6 3 2.9 (±0.1) 95.8 (±1.9) — — — Y

7 6 5.0 (±0.1) 83.4 (±2.4) — Cetirizine

(0.1 mg/unit)

— N

8 12 11.7 (±0.1) 97.6 (±0.8) — — 11,494 ppm

2-propanol

N

9 6 5.0 (±0.1) 83.3 (±1.5) — — — N

10 12 10.3 (±0.1) 86.2 (±0.5) — — — N

11 12 9.7 (±0.1) 80.7 (±0.7) — — — N

12 3 2.4 (±0.02) 79.3 (±1.0) — — — N

13 6 4.4 (±0.3) 73.4 (±6.3)b — — — N

14 12 8.9 (±0.2) 73.8 (±1.8) 3.7 (±0.2) — — N

15 12 9.2 (±0.4) 76.8 (±3.9) — — — N

16 6 3.3 (±0.03) 55.3 (±1.0) — — — N

17 3 2.6 (±0.1) 87.5 (±2.1) — — — Y

18 3 2.8 (±0.1) 92.8 (±4.2) — — — Y

19 12 11.3 (±0.1) 93.7 (±1.2) — — — Y

Abbreviation: API, active pharmaceutical ingredient.
aThe values between brackets represent the uncertainty of the measurement and is expressed as confidence interval using the standard deviation of the

generated quantification results.
bOccurrence of a large variation (>5% relative standard deviation) between the different tablets of the same blister.
cAccording to the US pharmacopoeia, the tolerance limits for the impurity 8-a-oxo-H2B1a for ivermectin tablets correspond to 2.0%.
dOnly those residual solvents are listed where there was an exceedance in the tolerated amount. The amount of 2-propanol that is tolerated for tablets is

set at 5000 ppm.
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of nondeclared APIs, and the amount of residual solvents (see

Table 1). Sample 14 exceeded the tolerated limit for the API impurity,

indicating that the ivermectin in these samples was degraded to a

level exceeding the tolerated limit put forward by the USP. Interest-

ingly, Sample 14, containing 3.7% of 8-a-oxo-H2B1a, corresponded to

the sample that consisted of two morphologically different types of

tablets, white tablets and beige-colored tablets with superficial cracks,

which were much more fragile (see Data S1). Based on this observa-

tion, it might be possible that the blister consisted of older tablets and

newer ones. Unfortunately, due to sample limitation, it was impossible

to verify this hypothesis. Sample 7, on the other hand, contained a

trace of cetirizine (mean dosage: 0.1 mg per tablet). Allergic reactions

to cetirizine are extremely rare but there have been reports describing

an anaphylactic shock upon oral intake of 10 mg of this molecule.45

However, in this case, as the amount is 100 times less, the occurrence

of this nonrelated API does very likely not pose any additional risk.

Next, the amount of residual solvents was determined. As can be seen

in Table 1, at least twice the tolerated amount of the residual solvent

2-propanol was detected in Samples 2 and 8. This solvent is consid-

ered a class 3 solvent and is limited to 5000 ppm per tablet.46 These

limits are based on acute or short-term genotoxicity studies, and thus,

exceedance of these limits represents a higher risk. The detected

levels of quantifiable amounts of residual solvents and the amount of

the API impurity for all samples are available in Data S4.

3.2 | Biological quality control

In addition to the chemical quality control, the biological contamina-

tion, including bacteria and fungi, is checked for nonsterile products

and is tolerated to a level that is consistent with patient safety. When-

ever pharmacopeial limits are exceeded, adverse effects on patient

health cannot be excluded. According to the USP, the acceptance cri-

teria for ivermectin tablets would be 103 colony-forming units

(CFU)/g in the total aerobic microbial count test (mainly bacteria) and

102 CFU/g in the total yeast and mold count test, corresponding to a

maximum acceptable count of, respectively, 2000 and 200 CFU/g.33

Moreover, the absence of Escherichia coli, a bile-tolerant gram-

negative bacteria, has to be demonstrated. According to the US and

European pharmacopoeias, the significance of recovered microorgan-

isms must be evaluated and the absence of specific pathogens dem-

onstrated, depending on the route of administration.38,39

Therefore, the total aerobic microbial count, total yeast and mold

count, and the growth of bile-tolerant gram-negative bacteria were

assessed in the seized SF ivermectin tablets. Next, the encountered

bacteria were isolated and subsequently by means of matrix assisted

laser desorption ionisatio-ntime of flight (MALD-ITOF), see Data S5.

Our results, represented in Table 2, show that the majority of the

samples was severely contaminated with bacteria that belonged to the

Bacillus genus or closely related species that also produce endospores.47

Further genetic analysis of the B. cereus s.l. strains demonstrated

that the strain encountered in Sample 1 matched a B. cereus s.s. strain

with sequence type ST2302. The strain isolated in Sample 6 did not

match a previously described sequence type (ST), but resembled

ST201 as six of the seven loci were in common (see Data S6).

Next, the presence of several toxins, associated with the disease

symptoms of a gastrointestinal B. cereus s.l. infection, were assessed.

