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Abstract. Levamisole-adulterated co
caine has increased in prevalence over the 
last decade and is known to be associated 
with antineutrophil cytoplasmic antibodies 
(ANCA). Dermatologic manifestations of 
levamisole exposure, including cutaneous 
vasculitis, are widely appreciated; less is 
known about its effects on the kidney. We 
report two cases of patients with a history 
of cocaine abuse and levamisole-induced 
cutaneous vasculitis, who developed acute 
kidney injury in the setting of elevated 
ANCA titers. Renal biopsies of both revealed 
pauci-immune complex glomerulonephritis 
with diffuse crescentic disease. These cases 
demonstrate a rare but serious complication 
of long-term cocaine use.

Introduction

Levamisole was first discovered as an 
adulterant in 2003 and is now thought to 
be present in more than 70% of all cocaine 
samples [1]. Increased use of cocaine con-
taining levamisole has led to a number of 
complications, including agranulocytosis, 
cutaneous vasculitis, and necrosis [2, 3, 4, 
5]. Serologically, levamisole exposure is 
associated with antineutrophil cytoplasmic 
antibodies (ANCA) and occasionally anti-
double stranded DNA and lupus anticoagu-
lant [6]. Although dermatologic manifesta-
tions are well-described, there are only a 
few reported cases of focal crescentic glo-
merulonephritis associated with cocaine 
and levamisole exposure [7, 8]. Here, we 
present two cases of diffuse crescentic glo-
merulonephritis associated with long term 
cocaine use, likely induced by levamisole-
adulterated cocaine.

Case 1

A 34-year-old female, with a history of 
cocaine use, presented with a creatinine of 
4.1 mg/dL during an admission for cellulitis. 
One year prior, she was admitted for poly-
arthralgias and an auricular rash. Then, her 
ANCA titer was 1  :  65,536, with positive 
antimyeloperoxidase (MPO) antibodies of 
5.8 (0.0  –  0.7) and anti-proteinase-3 (PR3) 
antibodies of 5.2 (0.0 – 0.7). Her creatinine 
was 0.5 mg/dL, and urinalysis (UA) revealed 
hematuria. Antinuclear antibody (ANA) 
titers were 1  :  80. Rheumatoid factor (RF) 
and cryoglobulins were negative. She had a 
positive hepatitis C antibody but negative poly-
merase chain reaction (PCR), and her hepatitis 
B antibody was nonreactive. Given her long 
history of cocaine use, she was diagnosed with 
levamisole-induced cutaneous vasculitis.

At this presentation, she complained of 
lower extremity edema, joint pain, and he-
maturia. She denied fever, rash, oral ulcers, 
sore throat. Her exam was significant for sys-
tolic blood pressures of 130 – 150s mmHg, 
a known 2/6 systolic murmur, 2+ edema, 
and no rash. Labs revealed a creatinine of 
4.1  mg/dL, potassium 4.8  mEq/L, white 
blood cell count (WBC) 8,410 per µL, hemo-
globin 6.8 g/dL, and platelets of 482,000 per 
µL. ANCA titers were 1 : 8192, MPO-ANCA 
> 6, and PR3-ANCA of 1. ANA, hepatitis C 
RNA, and cryoglobulins were negative. HIV 
was nonreactive. C3 and C4 levels were 
normal. Chest X-ray was normal. A urine 
protein-to-creatinine ratio (PCR) was 2.6 g/g 
and urine microscopy revealed red cell casts. 
She initially refused biopsy and did not re-
turn to the clinic.
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She presented 3 weeks later with a creati-
nine of 4.0 mg/dL. A biopsy revealed diffuse 
necrotizing and crescentic glomerulonephri-
tis, with active and chronic features. Ap-
proximately 3 – 5 glomeruli per level section 
(of 9 – 11) exhibited segmental scarring or 
sclerosis with segmental obliteration of the 
glomerular tufts by matrix and occupation of 

the adjacent urinary spaces by fibrous to fi-
brocellular crescents. The cortical parenchy-
ma revealed diffuse interstitial fibrosis and 
tubular atrophy. Immunofluorescence and 
electron microscopy did not show immune 
deposits, consistent with a pauci-immune 
complex etiology. Although a toxicology 
was not obtained, the pathology was felt to 
be most consistent with levamisole-induced 
glomerulonephritis given her previous his-
tory of cutaneous vasculitis. The patient 
could not be reached to discuss the results. 
She presented one week later with a serum 
creatinine of 6.4 mg/dL and a potassium of 
7.5  mEq/L, requiring urgent dialysis. She 
was treated with plasmapheresis and cyclo-
phosphamide. However, she remained dialy-
sis-dependent. She died 4 months later due to 
unrelated trauma.

