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of the COVID-19 pandemic
Lina León-Machado1, Gonzalo Sierra-Torres2, Amir Shabaka1*,
Clara Cases-Corona3, Cristina Vega1, Begoña Rivas1,
Diana Ruiz Cabrera2 and Gema Fernandez-Juarez1

1Nephrology Department Hospital La Paz, Fundación para la Investigación Biomédica (Idipaz),
Madrid, Spain, 2Internal Medicine Department, Hospital Universitario Fundación Alcorcón,
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Introduction: Recent studies in Europe have reported a rising incidence in anti-

glomerular basement membrane (anti-GBM) disease, potentially linked to

demographic shifts or environmental factors. This study aimed to assess

temporal trends in incidence, clinical presentation, and outcomes of anti-GBM

disease in two urban areas of Madrid over the past two decades.

Materials and methods: We conducted a retrospective observational study of

patients diagnosed with anti-GBM disease between 2006 and 2022 at two urban

areas covering 884,000 residents in Madrid. Inclusion required confirmed anti-

GBM antibodies with clinical manifestations. Incidence was calculated per

1,000,000 person-years. Data were analyzed across six time periods and

compared pre- and post-COVID-19 onset.

Results: A total of 26 cases were identified (mean age 52 ± 26 years; 54% female).

Incidence increased from 1.13 cases per million persons-year before 2020, to

4.53 cases per million persons-year after 2020 (p<0.001). No differences were

observed in demographic data or environmental exposures over time. Post-

COVID-19 cases had lower serum creatinine at presentation (5.09 ± 4 vs. 8.7 ±

3.9 mg/dL, p=0.037), more pulmonary involvement (83.3% vs. 35.7%, p=0.039),

and better 1-year renal survival (50% vs. 14.3%, p=0.049). Overall patient survival

did not differ between groups.

Conclusions: Incidence of anti-GBM disease has increased in Madrid, particularly

after the COVID-19 pandemic. Improved renal survival appears linked to earlier

diagnosis and management, rather than changes in environmental exposure.

These findings highlight the importance of heightened clinical awareness for

early detection and treatment of this aggressive disease.
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1 Introduction

Anti-glomerular basement membrane (anti-GBM) disease is a

rare autoimmune disease characterized by the presence of

autoantibodies against the non-collagenous domain of the alpha-3

chain of type IV collagen, localized in glomerular and alveolar

basement membranes (1), that mainly manifests with rapidly

progressive glomerulonephritis and/or alveolar hemorrhage (2).

The prognosis of anti-GBM disease with the current standard of

therapy remains underwhelming, with a poor renal survival and

high mortality rate (3). An early diagnosis and treatment are crucial

to improve response to therapy and long-term prognosis (4).

Epidemiological changes in the incidence of anti-GBM disease

have recently been identified in different European regions (5, 6),

reporting an increased incidence in population-based studies in

Ireland and Denmark, possibly due to demographic changes and

exposure to environmental triggers (7, 8). Moreover, higher testing

frequency and improved accessibility of diagnostic tests may have

also contributed to this increase in disease incidence.

The aim of our study was to evaluate the changes in incidence of

anti-GBM disease in the past two decades in two different urban

areas in Madrid (North and southwest), to identify possible

environmental triggers, and analyze temporal and within-area

differences in presentation and outcome of the disease.
2 Materials and methods

We performed a retrospective observational study using data

from the hospital coding databases and laboratory databases of two

hospitals in two different urban areas in Madrid (North and

Southwest Madrid) covering a population of 884,000 residents,

between 2006 and 2022. This study was conducted in accordance

with the Declaration of Helsinki. The study was approved by the

local ethics committee (HULP code: PI-6197).

We collected data from patients diagnosed with anti-GBM

disease with confirmed positive anti-GBM antibodies and renal

and/or pulmonary manifestations. (Supplementary Figure S1).

Anti-GBM antibodies were measured using standardized ELISA-

based methods, and this methodology remained consistent across

both centers and throughout the study period. The diagnostic

threshold was set at ≥10 U/mL, in accordance with the

manufacturer’s recommendations and prior studies. We excluded

patients with antibody titers below 10 U/mL, as well as those with

titers above this threshold but lacking clinical manifestations

suggestive of anti-GBM disease (i.e., no renal involvement or

pulmonary hemorrhage). Anti-GBM and ANCA antibodies were

always tested concurrently in all patients with suspected rapidly

progressive glomerulonephritis or pulmonary-renal syndrome.

