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serological triple antibodies positivity in the absence of 
linear IgG deposition could benefit from the combination 
therapy regimen for plasma exchange and primary induc-
tion of remission against microscopic polyangiitis.
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Abbreviations
ANCA	� Anti-neutrophil cytoplasmic antibody
PR3-ANCA	� Proteinase 3 anti-neutrophil cytoplasmic 

antibody
MPO-ANCA	� Myeloperoxidase anti-neutrophil cytoplas-

mic antibody
GBM	� Glomerular basement membrane
RLV	� Renal-limited vasculitis
MPA	� Microscopic polyangiitis
RPGN	� Rapidly progressive glomerulonephritis
APTT	� Activated partial thromboplastin time
IVCY	� Intravenous high-dose cyclophosphamide 

therapy
PSC	� Primary sclerotic cholangitis

Background

Renal-limited vasculitis (RLV) is a type of anti-neutrophil 
cytoplasmic antibody (ANCA)-associated vasculitis that 
presents with only a renal manifestation; no other organs, 
including lungs, are involved. RLV is also suggested to be 
a subtype of microscopic polyangiitis (MPA) or granulo-
matosis with polyangiitis (GPA) based on the presence of 
myeloperoxidase (MPO)-ANCA and proteinase3 (PR3)-
ANCA. RLV is also characterized as an anti-GBM-asso-
ciated disease with no pulmonary manifestation [1]. The 

Abstract  Renal-limited vasculitis (RLV) is a type of 
anti-neutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis that presents with crescentic glomerulonephritis 
with no other organ involvement. Although several studies 
reported patients with crescentic glomerulonephritis who 
were dual positive for proteinase 3 (PR3)-ANCA and mye-
loperoxidase (MPO)-ANCA or ANCA and anti-glomerular 
basement membrane (GBM) antibody, patients positive for 
all three antibodies, i.e., triple-positive patients, were rarely 
reported. We herein report the case of a male with pauci-
immune type crescentic glomerulonephritis positive for 
MPO-ANCA, PR3-ANCA, and anti-GBM antibody. Renal 
biopsy led to the definitive diagnosis of RLV with pauci-
immune-type crescentic glomerulonephritis. Fluorescence 
immunostaining showed no linear deposition of IgG on 
GBM, indicating no involvement of anti-GBM associated 
diseases. Intensive therapy, including prednisolone, plasma 
exchange, and intravenous cyclophosphamide, was effec-
tive. We report the case of triple-positive patient with cres-
centic glomerulonephritis, who was successfully treated 
with glucocorticoid, plasma exchange, and cyclophospha-
mide, suggesting that treatment for RLV in the patient with 
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incidence rates of MPA are higher than that of Wegener’s 
granulomatosis, and RLV is the most frequent cause of pro-
gressive glomerulonephritis in Japan, accounting for 42.1% 
of all cases [2, 3]. In one study in Japan, MPO-ANCA titer 
was positive in 88.1% of all RLV patients, whereas PR3-
ANCA titer was positive in only 7.4% of the cases [2]. 
Another report showed that p-ANCA was most frequently 
observed in patients with RLV, whereas c-ANCA positivity 
was highest in patients with lung and sinus involvement in 
a study in the USA [4].

However, little is known about the triple presence of 
these antibodies. Here, we describe a patient with crescen-
tic glomerulonephritis who was positive for MPO-ANCA, 
PR3-ANCA, and anti-GBM antibody.

Case report

A 68-year-old male was admitted to a local hospital with 
fever and cough on the suspicion of pneumonia. The 
patient had a history of bile duct stricture and obstruc-
tion, and was positive for p-ANCA (indirect immuno-
fluorescence assay: IFA) and speckled-type anti-nuclear 
antibody at 1 year before admission, but was negative for 
c-ANCA (IFA). He also had a history of chronic obstruc-
tive pulmonary disease and early gastric cancer, which 
was removed by endoscopic mucosal resection. The 
patient was started on antibiotics for pneumonia; how-
ever, because of the deterioration of renal functions, he 
was transferred to our hospital. On admission, his height 
and body weight were 174 cm and 71.5 kg, respectively. 
He had a body temperature of 37.1  °C, a heart rate of 
98/min, a blood pressure of 128/83 mmHg, and SpO2 of 
100% in room air. Both lung sounds were clear except 
for diminished breath sounds over the right upper lobe. 
There was no rash on the body, and the physical exami-
nation was otherwise unremarkable. There was no sig-
nificant change of body weight. Laboratory results were 
as follows: serum creatinine, 3.18 mg/dl; CRP, 12.8 mg/
dl; MPO-ANCA (Chemiluminescent enzyme immuno-
assay; CLEIA), 19.1  U/ml; MPO-ANCA (Fluorescence 
enzyme immunoassay; FEIA), 25.2 U/mL; PR3-ANCA 
(CLEIA), 30.5 U/ml; PR3-ANCA (FEIA), negative; anti-
GBM antibody, 5.1 U/ml; Anti-nuclear antibody, 1:1280 
positive; anti-SS-A antibody, 129  U/ml and anti-SS-B 
antibody, 190 U/ml. Urinalysis showed 3+ occult blood, 
2+ protein, and proteinuria at 1.9  g/gCr. Other labora-
tory results are shown in Table 1. Abdominal ultrasound 
showed normal renal size and corticomedullary differ-
entiation in both kidneys. Chest radiograph was normal, 
and computed tomography of the chest and abdomen 
revealed a cyst in the left kidney and localized consoli-
dation in right upper lung (Fig. 1), which was consistent 

