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Risks and treatment related aspects of COVID-19 infection in patients 
with ANCA-associated vasculitis

A Antovic 1,2*, A Bruchfeld 3,4*, J Ekland5, B Lövström1,2, A Hugelius1,2, O Börjesson1,2, A Knight5*, I Gunnarsson1,2*

1Division of Rheumatology, Department of Medicine, Karolinska Institutet, Solna, Sweden 
2Unit of Rheumatology, Karolinska University Hospital, Stockholm, Sweden 
3Department of Health, Medicine and Caring Sciences, Linköping University, Linköping, Sweden 
4Department of Renal Medicine, CLINTEC, Karolinska Institutet at Karolinska University Hospital, Stockholm, Sweden 
5Rheumatology, Department of Medical Sciences, Uppsala University, Uppsala, Sweden

Objective: Patients with anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) require immunosuppressive 
therapy for disease control and relapse prevention and may be at risk for severe coronavirus disease 2019 (COVID-19). The 
study objective was to analyse risk factors and outcomes of COVID-19 in well-characterized AAV patients.

Method: Data were retrieved from March 2020 to May 2021 from medical records of AAV cohorts in Stockholm and Uppsala, 
Sweden. COVID-19 was confirmed by positive PCR test or by ELISA. Severe COVID-19 was defined as need for non-invasive 
ventilation, intensive care unit care, and/or death. Age, gender, ANCA antibody type, ongoing immunosuppressive medication, 
and estimated glomerular filtration rate were recorded.

Results: The cohort comprised 310 AAV patients, of whom 29 (9%) were diagnosed with COVID-19. Four deaths were 
attributed to COVID-19. Fifteen patients (52%) were on prednisolone in the COVID-19 group and 130 (46%) in the non- 
COVID group, with significantly higher doses in COVID-19 patients (p < 0.01). Ongoing induction therapy was more prevalent 
in the COVID-19 group (p < 0.01). Severe COVID-19 was diagnosed in 9/29 (31%). Significant risk factors for severe COVID- 
19 were impaired kidney function (p = 0.01) and more intense immunosuppressive therapy (p = 0.02), with a trend for age (p = 
0.07). Maintenance therapy with rituximab was not associated with severe COVID-19.

Conclusions: Our findings highlight risks and suggest that more attention should be given to optimal AAV treatment in a 
pandemic situation. They also emphasize the need for continued shielding, mitigation strategies, and effective vaccination of 
AAV patients. 

Coronavirus disease 2019 (COVID-19) was declared 
a pandemic by the World Health Organization in 
March 2020. Lung involvement is the most common 
disease manifestation, but extrapulmonary manifesta-
tions are prevalent (1, 2). Age, male gender, and 
chronic kidney disease (CKD) were soon identified 
as significant risk factors for hospital admission, cri-
tical illness, and mortality (3). Data regarding a more 
detailed risk profile and granular treatment aspects of 
patients with anti-neutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis (AAV), a disease 
mainly affecting the respiratory tract and kidneys, 
have remained limited.

There has been much concern regarding ongoing 
immunosuppressive therapy in patients during the pan-
demic paired with a potential heightened vulnerability 

for severe infection on top of underlying immune- 
mediated diseases, age, and associated comorbidities. 
The COVID-19 Global Rheumatology Alliance 
reported outcomes in 3729 severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2)-infected patients, 
in which older age, male gender, CKD, and other 
comorbidities were associated with COVID-19-related 
death. Factors such as moderate/high disease activity, 
a diagnosis of vasculitis, and treatment with rituximab 
(RTX) (compared to methotrexate) were associated with 
mortality (4). In another study examining biologics 
specifically, enrolling 1116 patients, RTX remained 
the only factor associated with hospitalization risk in 
a multivariate analysis (5). Whether RTX maintenance 
therapy had similar COVID-19-associated risks com-
pared to RTX induction was not determined in these 
studies.

