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Abstract 
The typical nephrological presentation of antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis (AAV) is 
rapidly progressive glomerulonephritis. AAV-associated interstitial nephritis without apparent glomerular lesions was rare. 
We reported three local cases of AAV-associated interstitial nephritis without glomerulonephritis confirmed by renal biopsy. 
Then, a literature search was conducted in PubMed using free text words and MeSH terms related to “AAV and interstitial 
nephritis”. Fifteen cases were included, and their demographics, clinical manifestations, laboratory data, renal pathological 
features, and treatment response were summarized. AAV-associated interstitial nephritis usually affects elderly patients. The 
common symptoms include fever, arthralgias, and edema. These patients were mostly MPO-ANCA positive. Pathological 
lesions in the kidney showed diffuse infiltration of inflammatory cells, edema, tubulitis, and fibrosis in the interstitial area. 
Various immunosuppressive treatments, including glucocorticoids, immunosuppressants, and rituximab, were used, and most 
of the patients achieved clinical remission. AAV-associated interstitial nephritis is rare but shows a characteristic clinical 
phenotype, serological results, and pathogenic lesions. Immunosuppressive therapy showed good efficacy in these patients.

Keywords  ANCA-associated vasculitis · Case reports · Interstitial nephritis · Literature review

Introduction 

Antineutrophil cytoplasmic antibody (ANCA)–associated 
vasculitis (AAV) refers to a category of systemic, necrotizing 
vasculitis. It predominantly affects the small blood vessels 

of the middle-aged and elderly population. AAV includes 
microscopic polyangiitis (MPA), granulomatosis with 
polyangiitis (GPA), eosinophilic granulomatosis with 
polyangiitis (EGPA), renal-limited AAV, and certain 
drug-induced vasculitis syndromes which may be ANCA 
specific for either myeloperoxidase (MPO-ANCA) or 
proteinase 3 (PR3-ANCA) [1]. Patients with AAV typically 
present with nonspecific symptoms such as fever, malaise, 
anorexia, weight loss, myalgias, and arthralgias [2, 3]. The 
main organs involved in AAV patients include the kidney, 
respiratory tract, and occasionally the heart and brain. 
Kidney involvement is common in AAV, especially in GPA 
and MPA [1]. A study concerning patients with GPA or MPA 
showed that MPO-ANCA was often associated with renal, 
skin, and lung manifestations [4]. The typical presentation 
of kidney involvement in AAV is rapidly progressive 
glomerulonephritis presenting as asymptomatic hematuria, a 
variable degree of proteinuria, and acute renal insufficiency. 
Various kidney biopsy findings include mild focal and 
segmental glomerulonephritis as well as diffuse necrotizing 
and crescentic glomerulonephritis [5–7]. Although most 
AAV patients have pauci-immune glomerulonephritis, some 
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have atypical clinical manifestations, such as interstitial 
nephritis associated with vasculitis in the vasa recta without 
evidence of glomerulonephritis [8, 9]. Limited literature 
has reported cases of AAV-associated interstitial nephritis 
without any apparent glomerular lesions.

In this narrative review, we report a case series of three AAV 
patients with interstitial nephritis without glomerulonephritis 
and compare it with six local cases of AAV-associated 
glomerulonephritis. Furthermore, we also reviewed the 
literature to study the clinical manifestation, pathological 
features, and treatment response of this kind of atypical AAV 
patient.

Materials and methods

Participants

Patients diagnosed with AAV and interstitial nephritis with-
out glomerulonephritis confirmed by renal biopsy admitted 
to Peking Union Medical College Hospital (PUMCH) from 
Jan. 2013 to Aug. 2021 were included in this study. Two 
nephrology pathologists reviewed their detailed renal pathol-
ogy database. We recorded their demographics, clinical 
manifestations, laboratory data, renal pathological features, 
and treatment response. Patients with confounding factors 
potentially leading to interstitial nephritis, such as drug use, 
were excluded (Fig. 1A). A total of 3 cases were identi-
fied. No other significant organ involvement was noted in 
these cases. The data of the patients diagnosed with typical 
ANCA-associated glomerulonephritis were reviewed, and 
6 patients were matched in terms of sex and age with the 
patients with AAV-associated interstitial nephritis. A t test 
was used to compare the two groups, and P < 0.05 was con-
sidered significant. This study was approved by the Ethical 
Committee of PUMCH (No. S-K 1877).

