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ANCA-associated vasculitis (AAV) is the most common cause of crescentic rapidly progressive glomeru-
lonephritis (GN). Levamisole used as an adulterant in cocaine is increasingly recognized as a cause of
AAV. We report the case of a 50 year old woman with atypical anti-MPO AAV associated with cocaine
use and exposure to levamisole. In addition to the clinical and pathologic findings of crescentic GN, the
patient also had biopsy evidence of secondary membranous nephropathy (MN). Although AAV and MN
have been reported previously in the same patient and both have been induced by drug exposures, this
is the first report of MN in a patient with AAV likely induced by levamisole. We suggest that MPO can
cause both pauci-immune vasculitis and secondary membranous nephropathy in some cases, as in cases
of levamisole-adulterated cocaine use.

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

The first description of membranous nephropathy (MN) and
concurrent crescentic glomerulonephritis (GN) dates back to 1975.
There have been reports of MN with coexistent crescentic GN due
to antinuclear antibody (ANA), anti-GBM (glomerular basement
membrane) antibodies, and IgA Nephropathy. There have also been
many reported cases of MN co-existing with crescentic GN, usually
due to ANCA-associated vasculitis (AAV), including granulomato-
sis with polyangitis (formerly Wegener’s), microscopic polyangitis
and Eosinophilic Granulomatosis with Polyangitis (Churg-Strauss
syndrome).

Recently, levamisole, used as an adulterant in cocaine, has been
recognized as an important inducer of anti-MPO vasculitis [1]. Lev-
amisole has been identified as a likely etiologic agent in one patient
with anti-MPO vasculitis associated with nephrotic syndrome;
however, the kidney was not biopsied in that case [ 2]. To our knowl-

* Corresponding author at: University of Arizona Medical Center, 1501 N. Camp-
bell Ave, Room 6325, Tucson, AZ 85724, United States.

E-mail addresses: irfanmoinuddin@yahoo.com,
irfanmoinuddin@deptofmed.arizona.edu (I. Moinuddin),
mmadhrira@swkidney.com (M. Madhrira), erikab@pathology.arizona.edu
(E. Bracamonte), bijint@deptofmed.arizona.edu (B. Thajudeen),
asussman@deptofmed.arizona.edu (A. Sussman).

http://dx.doi.org/10.1016/j.prp.2016.03.008
0344-0338/© 2016 Elsevier GmbH. All rights reserved.

edge, this report describes the first case of levamisole-induced
MPO-ANCA vasculitis with crescentic GN and accompanying MN.

2. Clinical summary

A50year old female with past medical history of asthma, hyper-
tension, and rheumatoid arthritis presented for evaluation of rash
and renal failure in the setting of cocaine use. A toxicology screen
was positive for cocaine and opiates. On physical examination, the
patient was afebrile. Skin exam revealed a purpuric and violaceous,
non-blanching rash in a retiform pattern with areas of necrosis
and infected ulcers located on the helix and earlobes and also on
the upper and lower extremities. The patient denied photosensi-
tivity, neurological complaints, symptoms of serositis, oral ulcers,
temperature sensitivity, Raynaud’s phenomenon, sore throat or
dyspnea.

Urine analysis showed dysmorphic red blood cells, and 24 h pro-
tein excretion was quantified at 1600 mg. The serum creatinine (Cr)
peaked at 194.5 mcmol/L. Both C3 and C4 were low at 0.61 g/L (nor-
mal 0.88-2.06 g/L)and 0.09 g/L (normal 0.13-0.75 g/L) respectively.
Serologies for Hepatitis B and C were negative. Age-appropriate
cancer screening, including colonoscopy, mammogram, pap smear
and chest xray were all negative. Patient denied NSAID use. Syphilis
was ruled out with a negative rapid plasma reagin. P-ANCA was
positive and anti-MPO antibodies were quantified at 134 AU/mL
(positive: 26 AU/mL or greater). Further serologic studies were neg-
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Fig. 1. Glomerulus with fibrin within the urinary space and associated cellular cres-
cent (arrow). PAS 400x magnification.

