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Abstract

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) are systemic autoimmune diseases that may
lead to renal failure due to the infiltration of mononuclear cells and the destruction of small- and medium-sized blood ves-
sels. It has been shown that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may trigger the presentation
or exacerbation of autoimmune diseases. Crescentic glomerulonephritis (GN) has rarely been reported in patients with
Coronavirus disease-2019 (COVID-19). We present rare two cases with AAV after a recent diagnosis of COVID-19. The
first case was 26-year-old male patient, who was presented with acute kidney injury after COVID-19. Serum creatinine
increased and active urine sediment was seen. Serological evaluation showed anti-myeloperoxidase antibody was at a level
of 80.6 U/mL. Kidney biopsy showed necrotizing GN with cellular crescents. Methylprednisolone, cyclophosphamide and
plasma exchange were administered. He was discharged with hemodialysis. Second case was a 36-year-old female who was
hospitalized because of fever, cough and dyspnea. After she was diagnosed with COVID-19, she had total hearing loss, with
cavitary lesions on bilateral lung parenchyma and an acute kidney injury. Serological evaluation showed an elevated anti-
proteinase-3 with a level of 1:32. Kidney biopsy showed necrotizing GN with cellular crescents. Renal function improved
after methylprednisolone and cyclophosphamide treatment. With a systematic review of the literature, we found four cases
of new-onset AAV due to COVID-19. Herein, we discuss two cases and provide a literature review on cases of new-onset
pauci-immune GN after COVID-19 infection.

Keywords Anti-neutrophil cytoplasmic antibody-associated vasculitis/diagnosis* - COVID-19 - Glomerulonephritis/
pathology* - SARS-CoV-2*
Introduction

Antineutrophil cytoplasmic autoantibody (ANCA)-asso-
ciated vasculitis (AAV) is a disorder that affects predomi-
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very common during the course of COVID-19. In a study
conducted in the United States, Hirsch et al. reported that the
incidence of AKI was 36.6% in patients hospitalized with
COVID-19 [6]. AKI is common among critically ill patients
with COVID-19 and has been emphasized as an independent
mortality indicator [7]. Previous studies have reported that
different mechanisms are responsible for AKI in COVID-19
patients [8—12]. It has been shown in the pathophysiology of
COVID-19 that it may lead to the emergence or exacerbation
of autoimmune diseases in genetically susceptible patients
[13, 14]. Although cases of kidney damage due to COVID-
19 have been reported, an association between COVID-19
and crescentic GN has been rarely identified. To date, only
four cases of AAV with COVID-19 have been reported
[15-17]. Herein, we aimed to discuss 2 cases and provide a
literature review on cases of new-onset pauci-immune GN
after COVID-19 who clinically improved with immunosup-
pressants therapy and review the previous studies including
similar cases.

Case presentation
Case 1

A 26-year-old male patient was admitted to the outpa-
tient clinic with fever, fatigue, and cough. Upon detec-
tion of subpleural and parenchymal dispersed consoli-
dative ground-glass opacities (GGOs) in the bilateral
lung parenchyma on the thoracic computed tomography
(CT), favipiravir treatment was given with the diagnosis
of COVID-19. Although, the patient had normal basal
serum creatinine (sCr) level (0.8 mg/dL); oliguria and
renal dysfunction was detected (with sCr level of 6.03 mg/
dL) during follow-up. While the kidney size and parenchy-
mal echogenicity were normal on renal ultrasonography

(USG), urinalysis revealed an active sediment with dys-
morphic erythrocytes and significant proteinuria. Anti-
myeloperoxidase antibody [MPO, perinuclear-antineu-
trophilic autoantibody (p-ANCA)] was determined to be
3+ and anti-proteinase 3 [PR3 cytoplasmic-antineutro-
philic autoantibody (c-ANCA)] to be 1+. Repeated serolo-
gies revealed a high p-ANCA titer (1:100) with a specific
MPO titer level of 80.6 U/mL, positive antinuclear anti-
body (1:100, granular pattern), negative anti-double strand
DNA antibody (anti-dsDNA), negative anti-glomerular
basement membrane antibody, and normal serum comple-
ments. A kidney biopsy was performed and pauci-immune,
crescentic GN with minimal glomerular and interstitial
fibrosis and tubular atrophy was seen in biopsy. Hence,
the clinicopathological diagnosis was pauci-immune
crescentic GN, in the setting of MPO-AAV. Intermittent
hemodialysis treatment was initiated and pulse methyl-
prednisolone therapy (1 g intravenous (IV) 3 days) was
administered. During the follow-up, the patient had fever
and procalcitonin: 1.41, CRP: 79 mg/dL were detected.
Thus, meropenem and teicoplanin were administered due
to catheter infection. On the thoracic CT, diffuse acinar
opacities, GGOs, and septal thickenings were observed
in both lungs but were more prominent in the central
perihilar areas. The appearance was primarily interpreted
as an alveolar hemorrhage. The patient received pulse
methylprednisolone therapy (1 g IV 3 days), as well as
plasma exchange 10 times. After infection treatment, the
patient was administered cyclophosphamide (500 mg IV
two doses at 15-day intervals) during the hospitalization.
Subsequently, oral prednisone treatment was administered.
After two doses of cyclophosphamide, mechanical venti-
lation was not required and the lung findings regressed.
However, hemodialysis was continued and he was sched-
uled to receive cyclophosphamide (1 g IV once a month
for four doses) (Fig. 1).

