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Incidence of new onset glomerulonephritis after SARS-CoV-2 mRNA 
vaccination is not increased.

OutcomesCohort and Methods

CONCLUSION  
Vaccination against SARS-CoV-2 was not associated with new-onset glomerulonephritis. 
Most temporal associations between SARS-CoV-2 vaccination and glomerulonephritis are 
likely coincidental.

Diebold, 2022

2015 2021

Observed rate of biopsy-
proven glomerulonephritis

during vaccination campaign
vs. expected rate based on 

2015 – 2019 baseline period
(Bayesian regression model)

Vaccination history in 
patients with new onset
glomerulonephritis vs. 

controls matched for age
and calendar time

Case-cohort study
Retrospective
cohort study

Total Swiss population >18y (n = 7.1 million)

Biopsy proven IgAN, PINGN, MN or MCD

Incidence rate ratio
2021 vs. baseline (2015-2019)

0.86
95%-credible interval 

0.73–1.02

Risk ratio
Vaccinated vs. unvaccinated

0.97 
95% confidence interval 0.66–1.42 

P=0.95

Expected incidence

Incidence in 2021Retrospective cohort study

Case-cohort study
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Abstract 

Numerous cases of glomerulonephritis manifesting shortly after SARS-CoV-2 
vaccination have been reported, but causality remains unproven. Here, we studied 
the association between mRNA-based SARS-CoV-2 vaccination and new-onset 
glomerulonephritis using a nationwide retrospective cohort and a case-cohort design. 
Data from all Swiss pathology institutes processing native kidney biopsies served to 
calculate incidence of IgA nephropathy, pauci-immune necrotizing 
glomerulonephritis, minimal change disease and membranous nephropathy in the 
adult Swiss population. The observed incidence during the vaccination campaign 
(January to August 2021) was not different from the expected incidence calculated 
using a Bayesian model based on the years 2015 to 2019 (incidence rate ratio 0.86, 
95%-credible interval 0.73 –1.02) and did not cross the upper boundary of the 95% 
credible interval for any month. Among 111 patients 18 years and older with newly 
diagnosed glomerulonephritis between January and August 2021, 38.7% had 
received at least one vaccine dose before biopsy, compared to 39.5% of the general 
Swiss population matched for age and calendar-time. The estimated risk ratio for the 
development of new-onset biopsy-proven glomerulonephritis was not significant at 
0.97 (95%-confidence interval 0.66–1.42) in vaccinated vs. unvaccinated individuals. 
Patients with glomerulonephritis manifesting within four weeks after vaccination did 
not differ clinically from those manifesting temporally unrelated to vaccination. Thus, 
vaccination against SARS-CoV-2 was not associated with new-onset 
glomerulonephritis in these two complementary studies with most temporal 
associations between SARS-CoV-2 vaccination and glomerulonephritis likely 
coincidental. 

 

Keywords 

Glomerulonephritis, SARS-CoV-2 vaccination, COVID-vaccine, IgA nephropathy, minimal 

change disease, membranous nephropathy 

 

Editor’s Note 

This excellent study discusses new onset glomerular disease in the face of COVID-19 

mRNA vaccination. The readership is reminded that there has been an abundance of reports 

suggesting activation or worsening of pre-existing glomerular diseases after receiving the 

vaccines, especially IgA nephropathy and minimal change disease. While these reports do 

not provide mechanistic proof of causation, timing of disease exacerbation is consistent, and 

the association is plausible.  
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Introduction 

Following emergency use authorization for the first vaccines developed against SARS-CoV-2 

in many countries in late 2020, an unprecedented vaccination-campaign was initiated 

worldwide in 2021. In Europe and North America, the majority of people received mRNA-

based vaccines, mostly either BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna). Both 

vaccines had been tested in large randomized controlled trials with excellent safety profiles.1, 

2 However, these registration studies were not powered to detect rare vaccine side effects. 

During the worldwide vaccination-campaign numerous rare adverse events with a temporal 

association to SARS-CoV-2 vaccination were observed,3 including various autoimmune 

phenomena.4 Among such associations, many new-onset and recurrent cases of 

glomerulonephritis have been reported.5-11 Specific types of glomerulonephritis most often 

reported after SARS-CoV-2 vaccination include IgA nephropathy (IgAN), minimal change 

disease (MCD), membranous nephropathy (MN) and pauci-immune necrotizing 

glomerulonephritis (PINGN), the renal manifestation of antineutrophil cytoplasmic antibody 

(ANCA)–associated vasculitis (AAV). 