Fig. 2. Immunofluorescence for IgG shows fine granular staining of glomerular cap-
illary loops. IgG 400x magnification.

ative for ANA, dsDNA, HIV, CMV, and EBV. Serology for IgG4-specific
and total IgG anti-phospholipase A2 receptor (PLA2R) antibodies
was negative. A kidney biopsy was pursued as there was high sus-
picion of glomerulonephritis.

3. Pathological findings

Kidney biopsy revealed one core of renal cortex with 9-11
glomeruli per level section, of which 0-1 per level section
were globally sclerosed. Two glomeruli had segmental sclero-
sis and one glomeruli contained a small cellular crescent. Biopsy
showed features of crescentic vasculitis in addition to membranous
nephropathy (Fig. 1). Light microscopy showed mild thickening of
basement membranes with spike formation. Capillary loops cut en
face showed a moth-eaten appearance by silver stain. Occasional
glomeruli also showed segmental endocapillary proliferation. In
addition, focal segmental necrotizing lesions with early crescent
formation were seen. Immunofluorescence staining revealed a uni-
form, fine granular capillary loop staining for IgG (2+), IgM (1-2+),
C3 (2-3+), Cl1q (trace),kappa (1+), and lambda (trace to 1+) in a
subepithelial pattern characteristic of MN (Fig. 2). Staining for IgA
was negative.

Immunofluorescence staining of the renal biopsy for PLA2R
was performed (Nephropath laboratory, Little Rock, AK) to help

Fig. 3. Numerous small subepithelial immune deposits (arrows) are present along
the glomerular basement membrane, with coarsening and effacement of podocyte
foot processes. 8200 x magnification.

distinguish between primary versus secondary membranous
glomerulopathy. Glomerular PLA2R staining was not enhanced in
this case. Positive membranous glomerulopathy cases will show a
pattern of staining identical to the IgG. The positive control was a
confirmed primary membranous case. A negative control consisted
of the secondary antibody only.

Immunohistochemical staining for MPO and IgG4 was also per-
formed (ARUP laboratory, Salt Lake, UT) and both stains were
negative within the glomeruli. Staining for MPO was performed to
help determine whether MPO could be detected in the subepithe-
lial immune complexes as a planted antigen. MPO staining uses a
rabbit anti-human polyclonal antibody to myeloperoxidase. Spleen
tissue constituted positive control. There was no negative control.
IgG4 staining was also done by ARUP. A mouse monoclonal anti-
body against human IgG4 designed to bind to the Fc portion of
IgG4 molecules was used for IHC. The positive control was a mixed
inflammatory infiltrate with some IgG4 staining cells. There was no
negative control.

Anti-PLA2R antibody quantification by ELISA was done by
Lawrence H. Beck’s laboratory at Boston University School of
Medicine. Both IgG4-specific anti-PLA2R as well as total IgG anti-
PLA2R were quantified.

Electron microscopy revealed the glomerular capillary loops to
be markedly irregular and frequently thickened, due to the pres-
ence of numerous subepithelial and intramembranous electron
dense immune deposits (Fig. 3). The deposits were associated with
remodeling of the GBM, including the formation of epimembra-
nous “spikes” of new basement membrane material between the
deposits. Mesangial areas contained increased matrix and cellu-
larity as well as scattered immune deposits (Fig. 4). There was
extensive effacement of epithelial cell foot processes with asso-
ciated microvillous transformation. No significant subendothelial
deposits were seen.

4. Discussion

The patient was treated with intravenous methylprednisolone
and transitioned to oral prednisone. She was also started on oral
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Fig. 4. Scattered electron dense deposits are present within the mesangium
(arrows), accompanied by mild increase in mesangial matrix and cell activity. 4200 x
magnification.

cyclophosphamide, 2 mg/kg/day. She was discharged to a rehabili-
tation facility 7 days later with a serum creatinine of 159.1 mcmol/L.
During her stay at rehab, she developed an abscess of the right foot,
and cyclophosphamide was stopped after two weeks of therapy to
promote resolution of the abscess. The patient subsequently went
into renal remission on monotherapy with oral prednisone, 60 mg
daily, for six months. She has now been on maintenance therapy
with azathioprine for six months, her current serum creatinine is
70.7 mcmol/L, and spot urinary protein to creatinine ratio is normal
(113 mg/g creatinine).