For the temporal analysis of incidence, we divided the study

period into two main intervals: pre-COVID-19 (January 2006 to

February 2020) and post-COVID-19 (March 2020 to December

2022), aligning with the onset of the COVID-19 pandemic

in Madrid.
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Additionally, to explore more detailed temporal trends, we

performed a secondary analysis dividing the entire study period

into six intervals of three years each (2006–2008, 2009–2011, 2012–

2014, 2015–2017, 2018–2020, and 2021–2022). This allowed a more

granular assessment of incidence fluctuations over time while

minimizing the potential exaggeration of random variations due

to small case numbers.

Demographic and clinical data at presentation, including

previous exposures to environmental factors (smoking,

hydrocarbon exposure, infections, vaccinations), treatments

received, and patient outcomes were systematically collected

and analyzed.

Continuous variables are expressed as mean ± standard

deviation or median (interquartile range), depending on their

distribution. Categorical variables are presented as frequencies

and percentages. The incidence rate of anti-GBM disease was

calculated as the number of new cases per 1,000,000 person-years

at risk. Corresponding 95% confidence intervals were estimated

assuming a Poisson distribution. Comparisons between groups

were carried out using the Chi-square test for categorical

variables, Student’s t-test for normally distributed continuous

variables, and the Mann–Whitney U test for non-parametric

continuous variables. The date of diagnosis was defined as the

date of the first positive anti-GBM antibody test. All included cases

were incident cases. We ensured that survivors were only counted

once and not re-included in subsequent denominators of the

background population in following years, thereby preserving the

integrity of incidence rate estimations. Incidence rates were

calculated as the number of new cases per 1,000,000 person-years,

using the actual population size for each year to adjust for any

demographic changes over the study period.

An associated “previous infection” was defined as any infection

occurring within 8 weeks prior to diagnosis of anti-GBM disease.

Renal survival was defined as the time from diagnosis to the initiation

of renal replacement therapy (dialysis or kidney transplantation).

Patient survival was defined as the time from diagnosis to death from

any cause. Patients were followed from the date of anti-GBM

diagnosis to the occurrence of the relevant event (renal failure or

death) or until the end of follow-up. Survival outcomes at 1 year were

analyzed using binary logistic regression. All statistical analyses were

performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

A p-value < 0.05 was considered statistically significant.
3 Results

During the study period, 26 cases of anti-GBM disease were

identified (incidence rate 2.94 per 1,000,000 persons per year); with

a mean age of 52 ± 26 years at presentation, 27% of patients were

double-seropositive for ANCA and anti-GBM, 42% presented only

renal involvement, 4% with only pulmonary involvement, and 54%

with both renal and pulmonary involvement. The clinical and

histological characteristics and outcomes of each patient are

detailed in Supplementary Table S1.
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At presentation, median estimated glomerular filtration rate

was 6.4 ml/min per 1.73 m2; median urine protein/creatinine ratio

was 1.7 gr/gr, 19% of patients required mechanical ventilation and

65% required renal replacement therapy. After induction treatment,

13 patients (50%) remained on maintenance dialysis. After a

median follow-up of 33 months, 46% of the patients died

(Table 1). Renal and patient survival after 1 year was 30% and

73% respectively.

We observed that the incidence rate significantly increased from

1.13 cases per 1,000,000 persons before March 2020 to 4.53 cases

per 1,000,000 persons after the onset of the COVID-19 pandemic

(incidence rate ratio= 4.0, CI 95% 1.85-8.65, p<0.001) (Figure 1).

We observed an increase in the rate of anti-GBM antibody testing
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over time, particularly after 2017: from 183.7 tests per million

person-years in 2014–2016, to 304.2 in 2017–2019, and 334.2 in

2020–2022. However, despite the increase in test frequency, the

percentage of positive results rose significantly—from 0.68% before

2020 to 1.36% after 2020.

Regarding clinical presentation, serum creatinine at

presentation was significantly lower in cases diagnosed after

COVID-19 (5.09 ± 4 vs. 8.7 ± 3.9 mg/dl, p=0.037) (Figure 2A),

but presented more frequently with pulmonary involvement (83.3%

vs. 35.7%, p=0.039). There were no differences in proteinuria or

hematuria. Fifteen out of the 26 patients (58%) underwent a kidney

biopsy with sufficient material for diagnosis. Histologically,

inflammatory findings were similar between cases diagnosed
TABLE 1 Clinical characteristics and outcomes in anti-GBM cases presenting before and after the COVID-19 pandemic.