Literature review

We searched the literature in PubMed with free text words and 
MeSH terms related to AAV and interstitial nephritis. The final 
search strategy was (interstitial nephritis [MeSH Terms] OR 
tubulointerstitial nephritis) AND ((anti-neutrophil cytoplasmic 
antibody-associated vasculitis [MeSH Terms]) OR (ANCA 
vasculitis OR microscopic polyangiitis OR granulomatosis OR 
eosinophilic granulomatosis OR Churg-Strauss)). All studies 
published before Sep. 22, 2021, were included for screening by 
title and abstract. Studies with overlapping data, not written in 
English, and without full-text access were excluded (Fig. 1B). 
The demographics, clinical manifestation, laboratory data, 
renal pathological features, and treatment response are sum-
marized in Tables 1 and 2.

Case reports

Case 1

A 78-year-old male was admitted to PUMCH on April 21, 
2021, with the chief complaint of impaired renal function 
for six months, low-grade fever, abdominal distension, 
and loss of appetite for three months. Soon, a deteriora-
tion of renal function (serum creatine, sCr, notably ris-
ing from 231 to 449 μmol/L in 29 days) and progressive 
anemia (hemoglobin, Hgb, 106 to 67 g/L in 10 days) was 
noted, followed by oliguria, edema, dyspnea, and hyper-
tension. The patient also had a past medical history of 
subtotal gastrectomy in 1959 and gastrointestinal bleed-
ing in 2018. On physical examination, his blood pressure 
was 166/78 mmHg. Routine lab tests revealed remarkable 
anemia (hemoglobin 71 g/L), significant renal dysfunction 
(sCr 481 μmol/L), and elevated inflammatory markers. 
His erythrocyte sedimentation rate (ESR) was 45 mm/h, 
and his high-sensitivity C-reactive protein (hsCRP) 
was 17.18  mg/L. Urinalysis showed mild proteinuria 
0.38 g/24 h without hematuria. He also demonstrated pos-
itivity for p-ANCA 1:20 (immunofluorescence method), 
anti-MPO-ANCA 184 AU/mL (chemiluminescence 
method), and elevated IgG4 with a value of 10,700 mg/L 
(80–1400). The patient was negative for ANAs and anti-
glomerular basement membrane (GBM) antibody. Immu-
nofluorescent (IF) staining was negative, and no immune-
complex deposition was observed in the glomerulus by 
electron microscopy (EM). The light microscope (LM) 
analysis showed a total of 16 glomeruli, with global scle-
rosis and segmental sclerosis glomeruli of 56.3% and 
12.5%, respectively, without significant proliferation. The 
interstitium was infiltrated by lymphocytes, monocytes, 
scattered eosinophils, neutrophils, and plasma cells, with 
edema and fibrosis and negative for IgG4 staining. Diag-
nosed as AAV-associated interstitial nephritis, the patient 
was treated with intravenous methylprednisolone (80 mg/
day for three days), followed by oral prednisone (60 mg/
day and tapering), with infused rituximab (Rtx) (1 g) on 
May 1. The patient responded well to the treatment. His 
renal function showed significant improvement, and the 
ANCA turned negative at two months. At the six-month 
follow-up, his sCr was 223 μmol/L (Fig. 2).

