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Abstract
Rationale: Vaccines remain central to the management of COVID-19 pandemic, including the need for repeat doses of 
vaccines to boost immunity. There has been an accumulating case count of glomerulopathies temporally associated with 
COVID-19 vaccination. This case series presents 4 patients who developed double-positive anti–glomerular basement 
membrane antibody (anti-GBM) and myeloperoxidase (MPO) antineutrophil cytoplasmic autoantibody (ANCA)-associated 
glomerulonephritis after COVID-19 mRNA vaccination. This report contributes to our collective knowledge about the 
pathophysiology and clinical outcomes associated with this rare complication.
Presenting Concerns of the Patient: Four patients developed nephritic syndrome within 1 to 6 weeks after receiving 
a COVID-19 mRNA vaccine (3 post Pfizer-BioNTech and 1 post Moderna vaccination). Three of the 4 patients also had 
hemoptysis.
Diagnosis: Three of the 4 patients had double-positive serology, whereas the fourth patient had renal biopsy findings 
consistent with double-positive disease, although anti-GBM serology was negative. All patients had renal biopsy findings 
consistent with double-positive anti-GBM and ANCA-associated glomerulonephritis.
Interventions: All 4 patients were treated with pulse steroids, cyclophosphamide, and plasmapheresis.
Outcomes: Of the 4 patients, 1 demonstrated complete remission, 2 remained dialysis-dependent, and the fourth is 
deceased. Of the 2 patients who received repeat vaccination with COVID-19 mRNA vaccine, 1 patient had second serologic 
flare of anti-GBM in response to the vaccine.
Novel Findings: This case series reinforces growing evidence that COVID-19 mRNA vaccine-induced glomerulonephritis 
is a rare but real phenomenon. Dual ANCA and anti-GBM nephritis can present after the first dose of COVID-19 mRNA 
vaccine or after several administrations of the vaccine. We are the first to report cases of double-positive MPO ANCA 
and anti-GBM nephritis after Pfizer-BioNTech vaccination. To our knowledge, we are also the first to report outcomes of 
repeat COVID-19 vaccination in patients with de novo flare of ANCA and anti-GBM nephritis temporally associated with 
COVID-19 vaccination.
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Introduction

As of April 2022, upward of 11.29 billion doses of coronavi-
rus disease 2019 (COVID-19) vaccine have been adminis-
tered worldwide, with real-world data confirming vaccine 
efficacy in preventing severe manifestations of the disease.1,2 
With the global mass vaccination campaign, rare side effects 
that could not adequately be captured by the vaccine trials 
emerged. There is a growing number of case reports describ-
ing both relapsed and de novo cases of glomerulonephritis 
(GN) in association with the mRNA vaccines and, more 
rarely, in association with the adenoviral vector vaccine and 
the vaccine based on inactivated virus.3 We add to the exist-
ing literature 4 cases of vaccine-associated double-positive 
anti–glomerular basement membrane antibody (anti-GBM) 
and myeloperoxidase antineutrophil cytoplasmic autoanti-
body (MPO ANCA)-associated nephritis. Three of the cases 
were double serology positive, with 1 case demonstrating 
only ANCA-positive serology with histologic evidence of 
double-positive disease. The 3 Pfizer-BioNTech-associated 
cases presented with pulmonary renal syndrome and the 
Moderna-associated case with renal limited disease. To our 
knowledge, these are the first cases to be reported of double-
positive anti-GBM and MPO ANCA nephritis post COVID-
19 Pfizer-BioNTech vaccination, although 2 similar cases 
after inactivated virus vaccine (BBV152/Covaxin) and 
mRNA vaccine (Moderna) were recently reported.4,5