Variable
Total Cohort

(n=26)
Before COVID-19

(n=14)
After COVID-19

(n=12)

Age at diagnosis, years* 52 ± 26 50.7 ± 30 57.9 ± 20.5

Female sex, n (%) 14 (53.8) 8 (57.1) 6 (50)

Caucasian, n (%) 25 (96.2) 13 (92.9) 12 (100)

HTA, n (%) 11 (42.3) 8 (57.1) 3 (25)

Diabetes Mellitus, n (%) 7 (26.9) 5 (35.7) 2 (16.7)

Smoking, n (%) 9 (34.6) 4 (28.6) 5 (41.7)

Previous infection, n (%) 3 (11.5) 2 (14.3) 1 (8.3)

History of exposure to toxins, n (%): 3 (11.5) 1 (7.1) 2 (16.7)

Time from onset of initial symptoms to diagnosis of anti-GBM,
days

10 (6-24) 11 (7-22) 8 (6-46)

Organ involvement, n (%)
Kidney only

Pulmonary only
Kidney and pulmonary

11 (42.3)
1 (3.8)
14 (53.8)

9 (64.3)
0 (0)

5 (35.7)

2 (16.7)
1 (8.3)
9 (75)

AntiGBM antibody titer, UI/ml# 116 [21.5-561] 139.5 [37.8–469] 65 [19.3–762.8]

Double positive (ANCA+anti-GBM), n (%)
ANCA subtype (MPO/PR3)

7 (26.9)
1/6

5 (35.7)
0/5

2 (16.7)
1/1

Baseline Creatinine, mg/dl* 7 ± 4,4 8.7 ± 3.9 5.1 ± 4

eGFR, ml/min/1,73m2 6,4 [2-142] 5 [3-27] 9 [4-43]

uPCR, g/g# 1,7 [0-4] 1.3 [0.2-2.7] 1 [0.5-3]

Crescents, n (%)* 60.9 ± 31.9 79.5 ± 19 36 ± 29

IS treatment, n (%)
GC +CYC

GC+CYC+RTX
GC

23 (88.5)
19 (73.1)
3 (11.5)
1 (3.8)

13 (92.9)
10 (71.4)
2 (14.3)
1 (7.1)

10 (83.3)
9 (75)
1 (8.3)
0 (0)

Plasmapheresis, n (%) 18 (69.2) 8 (57.1) 10 (83.3)

Mechanical ventilation, n (%) 5 (19.2) 1 (7.7) 4 (33.3)

Renal replacement therapy at presentation, n (%) 17 (65.4) 11 (78.6) 6 (50)

Follow-up, months# 33 [9-60] 54 [7-153] 31 [13-35]

Maintenance dialysis, n (%) 12 (46.2) 10 (71.4) 3 (25)

Death, n (%) 13 (50) 8 (61.5) 4 (36.4)
*Values are expressed as mean ± standard deviation. #Values are expressed as median [interquartile range]
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before and after the pandemic: all showed extracapillary

proliferation and linear IgG deposits along the glomerular

basement membrane, with no mesangial or endocapillary

proliferation and no differences in direct immunofluorescence

patterns. The only histological difference observed was in the

percentage of glomeruli with cellular crescents, which was

significantly higher in patients diagnosed before the pandemic

(79.5 ± 19% vs. 36 ± 29%, p = 0.005), indicating more advanced

disease at diagnosis. We noted that the 1-year renal survival rate

increased from 14.3% in cases diagnosed before the onset of the

COVID pandemic to 50% in cases diagnosed following COVID-19

(p=0.049) (Figure 2B). None of the cases were preceded by

vaccination against SARS-CoV-2. Despite that, patients with anti-

GBM following COVID-19 presented with more pulmonary

involvement and more need of mechanical ventilation, survival

analysis showed no differences in overall patient survival between

both groups (log-rank c2 = 0.09, p=0.759) (Supplementary

Figure S2).

The incidence rate increased from 1.15 cases per 1,000,000

persons-year in 2017-2019, to 4.53 cases per 1,000,000 persons-year

in 2020-2022 (Figure 3). We did not find differences within time

periods in demographic data, previous exposure to environmental

triggers, presence of double-seropositivity, or treatments received.