Case 2

A 64-year-old male was admitted to PUMCH on December 
9, 2016, due to progressive fatigue, myalgia, arthralgia, 
and edema of the lower extremities for one month and fever 
(38.5 ℃) for 12 days. On physical examination, his blood 
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pressure was 126/60 mmHg. Routine lab tests revealed 
slight anemia (hemoglobin 113 g/L), elevated inflamma-
tory markers (WBC 14.59 × 109/L, ESR 97 mm/h), and 

impaired renal function (sCr 159 μmol/L). Urinalysis was 
positive for red blood cells (RBCs) 54.4/μL and negative 
for protein, with 24-h urinary protein (24hUP) of 0.34 g. 

Fig. 1   Flow chart of the 
research process incorporating 
three local cases (A) and thir-
teen cases at PubMed (B). AAV, 
antineutrophil cytoplasmic 
antibody–associated vasculitis

Reviewing pathological reports and
including biopsy confirmed
interstitial nephritis without

glomerulonephritis:
n = 20

Reviewing medical records:
n = 11

Cases included for review:
n = 3

Removal of cases not eligible
pathologically:

n = 9

A

PubMed database search of
cases with AAV related interstitial

nephritis and
without glomerulonephritis

(22 Sept. 2021):
n = 154

Full text assessment:
n = 31

Studies included for review:
n = 13

Removal of cases with
confounding factors causing
interstitial nephritis or with no

follow-ups:
n = 8

Removal of cases unqualified
or without full English

text access:
n = 123

Removal of cases
with confounding factors

causing interstitial nephritis:
n = 18

B

Local database search of
inpatients with clinically diagnosed
AAV related interstitial nephritis (12

Sept. 2021):
n = 102

Removal of cases with no
local pathological results:

n = 82
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Immunological studies revealed positive c-ANCA IF 1:80, 
anti-PR3-ANCA 132 RU/mL (enzyme-linked immuno-
sorbent assay), and MPO-ANCA > 200 AU/mL. His chest 
CT revealed multiple ground-glass patches on bilateral 
lungs. His renal biopsy showed predominantly interstitial 
nephritis. On LM, there was no obvious abnormality in 
the glomerulus with diffuse interstitial inflammatory cell 
infiltration and the destruction of renal tubules. Some renal 
tubular epithelial cells were slightly denatured. There was 
no sign of necrotizing glomerular vasculitis. No deposits 
of immunoglobulins or complements were displayed by IF 

with only one sclerotic glomerulus on EM. For this patient 
with AAV-associated acute interstitial nephritis compli-
cated with possible pulmonary involvement, oral pred-
nisone (60 mg/day, 1.0 mg/kg/day) and oral cyclophos-
phamide (50 mg/day) were prescribed. At the follow-ups, 
the patient reported a continual resolution of symptoms. 
Five months later, his sCr returned to 86 μmol/L, and his 
ANCA turned negative.

Case 3

A 67-year-old female was admitted to PUMCH on May 6, 
2021, because of hypertension for two months. The patient 
first noticed a blood pressure of 160/95 mmHg, and later lab 
tests showed an elevated sCr of 108 μmol/L two months ago 
without other reported clinical manifestations. Her past med-
ical history was significant for hyperlipidemia, uveitis, and 
senile macular degeneration. Both proteinuria and hematu-
ria were negative in routine urinary analysis, with 24hUP 
0.12 g. Impaired renal function (sCr 113 μmol/L), positive 
p-ANCA IF 1:10, and anti-MPO-ANCA 39.4 AU/mL were 
observed. Her renal biopsy showed interstitial nephritis. On 
LM, occasional segmental mesangial cell proliferation and 
mesangial matrix expansion, vacuolar degeneration, and 
brush border abscission were present in renal tubular epi-
thelial cells. In addition to lymphocyte infiltration in sev-
eral renal tubules, we observed diffuse interstitial edema, 
accompanied by a large number of lymphocytes, monocytes, 
scattered eosinophils, neutrophils, and plasma cells. On IF, 
there was no positive deposition in the glomerulus, with an 
occasional proliferation of mesangial cells and mesangial 
matrix and epithelial foot process fusion by EM. We also 
noticed some GBM degeneration and shrinkage without 
electronic density or other abnormal deposits.