Fig. 1 Thoracic computed tomography images of Case 1. A Diagno-
sis of COVID-19 was established based upon peripheral and mainly
posteriorly located GGOs. B After favipiravir treatment, lung findings
such as GGOs regressed. C On the thoracic CT after the patient had
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Case 2

A 36-year-old female patient was hospitalized with fever,
cough and dyspnea. A few weeks before, the SARS-CoV-2
polymerase chain reaction (PCR) was positive on naso-
pharyngeal swab. She received favipiravir for 5 days. After
COVID-19, she had total hearing loss, with cavitary lesions
on bilateral lung parenchyma, and an AKI with a sCr level
of 1.35 mg/dL on admission. Urinalysis revealed an active
sediment with dysmorphic erythrocytes and significant pro-
teinuria, and her serum albumin level was low, at 2.47 g/
dL. Renal function gradually deteriorated and peak sCr
level of 1.91 mg/dL. In the microbiological assessment
for cavitary lesions, tuberculosis PCR and galactomannan
antigen were negative. Serological evaluation showed nega-
tive antinuclear antibody, and anti-dsDNA, normal serum
complements, and an elevated PR3 1:32. In kidney biopsy,
pauci-immune necrotizing GN with cellular crescents was
detected. The patient received pulse dose corticosteroids
(methylprednisolone IV at a dose of 250 mg daily for 3 days)
and subsequently, she was transitioned to oral prednisone.
She received cyclophosphamide (0.5 g IV two doses at
15-day intervals) during the hospitalization. While hema-
turia and proteinuria were not detected in the most recent
urinalysis, the sCr level decreased to 1.41 mg/dL. She was
scheduled to receive cyclophosphamide (0.5 g IV 15 days
interval for eight doses). Total hearing loss continued, so
she was referred to otorhinolaryngology for cochlear implant
(Fig. 2).

Search strategy and literature overview

According to the guidance on narrative biomedical review
[18], the authors conducted a literature search from Decem-
ber 2019 to November 1, 2020, in Scopus and PubMed up to
May 10th, 2021, combining the MeSH search terms (“‘Severe
Acute Respiratory Syndrome Coronavirus 2”” OR “Coronavi-
rus” OR “COVID-19” AND “Anti-Neutrophil Cytoplasmic

Fig.2 Thoracic computed
tomography images of Case 2,
before and after immunosup-
pressive therapy. A Thoracic CT
taken a couple of weeks after
the confirmation of COVID-19
infection, on which the bilateral
pleural effusion and perihilar
cavitation can be observed. B
Regression of pleural effusion
and GGOs during the first week
of immunosuppressive treat-
ment given after the diagnosis
of AAV

Antibody-Associated Vasculitis”). Clinical studies, case
reports, and case series reporting ANCA-associated vasculi-
tis after COVID-19 published in English were included. Two
authors (TID, ET) independently screened titles, abstracts,
and full texts of all relevant articles. The search results were
reviewed by the two authors and the articles included were
agreed upon. From each article selected, data were collected
on publication year, age, gender, comorbidities, clinical fea-
tures, laboratory tests, serological profile, kidney pathology,
antiviral therapy, renal replacement therapy, AAV therapy,
complications and outcome. Non-English articles were not
evaluated for this review.

