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Abstract

REVIEW

Levamisole is an immunomodulatory agent that was used to treat various cancers before being withdrawn from the United
States market in 2000 because of adverse effects. Levamisole is currently approved as an antihelminthic agent in veterinary
medicine, but is also being used illicitly as a cocaine adulterant. Potential complications associated with use of levamisole-laced
cocaine include neutropenia, agranulocytosis, arthralgias, retiform purpura, and skin necrosis. Treatment is primarily supportive,
and skin lesions typically resolve with cessation of cocaine use. The incidence of hospitalizations related to use of levamisole-

contaminated cocaine continues to increase and clinicians should be aware of the more common clinical manifestations.
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ocaine use and its related complications are
well-known public health issues. More
than 5 million Americans use cocaine reg-
ularly via insufflation (snorting/sniffing), inhalation
(smoking), and injectionl Cocaine’s effects on the
health care system cross multiple medical disci-
plines, but clinicians may be less cognizant of the
problems caused by some of the adulterants added
to cocaine. Recent recognition of levamisole-in-
duced agranulocytosis, vasculitis, and other compli-
cations, from contaminated cocaine, dictate that
physicians be aware of these potential problems.
Since 2006, several cases of severe agranulocy-
tosis associated with cocaine use have been re-
ported.”> Epidemiological studies of initial cases re-
ported by the New Mexico Department of Health
found evidence of levamisole, an antihelminthic
agent, in drug paraphernalia of cocaine users.” Le-
vamisole was also detected using gas chromatogra-
phy/mass spectrometry (GC/MS) in a postmortem
blood specimen from a cocaine user who died of
Serratia marcescens sepsis secondary to agranulocy-
tosis. During the New Mexico investigation, public
health officials in British Columbia and Alberta,
Canada, also reported similar findings in cocaine
users presenting with leukopenia.” These findings
were reported to the Centers for Disease Control and
Prevention Epi-X and poison control centers. Sub-
sequently, similar cases of severe agranulocytosis
were reported in Colorado and Washington. All pa-
tients admitted to recent cocaine use or tested posi-
tive for cocaine on a standard urine drug screen.”
Concurrent with clinical reports of cocaine-re-
lated agranulocytosis, technical reports of levami-
sole-adulterated cocaine have appeared in the liter-
ature since 2002 (first reported by the United States
Drug Enforcement Administration [DEA]).* Out-

side of North America, published reports of levami-
sole detected by GC/MS in cocaine users appeared in
Luxembourg and the United Kingdom in 2005.7°
Similar findings in drug enforcement-seized co-
caine shipments were reported around that time in
the United States, Canada, Italy, and Australia.”°

The concentration of levamisole in cocaine has
steadily increased since it was first detected. The
concentration was less than 1% in 2001,% and in
2009, levamisole comprised approximately 10% of
each cocaine sample.® By July 2009, the DEA re-
ported that 69% of cocaine entering the United
States contained levamisole,” while in the United
Kingdom, levamisole was found in over 50% of co-
caine samples tested.” In an analysis of cocaine users
in Seattle, Washington, approximately 80% of users
who tested positive for cocaine also tested positive
for levamisole.” Levamisole is also used to adulterate
other illicit substances; seized heroin supplies in
2008 and 2009 were found to contain trace amounts
of levamisole.”'°

METHODS

We performed a PubMed search for the keywords
levamisole, cocaine, vasculitis, pseudovasculitis, agran-
ulocytosis, and retiform purpura. We reviewed all lit-
erature published between 1940 to 2011. Case se-
ries and reviews were given priority for inclusion in
this review. Case reports were examined, but were
only included in this article if they presented novel
findings.

WHAT IS LEVAMISOLE?

Levamisole is a synthetic imidazothiazole derivative
used for its immunomodulatory properties. Since
the 1970s, it has been used for treatment of rheu-
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ARTICLE HIGHLIGHTS

Over 5 million Americans abuse cocaine via insufflation (snorting),
inhalation (smoking), and injection. The majority of cocaine in the
United States is believed to be tainted with levamisole.

