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D
espite great improvement in anti-neutrophil cyto-
plasmic antibody (ANCA)�associated vasculitis

(AAV) management,S1 morbidity and mortality of
AAV patients remain significantly higher than in
the general population. Indeed, 5-year mortality rate
reaches 20% to 25%,1,2 mainly due to kidney and
lung involvement.S2 Causes of death have been widely
analyzed, and have related to vasculitis activity, car-
diovascular events, cancers, and infections1,3,S1 in a
complex interplay of baseline comorbidities, vasculitis
activity, and regimen toxicity. Infections are not only
the leading cause of death in the early phases of
remission-induction treatment, but also account for
substantial mortality in the long term.4,S1 Thus, the
identification of subgroups of AAV patients with a
higher risk of infection may be of great help in imple-
menting preventive strategies such as dose regimen
adjustment and prophylaxis with anti-infectious
drugs.

Previous studies have shown that infection risk is
greater within the first months of immunosuppressive
treatment, and have suggested older age, renal
impairment, pulmonary involvement, high disease ac-
tivity, steroid dose, or lymphopenia as potential risk
factors for infection in AAV patients.5-8,S3�S5 However,
to date, no study has addressed whether risk factors of
International Reports (2021) 6, 1161–1165
infection vary over time. Thus, the aim of this study
was to analyze time-dependent variations in risk fac-
tors for severe infections.

RESULTS

Baseline Data

The study population included 168 patients with more
than 3 months’ follow-up. In all, 144 patients (85.7%)
had ANCA-glomerulonephritis (ANCA-GN) confirmed
at kidney biopsy, and 24 (14.3%) had signs of kidney
injury enabling ANCA-GN diagnosis. The median age
at presentation was 68.0 years (range, 57.0�74.0 years),
with a predominance of male patients (61.9%). Mye-
loperoxidase- and PR3-ANCAs were detected in 114
(67.9%) and 52 (31.0%) patients, respectively. Two
patients were ANCA negative. The median Birmingham
Vasculitis Activity Index (BVAS) was 16.0 (range,
12.0�20.0). The median estimated glomerular filtration
rate (eGFR) was 18.1 ml/min per 1.73 m2. Remission-
induction treatment consisted mainly of cyclophos-
phamide and steroid pulses. The median follow-up of
the cohort was 47.9 (range, 18.4�93.7) months, during
which 46 (27.4%) patients developed end-stage kidney
disease and 43 (25.6%) died. Infections (32.5%), car-
diovascular diseases (25.6%), and vasculitis (20.9%)
represented the main causes of death. Death was related
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to cancer in 3 patients (7%), and the cause of death was
not recorded in 6 patients (14%). These data are
detailed in Supplementary Table S1.

Severe Infections and Pathogens

A total of 235 severe infections developed in 90 patients
(53.6%), predominantly bacterial (79.6%) and most
often affecting the lung (40.6%). Of 105 positive cul-
tures, gram-negative bacteria were the most frequently
isolated germs (59%) (Supplementary Tables S2 and S3).
Most patients experienced their first severe infectious
episode within the first months following ANCA-GN
diagnosis (Figure 1a), and 48 (25%) experienced 3 or
more infectious episodes during follow-up (Figure S1).
The overall infection rate was 27.7 episodes per 100
person-years: 140.8/100 person-years between diagnosis
and month 3; 60.0/100 person-years between month 3
and month 6, decreasing after month 6, and remaining
stable thereafter (Figure 1c and d).

Predictors of Severe Infection

In the univariable analysis, age, intensive care unit
(ICU) admission, eGFR, need for kidney replacement
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Figure 1. Infectious episodes in the cohort. (a) Survival free of sever
trimethoprim�sulfamethoxazole prophylaxis. Temporal trends in infection r
In (c) and (d), results are expressed using rate per 100 person-years
ANCA�associated vasculitis; ANCA, anti-neutrophil cytoplasmic antibody