Presenting Concerns and Diagnostic 
Findings

We report 4 cases of de novo double-positive MPO ANCA 
and anti-GBM nephritis, 3 occurring after Pfizer-BioNTech 
vaccinations and 1 occurring after Moderna vaccination. All 
3 cases post Pfizer BioNTech vaccination occurred after the 
first dose of vaccine. The case post Moderna vaccination 
occurred after the third dose of the vaccine. All 3 Pfizer-
BioNTech-vaccinated patients described evolving symptoms 
within the first 3 weeks after vaccination, and all presented to 
hospital in a delayed fashion with pulmonary renal syn-
drome. The Moderna-vaccinated patient had grumbling flu-
like symptoms that started 6 weeks after vaccination. She 
presented to the hospital 2 weeks later with severe nephritic 
syndrome requiring hemodialysis, but she did not have any 
evidence of pulmonary involvement. All 4 cases had normal 
baseline renal function, negative COVID-19 nucleic acid 
amplification tests, and inclusive serologic work-up, all of 
which were noncontributory. Further case details on 4 four 
patients can be found in Table 1. Salient morphologic find-
ings of all 4 biopsies are shown in Figure 1, and Table 2 sum-
marizes major biopsy findings.

Treatment, Follow-up, and Outcomes

All patients were treated with pulse methylprednisolone, 
cyclophosphamide, and plasmapheresis. Clinical courses 

varied widely. One patient recovered significant renal func-
tion. This patient received a repeat dose of COVID-19 Pfizer 
BioNTech vaccine 7 months after the first dose while on 
maintenance azathioprine and prednisone, and did not have 
another flare with repeat vaccination. A subsequent third 
dose of COVID-19 Pfizer BioNTech was similarly well- 
tolerated without any flare. Her MPO ANCA titers and anti-
GBM titers were both in the normal range at the time of 
repeat vaccinations and remained normal after revaccina-
tions. The second patient remained dialysis-dependent 
throughout. He received repeat dose of COVID-19 Pfizer 
BioNTech vaccine and subsequently developed a serological 
flare of anti-GBM but did not have a recurrence of pulmo-
nary hemorrhage. Although the patient was not consistently 
taking the oral cyclophosphamide prescribed to him, his anti-
GBM titer was only 8.2 EU (N 0.0-7.0 EU) 6 days before the 
vaccination and had increased to 310 EU (N 0.0-7.0 EU) 
when it was rechecked a month later. The MPO ANCA was 
not checked immediately prior to repeat vaccination but was 
6.3 U (N 0.0-3.5 U) 1 month prior to vaccination and 5.4 U 
(N 0.0-3.5) a month after repeat vaccination. The third 
patient died due to evolving multiorgan failure and was never 
offered repeat COVID-19 vaccination. In the fourth case, the 
follow-up period is short but the patient, while still dialysis-
dependent, is demonstrating convincing evidence of renal 
recovery.

Discussion

Over the past 2 years, there has been an accumulating case 
count of both ANCA-associated GN6-10 and anti-GBM11-14 
nephritis temporally associated with COVID-19 vaccination. 
Whether these represent de novo cases or pre-existing sub-
clinical disease that is unmasked after vaccination remains 
unclear. A recent case-based review identified 25 cases of 
ANCA-associated pauci-immune GN after COVID-19 vac-
cination, with the majority (18/25) secondary to mRNA vac-
cines. Most cases were de novo presentations (22/25), with 
21 cases demonstrating crescentic GN on biopsy. Notably, 
after a short follow-up period, treatment response was noted 
to be favorable, with only 4 of 25 patients remaining dialy-
sis-dependent.15 Of the vaccine-associated anti-GBM cases 
reported to date, 3 of 4 have not shown response to therapy, 
with the fourth case’s outcome not reported.11-14 Previously, 
the clinical course of dual-positive ANCA and anti-GBM 
nephritis has been shown to be variable, suggesting that there 
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Figure 1. Salient morphologic findings in diagnostic renal biopsies of 4 cases.
Note.  By immunofluorescence, there is at least moderate linear staining of capillary walls for IgG while albumin staining is negative (cases 1, 2, and 4) 
or dull/weak (case 3). Fibrin/fibrinogen staining highlights crescents (cases 1, 2, and 3) or segmental necrosis (case 4). Light microscopy shows adequate 
specimens (upper row) with representative glomeruli on higher magnification demonstrating necrosis / cellular crescents highlighted by Periodic acid-
Schiff stain (case 1), Jones methenamine silver stain (case 2), Masson’s trichrome stain (case 3), and hematoxylin and eosin stain (case 4). The latter also 
highlights 2 RBC casts next to the glomerulus involved by necrosis.