with pneumonia but not alveolar haemorrhage. The size 
of pulmonary consolidation was reducing by the simul-
taneous treatment with antibiotics and prednisolone. Bir-
mingham Vasculitis Activity Score (BVAS) [5] was 12 on 
admission, and clinical score and grade in the evidence-
based clinical practice guidelines for rapidly progressive 
glomerulonephritis (RPGN) 2014 in Japan [6] were 4 and 
II, respectively.

As renal functions of the patient deteriorated follow-
ing admission, with serum creatinine level rising from 
3.18 mg/dl on admission to 4.10 mg/dl on day 2, we pre-
ceded the treatment without renal biopsy. He was admin-
istered intravenous high-dose methylprednisolone therapy 
(500 mg/day) for 3 days, followed by oral prednisolone at 
40 mg/day. Plasma exchange was consecutively performed 
five times to remove anti-GBM antibody with the consid-
eration of anti-GBM-antibody-associated diseases in differ-
ential diagnosis. As suggested in the previous studies, PE 
can decrease the titer of anti-GBM antibody [7], and can 

Table 1   Laboratory data

APTT activated partial thromboplastin time, eGFR estimated glomer-
ular filtration rate, BUN blood urea nitrogen, CRP C-reactive protein, 
RBC red blood cells, CLEIA chemiluminescent enzyme immunoas-
say, FEIA fluorescence enzyme immunoassay

Parameter Patient value Reference

Haemoglobin (g/dL) 8.7 11.3–16.3
White-cell count (/μL) 7570 3200–9400
Neutrophil count (%) 82.6 46–62
Eosinophil count (%) 0.9 3–5
Platelet count (/μL) 359,000 96,000–348,000
APTT (s) 44.4 24–35
Creatinine (mg/dL) 3.19 0.65–1.06
eGFR (ml min−1 1.73 m2−1) 16.3 ≥60
BUN (mg/dL) 33.9 8.1–22
Albumin (g/dL) 2.7 3.9–5.1
CRP (mg/dL) 12.8 <0.2
MPO-ANCA (U/mL; CLEIA) 19.1 <3.5
MPO-ANCA (U/mL; FEIA) 25.2 <3.5
PR3-ANCA (U/mL; CLEIA) 30.5 <3.5
PR3-ANCA (U/mL; FEIA) negative <2
anti-GBM antibody (U/mL) 5.1 <3.0
Speckled-type anti-nuclear antibody 

(titer)
1:1280 <1:40

anti-SS-A/Ro antibody (U/mL) 129 <10
anti-SS-B/La antibody (U/mL) 190 <15
Urinary occult blood 3+ Negative
Urinary RBC (/HPF) 50–100 <1–4
Urinary RBC shape Dysmorphic None
Urinary protein 3+ Negative
Urinary protein-creatinine ratio (g/

gCre)
1.9 <0.15
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help renal survival in the patient with ANCA-related vascu-
litis [8]. We used 3360 mL of fresh frozen plasma (FFP) for 
4 times and 3000 mL of 5% albumin for one time.