Levamisole is an immunomodulatory agent previously used to treat
rheumatoid arthritis and various cancers before being withdrawn from
the United States market in 2000.

Levamisole is currently approved as an antihelminthic agent in veteri-
nary medicine, but is also being used illicitly as a cocaine adulterant or
bulking agent, given its physical similarity to cocaine.

Levamisole toxicity is characterized by arthralgias, retiform purpura, and
skin necrosis. Laboratory findings include neutropenia, positive perinu-
clear or cytoplasmic staining patterns for antineutrophil cytoplasmic
antibodies, and positive antihuman elastase antibody.

Treatment of levamisole toxicity is primarily supportive, and skin lesions
typically resolve with cessation of cocaine use.

matoid arthritis as a disease-modifying antirheu-
matic drug.'""” In 1990, the United States Food
and Drug Administration approved it for use with
5-fluorouracil for colon cancer treatment. However,
levamisole was subsequently withdrawn from the
United States and Canadian markets in 2000 and
2003, respectively, because of reports of agranulo-
cytosis. Currently, it is primarily used as an antihel-
minthic medication in veterinary sciences. Outside
of the United States, pediatric nephrologists use it as
a steroid-sparing agent in childhood steroid-depen-
dent nephrotic syndrome.'*'°

Levamisole acts as an immunomodulator and
immunoenhancer by increasing macrophage che-
motaxis and T-cell lymphocyte function.'” Tt has
also been shown to stimulate neutrophil chemotaxis,
up-regulate toll-like receptors, and enhance dendritic
cell maturation.'®*” Notable adverse effects of levami-
sole include severe agranulocytosis, retiform purpura,
and seizures.”* >’

Levamisole’s exact physiologic effect when used
in combination with cocaine is unclear. One theory
is that it potentiates the nicotinic acetylcholinergic
effects of the central nervous system, thus prolong-
ing cocaine-induced euphoria.”® Other studies have
also found that levamisole is metabolized into ami-
norex, a substrate for serotonin transporters, thus
possibly acting as an indirect serotonin agonist.””*®
Aminorex is known to cause pulmonary hyperten-
sion, although this adverse effect has not been de-
finitively linked to levamisole-laced cocaine.

Levamisole’s physical similarity to cocaine also
allows it to act as a cutting or bulking agent, increas-
ing the total weight of the sample and making the
drug appear purer. Levamisole adulteration often
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occurs as part of the refining process of cocaine pro-
duction. Levamisole additives are usually of phar-
maceutical-grade quality, although impure levami-
sole has also been infrequently reported by DEA
laboratories.”

CHARACTERISTICS OF LEVAMISOLE TOXICITY
Patients with levamisole toxicity typically present
with cutaneous manifestations consisting of large,
painful hemorrhagic bullae and/or necrosis. The
face is commonly affected, especially the bilateral
helixes and cheeks (Figures 1 and 2). Similar bullae
can present elsewhere on the body, with case reports
documenting involvement of the abdomen, chest,
lower back, buttocks, and legs. Retiform purpura
with or without bullae may also be prominent.”****
The pathologic mechanism of these symptoms is un-
clear, as some patients present with true vasculitis
while others present with pseudovasculitis. Among
the cases presenting as a true vasculitis, direct im-
munofluorescence findings suggest an immune
complex—-mediated vasculitis with vascular deposits
of IgM, IgA, 1gG, and C3, and vascular staining for
fibrin.”>**2%°° In addition to characteristic cutane-
ous manifestations, the majority of patients com-
plain of arthralgias, most commonly involving the
large joints. Ear, nose, and throat complaints are
also common, as are feelings of generalized malaise
and fatigue.”’

FIGURE 1. Left helix with hemorrhagic bullae.
Suture on upper ear lobe is biopsy site.
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LEVAMISOLE-CONTAMINATED COCAINE

FIGURE 2. Nasal tip with necrotic, hemor-
rhagic crust due to reexposure to levamisole-
laced cocaine.