While mechanistically plausible,5, 7, 11 a causal link between SARS-CoV-2 vaccination and 

glomerulonephritis has not been formally established. Published case series lack control 

groups, and estimates of incidence of these glomerulonephritides before and during the 

vaccination campaign have not been published yet. Given the high number of vaccine doses 

administered, many cases of new onset glomerulonephritis would be expected to occur in 

temporal proximity to vaccination by pure coincidence. 

Here, we tested the hypothesis that SARS-CoV-2 mRNA vaccines increase the incidence of 

several types of glomerulonephritis against the null hypothesis that reported temporal 

associations can be attributed to a by-chance-effect. We compared the observed incidence of 

glomerulonephritis in Switzerland during the vaccination campaign in 2021 to the expected 

incidence based on a baseline period (2015 to 2019). We further compared the vaccination 
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history of patients with glomerulonephritis newly diagnosed during the vaccination campaign 

to the general population matched for age and timepoint and we characterized patients with 

new-onset glomerulonephritis in temporal association with vaccination. 

  

Jo
urn

al 
Pre-

pro
of



 5 

Methods 

Study design 

We performed two complementary, interconnected studies. For the first study with a 

retrospective cohort design (the cohort representing the entire adult Swiss population), all 

Swiss pathology institutes analyzing kidney biopsies provided biopsy date, age, sex and 

histological diagnosis for all patients aged >18 years with histological diagnosis of IgAN, 

PINGN, MCD or MN from January 1, 2015 through August 31, 2021. These data, together 

with census data for each year (2015 – 2021) on the Swiss population aged >18 years, were 

used to calculate the incidence of all four types of glomerulonephritis. Notably, only the 

histological diagnosis was provided by pathologists, without information on extrarenal 

manifestations, such as IgA vasculitis or extrarenal symptoms of ANCA vasculitis. For the 

second study with a case-cohort design, all of the above-mentioned patients with biopsy date 

between January 1 and August 31, 2021, were eligible. Clinical information was gathered and 

vaccination history compared to the general Swiss population, matched for age and time-point 

during the vaccination campaign. 

Both studies were approved by the Ethics Committee of Eastern Switzerland. The 

retrospective cohort study was exempt from patient consent, because only minimal data were 

included and it would have been impossible to obtain consent from all patients, while inclusion 

of all cases was essential to calculate true incidence. For the case-cohort study, written 

informed consent was obtained from all cases, and the study was conducted in accordance 

with Good Clinical Practice guidelines and the principles of the Declaration of Helsinki.12 We 

followed the STROBE Guidelines for reporting observational studies.13  

 

Data collection 
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For the retrospective cohort study, local nephropathologists extracted relevant data from their 

local database (if existing) or performed a search of their electronic records. We limited our 

study to native kidney biopsies of persons aged >18 years with IgAN, PINGN, MCD and MN. 

These glomerulonephritides belong to the most frequent that can be unambiguously 

diagnosed by histology and have been reported after SARS-CoV-2 vaccination. Lupus 

nephritis was not included, because repeat biopsies are often performed for this 

glomerulonephritis, constituting a significant proportion of all lupus nephritis biopsies. We did 

not include focal segmental glomerulosclerosis (FSGS), since most FSGS cases are 

secondary, caused by distinct pathophysiological mechanisms and not reliably distinguishable 

from primary FSGS by histology.14 MN was included in the analysis, because secondary MN 

constitutes a minority of cases,15 but lupus nephritis class V was excluded for reasons outlined 

above. As information on prior kidney biopsy was not available from the records of some 

pathology institutes and because repeat biopsies constitute only a small fraction of all biopsies, 

we included both, new diagnoses and repeat biopsies in the first (retrospective cohort) study. 

For the case-cohort study, nephropathologists provided the referring nephrologists’ names for 

all eligible patients (>18 years old with histological diagnosis of IgAN, PINCG, MCD or MN 

between January 1 and August 31, 2021) to the investigators. We contacted all nephrology 

divisions and practices who had sent in biopsy specimens of eligible patients providing age, 

sex, histological diagnosis and date of biopsy to help them identify their patients and to contact 

them for study participation. Clinical and epidemiological data were collected in a case report 

form (CRF) completed by the treating nephrologist and in a questionnaire completed by the 

patient. All data were reviewed and the time-point of symptom onset or laboratory 

abnormalities attributable to the glomerular disease was adjudicated by the study investigators 

(see Supplementary Methods). 
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Pathologists provided complete data between September and December 2021, nephrologists 

were contacted between October and December 2021 and all questionnaires and CRF 

returned by February 22, 2022, were included in the analysis. 

