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Abstract
Introduction: Levamisole toxic syndrome may include several effects, such as bone marrow suppression, severe
agranulocytosis, neurological symptoms, or cutaneous vasculitis.
Methodology: This report emphasizes the importance of differential diagnosis in young patients with severe neutropenia
by hair toxicological analyses. These analyses can reveal the presence of cocaine and his metabolites but also sometime
levamisole, a synthetic drug, originally approved by the US Food and Drug Administration as an anthelmintic agent that is still
encountered as one of the main contaminants of cocaine. Many physicians are not aware of this contaminant and do not take
it into account when diagnosing cases of sudden severe neutropenia.
Results: In cases of sudden otherwise unexplained neutropenia, the detection of levamisole in hair may represent the most
efficient method for demonstrating the toxic effect of chronic levamisole exposure, because urine conventional drug testing
often fails to identify the compound due to its rapid elimination (2-3 days).
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Introduction
Levamisole represents the levo isomer of tetramisole.
It was firstly introduced in 1966 as a broad spectrum
anthelmintic both for veterinary and human purposes
[1]; however, already few years later, in the 1970s, its
immunomodulatory properties were discovered and were
then extensively used to treat inflammatory conditions
and cancer. Yet, by 1976, the important adverse effects of
chronic administration of levamisole came to the light of
the scientific community by the observation of numerous
cases of levamisole induced leukopenia and agranulocytosis
[2]. No levamisole’s short-term use as an anthelmintic in
humans has been associated with significant side effects
[3,4], however it is not used for human consumption
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anymore in many European countries and North America.
From the forensic point of view, it gained interest after it
was found that levamisole was used as a cocaine adulterant
in about 70% of seizures, mostly in a concentration of
<5% of the bulk material [5] even if amounts as high as
10% have been found [6]. In fact, despite cocaine seizures
display elevated purity in Europe (average 73%), levamisole
is still the main adulterant frequently encountered in bulk
material, followed by phenacetin, lidocaine and tetracaine
[7]. In a study performed by the Brazilian Federal Police in
the International Airport of Sao Paulo and mailing services
during the year 2011, levamisole accounted in 56% of the
total samples as adulterant of bulk cocaine with relative
concentrations (weight/weight percentages) ranging from
0.7% to 23% [8]. The reason why levamisole is still used
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predominantly as adulterant notwithstanding the important
pharmacological adverse effects can only be speculative
but can be summarized as follows. On one hand it is cheap
and readily available through international trade and
export (since it is applied on a large scale in veterinary
medicine) and it does not interfere with simple colorimetric
tests for cocaine identification. On the other hand, the
pharmacological enhancement of cocaine effects has been
hypothesized, and two theories have been proposed by now.
A direct synergistic effect of levamisole and cocaine through
inhibition of monoamine oxidase and activation of nicotinic
receptors that finally increases dopamine transmission (firs
theory) or the conversion of levamisole into its psychoactive
metabolite aminorex (second theory). Aminorex, an
anorectic and stimulant drug by itself, might have the
advantages of potentiating noradrenergic neurotransmission
by inhibiting reuptake, by inhibiting MAO and/or COMT or
by acting on ganglionic nicotinic receptors. In this paper we
report a case of severe chronic intoxication of levamisole
diagnosed by hair analysis. Though hair analysis is usually
not considered of pivotal importance in clinical cases and is

confined in forensic areas of application, here the analytical
determination of levamisole in hair allowed diagnosing the
aethiology of neutropenia proving helpful for the physician.
Indeed, many clinicians are not aware of drug contaminants
and do not take them into account when diagnosing cases of
sudden severe neutropenia.

Case Report

A 29-year-old man presented to the Emergency
Department with diffuse vesicular lesions, intense headache,
and high fever. A peripheral blood smear showed anaemia,
severe absolute neutropenia, and high C-reactive protein
levels. The physical examination was consistent with
gingivostomatitis, dehydration and mild aortic valve
regurgitation, and a bone marrow myelogram revealed
severe hypoplasia of the granoblastic series (Figure 1). He
denied having any tattoos, sick contacts, recent travel, or
environmental or occupational exposure to alcohol and
drugs.

Figure 1: Bone marrow myelogram revealing severe hypoplasia of the granoblastic series.