The aim of the current study was to investigate the 
consequences of COVID-19 in a large cohort of AAV 
patients, with regard to incidence, underlying risk fac-
tors, treatment, need for hospitalization, intensive care 
unit (ICU) care, or death. An additional aim was to 
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compare the risks in active patients with those in 
patients in remission regarding RTX induction versus 
maintenance treatment.

Method

In a collaborative project between the Departments of 
Nephrology and Rheumatology at Karolinska Univer-
sity Hospital in Stockholm and the Department of 
Rheumatology at Uppsala University Hospital, AAV 
patients were previously included in large research 
cohorts. The occurrence and consequences of 
COVID-19 were retrieved from medical records or 
the Swedish Rheumatology Registry from 
March 2020 to January 2021 (Karolinska) and to 
May 2021 (Uppsala) for living patients in these 
cohorts (n = 310). Patients diagnosed with granulo-
matosis with polyangiitis (n = 232), microscopic 
polyangiitis (n = 56), or eosinophilic granulomatosis 
with polyangiitis (n = 22) were included. The elig-
ibility criteria were the Chapel Hill Consensus Con-
ference 2012 definitions, and a current or prior 
positive test for proteinase-3 (PR3)- or myeloperox-
idase (MPO)-ANCA or the European Medicines 
Agency (EMA) classification (6, 7). The Swedish 
Ethical Review Authorities approved the study.

Retrieved data included age, gender, diagnosis, and 
antibody type (PR3 or MPO), as well as ongoing immu-
nosuppressive medication at the onset of COVID-19, or 
at last follow-up during the study period in non-COVID 
individuals. Usage and doses of corticosteroids, disease- 
modifying anti-rheumatic drugs (DMARDs), cyclopho-
sphamide (CYC), and RTX were tabulated.

Kidney involvement (ever), lung involvement 
(ever), and estimated glomerular filtration rate 
(eGFR) at the onset of COVID-19 or last follow-up 
(8) were recorded. Active disease was specified as the 
recent onset of induction therapy with high-dose corti-
costeroids, RTX, and/or CYC. Patients on maintenance 
therapy were regarded as inactive based on their latest 
visit and a Birmingham Vasculitis Activity Score 
(BVAS) = 0.

Diagnosis of COVID-19

COVID-19 was confirmed either by a positive upper air-
way polymerase chain reaction (PCR) test or by serology 
[enzyme-linked immunosorbent assay (ELISA)]. Severe 
COVID-19 was defined as requiring non-invasive ventila-
tion, ICU care, and/or death.

Statistics

Statistical analysis was performed using GraphPad Prism 
(version 9.1 for Windows). Data are presented as mean ± 
standard deviation (for parametric data) or median and 

interquartile range (IQR) (for non-parametric data). Differ-
ences in continuous variables between groups were assessed 
by the Student’s t-test (parametric) or Mann–Whitney 
unpaired t-test (non-parametric). The chi-squared test was 
used to compare categorical variables, presented as count 
(%). Significant differences were statistically defined by 
p values ≤ 0.05.

Results

The study included 157 females and 153 males, of 
whom 38 females and 39 males were in the Uppsala 
cohort. Median age at data retrieval was 67 years (IQR 
53.5–76.0 years). In total, 29 patients (9%) developed 
COVID-19 and were diagnosed either by PCR (n = 19) 
or by ELISA (n = 9). In one case in the early pandemic 
phase, no COVID-19 testing was performed and the 
diagnosis was based on the clinical features and pul-
monary radiology.

The COVID-19 patients were younger [median age 
60 years (IQR 40.5–72.5 years)] than the non-COVID 
-19 group [median age 68 years (IQR 55.0–77.0 years)] 
(p = 0.02).

Previous lung and kidney involvement was 
recorded in 170 patients and 169 patients (55%), 
respectively, but did not differ between patients who 
developed COVID-19 and those who did not (ns). 
Neither gender nor AAV subtype differed between 
groups (Table 1).