Data on the types and numbers of vaccine doses by calendar week and age decade for the 

general population (i.e. the entire cohort) were downloaded from the Swiss Federal Office of 

Public Health (https://www.covid19.admin.ch/de/vaccination/doses, accessed on January 31, 

2022).  

Statistical analysis 

For the retrospective cohort study, a Bayesian Poisson regression model was used to predict 

the expected incidence of glomerulonephritis cases for each month in 2021 based on data for 

the years 2015 to 2019. The year 2020 was excluded from the baseline period because we 

expected underdiagnosis early in the pandemic due to lock-down measures. We calculated 

incidence rate ratios for the total of all four glomerulonephritides and for each diagnosis 

separately by dividing the observed cases in 2021 by the expected cases and expressed 

uncertainty using 95% credible intervals. Additionally, we compared the average weekly 

incidence of glomerulonephritis during (a) the entire vaccination campaign (Jan – Aug 2021) 

and (b) the peak of the vaccination campaign (May – Aug 2021) to the corresponding months 

of the baseline period (2015 – 2019). Because the availability of serologic testing for anti-

PLA2R autoantibodies may have influenced biopsy practice over time,16 we performed a 

sensitivity analysis excluding MN. 

For the case-cohort study, we performed two analyses: we matched controls from the general 

population to patients with a new histological diagnosis of glomerulonephritis for age and for 

the calendar week (= reference time-point) of either kidney biopsy (primary endpoint, first 

analysis) or onset of symptoms or laboratory abnormalities attributable to the disease 

(secondary endpoint, second analysis). For every patient, the percentage of the general 
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population of the same age decade (the decade 20-29 was used for the few cases aged 18 or 

19 years) who had received a first, second, or any vaccine dose in every one-week interval 

prior to the reference time-point was determined. Because the published general population 

vaccination data include cases (therefore, the study was designed as a case-cohort rather 

than a case-control study), we calculated and report risk ratios rather than odds ratios.17 Risk 

ratios were calculated by unconditional maximum likelihood estimation, using 1000 matched 

controls for every case, and confidence intervals were computed by normal approximation 

using the R package epitools. In a sensitivity analysis we repeated the calculations adjusting 

for age as the matching factor, using the Mantel-Haenszel approach.18, 19 Discrete variables 

are expressed as counts (percentage) and continuous variables as median and interquartile 

range [IQR]. Comparisons between groups were made using Kruskal-Wallis’ test and 

Pearson’s X2 test, as appropriate.  

Statistical analyses were performed using R software, version R version 4.0.2 (R Core Team 

2020. R: A language and environment for statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL https://www.R-project.org). A list of the packages used for 

this analysis is provided in the Supplementary Methods. 

 

Results 

Incidence of glomerulonephritis before and during the vaccination campaign 

The study flow chart for both studies (retrospective cohort and case-cohort study) is shown in 

Figure 1. During the baseline period (2015 to 2019), the incidence of IgAN, PINGN, MCD and 

MN was 23.8, 11.9, 5.1 and 9.3 cases per million population per year, respectively and 

remained stable over time (Supplementary Figure S1). In 2020, we found a reduced incidence 

during the first infection wave and the consecutive public lock-down measures, which was 
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attributable to IgAN (Supplementary Figure S2). The first vaccines were administered in 

Switzerland in mid-December 2020, the number of vaccinations increased to reach a 

maximum in June 2021, and declined thereafter (Figure 2, upper left panel). The observed 

incidence of glomerulonephritis from January to August 2021 compared to the expected 

incidence is shown in Figure 2. The observed incidence was compatible with the expected 

incidence for all months during the vaccination campaign (Table 1) with an overall incidence 

rate ratio of 0.86 (95%-credible interval 0.73 to 1.02) for the entire study period (January to 

August 2021). The observed and expected incidences and incidence rate ratios for each 

individual glomerulonephritis are presented in Supplementary Table S1. In an additional 

analysis comparing the weekly incidence during the entire study period or the peak of the 

vaccination campaign (May to August 2021) to the corresponding calendar time of the baseline 

period, we also did not find any difference (Supplementary Table S2). Because the COVID-

pandemic may have influenced accessibility of health care services, as the reduced incidence 

of glomerulonephritis suggested for the first infection wave in 2020, we also analyzed the total 

number of kidney biopsies per year by pathology center. While the total number of biopsies 

analyzed in 2020 tended to be lower, the total number of biopsies analyzed in 2021 was not 

different from the baseline period (Supplementary Table S3).  