Renal biopsy was performed on day 7, and biopsy speci-
men included 30 glomeruli. As seen in Fig. 2, global scle-
rosis, segmental sclerosis, cellular crescents, and fibrocel-
lular crescents were found in 10, 2, 5, and 6 glomeruli, 
respectively (Fig. 2a). Some of glomeruli exhibiting cellu-
lar crescents contained necrotic lesions of capillaries. There 
were prominent interstitial fibrosis, tubular atrophy, and 
infiltration of inflammatory cells, including lymphocytes 

and plasma cells, in 70% of the interstitium, suggesting that 
these changes were secondary to glomerular injury. Arte-
rioles showed moderate sclerotic changes and the destruc-
tion of elastic fibers. Granulomatous change with multinu-
cleated giant cell formation was detected around adventitia 
of small arteries (Fig.  2b). Immunofluorescence showed 
the absence of IgG, IgA, IgM, C3, C3c, and C1q deposi-
tion, and was consistent with pauci-immune-type crescen-
tic glomerulonephritis (Fig.  2c). Fibrinogen deposition 
was observed in one crescent.There was no dense deposit 
observed by electron microscopy. Thus, the patient was 
diagnosed with RLV.

Treatment was initiated with intermittent intravenous 
high-dose cyclophosphamide therapy (IVCY; 500  mg at 
375  mg/m2 × 75%) for MPO-ANCA-associated vasculitis 
on day 20. At day 34, the second pulse of IVCY (650 mg 
at 500  mg/ m2 × 75%) was administered. Oral glucocor-
ticoid therapy was gradually tapered. Laboratory findings 
related to renal functions, i.e., serum creatinine level and 
protein–creatinine ratio, showed gradual improvement with 
glucocorticoid and IVCY treatment (Fig.  3). At 109 days 
after admission, the third cycle of IVCY at 650  mg was 
administered. Serum levels of PR3-ANCA (CLEIA), MPO-
ANCA (CLEIA), and anti-GBM antibody were improved. 
Bile duct stricture was not changed during the course. The 
patient did not show any signs of recurrence during follow-
up at 12 months after admission at our hospital.

Discussion

In the present case, not only MPO-ANCA (CLEIA) 
but also PR3-ANCA (CLEIA) and anti-GBM antibody 
were elevated. Although several rapidly progressive 

Fig. 1   Computed tomography (CT) of the chest. A CT image shows 
a localized consolidation in right upper lung

Fig. 2   Renal biopsy specimen included 30 glomeruli, including 
5 cellular crescents and 6 fibrocellular crescents. a Representative 
glomerulus containing cellular crescents with necrotizing lesion is 
shown (Periodic acid Schiff staining ×200). b Small artery exhibited 

granulomatous reaction with multinucleated giant cell formation (A 
arrow) and the destruction of elastic fibers (Elastica van Gieson stain-
ing ×200). c There was no staining of the IgG on immunofluores-
cence staining (×200)
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glomerulonephritis cases with dual positivity for either 
MPO-ANCA/anti-GBM or PR3-ANCA/anti-GBM were 
previously reported [9], patients who were positive for 
all three antibodies, such as our patient, have rarely been 
reported. One previous paper reporting a patient positive 
for all three autoantibodies did not present a clinical feature 
in detail [10]. In the case of double-positive patients who 
were positive for both MPO-ANCA and PR3-ANCA on 
ELISA, no specific patterns of clinical presentation or out-
come were observed [11]. One study reported that patients 
with ANCA-associated vasculitis complicating infection 
were more often double positive with higher MPO-ANCA 
and lower PR3-ANCA titers on ELISA [12].

A previous study reviewing patients who were double 
positive for ANCA and anti-GBM antibody reported that 
although 32% of anti-GBM antibody-positive patients were 
ANCA-positive, only 5% of ANCA-positive patients were 
also positive for anti-GBM antibodies [13]. However, the 
appearance of antibodies may not necessarily be simul-
taneous and may exhibit a time-lag. The previous studies 
reported patients who became positive for anti-GBM anti-
body several years after the detection of p-ANCA [14, 15]. 
Based on pathological findings, including both chronic 
and active glomerular lesions at the time of renal biopsy, 
we speculated that the patient had most likely developed 
vasculitis about 1  year before admission, at a time when 
p-ANCA was already positive, as the urinalysis showed 
2+ protein and 3+ occult blood at that time. Epidemiologi-
cally, patients who are double positive for ANCA and anti-
GBM antibody are almost 20 years older than those who 
are positive only for anti-GBM antibody, suggesting that 

ANCA but not anti-GBM antibody may be the fundamental 
cause of the disease [16], consistent with the present case. 
Furthermore, we assumed that anti-GBM antibody was not 
the main cause of renal injury in this patient because of the 
absence of linear IgG deposition.