Laboratory findings include leukopenia, neu-
tropenia, agranulocytosis, positive antinuclear anti-
body titers, positive anti-proteinase 3 titers, and pos-
itive perinuclear or cytoplasmic staining patterns for
antineutrophil cytoplasmic antibodies. Absolute
neutrophil counts ranging from O to 3000 have been
reported, and these patients are at high risk of infec-
tion.”” Bone marrow biopsies from such patients
have shown markedly decreased production of all
cell lines. When positive, antinuclear antibody is
often mildly or moderately elevated, most com-
monly in a speckled pattern. Anti—double-stranded
DNA and lupus anticoagulant findings are also in-
consistently positive in various case reports and se-
ries.”>?"72% Complement studies typically yield
normal results, although mildly decreased levels of C4
and/or C3 have been reported. Urine toxicology stud-
ies are usually positive for cocaine and occasionally for
levamisole.**>"*% Levamisole may also be found on
drug paraphernalia such as pipes, paper currency, or
other tools used for smoking or snorting cocaine.

Antihuman elastase antibody is both sensitive and
specific for levamisole-induced vasculitis.”” Hypona-
tremia has also been reported,”” and pulmonary hem-
orrhage and renal failure can also occur.’" Biopsy of
cutaneous lesions reveals leukocytoclastic vasculitis,
thrombotic microangiopathy, panniculitis, and/or
gross necrosis. On renal biopsy of patients with acute
kidney failure, pauci-immune focal necrotizing cres-
centic glomerulonephritis is found (Table).?!

The natural progression of this condition is
generally benign, as most symptoms will resolve
without intervention. Complete cessation of co-
caine use is absolutely necessary because symp-
toms can recur on rechallenge (Figure 2). Sys-
temic infection in those with agranulocytosis may
require hospitalization.

PUBLIC AWARENESS

Since 2007, clinical awareness of levamisole toxicity
among clinicians has been increasing. Case reports and
reviews of levamisole-induced agranulocytosis and vasc-

ulitis have appeared in internal medicine, ***' emergency

medicine, " wound care, ™ theumatology, ***® dermatol-
ogy, ? allergy/immunology,”” nephrology,”” and cardiol-
ogy”’ journals. Improved detection methods using
GC/MS on urine samples is being employed at some
institutions. Utilizing GC/MS, levamisole was found in
68% of patients who tested positive for cocaine on
standard urine toxicology screen.*!

CHALLENGES

Levamisole-induced vasculitis and agranulocytosis
may not be initially suspected if patients are not asked
about illicit drug use or deny drug use when ques-
tioned. An astute clinician suspicious of this denial
should always perform a urine drug toxicology screen
because cocaine remains in the urine for 48 to 72 hours
following use. Even with a positive cocaine screen, a
definitive connection to levamisole may be difficult to
establish because levamisole is rapidly absorbed and
has a short half-life (5.5-6 hours).** Alternatively, cli-
nicians can test samples from drug paraphernalia
(plastic bags previously containing cocaine/heroin,
pipes, currency used for insufflation).*” Gas chroma-
tography/mass spectrometry or liquid chromatogra-
phy/mass spectrometry testing of patients’ urine can
also be used, although these techniques are expensive,
time-consuming, and limited in availability.*”

FUTURE DIRECTIONS

With increasing amounts of levamisole contaminat-
ing worldwide cocaine supplies, clinicians may start
to see levamisole-associated vasculitis and agranulo-
cytosis more frequently. Because of the small num-
ber of cases reported, the medical community still
lacks a definitive agreement on appropriate labora-
tory tests to perform for diagnosis, as well as appro-
priate treatment strategies. Clinicians suspecting le-
vamisole-induced vasculitis should first order a

243! arthralgias®'

31

Generalized malaise,”* fatigue,
30

Pulmonary hemorrhage,”' renal failure,”" seizures

Skin necrosis,*> (hemorrhagic) bullae,”® retiform purpura®® (Figures | and 2)

Leukopenia,”® neutropenia,””>%>"

agranulocytosis,*> hyponatremia®”

Positive results for ANA** PR3,9%3 ANCAs,**"° dsDNA,** lupus anticoagulant,**

antihuman elastase antibody>>

Urine toxicology studies positive for cocaine; occasionally positive for levamisole

Detection of levamisole in urine with GC/MS™!