Table 2. Summary of Biopsy Findings.

Light microscopy Immunofluorescence

 
Total 

glomeruli
Active  

lesions,a (%)
% global 

glomerulosclerosis
% glomerular 

scarringb ATIN % IFTA
Extraglomerular 

vasculitis IgGc Albuminc

Case 1 54 50 24 14 Severe Mild (15) No 2+ 0
Case 2 28 92 4 4 Severe Minimal No 2+ 0
Case 3 21 66 30 4 Absent Mild (20) No 2+d 1+
Case 4 21 60 5 5 Moderate Minimal No 2+ 0

Note. ATIN = acute tubulointerstitial nephritis; IFTA = interstitial fibrosis and tubular atrophy.
aActive lesions defined by segmental necrosis, cellular crescents, or early fibro-cellular crescents with more than 25% cellular component in the crescents.
bGlomerular scarring defined by fibrous or fibro-cellular crescent with less than 25% cellular component and involving less than 80% of the glomerulus, or 
presence of synechiae between the glomerular tufts and the Bowman capsule.
cPositive staining defined as linear capillary wall staining with intensity scored as: 0 (negative), 1+ (mild), 2+ (moderate), 3+ (strong).
dNo features associated with diabetic nephropathy were seen on light microscopy to explain linear IgG staining.
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may be multiple phenotypes of double-positive disease.16 In 
the largest retrospective study to date including 37 double-
positive patients, a more favorable renal response to induc-
tion immunosuppression was noted compared with 
single-positive anti-GBM patients.17 Conversely, a prior 27 
patient retrospective study showed infrequent renal recovery, 
more in keeping with the single-positive anti-GBM 
phenotype.18

To date, 3 cases of double-positive ANCA and anti-GBM 
nephritis post COVID-19 vaccination have been reported. 
The paucity of reported cases likely reflects the low inci-
dence of double-positive disease in general, with an esti-
mated 0.47 cases per million people per year.19 Moreover, 
serology-negative anti-GBM disease with linear IgG staining 
is also a rare phenomenon only occurring in 2% to 3% of all 
anti-GBM diseases.20 Three of the cases reported here are 
unique in that they are the first reported cases of double- 
positive anti-GBM and MPO ANCA nephritis post Pfizer 
BioNTech vaccine. The double-positive cases that have been 
reported to date include 2 cases after whole virion inacti-
vated vaccine (BBV152/Covaxin), with one case of anti-
GBM and MPO ANCA and the other of anti-GBM and 
c-ANCA (no serotype specified),4 and 1 case of anti-GBM 
and MPO ANCA nephritis after the second dose of Moderna 
vaccine.5 The renal trajectory of the latter case is not reported, 
but the 2 cases post BBV152/Covaxin vaccine demonstrated 
favorable renal response following a similar induction immu-
nosuppression regimen to our 4 patients. The follow-up 
duration for both of these patients is less than 2 months.4 In 
reviewing our patients’ clinical trajectories, we note that all 
presented with crescentic disease. Two of the 4 patients 
(cases 1 and 4) demonstrated a favorable response to therapy, 
1 remains dialysis-dependent at 11 months with no evidence 
of renal recovery (case 2), and 1 is deceased due to multior-
gan failure (case 3). Their renal outcomes appear associated 
with time to presentation to hospital post vaccine administra-
tion and percentage of crescents on biopsy at the time of pre-
sentation. Overall, the clinical and histological presentation 
of vaccine-associated double-positive anti-GBM and ANCA 
cases does not appear to differ significantly from nonvaccine 
double-positive cases with the possible exception that the 
relative frequency of pulmonary renal syndrome was higher 
in our patient sample of vaccine-associated cases than would 
be expected in nonvaccine cases.17

Interestingly, all 3 post Pfizer-BioNTech vaccination 
cases presented with pulmonary-renal syndrome, whereas 
our case post Moderna presented with renal limited disease, 
in keeping with the previously reported case of anti-GBM 
and MPO ANCA nephritis post Moderna.5 In our case, symp-
tom onset occurred 6 weeks after the third dose of Moderna, 
instead of 2 weeks after the second dose as reported in the 
previous case.5