 

Characteristics of patients with new-onset glomerulonephritis during the 

vaccination campaign 

Overall, 229 patients aged >18 years had a biopsy-proven diagnosis of IgAN (n = 106), PINGN 

(n = 62), MCD (n = 26) or MN (n = 35) between January and August 2021 in Switzerland. 125 

(54.6%) of these patients could be included in the second study. Their characteristics were 

representative for the overall population of eligible patients (Supplementary Table S4), 

reasons for non-inclusion are shown in the study flowchart (Figure 1). Fourteen patients 

(11.2%) with repeat biopsies of a previously established diagnosis were not included in the 
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analysis. Their clinical characteristics and reasons for repeat biopsy are shown in 

Supplementary Table S5. Clinical characteristics of all patients with a new diagnosis of 

glomerulonephritis (n = 111) are shown in Table 2. 

 

Vaccination history of patients with new-onset glomerulonephritis and matched 

controls 

Of the patients with a newly established histological diagnosis of glomerulonephritis between 

January and August 2021, 43 (38.7%) had received at least one dose of an mRNA SARS-

CoV-2 vaccine prior to kidney biopsy. In 21 of these patients, symptoms or laboratory 

abnormalities attributable to the glomerulonephritis or extrarenal manifestations of vasculitis 

had been present before receiving the first vaccine dose. Hence, 22 (19.8%) of the patients 

with a newly established histological diagnosis of glomerulonephritis had received at least one 

vaccine dose before onset of symptoms or laboratory abnormalities. The vaccination rates of 

the general population, matched for age and either date of biopsy or date of onset of symptoms 

or laboratory abnormalities, were similar (39.5% and 18.4%, respectively). The estimated risk 

ratios for the development of new-onset biopsy-proven glomerulonephritis and for the 

development of new symptoms or laboratory abnormalities attributable to glomerulonephritis 

were 0.97 (95% CI 0.66–1.42, P=0.95) and 1.10 (95% CI 0.69–1.75, P=0.79), respectively, in 

patients having received at least one dose of SARS-CoV-2 vaccine, compared to 

unvaccinated persons matched for age and calendar date of biopsy or onset of symptoms or 

laboratory abnormalities, respectively. Risk ratios for the individual types of glomerulonephritis 

are shown in Table 3. In a sensitivity analysis adjusting for age as the matching factor, the 

risk ratios for development of new-onset biopsy proven glomerulonephritis and symptoms or 

laboratory abnormalities of the disease were 1.02 (95% CI 0.67 to 1.54, P=0.93) and 1.11 

(95% CI 0.67 to 1.84, P=0.77), respectively. 
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Figure 3 shows the percentage of individuals having received any vaccine dose in each four-

week time period prior to kidney biopsy or prior to onset of symptoms or laboratory 

abnormalities, as compared to matched control groups. The analysis by type of 

glomerulonephritis is shown in Figure 4, the analysis by first or second vaccine dose in 

Supplementary Figure S3. 

 

Clinical characteristics of patients with a diagnosis of glomerulonephritis in temporal 

association with vaccination 

Temporal association of glomerulonephritis with SARS-CoV-2 vaccination has not been 

uniformly defined in case reports and case series, with the largest case series defining it as 

onset of symptoms within one month of any vaccine dose.6 In 15 patients of our cohort, 

glomerulonephritis definitely (n=4) or possibly (n=11) manifested within 28 days of a vaccine 

dose. The clinical characteristics of these patients compared to all other patients with a new 

diagnosis of glomerulonephritis during the study period are shown in Table 4. Details on each 

individual patient are given in Supplementary Table S6. Patients with a new diagnosis of 

glomerulonephritis manifesting in temporal association with vaccination were older, but 

otherwise did not differ from patients with a new diagnosis of glomerulonephritis temporally 

unrelated to SARS-CoV-2 vaccination. 

 

Sensitivity analysis 

The sensitivity analysis excluding all MN cases showed equivalent results (Supplementary 

Tables S2, S7 and S8, Supplementary Figures S4 and S5). 
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Discussion 

Postmarketing surveillance is an important means to detect rare but relevant side-effects that 

may have escaped detection in registration studies. However, while serving an important 

hypothesis-generating function, case reports and series are subject to post hoc fallacy and 

publication bias. In this study, which included incidence data of glomerulonephritis for 7.1 

million individuals, 69% of whom had received at least one vaccine dose during the study 

period, we did not find evidence that mRNA-based vaccines against SARS-CoV-2 increase 

the risk for new-onset glomerulonephritis. On the epidemiological level, incidence of four 

common types of glomerulonephritis did not exceed the expected rate during any month of 

the SARS-CoV-2 vaccination campaign in Switzerland. Patients with new-onset 

glomerulonephritis did not differ from age- and calendar-time-matched controls with respect 

to their vaccination history, and characteristics of patients with glomerulonephritis temporally 

related to vaccination did not differ from those without temporal association to vaccination, 

except for higher age, probably due to preferential vaccination of older individuals. 