Discussion

Since COVID-109 first emerged in December 2019, approxi-
mately 20% of the cases have been severe disease that has
presented with various clinical manifestations [19]. Dif-
ferential diagnosis of the other infectious and inflamma-
tory diseases during diagnostic procedures of these critical
patients is very critical. During the COVID-19 pandemic,
the diagnosis and treatment of AAV have been discussed
in many ways. AAV can mimic COVID-19 in terms of pul-
monary involvement, COVID-19 may occur simultaneously
with AAV, and COVID-19 can cause AAV-like symptoms
[20-23]. Therefore, it has forced the clinicians to be more
careful. The diagnosis of new-onset AAV can be challenging
in COVID-19 patients because some of the symptoms and
clinical manifestations of both diseases are common.
Pulmonary involvement is very common in both AAV
and COVID-19. In COVID-19, peripherally and posteriorly
distributed multifocal bilateral GGOs and consequent over-
lapping of the consolidations are considered as the domi-
nant radiological appearance of the disease and this may
be accompanied by pleural effusion and cavitation [24].
In AAV, primary pulmonary involvement due to alveolar
hemorrhage resembles nonspecific interstitial pneumonia or
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patchy ground-glass appearance, but the involvement some-
times can be confusing. Therefore, it is recommended to
use serological tests and clinical data to distinguish SARS-
CoV-2 infection from the underlying autoimmune lung dis-
ease [23].

With the present report, we identified 3 reports describ-
ing cases of AAV after COVID-19 and the table includes
an update of the published cases written in English
[15-17] (Table 1). In the literature, a total of four dif-
ferent cases of AAV developed after COVID-19 have
been reported, including one from Iran and three from the
USA [15-17]. A total of six cases were included in this
review. Of the six patients (including ours), four (66.6%)
were men with a mean age of 40.5 + 14.7. There was one
case (16.6%) diagnosed with systemic sclerosis prior to
COVID-19 [17]. Immunological tests showed positive
p-ANCA in three cases (the present report (PR) and [15,
17]) and positive c-ANCA in three cases ([15, 16] and
PR). Imaging studies showed patchy GGOs in five cases

([15, 17] and PR), bilateral pleural effusion in two cases
([17] and PR), alveolar hemorrhage in one case [16], and
bilateral cavitary lesions in one case (PR). Treatment for
COVID-19 was administered in five patients, favipiravir
in one case (PR), tocilizumab and convalescent plasma
in one case [15], and hydroxychloroquine in two cases
[15, 16]. And also, AAV was treated with glucocorticoids
in all cases; cyclophosphamide was administered in three
patients ([16] and PR]; rituximab in two patients [15];
plasmapheresis [16] in one patient and plasma exchange
in one patient (PR). Two patients required supplemental
oxygen ([15] and PR). While all patients had active uri-
nary sediment and high creatinine levels, two patients had
kidney failure that required hemodialysis ([15] and PR).
Renal biopsy was performed in all six patients and cres-
centic GN was detected in all cases ([15-17] and PR).

In addition to pulmonary involvement, the development
of signs of other systemic involvement, such as AKI, may
be guiding in these patients to AAV; however, a high rate

Table 1 The summary of the clinical and demographic findings, and treatment strategies of these two cases and the previously published cases
of AAV with COVID-19

Case no. 1 2 Uppal et al. [15] Uppal et al. [15] Moeinzadeh et al.  Jalalzadeh et al.
[16] [17]

Age, years 26 36 64 46 25 46

Sex Male Female Male Male Male Female

Comorbidities None None None Diabetes mellitus ~ None Diabetes mellitus

and scleroderma
Peak SCr (mg/dL) 8.44 1.91 7.87 4.0 5.5 8.3
Serum albumin, 2.58 222 2.8 2.1 NA NA

(g/dL)
Positive serology

Lung involvement

Skin pathology
Kidney pathology
Renal replacement
therapy
COVID-109 treat-

ment

AAV treatment

Antibody titers on
admission

MPO (p-ANCA)

Subpleural and
parenchymal dis-
persed consolida-
tive ground-glass
opacities

None

Crescentic GN
Yes, hemodialysis
Favipiravir
Glucocorticoids,
cyclophospha-

mide, plasma
exchange

MPO: 80.6 U/mL

PR3 (c-ANCA)

Bilateral cavitary
lesions

None

Necrotizing cres-
centic GN

No

Favipiravir

Glucocorticoids,
cyclophospha-

mide

c-ANCA (1:32)

MPO (p-ANCA)

Bilateral patchy
infiltrates

None
Crescentic GN
Yes, hemodialysis

Tocilizumab,
convalescent
plasma

Glucocorticoids,
rituximab

MPO: 32.5 U/mL

PR3 (c-ANCA)

Resolving periph-
eral ground-glass
opacities

Leukocytoclastic
vasculitis

Focal necrotizing
GN

No

Hydroxychloro-
quine, azithro-
mycin

Glucocorticoids,
rituximab

PR-3:57.3 U/mL

PR3 (c-ANCA)

Alveolar hemor-
rhage

None
Crescentic GN
No

Hydroxychloro-
quine, levofloxa-
cin, IVIG

Glucocorticoids,
cyclophospha-
mide, plasma-
pheresis

c-ANCA (1:50)