However, we found that renal survival after 1 year improved from

0% in 2006–2007 to 25% in 2008-2010, 33% between 2011-2019,

and to 66% in 2020-2022 (p=0.039). There were no differences in

incidence, clinical presentation or outcomes between the different

urban areas (Supplementary Table S2).
4 Discussion

This study explores the changes in incidence of anti-GBM

disease in Madrid, observing an increasing incidence rate in the

last two decades. The incidence rate increased particularly after

March 2020, coinciding with the onset of the COVID pandemic.

The recent confirmation of spatial and temporal clustering of

anti-GBM cases suggest that environmental factors may trigger the
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disease in susceptible persons (5). There has been an increased

reporting of anti-GBM cases after COVID infection (7), similar to

what had been previously described with an outbreak of Influenza A

in Connecticut during the winter of 1971-1972 (8), which leads us

to believe that COVID infection may play a role in the development

of the disease. In our study we did not find differences in incidence

within different urban areas in Madrid. However, this may be

explained by the fact that COVID-19 incidence was similar in

both areas. The increase in incidence cannot be explained by

referral of patients from outside the catchment area, as all

patients diagnosed with anti-GBM disease were residents within

the study region.

Respiratory infections, including both Influenza and COVID-

19, have been associated with the development of anti-GBM

disease, likely through shared immunogenic mechanisms rather

than viral family similarities. One proposed mechanism is

molecular mimicry, in which microbial peptides resemble self-

antigens and trigger cross-reactive immune responses. This has

been demonstrated in murine models, where immunization with

peptides mimicking an epitope of the a3 chain of type IV collagen

led to the development of anti-GBM disease (9). Another plausible

mechanism is direct tissue injury caused by viral infection, which

may expose normally sequestered antigens such as the NC1

domain of the a3 chain of type IV collagen in the alveolar

basement membrane, thus initiating or amplifying the

autoimmune response (10, 11). Additionally, non-specific

immune activation during acute viral infections can reduce the

activation threshold of autoreactive lymphocytes, facilitating the

breakdown of immune tolerance and triggering the production of

anti-GBM antibodies (10, 11).

Among the 12 cases diagnosed after the onset of the COVID-19

pandemic, only one (Patient 23) had a documented SARS-CoV-2

infection prior to the diagnosis of anti-GBM disease. This infection

occurred 7 months before diagnosis, and no clear association could

be established. The time between infection and onset of anti-GBM

disease in previously reported cases was after a maximum of 8

weeks, therefore it is improbable that in this case the development

of disease had an association with infection. No cases of anti-GBM

disease were diagnosed during the course of active COVID-19

infection. Despite the lack of direct evidence of infection in our

series, we believe the observed increase in incidence following the

onset of the pandemic may still reflect the influence of

environmental or immunological factors during that period.

Similar findings have been reported in other regions: for instance,

studies from the United Kingdom (7) and India (12) also noted a

rise in anti-GBM cases during the pandemic period, suggesting a

potential shared environmental trigger. We have added contextual

evidence from the literature to support this hypothesis. For

example, Canney et al. (5) described clusters of anti-GBM disease

associated with influenza A in genetically susceptible individuals

(notably HLA-DRB1*1501 positive). Likewise, Prema et al. (12)

reported a 68% increase in anti-GBM diagnoses during the COVID-

19 pandemic, with serologic evidence of recent SARS-CoV-2

infection in several patients. A recurrence following COVID-19

infection has also been described (13).
FIGURE 1

Incidence rate of anti-GBM disease in Madrid before and after
COVID-19 pandemic.
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Although some case reports suggest a temporal relationship

between COVID-19 vaccination and anti-GBM disease (14–16), we

found only one such case in our cohort, occurring seven weeks after

the second vaccine dose. Therefore, vaccination does not appear to

explain the overall increase in incidence in our study population.