MPO titers also decreased with immunosuppressive treatment.
Myeloperoxidase antibody titers were as follows (reference range:
0-19 AU/mL): 134 in January 2014, 17.6 in October 2014, and 17.3
in January 2015.

Elevated MPO antibody titers confirm that ANCA-associated
vasculitis (AAV) is the most likely etiology for decreased renal
function and the necrotizing and crescentic features of the GN in
our patient. In 2008-2009, the drug enforcement agency (DEA)
reported that levamisole was found in 69% of cocaine seized by
the DEA. The patient’s positive cocaine history, purpuric rash with
skin necrosis involving the earlobes, anti-MPO ANCA positivity and
hypocomplementemia are characteristic features of AAV induced
by levamisole.

The mechanisms by which exposure to levamisole leads to AAV
have not been defined. Levamisole causes agranulocytosis that may
be accompanied by increased release of neutrophil extracellular
traps (NETS), composed of a scaffold of chromatin DNA intermin-
gled with histones, MPO, PR3, human neutrophil elastase (HNE)
and other components of neutrophil cytoplasmic granules. In addi-
tion to directly causing tissue injury, NETs can present constituent
molecules like MPO to the immune system and have been impli-
cated in the pathogenesis of MPO-ANCA vasculitis [3].

Alternatively, recent reports have suggested that levamisole
may bind as a hapten to self antigens such as MPO causing
conformational changes that lead to autoimmunity [4]. Lardinois
et al. have recently reported that drugs (including levamisole) that
induce ANCA vasculitis form drug-protein adducts after exposure
to hypochlorous acid (HOCL). Neutrophil-derived MPO and a halide

generate hypochlorous acid which metabolizes these drugs to reac-
tive free radical compounds. These electrophilic compounds may
react with MPO to form hapten adducts that can stimulate autoan-
tibody production [5].

In primary MN, an apparent causal etiology is lacking and biop-
sies reveal a lack of inflammatory changes, basement membrane
thickening with spike formation, subepithelial immune complexes,
and predominant IgG4 deposition usually accompanied by C3 and
C5b-9 [6]. Subepithelial immune deposits result primarily from
in situ immune complex formation involving podocyte antigens
rather than from circulating immune complex trapping [7]. In
70-80% of cases of primary MN, antibodies to PLA2R, which is
expressed on the podocyte cell membrane, lead to subepithelial
immune deposits when PLA2R is in the proper configuration [8].
Other putative antigens include thrombospondin type-1 domain
containing 7A, superoxide dismutase 2, aldose reductase and eno-
lase. Increased staining for PLA2R in glomeruli is also present in
patients who have, or had, anti-PLA2R antibody [9].

Secondary MN is characterized by lack of anti-PLA2R anti-
bodies, deposition of IgG1 and IgG3 and usually some electron
dense immune deposits in mesangial as well as subepithelial
sites [10]. The mechanisms underlying the formation of subep-
ithelial immune deposits in secondary forms of MN are less well
understood, but may involve the glomerular deposition of circu-
lating immune complexes (CICs). Low-affinity antigen-antibody
interactions may allow immune complexes, initially trapped in a
subendothelial position, to dissociate and reform on the abluminal
side of the GBM. In secondary MN, circulating, non-renal antigens,
primarily cationic proteins, can be “planted” in subepithelial sites
leading to in situ immune complex formation. Several exogenous
and endogenous antigens derived from HBeAg, Hepatitis C, Heli-
cobacter Pylori, tumors and thyroid have been localized in immune
deposits in patients with secondary MN [11].