Case 2

A 53-year-old Caucasian male with a long 
history of cocaine use presented with a foot 
abscess and a serum creatinine of 7.9 mg/dL, 
an increase from 2.0 mg/dL 4 months prior. 
Notably, he was hospitalized 2 years prior 
for painful purpuric patches and hemor-
rhagic vesicles over his abdomen and lower 
extremities. At the time, he had a creatinine 
of 1.4 mg/dL, C- reactive protein 19.8 mg/L, 
RF 23 IU/mL (normal < 13), negative ANA, 
positive cryoglobulins at 3 days (1.4%), C3 
71 mg/dL (87 – 247), C4 5 mg/dL (10 – 37). 
Hepatitis C antibody was positive, with a 
viral load of 630,000  IU/mL. ANCA titers 
were 1  :  4,096, and an MPO-ANCA level 
was 4.6. His urine toxicology was positive 
for cocaine, and his rash was felt to be most 
consistent with levamisole-induced vasculi-
tis. Urinalysis was not performed. Creatinine 
was 1.1 mg/dL at discharge.

On this admission, laboratory tests also 
revealed a WBC of 4,400 per µL and hemo-
globin of 7.4  g/dL. Urinalysis showed 3+ 
blood and 3+ protein, and microscopy re-
vealed rare dysmorphic red cells. His MPO-
ANCA level was now > 80. A chest X-ray 
was negative, and he had no sinus pain or 
hemoptysis. His kidneys appeared normal on 
ultrasound. A renal biopsy revealed diffuse 
crescentic glomerulonephritis, ~ 40 – 100% 
of the glomeruli showed either cellular or 

Figure 1.  Representative glomerulus from case 
1. There is prominent segmental necrosis with rup-
ture of glomerular basement membranes and for-
mation of a circumferential cellular crescent. The 
surrounding tubulointerstitium is inflamed (Jones 
methanamine silver, 400× original magnification).

Figure 2.  Representative glomerulus from case 
2. There is segmental endocapillary hypercellular-
ity with rupture of the glomerular basement mem-
brane and formation of highly eosinophilic fibrinous 
exudate. (Jones methenamine silver, 400× original 
magnification).
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fibrocellular crescents, some of which also 
demonstrated glomerular basement mem-
brane breakage and focal fibrin deposition 
in the capillary tuft of Bowman’s space. The 
tubular parenchyma also demonstrated mild 
to moderate interstitial fibrosis and tubular 
atrophy. There was no obvious vasculitis 
identified. There was no evidence of immune 
complex mediated disease by immunofluo-
rescence or electron microscopy. Given his 
history of cutaneous vasculitis, this was 
thought to be related to levamisole-adulterat-
ed cocaine. He was treated with intravenous 
methylprednisone, rituximab, and 7 sessions 
of plasmapheresis. Creatinine improved to 
5.4 mg/dL at discharge. However, he re-pre-
sented 1  week later with hyperkalemia and 
volume overload, and dialysis was initiated. 
Presently, he remains dialysis-dependent.

Discussion

The use of levamisole as an adulterant has 
increased considerably over the last 10 years, 
with its prevalence reaching 73.2% of all co-
caine samples in 2009 [1]. Levamisole is a 
broad spectrum nicotinic antihelminthic with 
immunomodulatory properties [9], initially 
used to treat rheumatoid arthritis, nephrotic 
syndrome, and colon cancer. However, it was 
withdrawn from the market in 2000 due to 
its association with agranulocytosis, and it is 
now primarily used in veterinary medicine 
[6]. Levamisole’s immunomodulatory ef-
fect is thought to be caused by its ability to 
increase macrophage chemotaxis and T-cell 
function, reduce suppressor T-cell function, 
induce granulocyte maturation, enhance den-
dritic cell maturation, and up-regulate toll-
like receptors [6, 10, 11].