As can be seen in Data S6, the two strains contained genes that

encode for enterotoxins (nhe, hbl, and cytK2) associated with gastroin-

testinal illness.48

Moreover, as it has been shown that B. cereus s.s. is typically

resistant to penicillin and other β-lactam antibiotics49 and can serve as

a source for antibiotic-resistance gene transfer,50 the presence of

antibiotic-resistance genes in the encountered strains was also deter-

mined. As expected, both strains harbored the bla or bla2 gene con-

ferring resistance to β-lactam antibiotics.50–52 The two strains were

also predicted to be resistant to fosfomycin, as they carried either the

fosB or fosBx gene, and to streptothricin, as the satA gene was

encountered.45–47

In contrast with the recently performed PDE-5 inhibitors study,31

no Enterobacteriaceae nor bile-tolerant fungi were detected. Moreover,

none of the samples exceeded the threshold limits for fungal load.

4 | DISCUSSION

The chemical and biological quality controls performed on these SF

ivermectin tablets, procured for self-medication purposes during the

COVID-19 pandemic, illustrate the risk to public health as more than

half of these products were severely contaminated with bacteria.

These findings are in agreement with the previous observations made

for recently seized PDE-5 inhibitors,31 suggesting that this issue is

more a general hygiene issue and not only limited to a certain type of

API. In this case, two samples were even severely contaminated

(>103 CFU/g) with a potentially pathogenic endospore-forming bacte-

ria, known to be able to cause gastrointestinal illness.48 In the present

study, the encountered B. cereus s.s. isolates did not contain the ces

gene cluster encoding the emetic toxin cereulide that has been

responsible for some lethal outcomes upon gastrointestinal infection

in the past.53–57 However, a gastrointestinal infection with

F IGURE 2 Results of the quantitative analysis of the 19 samples
for label accuracy expressed as percent deviation of the claimed
concentration.
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TABLE 2 Bioburden determination and identity of the bacterial species present in those samples that exceeded the US pharmacopoeia limits.

No. Microbial load Identified microorganism

1 TAMC Not compliant Biofilm Bacillus cereus sensu strictoa

TYMC Compliant —

VRBG No growth —

2 TAMC Complaint — n.a.

TYMC Compliant —

VRBG No growth —

3 TAMC Compliant — n.a.

TYMC Compliant —

VRBG No growth —

4 TAMC Compliant ≈60 CFU/g Metabacillus halosaccharovorans and Lysinibacillus xylanilyticus

TYMC Compliant ≈40 CFU/g

VRBG No growth —

5 TAMC Not compliant Biofilm Bacillus infantis

TYMC Compliant —

VRBG No growth —

6 TAMC Not compliant Biofilm B. cereus sensu strictoa

TYMC Compliant ≈25 CFU/g

VRBG No growth —

7 TAMC Not compliant Biofilm Cytobacillus oceanisediminis and Robertmurraya sp.

TYMC Compliant —

VRBG No growth —

8 TAMC Compliant — n.a.

TYMC Compliant —

VRBG No growth —

9 TAMC Compliant — n.a.

TYMC Compliant —

VRBG No growth —

10 TAMC Compliant — n.a

TYMC Compliant —

VRBG No growth —

11 TAMC Compliant — n.a

TYMC Compliant ≈25 CFU/g

VRBG No growth —

12 TAMC Not compliant Biofilm Robertmurraya sp.

TYMC Compliant —

VRBG No growth —

13 TAMC Not compliant Biofilm Bacillus sp.

TYMC Compliant —

VRBG No growth —

14 TAMC Not compliant Biofilm Bacillus licheniformis

TYMC Compliant —

VRBG No growth —

15 TAMC Compliant — n.a

TYMC Compliant —

VRBG No growth —

(Continues)
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non-emetic B. cereus s.l. strains also can result in uncomfortable symp-

toms such as diarrhea and abdominal pain.58,59 These symptoms are

due to the production of cytotoxin K, hemolysin BL, and nonhemolytic

enterotoxin, for which all genes were accounted for in the isolated

strains. These toxins are produced in the intestine by viable entero-

pathogenic B. cereus s.l. after the acid-resistant spores have passed

the stomach.60 Predicting the course of disease or evaluating the

health risk associated with a contamination with enteropathogenic

B. cereus s.l. is difficult as the actual toxin production is strain-specific

and very variable.58 Although the majority of the gastrointestinal

infections with (non-emetic) B. cereus s.l. resolves relatively quicky,

more severe complications might be occurring in people with a weak

or compromised immune system53 or when the bacteria end up in the

blood stream or other organs. There, non-emetic B. cereus s.l. bacteria

can cause serious adverse effects and even result in necrosis and

death.61 Additionally, the other samples were also contaminated with

more “exotic” Bacillus species or species from related genera, for

which little to no information is available on their pathogenicity. Inter-

estingly, some of them are endemic to South and Southeast Asia, con-

curring the claimed provenance of some samples.