To date, all cases of dual anti-GBM and ANCA nephritis 
post COVID-19 vaccination with a reported serotype have 
been MPO-positive. Notably, the majority of all previously 
reported dual anti-GBM and ANCA nephritis cases are also 

MPO-positive.18 We postulate that in these 4 double-positive 
anti-GBM and MPO ANCA nephritis cases, the mRNA vac-
cines may have induced an MPO ANCA vasculitis. One pos-
sible mechanism is via an increase in cell-surface MPO 
levels due to the proinflammatory stimulation mediated by 
the mRNA containing lipid nanoparticles, which function as 
an adjuvant.21 This can result in a subsequent loss of toler-
ance to self-antigens due to autoreactivity in the context of 
hyperactivation/bystander activation of the immune system. 
Alternatively, the production of COVID-19 spike protein fol-
lowing vaccination could itself provoke an immune response. 
There is at least 1 case reported of dual anti-GBM and ANCA 
nephritis following COVID-19 infection.22 There are also at 
least 20 cases reported so far of ANCA nephritis following 
COVID-19 infection23 and evidence that the frequency of 
anti-GBM increased with the advent of the COVID-19 pan-
demic prior to the distribution of COVID-19 vaccines.24

Once glomerular or pulmonary capillary endothelial 
damage occurs, this exposes basement membrane antigens 
to this same immunogenic environment, allowing for epit-
ope spreading to occur. Epitope spreading is a process 
whereby tissue damage during an immune response from 
one epitope can trigger a secondary immune response 
against new epitopes. One recent study suggests that prote-
ases released by neutrophils activated by ANCA digest col-
lagen type IV to expose GBM epitopes.25 Following this, 
CD11c+ macrophages specific to ANCA-associated vascu-
litis are responsible for antigen presentation of the GBM 
epitopes to T cells, resulting in the production of anti-GBM 
antibodies. Moreover, in an in vitro study using human cells, 
Kubala et al26 demonstrated that MPO binds to collagen IV 
in the extracellular matrix in a dose-dependent fashion. It is 
possible that this direct interaction between MPO and type 
IV collagen plays a role in the increased frequency of dual-
positive ANCA and anti-GBM cases in patients who are 
MPO-positive.

The patient from case 2 had known cocaine use. We can-
not completely rule out cocaine contamination with levami-
sole as a contributing factor to the patient’s immunogenicity 
and clinical presentation with ANCA disease. However, the 
fact that the patient had 2 serological flares that were both 
temporally associated with COVID-19 vaccination is an 
unlikely coincidence and suggests that COVID-19 vaccina-
tion was the main trigger for the patient’s presentation.

In addition to positive ANCA and anti-GBM serologies, 
the patient in case 2 also had a weakly positive anti- 
cardiolipin (aCL) IgG antibody level (Table 1). However, 
the patient did not have any clinical features of antiphospho-
lipid antibody syndrome (APS). Furthermore, the patient’s 
antinuclear antibody, complement levels, lupus anticoagu-
lant, aCL IgM antibody, and beta-2 glycoprotein were all 
normal, and there were no features to suggest APS nephrop-
athy on kidney biopsy. It remains to be seen whether weak 
aCL antibody positivity could also be related to COVID-19 
vaccination or part of the epitope spreading cascade in our 
patient. Recent research around this phenomenon is 
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conflicting, with some studies reporting a link between 
COVID-19 vaccination and development of antiphospho-
lipid antibodies,27 and others reporting no link between vac-
cination and antiphospholipid antibody production.28 The 
patient in case 2 did not have any clinical consequences 
associated with positive aCL titers. This is consistent with 
the study that showed that although aCL levels are higher in 
Pfizer-vaccinated patients, these positive levels are not clin-
ically pathogenic.27