Glomerulonephritis is a rare disease and nationwide incidence rates have not been previously 

published for Switzerland. We found baseline incidence rates similar to those reported for 

other European countries.20-22 An interesting finding was the significantly reduced incidence of 

glomerulonephritis during public lockdown measures paralleling the first infection wave. 

Notably, this reduction was attributable to IgAN, the most frequent of the four 

glomerulonephritides, which often manifests with isolated, asymptomatic urinary abnormalities 

not necessitating urgent evaluation and more likely to be missed with reduced use of routine 

medical evaluations during the first pandemic phase. Importantly, this finding demonstrates 

the feasibility of our study to detect true changes of incidence. Likewise, the total number of 

kidney biopsies analyzed in Switzerland tended to be lower in 2020 compared to the baseline 

period. In contrast, the number of biopsies analyzed in 2021 was not different from the baseline 

period. Notably, SARS-CoV-2 infection rates were comparatively low during the peak of the 
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vaccination campaign in Switzerland (https://www.covid19.admin.ch/en/overview, accessed 

on June 23, 2022) and elective procedures were not restricted by the gouvernment. Thus, it 

is unlikely that an effect of vaccinations on incidence of glomerulonephritis was 

counterbalanced by a reduced detection rate due to limited health-care access during that 

phase of the pandemic. 

Patients with a new diagnosis of histology-proven glomerulonephritis had similar vaccination 

histories compared to the matched population-based cohort, and the estimated risk for the 

development of glomerulonephritis was equal in vaccinated vs. unvaccinated persons. In the 

time-based analysis, the proportion of patients having received a vaccine dose was virtually 

identical for every four-week period before histological diagnosis of a glomerulonephritis, 

compared to the matched control cohort. A trend towards less vaccines given to patients within 

four weeks before histological diagnosis of glomerulonephritis is likely attributable to the fact 

that patients were less likely to schedule a vaccine appointment shortly before a scheduled 

kidney biopsy or when suffering symptoms of glomerulonephritis or vasculitis. In the two four-

week-periods before symptom onset or first documented laboratory abnormalities, the 

percentages of patients having received a vaccine dose were nominally slightly higher 

compared to matched controls. However, this analysis has to be interpreted with caution, 

because the number of patients was relatively low and some patient-reported symptoms are 

unspecific and may have been incorrectly attributed to glomerulonephritis. 

Our findings were generally consistent across all four types of glomerulonephritis, with the 

possible exception of MCD. Increased numbers of newly diagnosed MCD were recently 

reported for 2021 in a Dutch observational cohort.23 However, that cohort-based study could 

not calculate true population-based incidence, and only 5 of 11 cases had received any SARS-

CoV-2 vaccine before presentation, which makes a true association with vaccination 

questionable. In our study, the incidence of MCD during the vaccination campaign did not 

cross the upper boundary of the 95% credible interval for the predicted incidence, and the risk 
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ratio for the development of MCD in vaccinated vs. unvaccinated persons was not significantly 

different from one. However, both analyses showed a trend towards an increased risk, and 

95% credible / confidence intervals were wide due to the overall low incidence of MCD. Thus, 

we cannot exclude an effect of SARS-CoV-2 mRNA vaccines on the development of MCD, 

but the absolute risk would be very small. 

We identified 15 patients with new-onset glomerulonephritis in possible temporal association 

to SARS-CoV-2 vaccination. While the limited number of cases precluded a detailed analysis, 

we did not find a distinct clinical manifestation in these patients. Macrohematuria has been 

frequently reported as clinical manifestation in patients with new onset or relapsing 

glomerulonephritis temporally associated with SARS-CoV-2 vaccination.24 Episodes of gross 

hematuria, often in association with upper respiratory tract infection, are a known 

manifestation of IgA nephropathy25 and could theoretically be triggered by the systemic 

inflammatory response following mRNA-based SARS-CoV-2 vaccination. However, we did not 

find an increased rate of patient-reported gross hematuria in patients with newly diagnosed 