Development of severe COVID-19

Of the 29 patients with COVID-19, 13 were hospita-
lized and nine (31%) developed severe COVID-19. The 
median age of patients with severe COVID-19 was 
higher than that of those with non-severe disease, but 
this difference was not statistically significant. Four 
patients died of COVID-19-related complications 
(14%) (Table 2). The approximate duration of disease 
until death ranged from 11 to 27 days.

Corticosteroids and immunosuppressive therapy as risk 
factors

Prednisolone treatment was ongoing in 15 out of 29 
COVID-19 patients (52%) compared to 130 out of 281 
(46%) in the non-COVID-19 group.

Prednisolone doses were significantly higher in 
the COVID-19 patients [median dose 6.25 mg (IQR 
2.5–50 mg)] than in the non-COVID-19 group [median 
5 mg (IQR 0.625–20 mg)] (p < 0.01) (Table 1 and 
Figure 1A).

In total, 182 patients (65%) in the non-COVID-19 
group and 19 (65.5%) in the COVID-19 group were on 
other ongoing disease-modifying drugs (ns). A higher  
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Figure 1. (A) Prednisolone dose (mg/day) in anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) patients with severe coronavirus 
disease 2019 (COVID-19) (n = 9) and non-severe COVID-19 (n = 20), and the rest of the cohort (n = 281); (B) estimated glomerular filtration rate (eGFR) 
(mL/min/1.73 m2) in AAV patients with severe COVID-19 (n = 9) and non-severe COVID-19 (n = 20), and the rest of the cohort (n = 281).

Table 1. Characteristics of the patients diagnosed with COVID-19 and non-COVID-19 patients.

Subjects’ characteristics All patients Non-COVID-19 group COVID-19 group p

Number of patients 310 281 (91) 29 (9)
Age (years), median (IQR) 67 (53.5–76.0) 68 (55.0–77.0) 60 (40.5–72.5) 0.02
Gender, female/male 157/153 (50.5–49.5) 143/138 (51/49) 14/15 (50/50) ns
Diagnosis ns

GPA 232 210 22
MPA 56 51 5
EGPA 22 20 2

ANCA
None 16 12 4 ns
PR3 206 186 20
MPO 83 78 5
Both 5 5 0

Lung involvement* 170 (55) 151 (54) 19 (66) ns
Renal involvement† 169 (55) 152 (54) 17 (59) ns
eGFR (mL/min/1.73 m2), median (IQR) 64 (47.5–781.5) 64 (47.5–78.0) 73.0 (49.0–87.5) ns
Treatment

Number on prednisolone 145 (47) 130/281 (46) 15/29 (52) ns
Prednisolone dose (mg/day) (median, min–max) 5 (0.625–50) 5 (0.625–20) 6.25 (2.5–50) < 0.01
DMARD‡ 201 (65) 182 (65) 19 (65.5) ns
Induction therapy (RTX and/or CYC) 11 (3.5) 7 (2.5) 4 (14) < 0.01

RTX induction 4 3 1
RTX and CYC induction 1 0 1
CYC induction 6 (2) 4 (2) 2 (7) ns

RTX maintenance 87 (28) 79 (28) 8 (28) ns

Data are shown as n or n (%), unless otherwise indicated. 
*Pulmonary involvement (ever) defined as the presence of clinical/radiological findings (evidenced by high-resolution computed 
tomography chest scans) consistent with AAV. 
†Kidney involvement (ever) defined as kidney biopsy findings consistent with pauci-immune vasculitis or clinical presentation with 
affected kidney function and/or significant haematuria (≥ 2 on dipstick urinalysis or > 10 erythrocytes per high-power field on 
urinary sediment). 
‡Methotrexate, azathioprine, mycophenolate mofetil. 
COVID-19, coronavirus disease 2019; IQR, interquartile range; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; 
EGPA, eosinophilic granulomatosis with polyangiitis; PR3, proteinase-3; MPO, myeloperoxidase; eGFR, estimated glomerular 
filtration rate; DMARD, disease-modifying anti-rheumatic drug; RTX, rituximab; CYC, cyclophosphamide; ns, not significant. 
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proportion of patients with COVID-19 (4/29, 14%) 
were on induction therapy (CYC and/or RTX) com-
pared to non-COVID-19 patients (7/281, 2.5%) 
(p < 0.01), but there was no difference regarding the 
use of CYC only (ns) (Table 1).