24,37,38

ANA = antinuclear antibody; ANCA = antineutrophil cytoplasmic antibody; dsDNA =
double-stranded DNA; PR3 = anti-proteinase 3; GC/MS = gas chromatography/mass

spectrometry.
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urine toxicology screen to evaluate for cocaine or
heroin. Other pertinent laboratory studies include
complete blood cell count with differential to eval-
uate for leukopenia; renal and liver function tests to
evaluate for evidence of renal and liver failure, re-
spectively; antineutrophil cytoplasmic antibodies,
antiphospholipid antibodies, cryoglobulins, and lu-
pus anticoagulants to evaluate for evidence of other
autoimmune diseases; and antihuman elastase anti-
body, which is both sensitive and specific for le-
vamisole-induced vasculitis (Figure 3). Some pa-
tients have been treated with skin grafts, wound
debridement, filgrastim, cyclosporine, mycophenolate,
and observation with drug rehabilitation.* "%
Improved reporting of cases to state public health
departments and the Centers for Disease Control and
Prevention will help us to understand the true inci-
dence and prevalence of this condition among cocaine
users. Additionally, it is still unclear why only some

Patient with purpura or
necrotic ears/nasal tip

Urine positive
for cocaine

Complete blood cell
Normal

Unlikely levamisole
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cocaine users develop levamisole toxicity. Of those
who develop this condition, some present in more se-
vere forms with widespread vasculitis and necrosis,
while others present with only mild cutaneous symp-
toms and arthralgias. Possible genetic risk factors influ-
encing levamisole metabolism could play a role, as well
as total volume of levamisole consumed.

CONCLUSION

Increased patient and physician awareness is essen-
tial to ensuring proper diagnosis and treatment of
complications associated with the use of levamisole-
contaminated cocaine. Misdiagnosis, or lack of di-
agnosis, often leads to unnecessary tests and health
care expenses. Because cocaine and heroin supplies
are likely to continually contain levamisole, it is im-
portant for clinicians and social workers caring for
illicit drug users to recognize this recently character-
ized condition.

Urine negative
for cocaine

count with differential

A

High clinical suspicion

Gas chromatography/mass
spectrometry for levamisole

Neutropenia with low absolute neutrophil count

ANCA

+pANCA

Y

+cANCA

Cryoglobulins

Positive Negative

Antihuman elastase antibody

|

| Antiphospholipid antibodies

Positive

Evaluation for:

Negative

Positive

Ant|human elastase antibody |<— Evaluation for:

—Cryoglobulinemia
-Hepatitis C virus
-Levamisole

Evaluation for:

-Churg-Strauss syndrome
-Polyarteritis nodosa

-Granulomatois with polyangiitis

Positive / \\Iegatve

-Antiphospholipid syndrome
-Levamisole

Negative

Evaluation for other
causes of purpura

Levamisole

Y

Skin biopsy, additional
laboratory tests

Y

Renal function tests and liver

function tests to evaluate for
organ involvement

FIGURE 3. Algorithm for diagnosis and evaluation of levamisole-induced vasculitis. ANCA = antineutrophil cytoplasmic antibody;
+cANCA = ANCA with positive cytoplasmic staining pattern; +pANCA = ANCA with positive perinuclear staining pattemn.
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Abbreviations and Acronyms:

DEA = Drug Enforce-

ment Administration; GC/MS = gas chromatography/mass
spectrometry
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