We note that the patient in case 3 had linear IgG staining 
on renal biopsy but consistently normal anti-GBM levels. It is 
possible that he may have developed a higher anti-GBM level 
with time had he not received treatment with plasmapheresis. 
Alternatively, anti-GBM serology might be negative because 
it targeted an epitope on the collagen IV molecule that was 
not detected by conventional assays.20 Another possibility is 
that negative anti-GBM serology represents a feature of 
COVID-19 vaccination–induced dual anti-GBM and ANCA-
associated nephritis. Of the 3 previously reported cases of 
dual anti-GBM and ANCA-associated nephritis post COVID 
vaccination, there is already one other reported case with lin-
ear IgG staining on renal biopsy but negative anti-GBM 
serology shortly after receiving the BBV152/Covaxin vac-
cine.4 This observation may support the concept that develop-
ment of anti-GBM antibodies occurs after the triggering of 
MPO vasculitis by COVID-19 vaccines. The latter suggests 
that, depending on the timing of diagnosis, COVID-19 vac-
cine–associated dual anti-GBM and ANCA disease might 
have negative anti-GBM serology,4,5 further supporting the 
important role of biopsy in these patients.

As health organizations around the world continue to rec-
ommend further booster doses of mRNA COVID-19 vac-
cines, there are a rising number of patients with 
glomerulopathies that are temporally associated with a prior 
COVID-19 vaccination. However, there remains a lack of 
evidence on how to safely proceed with repeat mRNA 
COVID-19 vaccinations in these patients, especially in the 
case of severely life-threatening glomerulopathies such as 
ANCA and anti-GBM nephritis. In this case series, 1 patient 
was successfully revaccinated without relapse, and another 
developed a second serologic flare around the time of revac-
cination. The patient who did not flare with revaccination 
was in full clinical and serologic remission of her disease at 
the time of revaccination and was on stable doses of azathio-
prine and prednisone. On the other hand, the patient who 
had a serologic flare associated with revaccination was 
inconsistent with taking immunosuppressive medications, 
and both his ANCA and anti-GBM titers were slightly above 
the upper limit of normal before revaccination. However, 
despite a serologic flare, he did not have recurrence of clini-
cal symptoms such as pulmonary hemorrhage. Although it is 
impossible to draw firm conclusions from only 2 patients, 
these findings do suggest that the risk of severe flare from 
repeat vaccination is low, especially if patients have stable 
disease and are on appropriate immunosuppressive therapy 

at the time of vaccination. Our findings are consistent with 
recent studies showing that in patients with pre-existing 
ANCA vasculitis, rates of post-vaccination relapse are 
low.29,30 One study found only a 1% to 2% absolute increase 
in 30-day relapse risk for ANCA-associated glomerulone-
phritis after vaccination and also reported that when relapses 
did occur, they were usually mild and did not require changes 
in immunosuppression.30 However, these studies did not spe-
cifically include patients with a prior history of vaccine-
associated disease flare. Larger observational studies and 
prospective studies will be required in the future to gain a 
better understanding of the optimal management of COVID-
19 revaccination in patients who have already shown a pre-
disposition to vaccine-associated GN.

Concerted mass vaccination efforts are critical to address-
ing the current pandemic. However, like all effective treat-
ments, there are potential adverse effects. We report here a 
rare but serious potential complication of the highly immu-
nogenic COVID-19 mRNA vaccinations: inciting of double-
positive MPO ANCA and anti-GBM renal disease, with 
variable serology. Improved understanding of the physiology 
of this occurrence and identification of individuals at risk 
should be the focus of future research. Our intention for this 
report is to highlight this possibility so that clinicians and 
local public health officers can be aware of symptoms post 
vaccine that would warrant expedited medical attention. Our 
small case series demonstrated a significant variation in clin-
ical outcome, which was likely affected by the timing of pre-
sentation to medical attention after symptom onset. By 
providing early education surrounding symptoms of concern, 
we suggest that this awareness may be a potential opportu-
nity to modify patients’ clinical trajectories. As need for 
repeated doses of COVID-19 mRNA vaccine becomes a fix-
ture of our new reality, we also hope to shed some light on 
some possible outcomes associated with repeat doses of 
COVID-19 mRNA vaccines in these patients.
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