The range of AAV disease duration prior to COVID- 
19 infection was 4–339 months (median 118 months).

In patients with severe COVID-19, seven out of nine 
(78%) had prednisolone treatment compared to eight 
out of 20 (40%) in the non-severe group. The median 
prednisolone dose was higher in patients with severe 
COVID-19 [7.5 mg (IQR 5–50 mg] compared with 
those with non-severe disease [5 mg (IQR 2.5–5 mg)] 
(p = 0.02) (Table 2).

In the severe COVID-19 group, seven out of nine 
patients were on DMARDs, compared with 12 out of 20 

in the non-severe group (ns). Three patients (33%) were 
on induction therapy versus one patient (5%) in the non- 
severe group (p = 0.08). Two severe patients were 
treated with CYC versus none in the non-severe group 
(p = 0.05). There was no difference when comparing 
severity versus non-severity in patients on RTX main-
tenance therapy in doses ranging from 500 to 1000 mg 
every 6 months (Table 2).

Kidney function and COVID-19

The median eGFR was 64 mL/min/1.73 m2 and did not 
differ between patients with and those without COVID- 
19 (ns) (Table 1). However, patients with severe 
COVID-19 had a lower eGFR prior to infection [median 
53 mL/min/1.73 m2 (IQR 28.5–67.5 mL/min/1.73 m2) 
compared to non-severe cases [median 80.5 mL/min/ 
1.73 m2 (IQR 61.5–89.0 mL/min/1.73 m2)] (p = 0.01) 
(Figure 1B).

Discussion

In this study, we report a high incidence of severe 
COVID-19 in patients with AAV, adding to previous 
data (9), with a high mortality rate in affected indivi-
duals. Risk factors for severe COVID-19 were impaired 
kidney function, more intense immunosuppressive ther-
apy, which may also reflect an active AAV disease state 
as a potential risk, and a trend for age. There were fewer 
older AAV patients with COVID-19, suggesting that 
they were better at shielding. RTX as maintenance 
therapy, however, did not increase the risk of severe 
COVID-19, which is a novel and reassuring finding. 
Neither gender nor AAV subtype or antibody type was 
associated with severe disease.

Prednisolone doses were significantly higher in indi-
viduals with severe COVID-19 compared with non- 
severe patients, which can probably be explained by 
higher doses during ongoing or recent induction ther-
apy. A higher proportion of patients with COVID-19 
was also on other induction therapy (RTX and/or CYC), 
compared to non-COVID-19 patients.

Treatment data and outcome for 694 COVID-19 
patients with inflammatory rheumatic and musculoske-
letal diseases from a French registry reported that older 
age, comorbidities including CKD, and use of predni-
sone ≥ 10 mg/day or equivalent, mycophenolate mofetil, 
or RTX were linked with COVID-19 severity, but meth-
otrexate, tumour necrosis factor inhibitors, and interleu-
kin-6 inhibitors were not (10). Furthermore, the 
COVID-19 Global Rheumatology Alliance published 
a retrospective study, including 352 patients with 
AAV. Older age, higher disease activity, and treatment 
with CYC and RTX, compared to no DMARDs, were 
associated with severe infection. Among comorbidities, 
only CKD was associated with a higher risk of severe 

Table 2. Characteristics comparing non-severe and severe 
COVID-19 infection.