MPO (p-ANCA)

Bilateral pleural
effusions and
pulmonary
infiltrates

None
Crescentic GN
No

NA

Glucocorticoids

p-ANCA > 1:1280

c-ANCA, cytoplasmic antineutrophilic autoantibody; COVID-19, coronavirus disease 2019; GN, glomerulonephritis; IVIG; intravenous immu-
noglobulin; p-ANCA, perinuclear antineutrophilic autoantibody; MPO, myeloperoxidase; NA, not available; PR3, proteinase 3; sCr, serum cre-

atinine
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of AKI, reaching up to 50% [25], in hospitalized patients
during SARS-CoV-2 infection reduces the effect of this
contribution. Hence, urine sediment should be carefully
evaluated. Causes of SARS-CoV-2-induced AKI may vary
from pre-renal azotemia to acute tubular injury requiring
renal replacement therapy with a pathophysiology of TMA,
vasculitis, and collapsing glomerulopathy [8-10, 12]. AAV
has a preference for the kidney, and > 75% of patients have
renal involvement characterized by rapidly progressive GN
[26]. The typical renal appearance is a rapidly progressive
GN with a decrease in renal function accompanied by hyper-
tension, microscopic hematuria, and subnephrotic range
proteinuria over days to a few months. Due to these shared
features that can be detected in both COVID-19 and AAYV,
it may be difficult to distinguish the etiology of AKI that
occurs during or after COVID-19. There was kidney disease
in both present cases. While renal involvement was severe in
the first case, lung involvement was prominent in the second
case. Therefore, this should be considered seriously when
making the differential diagnosis.

The fact that SARS-CoV-2 infection can be a ’trigger
factor’ for vasculitis is an interesting topic in the debate
between COVID-19 and AAV. SARS-CoV-2 infection
may trigger autoimmunity and autoimmune diseases [14,
27]. It has been reported in previous studies that systemic
viral and/or bacterial infections may trigger autoimmunity
and cause granulomatous polyangiitis (GPA) [3, 4]. Somer
et al. reported cases of parvovirus-19 and cytomegalovirus-
induced GPA [3]. Kallenberg et al. reported that the supe-
rantigens of staphylococcus aureus may be involved in first
phase of GPA by activating a limited polyclonal response,
possibly involving a specific autoimmune response [4].

The mechanisms that may trigger autoimmunity fol-
lowing SARS-CoV-2 infection include bystander killing,
molecular mimicry, viral persistence, epitope spreading, and
formation of neutrophil extracellular traps (NETs) [28, 29].
Patients with AAV also have high levels of circulating NETs
and NETs have been observed in the kidney biopsy speci-
mens of patients with AAV [30]. NETSs contain proinflam-
matory proteins and are thought to contribute to the develop-
ment of vasculitis directly by causing endothelial cell injury,
and activating the complement system and indirectly by the
production of PR3 and MPO-ANCA. It should be noted that
if NETs are exposed to proteins for a long period of time
due to overproduction and/or there is reduced clearance of
NETs, this may be important in AAV [31]. Thus, this high-
lights the ability of SARS-CoV-2 to trigger autoimmunity
phenomenon, which can cause to onset or flare-up of AAV.

The limited number and the retrospective evaluation of
the cases are the limitations of this review. Additionally, the
pathophysiology of COVID-19 is still not fully elucidated
and continues to be investigated. The spectrum of symp-
toms that can cause in patients with a previous or new onset

of AAYV is still unknown. Thus, this case-based review can
provide useful information regarding the assessment of the
clinical symptoms, methods of diagnosis, and management
of this confusing condition.

In conclusion, the diagnosis of flare or newly onset of
AAV in a patient with COVID-19 is a challenge. When the
cases in the literature are evaluated, the clinical keys that can
help for the differential diagnosis are kidney damage, which
occurs regardless of the severity of pulmonary involvement.
The development of manifestations of vasculitis follow-
ing regression of the initial pulmonary involvement due to
COVID-19 in the first case herein can be striking from this
aspect. It suggests that this connection may be strong and
SARS-CoV-2 infection may be a trigger for vasculitis. The
presence of such findings should lead to the determination of
immunological markers to assess or rule out the AAV. The
aim should be to quickly diagnose and specific treatment can
be initiated in a timely manner AAV so that it does not cause
permanent organ damage.

Take-home messages

e SARS-CoV-2 infection can be a ’trigger factor’ for vas-
culitis.

¢ ANCA-associated vasculitis should be kept in mind in
patients who develop acute kidney injury after COVID-
19.
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