Two other samples also exceeded the tolerated amount of the

residual solvent 2-propanol by at least a factor two, with a maximum

value of 1.5 mg 2-propanol per tablet. It is unlikely that this will result

in an acute intoxication as previous studies have shown that the oral

intake of up to 6 mg 2-propanol per kg bodyweight for 6 weeks had

no acute effect.62 Furthermore, one sample contained an undeclared

API (cetirizine), which could inflict an anaphylactic shock upon oral

intake, although this severe reaction to cetirizine is rather rare.45

Despite the fact that the number of samples analyzed was limited and

was only seized in one European country during the COVID-19 pan-

demic, the findings illustrate to some extent the plethora of quality

defects that can be encountered with SF medicines from rogue

internet pharmacies. Additional and more dangerous quality defects

might be a severe overdosing or the presence of a toxic contaminant

at clinically relevant dosages. Nevertheless, all these seized products

would have been taken without any medical supervision or therapeu-

tic indication, while this prescription medicine was still undergoing

clinical trials against COVID-19 and its effectivity or lack of it had yet

to been proven. Although it is assumed that ivermectin is generally

well tolerated, it can induce side effects such as diarrhea, nausea, skin

rashes, and effects on the nervous system, including tremor, dizziness,

confusion, and drowsiness.63,64 In higher doses and overdose cases,

these side effects can be more severe and it can even induce

comas.14–18,64,65 Therefore, it remains pivotal to warn patients of the

possible direct risks associated with self-medication with prescription

medicines, including the use and procurement of SF medicines.

The European Union took a common initiative against SF medi-

cines that was concretized in the falsified medicines directive

2011/62/EU. One of the mandatory actions put forward by this direc-

tive is the use of a specific logo (see Figure 3) for websites of legally

operating online pharmacies/retailers since 2015.66 Upon clicking on

TABLE 2 (Continued)

No. Microbial load Identified microorganism

16 TAMC n.a.

TYMC Compliant —

VRBG No growth —

17 TAMC Not compliant Biofilm Mesobacillus campisaliis

TYMC Compliant —

VRBG No growth —

18 TAMC Not compliant Biofilm Bacillus subtilis

TYMC Compliant —

VRBG No growth —

19 TAMC Not compliant Biofilm B. subtilis

TYMC Compliant —

VRBG No growth —

Abbreviations: CFU, colony-forming units; n.a., not applicable; TAMC, total aerobic microbial count; TYMC, total yeast and mold count; VRBG, violet red

bile glucose.
aSpecies determined by whole genome sequencing.

F IGURE 3 Examples of the European Union (EU) logo for either a
colored background (a) or a white background (b). The logo consists of

a typical pictogram of a white cross with four green lines, the national
flag of the EU member state, and the textual part which, depending
on the EU member state, can be in the different national languages.
More detailed information can be found on the dedicated EU page.48
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the logo, a link is made to the website of the national competent

authority listing all legally operating online pharmacies/retailers, which

should list the pharmacy of choice.67 If this redirection does not hap-

pen or no logo is present on the site, very likely the site corresponds

to a rogue online pharmacy. Some European Union states, including

Belgium, even go further and limit the online access to prescription

medicines, still requiring a patient to get the desired prescription med-

icines at traditional brick-and-mortar pharmacies. Some efforts are still

required to create awareness of the importance of this logo as people

might still not be aware.

Similar to previous studies with antibiotics and antimalaria medi-

cine, our data illustrate a systematic underdosing of the API in SF

medicines (reviewed in the literature68,69). Although this underdosing

of ivermectin does not represent an additional risk as those described

above for those that self-administer this API to treat or prevent

COVID-19, this could represent a high risk for those that need this

treatment to combat parasitic infections. These patients will then be

denied of the proper amount of essential medicine. Therefore, the use

of these SF medicines in low- or middle-income countries, where the

drug is used for the treatment of parasitic infections of humans, can

be considered of higher risk because this drug is generally taken every

3 to 6 months for at least a decade.70 Moreover, one sample displayed

a large variation in the amount of API present in the different pills

originating from the same blister. Furthermore, it might be possible

that some samples have dissolution profiles with low equivalence, as

often seen with substandard and falsified medicines.71–73 This phe-

nomenon may be the cause of insufficient drug efficacy and can result

in the aggravation of illness or even the induction of resistance.

Although this dissolution test is a mandatory test according to the

USP monography for ivermectin tablets,38 unfortunately, it was

impossible to perform this assay on the samples as a large amount of

material was required, which was not available. Taken together, the

findings are quite worrisome as parallels can be drawn with the effect

that improper usage and dosage had on antibiotics resistance. Indeed,

recently emerging reports suggested that improper usage and dosage

of ivermectin medication might also facilitate ivermectin resistance or

tolerance in parasites.74–77 Therefore, a continuous vigilance of inter-

national and national regulatory health agencies in low-, middle-, and

high-income countries remains essential in order to curtail the traf-

ficking and use of SF antiparasitic products and the consequential

increase of parasite tolerance due to improper usage or dosage of

these products. Certainly, bearing in mind that the number of newly

developed APIs that can safely be used to combat parasites is rather

scarce.78
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