Subjects’ characteristics
Non-severe 
COVID-19

Severe 
COVID-19 p

Number of patients 20 (69) 9 (31)
Age (years), median (IQR) 51 (35.5–64.5) 69 (55.5– 

75.0)
0.07

Gender, female/male 10/10 (50/50) 4/5 (45/55) ns
Diagnosis ns

GPA 16 6
MPA 3 2
EGPA 1 1

ANCA ns
None 2 2
PR3 15 5
MPO 3 2
Both 0 0

Lung involvement 13 (65) 6/9 (67) ns
Renal involvement 11(55) 6/9 (67) ns
eGFR (mL/min/1.73 m2), 

median (IQR)
80.5 (61.5– 

89.0)
53.0 (28.5– 

67.5)
0.01

Treatment
Number on prednisolone 8 (40) 7 (78) ns
Prednisolone dose (mg/ 
day), median (IQR)

5.0 (2.5–7.5) 7.5 (5.0– 
50.0)

0.02

DMARD 12 (60) 7 (78) ns
Induction therapy (RTX 
and/or CYC)

1 (5)* 3 (33)† 0.08

RTX induction 1 1
RTX and CYC induction 0 1
CYC induction 0 1 (22) 0.05

RTX maintenance 7 (35) 1 (11) ns

Data are shown as n or n (%), unless otherwise indicated. 
*Received RTX only. 
†One patient received RTX only, one combination RTX and 
CYC, and one CYC only. 
COVID-19, coronavirus disease 2019; IQR, interquartile range; 
GPA, granulomatosis with polyangiitis; MPA, microscopic 
polyangiitis; EGPA, eosinophilic granulomatosis with polyan-
giitis; PR3, proteinase-3; MPO, myeloperoxidase; eGFR, esti-
mated glomerular filtration rate; DMARD, disease-modifying 
anti-rheumatic drug; RTX, rituximab; CYC, cyclophosphamide; 
ns, not significant. 
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COVID-19. In the total cohort, a daily dose of predni-
solone > 10 mg, compared to no prednisolone, was also 
associated with more severe COVID-19 (11). The UKI-
VAS results published by Rutherford et al comprised 65 
COVID-19-infected patients with vasculitis, including 
55 patients with AAV. An increased risk of severe 
disease outcome was found in patients with comorbid 
respiratory disease and any dose of prednisolone at 
presentation (12).

Previous lung involvement did not seem to predis-
pose for more severe infection in our study, whereas 
impaired kidney function did. The latter has been shown 
to be an independent risk factor for severe and fatal 
COVID-19 (3). Importantly, incomplete kidney func-
tion recovery after COVID-19 has also been reported 
in patients with glomerulonephritis and vasculitis, and 
thus warrants increased attention (13).

The current study has both strengths and weaknesses. 
The study population comprises a large cohort with 
well-characterized patients and consistent data collec-
tion. However, we have not been able to gather infor-
mation on, and correct for, other risk factors known to 
be associated with severe COVID-19, such as obesity 
and comorbidities other than CKD and previous lung 
involvement. Moreover, some cases may have been 
missed owing to the retrospective collection of data, 
and some patients who were deemed to be inactive 
based on their latest visit may have had subclinical 
disease. Finally, patients in Stockholm were included 
in 2020 through March 2021 and those in Uppsala up to 
May 2021. The vaccine rollout for risk groups such as 
AAV started in late March–April of 2021 in Sweden 
and it is therefore unlikely that vaccines had 
a substantial impact on the results of this study.

The novel and reassuring finding that RTX mainte-
nance therapy was not associated with a more severe 
disease course suggests that adjusting immunosuppres-
sive therapy is important when clinically possible. It is, 
however, well known that B-cell depletion suppresses 
the vaccine antibody response, hampering protection 
against COVID-19 infection (14). Postponing mainte-
nance therapy with RTX in stable inactive patients may 
therefore be considered to achieve better vaccine 
response.

Conclusion

In summary, patients with AAV are at risk of severe 
COVID-19 driven by known risk factors such as older 
age, but also impaired kidney function. Higher steroid 
doses and ongoing induction therapy are also significant 
risk factors, which raises questions about the optimal 
induction treatment in a pandemic situation. Our find-
ings highlight the need for continued shielding and 

mitigation strategies, early recognition of COVID-19, 
and a strategy for prompt vaccination and booster doses 
in AAV patients.
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