IgAN in temporal association to vaccination compared to the rest of the cohort. Furthermore, 

among a previously reported cohort of 88 patients with known IgA nephropathy who received 

at least one dose of mRNA-based SARS-CoV-2 vaccine, none had developed gross 

hematuria.26 

Strengths of this study are the inclusion of all biopsy-proven glomerulonephritis cases 

diagnosed in Switzerland, which allowed to calculate true incidence rates, and the use of an 

unambiguous primary outcome (biopsy-proven glomerulonephritis) that limited the potential 

for bias. By linking the second (case-cohort) study to the epidemiological (retrospective cohort) 

analysis, we were able to specifically approach potential participants and achieved a 

considerable inclusion rate (>50% of all Swiss patients with histologically confirmed 

glomerulonephritis during the study period). The availability of detailed information on 

vaccinations administered to the general Swiss population allowed precise matching to 
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patients with regards to age and timepoint during the vaccination campaign. Since only mRNA-

based vaccines were administered in Switzerland during the study period, our study 

specifically addresses this type of vaccines. 

This study has several limitations. First, due to the limited population size of Switzerland and 

the low incidence of glomerulonephritis, we cannot exclude a small effect of vaccinations, in 

particularly for MCD, as discussed above. Second, due to the decentralized health care 

system in Switzerland, patients were cared for by a variety of hospital-based and private 

practice nephrologists. Patient evaluation and care were thus not standardized and the study 

relied on patient- and physician-reported data. Third, due to the retrospective design of the 

study, patient-reported symptoms were subject to potential recall bias and onset of symptom 

dates were not precise in some patient questionnaires. Therefore, we chose biopsy proven 

glomerulonephritis as the primary outcome. Fourth, we were not able to include all patients 

with biopsy-proven glomerulonephritis in the second study and cannot exclude selection bias. 

However, the major reason for non-inclusion of patients was non-participation of their treating 

nephrology divisions or practices due to time constraints, which should not introduce bias. 

Also, patients included in the study were similar to those not included in terms of histological 

diagnoses, age, gender and timepoint of kidney biopsy. Fifth, although FSGS has been 

reported in temporal association with SARS-CoV-2 vaccination, we did not include patients 

with FSGS, because the data available from pathology institutes did not allow a distinction 

between primary and secondary / adaptive FSGS. Sixth, we cannot exclude that some cases 

of IgA vasculitis and AAV have been diagnosed on clinical grounds or by biopsy of the skin or 

other organs. Finally, our results are limited to new-onset glomerulonephritis and cannot 

answer the question, whether SARS-CoV-2 vaccination could trigger relapses in patients with 

previously diagnosed glomerulonephritis, because relapses are usually diagnosed clinically 

without repeat biopsy. 
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In conclusion, combining two complementary approaches, we did not find an association 

between mRNA-based vaccination against SARS-CoV-2 and an increased incidence of the 

four common glomerulonephritis types IgAN, PINGN, MCD and MN. Most cases of new onset 

glomerulonephritis manifesting shortly after vaccination against SARS-CoV-2 are likely 

attributable to temporal coincidence. 
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Tables 

  

Table 1. Observed monthly incidence of glomerulonephritis during the vaccination 

campaign compared to the baseline period (2015 to 2019) and the expected incidence, 

relative risk ratio and number of vaccine doses administered in the corresponding 

month. 

 

 

 

Incidence is given as the number of biopsy-proven glomerulonephritis cases (IgAN, PINGN, 

MCD and MN) per million population aged >18 years. Vaccine doses per population are given 

as doses per population. The expected incidence was calculated using a Bayesian model 

based on each month for the years 2015 to 2019. The relative incidence rate denotes the ratio 

between observed and expected cases.  

 

  

 
Jan Feb Mar Apr May Jun Jul Aug 

Incidence 2021 3.94 2.95 5.2 4.92 4.64 3.65 3.51 3.37 

Observed 

incidence 2015-

2019 

4.05 4.18 5.11 4.29 4.37 3.92 3.51 4.26 

Expected 

incidence (95% 

credible intervals) 

4.22 

(2.67 to  

6.04) 

4.36 

(2.67 to  

6.32) 

5.34 

(3.51 to  

7.45) 

4.5 

(2.81 to  

6.47) 

4.5 

(2.81 to  

6.47) 

4.08 

(2.53 to  

5.90) 

3.65  

(2.25 to  

5.90) 

4.36 

(2.81 to  

6.47) 

Relative incidence 

rate ratio 

(95% credible 

intervals)  

0.93 

(0.64 to 

1.47) 

0.68  

(0.47 to 

1.11) 

0.97  

(0.69 to 

1.48) 

1.09  

(0.76 to 

1.75) 

1.03  

(0.70 to 

1.65) 

0.90  

(0.62 to 

1.44) 

0.96  

(0.66 to 

1.56) 

0.77  

(0.52 to 

1.20) 

Vaccine doses per 

population 
0.04 0.06 0.08 0.14 0.26 0.29 0.17 0.07 

Jo
urn

al 
Pre-

pro
of



 24 

Table 2. Clinical characteristics of patients with newly diagnosed glomerulonephritis 

during the study period. 