Complications from levamisole, includ-
ing cutaneous vasculitis and agranulocytosis, 
were initially described in the 1970s [12, 13]. 
Later, cutaneous vasculitis was described 
with concomitant ANCA positivity in chil-
dren undergoing treatment for nephrotic 
syndrome [14, 15, 16, 17]. Lesions were 
generally confined to the ears, cheeks, lower 
limbs, and associated with arthralgias. With 
increasing levamisole exposure amongst co-
caine users, additional adverse effects have 
been reported, including bullae disorders, 
pulmonary hemorrhage, hyponatremia, and 

granulomatosis [6, 18]. Patients with le-
vamisole-induced vasculitis typically have 
a history of long-standing cocaine use, and 
their manifestations are thought to be distinct 
from cocaine use alone. Cocaine-induced 
vasculitis usually presents with vasocon-
strictive features, such as cerebral vasculitis, 
digital necrosis, and gangrene [3, 7]. Earlobe 
lesions are not typical, and ANCA tends to be 
negative except in cases of cocaine-induced 
midline destructive lesions (CIMDL) [2,19]. 
Levamisole itself can be measured in the 
urine, but is usually difficult to detect due to 
its short half-life of 5.6 hours [20].

How levamisole exposure results in fea-
tures consistent with ANCA vasculitis is 
not entirely clear. Drug-induced vasculitis 
is typically associated with antibodies to 
MPO-ANCA or PR3-ANCA, but antibodies 
to other components of neutrophil granules, 
including human neutrophil elastase (HNE) 
and lactoferrin, have also been reported [2]. 
ANCA can induce neutrophil activation 
upon engagement of MPO-ANCA and PR3-
ANCA [21] as well as HNE. In a study of 
cocaine users, HNE-ANCA was identified in 
up to 80% of cases [22]. HNE and PR3 are 
from the same chymotrypsin family of serine 
proteases, but induce formation of distinct 
antibodies. In one series, antibodies to HNE 
were found in 100% of patients with levami-
sole induced vasculitis [23]. HNE antibodies 
are rarely found in nondrug-related vasculitis 
and may be a marker for disease.

Despite a growing appreciation of cu-
taneous vasculitis, there has only been one 
case series, to our knowledge, describing 
renal manifestations attributed to levamisole 
[7]. This series reviewed 30 cases of ANCA 
positivity associated with cocaine ingestion. 
All had positive MPO antibodies, and 50% 
also had positive PR3 antibodies. Two pa-
tients developed severe acute kidney injury 
with concurrent UAs that were positive for 
blood and protein. A biopsy of one of the pa-
tients revealed pauci-immune focal necrotiz-
ing crescentic glomerulonephritis. Despite 
immunosuppressive treatment, both had re-
sidual chronic kidney disease (estimated glo-
merular filtration rate (GFR) <  30 mL/min 
per 1.73 m2) but did not require dialysis.

Although we do not have documented le-
vamisole positivity in our subjects, both had 
previous presentations with cutaneous vas-
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culitis and ANCA positivity that are highly 
suspicious for levamisole exposure. Of note, 
their dermatologic manifestations preceded 
their renal disease by at least 1 – 2 years. We 
speculate that pauci-immune complex glo-
merulonephritis represents a late but serious 
complication from years of levamisole expo-
sure, and routine evaluation of renal function 
and urinalysis should be performed in these 
patients. In contrast to previously reported 
cases, our patients presented with much 
more aggressive diffuse crescentic glomeru-
lonephritis. Levamisole-associated cutane-
ous necrosis has improved with plasma-
pheresis in some cases [24], but outcomes in 
renal failure are unknown. Despite treatment 
with plasmapheresis, high-dose steroids, and 
a cytotoxic agent, both our patients were di-
alysis-dependent.

Conclusion

Over the last decade, there has been a 
wider appreciation of levamisole-induced 
vasculitis. While dermatologic manifesta-
tions are well described, less is known about 
levamisole’s effect on the kidney. We report 
two diffuse crescentic glomerulonephritis, a 
rare but serious complication of long-term 
use of cocaine adulterated with levamisole. 
Therefore, a careful drug use history should 
be obtained in all patients with ANCA-pos-
itive glomerulonephritis. Treatment remains 
a challenge given the paucity of data and its 
presence in a population with poor socioeco-
nomic support.
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