Patient 3 developed anti-GBM disease after receiving COVID-19

vaccination (2 months after the first dose and 1 month after the

booster dose), presenting with pulmonary hemorrhage and severe

AKI requiring RRT at onset. However, this patient had experienced

non-specific symptoms (malaise, low-grade fever, myalgia)

beginning approximately two weeks before vaccination. We

cannot exclude the possibility of an undiagnosed SARS-CoV-2

infection prior to vaccination, or that the onset of anti-GBM

disease occurred up to three months before its eventual diagnosis.
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Demographic changes might also partly explain the observed

differences in incidence rates. Patients diagnosed after March 2020

were slightly older (57 vs. 50 years) and included a higher

proportion of females (57.1% vs. 50%), which may reflect

underlying shifts in the background population. According to

official census data, Madrid’s population has experienced

significant aging over the study period: individuals under 40 years

decreased by 21.3%, while those over 60 years increased by 36.2%

between 2006 and 2022. In contrast, the sex distribution of the

general population remained relatively stable (female sex: 51.6% in

2006 vs. 52.1% in 2022) (17). During the initial months following

the pandemic declaration, mobility was significantly reduced due to

lockdown measures and health restrictions, which likely limited

patient referral patterns. Furthermore, all patients who tested

positive for anti-GBM antibodies post-pandemic were residents of

Madrid, minimizing the possibility that patients from neighboring

regions artificially inflated our incidence estimates.

We observed an increase in the annual number of anti-GBM

tests performed over time. Specifically, from 202.4 tests per million

person-years before 2020 to 334.5 tests per million persons-year

during 2020 and onward. Despite the increase in test frequency, the

percentage of positive results rose significantly—from 0.68% before

2020 to 1.36% after 2020—suggesting that the rise in diagnosed

cases is not solely attributable to increased testing, but likely reflects

a real increase in incidence.

Our findings demonstrate a clear increase in the incidence of

anti-GBM disease after the onset of the COVID-19 pandemic.

While the rise in testing frequency and demographic shifts

toward an older population may have influenced this trend, we

cannot exclude a possible environmental influence related to

the pandemic period, especially given the marked increase in the

proportion of positive anti-GBM tests. Nevertheless, due to the

observational nature of our study, no causal relationship can

be established.

Patients diagnosed after March 2020 had better renal function

at the time of presentation compared to those diagnosed before the

onset of the COVID pandemic, which lead to better renal survival

after 1 year of follow-up. This might be due to an increased
FIGURE 2

(A) Baseline serum creatinine at presentation in anti-GBM disease before and after COVID-19 pandemic, (B) Renal survival in anti-GBM disease in
Madrid before and after the COVID-19 pandemic.
FIGURE 3

Incidence rate of anti-GBM disease in Madrid by time periods.
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awareness that leads to earlier serological testing in patients with

rapidly progressive glomerulonephritis and in cases with alveolar

hemorrhage, which translates into an earlier treatment. On the

other hand, although cases described after COVID-19 presented

with more pulmonary involvement and required more frequently

mechanical ventilation, there were no differences in overall patient

survival compared to cases described before the COVID pandemic.

Recently, the development of imlifidase, an antibody-cleaving

enzyme that degrades all IgG in vivo within few hours, has been

held as a promising new therapeutic strategy to degrade anti-GBM

antibodies promptly and thus improve renal and patient

outcomes (18).

There are several limitations in this study that should be

acknowledged. First, due to its retrospective nature, we cannot

fully exclude the possibility that some cases of anti-GBM disease

may have been preceded by infections or vaccinations that were

not documented in the electronic health records. Furthermore, a

direct association between confirmed COVID-19 infection and

the development of anti-GBM disease cannot be established in our

cohort, as not all patients had recorded SARS-CoV-2 PCR or

serology results. While the observed increase in testing frequency

and anti-GBM diagnoses coincided with the COVID-19

pandemic, these findings are observational in nature and do not

establish causality. In our cohort, only one patient had a

confirmed prior COVID-19 infection. Therefore, any association

with the pandemic should be interpreted with caution.

Additionally, we did not evaluate renal or patient survival

beyond the first year after diagnosis. This decision was based on

the limited number of patients remaining at risk beyond one year,

as most reached the outcome of interest (either end-stage kidney

disease or death) within the first 12 months. As a result, survival

estimates beyond this point would lack statistical power and could

be misleading.

In conclusion, the last few years have witnessed an increase in

the incidence rate of anti-GBM disease in our population,

particularly after the COVID-19 pandemic, but with improved

renal survival. We did not find any changes in the rate of

exposure to known environmental triggers within time periods.

These findings suggest that the rising incidence may be attributable

to an increased awareness and diagnosis of anti-GBM disease,

which leads to a better renal survival.
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Baseline clinical characteristics of patients by urban area in Madrid
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