 

 

All 

Patients 
IgAN PINGN MCD MN 

n 111 58 29 9 15 

Median age (IQR), y  
55 [43, 

72] 

47 [37, 

54] 

70 [57, 

75] 

70 [61, 

72] 

66 [60, 

76] 

Female sex 42 (38) 21 (36) 12 (41) 5 (56) 4 (27) 

Clinical syndrome 
 

    

Nephrotic syndrome 29 (26) * 5 (9) * 0 (0) 9 (100) 15 (100) * 

Nephritic syndrome 60 (54) * 30 (52) * 27 (93) 0 (0) 3 (20) * 

Acute glomerulonephritis 21 (19) 7 (12) 13 (45) 0 (0) 1 (7) 

Chronic glomerulonephritis 24 (22) 21 (36) 1 (3) 0 (0) 2 (13) 

RPGN 15 (14) 2 (3) 13 (45) 0 (0) 0 (0) 

Asymptomatic urinary abnormalities 25 (23) 23 (40) 2 (7) 0 (0) 0 (0) 

Asymptomatic microhematuria 23 (21) 21 (36) 2 (7) 0 (0) 0 (0) 

Asymptomatic proteinuria 22 (20) 20 (34) 2 (7) 0 (0) 0 (0) 

Isolated macrohematuria 2 (2) 2 (3) 0 (0) 0 (0) 0 (0) 

Laboratory parameters at the time of biopsy     

Creatinine, μmol/L, median (IQR) 
128 [85, 

190] 

127 [85, 

165] 

162 [103, 

276] 

130 [104, 

263] 

86 [82, 

173] 

eGFR median (IQR) 
48 [29, 

72] 

52 [37, 

79] 

31 [15, 

52] 

47 [15, 

66] 

67 [38, 

75] 

Serum albumin g/l median (IQR) 
34 [28, 

40] 

39 [36, 

43] 

34 [29, 

39] 

21 [20, 

24] 

25 [22, 

28] 

Proteinuria g/d median (IQR)  2 [1, 5] 1 [1, 3] 1 [0, 3] 11 [5, 13] 8 [6, 11] 

History of COVID-19      

COVID-19 before biopsy 8 (7) 4 (7) 2 (7) 1 (11) 1 (7) 

COVID-19 before onset of 

symptoms/signs 4 (4) 1 (2) 2 (7) 1 (11) 0 (0) 

Vaccination history      

Any vaccine before biopsy 43 (39) 20 (34) 11 (38) 5 (56) 7 (47) 

Any vaccine before onset of signs or 

symptoms 22 (20) 8 (14) 5 (17) 4 (44) 5 (33) 

Any vaccine within 4 weeks of biopsy 13 (12) 9 (16) 2 (7) 2 (22) 0 (0) 

Any vaccine within 4 weeks of symptom 

or sign onset 12 (11) 6 (10) 3 (10) 1 (11) 2 (13) 

 

Abbreviations: IgAN, IgA nephropathy; PINGN, pauci-immune necrotizing 

glomerulonephritis; MCD, minimal change disease; MN, membranous nephropathy; RPGN, 

rapidly progressive glomerulonephritis. 
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Values are numbers (percentages) or median (interquartile range). 

To convert the creatinine values from μmol/L to mg/dL, divide by 88.4. 

* 5 patients (2 IgAN and 3 MN) had nephrotic-nephritic syndrome and were counted in both 

categories.  
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Table 3. Estimated risk ratios for the development of each type of biopsy-proven 

glomerulonephritis and for the development of new symptoms or laboratory 

abnormalities attributable to the respective disease. 

 

Diagnosis  Risk ratio for biopsy proven 
glomerulonephritis 

Risk ratio for symptoms or 
laboratory signs of 
glomerulonephritis 

IgAN 1.14 (95%CI 0.67 to 1.97), P=0.73 1.14 (95% CI 0.54 to 2.41), P=0.88 

PINGN 0.54 (95% CI 0.26 to 1.15), P=0.15 0.61 (95% CI 0.23 to 1.60), P=0.42 

MCD 1.72 (95% CI 0.46 to 6.38), P=0.63 2.20 (95% CI 0.59 to 8.18), P=0.41 

MN 1.17 (95% CI 0.43 to 3.23), P=0.96 1.64 (95% CI 0.56 to 4.79), P=0.54 

Any GN 0.97 (95% CI 0.66 to 1.42), P=0.95 1.10 (95%CI 0.69 to 1.75, P=0.79) 

 

Abbreviations: IgAN, IgA nephropathy; PINGN, pauci-immune necrotizing 

glomerulonephritis; MCD, minimal change disease; MN, membranous nephropathy; GN, 

glomerulonephritis  
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Table 4. Characteristics of patients with newly diagnosed glomerulonephritis with vs. 

without temporal association to SARS-CoV-2 vaccination. 