Although a close relationship between the production 
of ANCA and anti-GBM antibody has been suggested, the 
underlying mechanism remains unclear. One of the postu-
lated hypotheses involves unmasking of hidden antigens on 
GBM by endogenous oxidants activated by ANCA, which 
elicits anti-GBM antibody production [17]. Prognosis of 
double-positive patients is still controversial. Findings of 
studies comparing outcomes of double-positive patients 
with those positive only for anti-GBM antibody revealed 
that prognosis ranged from good [18, 19] and comparable 
[20] to worse [13] in patients who were serologically dou-
ble positive for these antibodies. The presence of additional 
antibodies should be assessed in patients who are positive 
for one antibody. A previous report showed that when rats 
are injected with anti-GBM antibody to develop glomeru-
lonephritis, glomerulonephritis was more severe in rats 
immunized with MPO-ANCA than those that received con-
trol serum [21]. These findings underlie the significance of 
the assessment of more than one antibody in these patients.

In addition, PR3-ANCA can be induced in patients with 
subacute bacterial endocarditis, tuberculosis, and ulcerative 
colitis without vasculitis [22]. Furthermore, PR3-ANCA is 
recently reported to be a biomarker for primary sclerotic 
cholangitis (PSC) [23]. Because our patient had a history of 
bile duct obstruction, PSC might have led to increased PR3-
ANCA levels. Although granulomatous changes on small 
arteries were detected, some reports showed that granu-
lomatous changes can be seen in the cases with MPA or 
RLV [24]. In addition, GPA cannot be completely excluded 
in this case, considering a pulmonary lesion which was 
disappearing by the simultaneous treatment with antibiotic 
and prednisolone. However, PR3-ANCA titer did not cor-
relate with the extent of glomerulonephritis, and therefore, 
we speculated that PR3-ANCA was not the main cause of 
renal failure in this patient. The course of PSC was not 
changed during the treatment. The cause of elevated PR3-
ANCA titer (CLEIA) remains unclear and will be the focus 
of future studies. The PR3-ANCA (CLEIA) keeps high 
titer during follow-up, although MPO-ANCA (CLEIA) and 
anti-GBM antibody titer became normal, which might be 
the indicator for relapse [25].

Taken together, the main cause of renal failure in our 
patient was considered to be MPO-ANCA. The present 
case showed successful recovery of renal function along 
with the decrease of proteinuria and MPO-ANCA titer, 
suggesting that standard regimen for induction of remis-
sion on MPA, glucocorticoid, and cyclophosphamide ther-
apy in BSR and BHPR guideline [5], along with plasma 

Fig. 3    Clinical course. The y-axis of the left side shows the level of 
serum creatinine; the right side shows the titer of ANCA and anti-
GBM antibody (aGBM Ab). After the treatment of intravenous high-
dose methylprednisolone (mPSL) (days 2–4) followed by oral predni-
solone (PSL), plasma exchange (PE: days 3,6,7,8,11), and intravenous 
high-dose cyclophosphamide therapy (IVCY: days 20,34), laboratory 
data were gradually improved. Bx, renal biopsy
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exchange, could be beneficial to the patients with cres-
centic glomerulonephritis with triple-positive antibodies. 
The standard induction therapy for AAV is combination of 
glucocorticoids and intravenous pulse cyclophosphamide 
or rituximab in Western countries [5]. However, initiation 
therapy in this patient younger than 70 years, whose clini-
cal grade was II, was recommended for pulse methylpred-
nisolone and oral corticosteroid according to the evidence-
based clinical practice guidelines for RPGN 2014 in Japan 
[6]. Patients with severe renal dysfunction may be treated 
with adjuvant cyclophosphamide and plasma exchange [6]. 
Anti-glomerular antibody-related glomerulonephritis will 
be treated with corticosteroids, cyclophosphamide, and 
plasma exchange [6, 7]. The objective of plasma exchange 
on AAV patients is to reduce ANCA titers and other mol-
ecules, such as cytokines, which are relevant to progression 
of diseases [26]. Plasma exchange can be effective on the 
reduction of the titer of MPO-ANCA and cytokines.

In summary, we present a patient with crescentic glo-
merulonephritis and serological positivity for MPO-ANCA, 
PR3-ANCA, and anti-GBM antibody who was successfully 
treated with methylprednisolone, plasma exchange, and 
cyclophosphamide, suggesting that RLV patients with sero-
positivity for triple antibodies in the absence of linear IgG 
deposition along the GBM can be treated with the combi-
nation therapy for primary induction of remission on MPA, 
which include treatment with glucocorticoids, cyclophos-
phamide, and plasma exchange.
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