Previously reported cases of MN associated with crescentic GN
due to anti-MPO have been claimed to be both primary (although
anti-PLA2R antibody has not been documented) and secondary
[12]. One must first rule out secondary causes of membranous
nephropathy before entertaining primary membranous nephropa-
thy. Serologies for Hepatitis Band C were negative. Age-appropriate
cancer screening, including colonoscopy, mammogram, pap smear
and chest xray were all negative. Patient denied NSAID use. Syphilis
was ruled out with a negative rapid plasma reagin. The absence
of staining for IgA, minimal Cl1q staining, lack of anti-DNA anti-
bodies and clinical picture make lupus nephritis unlikely. The lack
of linear glomerular basement membrane (GBM) staining for IgG
rules out anti-GBM disease which also causes crescentic GN with
increased frequency in primary MN. Both IgG4-specific and total
IgG anti-PLA2R antibodies were absent. Staining of the renal biopsy
for PLA2R, MPO, and IgG4 were all negative.

Biopsy demonstrated segmental endocapillary proliferation
and mesangial immune deposits in addition to the subepithelial
immune deposits, spike formation, and fine granular capil-
lary loop immunofluorescence staining. Since this is a mixed
lesion with both membranous and ANCA-positive components,
the immunopathology is not classic for either. Many studies
have reported non-specific immunoglobulin deposition in ANCA-
positive vasculitis [13,14]. Mesangial immune complex deposits
are frequently seen in secondary MN and, occasionally, in primary
MN as well [15]. In glomerulonephritis where there is a substan-
tial increase in glomerular permeability, this can lead to increased
trafficking of macromolecules through the mesangium resulting in
trapping of immune complexes within the mesangium [16].

The evidence, therefore, strongly suggests that membranous
nephropathy, in this case, may be secondary. However, the anti-
gen responsible for the subepithelial immune complex deposits is
not apparent. Levamisol, as a hapten, may induce autoimmunity to
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self antigens, including proteins present on podocytes. However,
MPO could be the putative antigen even though the immunofluo-
rescence staining for MPO is negative. The MPO antigen in the GBM
may have been altered or binding sites for the I[HC antibody may
be masked so that the I[HC stain is negative. Alternatively, the MPO
antigen may be present in such small quantities that it is below the
staining threshold of detection.

Indeed, the coexistence of MN and AAV suggests that both cres-
centic vasculitis and membranous nephropathy may be an immune
reaction to MPO.In AAV, MPO is released from activated neutrophils
[17,18]. In normal glomeruli, MPO not only reacts with a halide
to produce oxidant injury but has been shown to bind avidly to
capillary walls on a charge basis where it could serve as a planted
antigen [19]. Hanamura et al. have demonstrated MPO in a subep-
ithelial distribution with membranous nephropathy-like lesions
in patients with MPO-ANCA-associated GN [20]. Kawashima et al.
have also demonstrated immunopathologic co-localization of MPO,
IgG, and C3 in glomeruli in human MPO-ANCA-associated GN [21].

In levamisole-induced AAV, we speculate that the formation of
adducts of MPO and levamisole, or one of its metabolites, could not
only induce conformational changes that render the native MPO
antigenic but also increase its binding to the capillary wall. Anti-
MPO antibodies can be reactive with several different epitopes
[22]; Levamisole, by forming drug-protein adducts, may induce an
antibody reactive only with an MPO variant that is not present in
other forms of AAV and has particular affinity for localizing in the
subepithelial space. The fact that levamisole-induced AAV has some
atypical clinical features, such as the prominence of necrotizing skin
lesions, particularly involving the ear, and hypocomplementemia,
is consistent with the hypothesis that a different MPO variant might
be the target. Both AAV and MN are associated with genetic risk fac-
tors that might explain why neither AAV nor MN is present in most
patients exposed to levamisole in cocaine [23,24]. Alternatively, the
associated MN could involve a different, non-neutrophil derived,
antigen or the two glomerular lesions could be independent and
not pathogenetically linked.

In summary, the association of exposure to levamisole as an
adulterant in cocaine and associated development of a clinically
atypical form of anti-MPO vasculitis is increasingly recognized. We
report the first case of a coexistant MN in such a patient. We pro-
pose that levamisole may relate to the etiology of both diseases by
forming MPO-levamisole adducts that not only induce anti-MPO
antibody but also serve as planted antigens in the subepithelial
space to induce a secondary MN. This case should stimulate careful
search for other such patients in which this hypothesis could be
further tested.
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