  

  

 

Temporally 

unrelated to 

vaccination 

Temporally 

related to 

vaccination 

P-Value 

n 96 15 
 

Median age (IQR), y  53 [42, 68] 65 [58, 76] 0.028 

Female sex 39 (41) 3 (20) 0.213 

Histological diagnosis   0.920 

IgAN 51 (53) 7 (47)  

PINGN 24 (25) 5 (33)  

MCD 8 (8) 1 (7)  

MN 13 (14) 2 (13)  

Clinical syndrome    

Nephrotic syndrome 26 (27) 3 (20) 0.791 

Nephritic syndrome 51 (53) 9 (60) 0.827 

Acute glomerulonephritis 18 (19) 3 (20) 1.000 

Chronic glomerulonephritis 22 (23) 2 (13) 0.616 

RPGN 11 (11) 4 (27) 0.232 

Asymptomatic urinary abnormalities 23 (24) 2 (13) 0.559 

Asymptomatic microhematuria 21 (22) 2 (13) 0.677 

Asymptomatic proteinuria 20 (21) 2 (13) 0.742 

Isolated macrohematuria 1 (1) 1 (7) 0.632 

Presence of patient-reported 

symptoms of the disease (renal or 

extrarenal manifestation) 

61 (64) 8 (53) 0.637 

Extrarenal manifestations 50 (52) 12 (80) 0.081 

IgA vasculitis 3 (3) 0 (0) 1.000 

Laboratory parameters at the time of biopsy   

Creatinine μmol/L median (IQR) 127 [85, 178] 136 [98, 439] 0.133 

eGFR median (IQR) 49 [30, 73] 40 [13, 61] 0.118 

Serum albumin g/l median (IQR) 35 [27, 41] 34 [30, 37] 0.985 

Proteinuria g/d median (IQR)  2 [1, 6] 3 [2, 4] 0.601 

History of COVID-19 
   

before vaccination 5 (5) 1 (7) 1.000 

before biopsy 6 (6) 2 (13) 0.662 
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Abbreviations: IgAN, IgA nephropathy; PINGN, pauci-immune necrotizing 

glomerulonephritis; MCD, minimal change disease; MN, membranous nephropathy; RPGN, 

rapidly progressive glomerulonephritis. 

Values are numbers (percentages) or median (interquantile range). 

To convert the creatinine values from μmol/L to mg/dL, divide by 88.4.  
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Figure Legends 

  

Fig 1. Study flow chart of both studies (retrospective cohort and case-cohort). 

 

Fig 2. Expected and observed incidence of glomerulonephritis during the vaccination 

campaign. Shown is the number of first (orange), second (blue) and total (grey) doses of 

SARS-CoV-2 vaccines as a fraction of all patients aged ≥ 20 years (upper left panel) and the 

observed incidence of glomerulonephritis in patients aged ≥ 18 years from January to August 

2021 (red line) compared to the expected incidence based on the years 2015 to 2019 (blue 

line) with 95% credible intervals (green shading) for the sum of all four glomerulonephritides, 

and by diagnosis. 

 

Fig 3. Frequency and timing of vaccination in patients with glomerulonephritis 

compared to matched controls. Shown in grey is the percentage of patients with a new 

diagnosis of IgAN, PINGN, MCD or MN during the study period, who have received any 

vaccine dose during each four-week interval before renal biopsy (A) or onset of symptoms or 

signs attributable to the renal disease or an extrarenal manifestation thereof (B). For 

comparison, the percentage of persons from the general population matched for age and 

timepoint during the vaccination campaign are shown in black. 

 

Fig 4. Frequency and timing of vaccination by histological diagnosis in patients with 

glomerulonephritis compared to matched controls. Shown in grey is the percentage of 

patients with a new diagnosis of IgAN (A), PINGN (B), MCD (C) or MN (D) during the study 

period, who have received any vaccine dose during each four-week interval before renal 

biopsy. For comparison, the percentage of persons from a control population matched for age 

and timepoint during the vaccination campaign are shown in black. 
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