A diagnosis of AAV-associated chronic interstitial nephri-
tis was made. Oral prednisone (55 mg/day, 0.8 mg/kg/day) 
was given, accompanied by oral cyclophosphamide (50 mg/

Table 2   Summary of 6 local cases with ANCA-associated vasculitis causing typical glomerulonephritis

Abbreviations: CS, corticosteroids; CTX, cyclophosphamide; PE, plasma exchange; Rtx, rituximab; TBM, tubular basement membrane; GBM, 
anti-glomerular basement membrane; sCr, serum creatine; 24hUP, 24-h urinary protein; Hgb, hemoglobin; MPO, myeloperoxidase-antineutro-
phil cytoplasmic antibody; ESRD, end-stage renal disease

No Age/gender Clinical manifestations Serum 
creatine 
(μmol/L)

24hUPa Hematuriab Hemo-
globin 
(g/L)

ANCA Treatmentc Outcome

1 75/M Anorexia 258 0.63 445.4 101 232 CS, CTX Remitted
2 72/M Fever, dyspnea, head-

ache, and fatigue
571 0.15 3 62 229 CS, CTX, PE ESRD

3 61/M Asthenia, anorexia 211 1.66 280.8 108 224 CS, CTX Remitted
4 61/M Fever, dyspnea, edema 514 0.96 192.4 111 239 CS, CTX Remitted
5 67/F Urination discomfort 164 4.42 351.1 113 171 CS, CTX, PE, Rtx Remitted
6 76/F Oliguria, edema 123 0.04 194.2 114 166 CS, CTX Remitted
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Fig. 2   Treatment response of the local case 1. The 78-year-old patient 
received intravenous methylprednisolone infusion (80  mg/day for 
three days), followed by oral prednisone (60 mg/day, 1.0 mg/kg/day). 
Rituximab infusions were at an interval of 6 months (1 g and 0.5 g, 
separately). Two months after the initial treatment, ANCA turned 
negative, and at the six months follow-up, serum creatine decreased 
to 223 μmol/L. Rtx, rituximab; CS, corticosteroids; MP, methylpred-
nisolone; Pred, prednisone; MPO-ANCA, antineutrophil cytoplasmic 
antibody specific for myeloperoxidase; sCr, serum creatine

3559Clinical Rheumatology (2022) 41:3551–3563



1 3

day). During the follow-up, the patient reported a continual 
resolution of symptoms. Four months later, her sCr level had 
improved (101 μmol/L), and ANCA turned negative.

Comparison of AAV‑associated interstitial nephritis 
without glomerulonephritis and AAV‑associated 
typical glomerulonephritis

Six cases of AAV-associated typical glomerulonephri-
tis diagnosed at PUMCH were selected as the control 
group. The patients with nephritis showed comparable 
sCr, 24hUP, urinary RBCs, hemoglobin, and MPO titer. 
The average sCr, 24hUP, urinary RBCs, hemoglobin, and 
MPO tilter were 251.0 ± 115.8 and 306.8 ± 77.1 μmol/L 
(P = 0.709), 0.28 ± 0.08 and 1.31 ± 0.67 g/24 h (P = 0.184), 
19.7 ± 17.4 and 244.5 ± 62.3/μL (P = 0.014), 108.7 ± 20.6 
and 101.5 ± 8.1  g/L (P = 0.770), and 154.1 ± 59.5 and 
210.2 ± 13.3 AU/mL (P = 0.447) in AAV-associated inter-
stitial nephritis without glomerulonephritis and the control 
group, respectively.