Toxicological Data
The clinical and toxicological screening performed on
urine at the emergency department tested positive for cocaine
and cannabinoids. Therefore, a forensic toxicological analysis
was requested at the medicolegal section of the Department
of Cardiologic, Thoracic and Vascular Sciences, University
of Padua. GC-MS analysis on urine confirmed the presence
of benzoylecgonine and THC-COOH at the concentration of
175 ng/mL and 60 ng/mL, respectively. A general unknown

screening and library search by GC-MS did not highlight the
presence in urine of any other xenobiotics. A specific search
for levamisole and aminorex in urine gave negative results
(LOQ 0.13 ng/mL). To retrospectively evaluate the exposure
to levamisole, a hair sample (200 mg) from the occipital
region close to the scalp (vertex posterior) was collected and
submitted for toxicological analysis (Figure 2). The analysis
of the proximal 3 centimetres revealed previous exposure to
levamisole, which was present at the concentration of 2.5 ng/
mg (Figure 3). No segmental hair analysis was performed.
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Figure 2: Dark brown tuft of hair (200 mg) for a total length of 3 cm.

Figure 3: Reconstructed ion chromatogram reporting the specific ion traces of cocaine (10ng/mg), benzoylecgonine (5 ng/
mg) and levamisole (2.5 ng/mg).

Discussion

Several toxic effects, such as bone marrow suppression,
severe agranulocytosis, neurological symptoms, or cutaneous
vasculitis, have been reported in cocaine users since 2008
[9-12]. Nevertheless, to perform a differential diagnosis in
cases of vesicular lesions, neutropenia, and hypoplasia of
the granoblastic series, any other possible pathological state

should be excluded. In many cases, self-report of substance
abuse is often not significant, as patients frequently
underestimate or, in most of the situations, deny any drug
use [13]. In this case a urine toxicology analysis highlighted
positive to benzoylecgonine and cannabinoids. Cannabinoids
were not judged significative to define the pathological state,
while the presence of benzoylecgonine was consistent with
recent cocaine consumption.
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The absence of cocaine itself and the presence of low
amounts of its metabolite oriented for a last assumption
of cocaine 12-72 hours before urine collection [14]. No
levamisole or its main metabolite was determined in
urine and for this reason a hair toxicological analysis was
requested by the forensic toxicologist. The absence of
any trace of levamisole in urine could be explained by the
absence of this adulterant in the last consumed cocaine or by
pharmacokinetic data. Regarding the latter, unfortunately,
data for the nasal and inhalational routes of exposure,
which are the routes mainly used for cocaine consumption,
are not available. However, a large body of literature is
available for levamisole oral consumption [15-17] and
on this base some considerations can be expressed. After
oral administration, levamisole is rapidly absorbed with a
Tmax value of 1.5-2 h. Single oral doses of 2.5 and 5.0 mg/
kg body weight yielded mean peak plasma levels of 0.8 and
1.6 mg/L, respectively. A single 150 mg dose of levamisole
gave a peak plasma concentration of 0.7±0.2 mg/L. After
levamisole consumption it is extensively metabolized in
the liver and the urinary recovery of unchanged drug is
only 2-5% [18]. Aminorex has been demonstrated to be
a metabolite of levamisole first in equine [19] and then
in human urine [20]. Levamisole and aminorex could be
detected in post administration urine samples up to 39 h
and 54 h after ingestion, respectively. Concentrations in
real urine samples ranged from 4-500 ng/mL and 1-6 ng/
mL for levamisole and aminorex, respectively [17]. All these
data led to the conclusion that cocaine was lastly assumed
days before urine collection and that any biological material
different from hair could not be helpful in diagnosis.
Toxicological hair analysis performed on the proximal 3 cm
identified levamisole in hair at the concentration of 2.5 ng/
mg. No aminorex was found. A recent study demonstrates
a strong prevalence of tetramisole/levamisole in the hair
of cocaine users (87%) with concentrations ranging from
below 3.5 to approximately 61,000 pg/mg, median: 260
pg/mg [21] or 0.2-0.8 ng/mg according to some authors
[22]. In a recent Italian study levamisole was found in 38%
of analysed hair, at concentrations lower than observed
by other authors [22], suggesting that the Italian market
might be quite marginal for levamisole adulteration. In
this frame the evidence of a concentration of 2.5 ng/mg of
levamisole in hair was supportive for chronic assumption
of contaminated cocaine. For this reason, the clinical
conclusion was neutropenia caused by the reiterated
assumption of cocaine adulterated with levamisole. In cases
of sudden otherwise unexplained neutropenia, in young
people, the detection of levamisole in hair might represent
the most efficient method for hypothesizing a causal link
with a chronic levamisole exposure due to drug abuse,
because conventional drug testing often fails to identify this
compound in urine due to its rapid elimination.

Conclusion
In cases of sudden otherwise unexplained neutropenia
in young patients, the detection of levamisole in hair might
represent the most efficient method for hypothesizing the
toxic effect of chronic levamisole exposure due to drug abuse,
because conventional drug testing often fails to identify this
compound in urine due to its rapid elimination. The results
obtained in hair samples demonstrate that neutropenia in
patient with cocaine intake, can be caused by the adulterant
levamisole, that must be studied and documented with hair
samples [23].
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