Upon renal pathology, AAV-associated glomerulo-
nephritis usually showed cellular crescents and cellular 
fibrous crescents, segmental mesangial cell proliferation 
and increased mesangial matrix, GBM denaturation, and 
sometimes rupture of Bowman’s capsules. Their interstitial 
lesions usually showed mild fibrosis and diffuse infiltra-
tion of mononuclear inflammatory cells. In contrast, AAV 
causing interstitial nephritis alone often showed intersti-
tial edema and fibrosis, intense inflammatory infiltrates, 

tubular basement membrane thickening, and tubular atrophy 
(Tables 1 and 2, Fig. 3).

For treatment, most of these cases received corticos-
teroids and cyclophosphamide as the first choice. Plasma 
exchange was applied in two cases. Notably, Rtx was used 
in both groups (1/3 in AAV-associated interstitial nephri-
tis and 1/6 in AAV-associated typical glomerulonephritis). 
Almost all of the local cases achieved remission in follow-
ups, except one case that reached ESRD.

Literature research

We screened 154 studies, with 15 eligible cases in 13 stud-
ies [10–22] (Table 1). The reported patients’ average age 
was 61.1 years old, and 60% of them were female with 
nonspecific symptoms of fever (40%), arthralgias (40%), 
edema (33.3%), anorexia, fatigue, weight loss, neuropathy, 
purpura, or epistaxis. Respiratory symptoms or comorbidi-
ties of asthma or interstitial lung diseases were common 
(53.3%). Most of them had elevated sCr levels (80%), pro-
teinuria (73.3%), hematuria (73.3%), ANCA or MPO positiv-
ity (66.7%), and anemia (46.7%). A few of them had massive 
proteinuria (one patient had more than 3.5 g/day) and numer-
ous urine RBCs (13.3%, Table 1). Renal pathology showed 
renal interstitial nephritis with mild or no glomerular lesions. 
Diffuse infiltration of inflammatory cells, interstitial fibro-
sis, interstitial edema, tubulitis, and vasculitis were common. 
Other lesions in the interstitial areas included tubular atrophy, 

Fig. 3   Pathologic findings 
in kidney tissues from local 
cases of AAV with interstitial 
nephritis. (A) An overall sight 
showed intense inflammatory 
infiltrates and mild fibrosis in 
the interstitial area (MASSON 
100 ×). (B) Inflammatory infil-
trates in the interstitium without 
evident glomerulonephritis was 
noted (PAS 200 ×). (C) Diffuse 
infiltration of inflammatory 
cells was present in the inter-
stitium (HE 200 ×). (D) IgG4 
staining showed negative results 
(IgG4 staining 50 ×). AAV, 
antineutrophil cytoplasmic anti-
body–associated vasculitis; HE, 
hematoxylin and eosin staining; 
MASSON: Masson’s trichrome 
staining; PAS: periodic acid-
Schiff staining
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granulomatous injury, or hyaline arteriosclerosis. Glomerular 
lesions were absent or mild.

Most of the cases received medium to a high dose of cor-
ticosteroids as the first choice with or without immunosup-
pressants. Cyclophosphamide remained the most common 
immunosuppressant, with the alternative being azathioprine, 
cyclosporine, or mycophenolic acid. Rtx or plasma exchange 
was applied recently. The patients’ responses varied with 
remitted (66.7%), dialysis depending (16.7%), and no effec-
tiveness (8.3%).

Discussion

AAV-associated interstitial nephritis is a rare complication 
of AAV without universally accepted diagnostic criteria, 
which leads to several challenges in clinical management. 
In this study, we reported three cases of these patients and 
reviewed the literature. AAV-associated interstitial nephritis 
tended to occur in aged patients with nonspecific symptoms 
and positive MPO-ANCA. Characterized by isolated intersti-
tial inflammation and tubulitis, patients typically responded 
well to immunotherapy. Compared with AAV-associated 
typical glomerulonephritis, these cases showed significantly 
fewer urinary RBCs and tended to exhibit lower levels of 
sCr, 24hUP, and MPO tilter. Moreover, AAV-associated 
interstitial nephritis without glomerulonephritis tended to 
exhibit lower levels of sCr, 24hUP, and MPO titers with no 
significance.

In addition to the diagnostic value in AAV, ANCAs also 
play a pathogenic role in disease development. All three cases 
tested positive for MPO-ANCA, consistent with the 15 cases 
in the literature (66.7%), which was more often associated 
with renal manifestations than PR3-ANCA [4] and correlated 
with AAV disease activity and risk of relapse [23, 24]. Once 
primed by proinflammatory cytokines, MPO-ANCAs bind 
their antigens and trigger neutrophil degranulation, leading 
to the release of reactive oxygen species and lytic enzymes 
developing into consequent endothelial damage and small-
vessel vasculitis [25].

Renal biopsies in AAV typically reveal pauci-immune 
necrotizing crescentic glomerulonephritis, which is consist-
ent with our six local cases with AAV-associated typical 
glomerulonephritis. In studies from the National Institutes 
of Health (NIH) in the USA, glomerulonephritis developed 
in 77 to 85% of patients, usually within the first two years of 
disease onset [26]. Interstitial nephritis is often accompanied 
by glomerulitis, and isolated interstitial nephritis without 
glomerulitis is rare [17, 27, 28]. Unlike the urgent therapy 
before renal biopsy for patients with typical glomerular 
involvement and ANCA positivity, for elderly patients who 
present with only nonspecific symptoms, renal pathology 
is of increased value for accurate diagnosis and subsequent 

medical decisions. The recognition of the atypical variant 
of AAV is also crucial.

A detailed mechanism for AAV-associated interstitial 
nephritis remains unknown [19], with limited clues from the 
literature. Peritubular capillaritis is common in AAV with 
glomerular capillaritis, vasculitis in vessels, and extravas-
cular granuloma formation [18]. This result indicated that 
the loss of CD34 vascular endothelial markers occurs in the 
early phase of the disease [19] with infiltration of neutrophils 
and mononuclear cells into tubular epithelial cells, which 
was associated with tubular basement membrane lysis. A 
few AAV patients with acute interstitial nephritis progressed 
to crescentic glomerulonephritis. Their confounding factors 
were cimetidine treatment and other unknown mechanisms 
[10, 18, 22]. Further research is required to reveal the exact 
pathogenesis of AAV-associated interstitial nephritis.

The therapy for AAV mainly incorporates glucocor-
ticoids, immunosuppressants, and Rtx [29]. Due to the 
scarcity of patients, there is no recommendation for 
AAV-associated interstitial nephritis. A moderate dose of 
corticosteroids is a common choice to avoid severe infec-
tion in aged patients [30] [31]. Two of our reported cases 
had good responses to corticosteroids combined with 
cyclophosphamide. Their prognosis is better than that of 
necrotizing crescentic AAV reported previously [12, 27]. 
Plasma exchange is more often used in AAV-associated 
glomerulonephritis. An alternative therapy was Rtx, a 
monoclonal antibody targeting the CD20 antigen; com-
bined with glucocorticoids, it achieved satisfying efficacy 
consistent with common AAV [27, 29, 32, 33]. In our local 
cases, Rtx was used both in AAV causing merely inter-
stitial nephritis and AAV-associated glomerulonephritis. 
More clinical studies are required to explore the best ther-
apy for AAV-associated interstitial nephritis.

Limitations

The sample size of the reported cases was limited because 
of the rare phenotype of AAV. The exact pathogenesis and 
mechanism of AAV-associated interstitial nephritis were not 
investigated. Future research needs to recruit more cases and 
extend more details of this variant of AAV for better medi-
cal care.

Conclusions

AAV-associated interstitial nephritis in aged patients 
with nonspecific symptoms is usually associated with 
MPO-ANCA. The pathogenic lesions are characterized 
by diffuse infiltration of inflammatory cells, interstitial 
fibrosis, edema, and tubulitis. Immunosuppressive therapy 
showed good efficacy in these patients.
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