1162
therapy (KRT) at diagnosis (dialysis), C-reactive pro-
tein level, lymphocyte count at ANCA-GN diagnosis,
and prophylaxis with trimethoprim�sulfamethoxazole
(TMP/SMX) were significantly associated with the risk
of severe infection during follow-up (Table S4). In the
multivariable analysis, older age (hazard ratio [HR] ¼
1.04, 95% confidence interval [CI] ¼ 1.02�1.04), ICU
admission (HR ¼ 2.27, 95% CI ¼ 1.13�4.56), and
KRT at diagnosis (HR ¼ 1.84, 95% CI ¼ 1.01�3.35)
were significantly associated with an increased risk of
infection (Table 1). Treatment with TMP/SMX (HR ¼
0.58, 95% CI ¼ 0.38�0.89) was associated with a
decreased risk of severe infections (Table 1) and was
also associated with longer survival free of severe
infection (Figure 1b). Subgroup analysis showed that
TMP/SMX tended to be associated with longer sur-
vival free of bacterial and fungal infection, but not
viral infection (Supplementary Figure S2). Moreover,
TMP/SMX prophylaxis tended to be associated with
fewer Pneumocystis jirovecii infections (2 infected pa-
tients under TMP/SMX prophylaxis vs. 5 patients
without prophylaxis at the end of follow-up, P ¼
0.098).
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Table 1. Multivariate Cox analysis of risk factors associated with first infectious event
Multivariate analysis of risk factor for severe infections

All infections Early infections Late infections

HR CI P HR CI P HR CI P

Baseline characteristics at ANCA-GN diagnosis

Sex, male

Age, yr 1.04 1.02–1.06 <0.001 1.04 1.01–1.07 0.003 1.02 1.00–1.05 0.058

BMI, kg/m2

Hypertension

Diabetes mellitus

ANCA-associated vasculitis characteristics

Newly diagnosed

Admission in ICU at ANCA-GN diagnosis 2.27 1.13–4.56 0.022 2.24 1.07–4.69 0.031

BVAS at AAV at ANCA-GN diagnosis

MPO-ANCA or no ANCA 1.56 0.72–3.38 0.265

Organ involvement

Cutaneous signs

Ear, nose, throat

Heart

Digestive

Lung

Neurological

Kidney, at ANCA-GN diagnosis

eGFR, ml/min per 1.73 m2 a 0.99 0.89–1.10 0.990 1.09 0.95–1.25 0.227 1.06 0.87–1.29 0.580

Need for kidney replacement therapy 1.84 1.01–3.35 0.045 2.05 0.97–4.34 0.061 1.38 0.64–2.94 0.411

Renal limited vasculitis, versus systemic vasculitis

Biology at ANCA-GN diagnosis

C-reactive protein, mg/lb

Serum albumin, g/l

Lymphocyte count, g/lc

Immunoglobulin level, g/ld

Remission-induction regimen

Cyclophosphamide 1.85 0.62–5.49 0.270

Rituximab

Methylprednisolone pulses 1.59 0.61–4.11 0.337

Plasma exchange 1.64 0.90–2.99 0.109

Prophylaxis with TMP/SMX 0.58 0.38–0.89 0.014 0.61 0.35–1.06 0.081

Maintenance treatment

Steroids at mo 6

Steroids >10 mg/d, mo 6

Azathioprine

Rituximab

Renal function

eGFR at mo 6, ml/min per 1.73 m2 b 0.80 0.64–0.99 0.046

Infection between ANCA-GN diagnosis and mo 6

ANCA, anti-neutrophil cytoplasmic antibodies; BMI, body mass index; BVAS, Birmingham Vasculitis Activity Index; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; ICU,
intensive care unit; MPO, myeloperoxidase; TMP/SMX, trimethoprim�sulfamethoxazole.
Bold values mean P-value < 0.05.
aPer 10 ml/min per 1.73 m2 increment.
bPer 10 mg/l increment; data available for 150 patients, excluded from multivariable model.
cData available for 129 patients, excluded from multivariable model.
dData available for 119 patients.
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Temporal Trend Analysis of Infection Risk

Factors

Next, we performed a temporal analysis of risk factors,
differentiating the first 6 months of follow-up for early
infections, and after 6 months for late infections. A
total of 52 patients developed a severe infection within
the first 6 months, and 58 patients after 6 months.

For early infection, in the univariable analysis, risk
factors were age, admission to the ICU at diagnosis,
Kidney International Reports (2021) 6, 1161–1165
KRT need at diagnosis, and cyclophosphamide used as
remission-induction regimen (Supplementary
Table S4). In the multivariable analysis, only age
(HR ¼ 1.04, 95% CI ¼ 1.01�1.07) and ICU admission at
diagnosis (HR ¼ 2.24, 95% CI ¼ 1.07�4.69) remained
significantly associated with the risk of early infection
(Table 1).

For late infections, in the univariable analysis, risk
factors were age, MPO-ANCAs, eGFR at diagnosis,
1163
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month 6 eGFR, and TMP/SMX prophylaxis
(Supplementary Table S4). In the multivariable anal-
ysis, only eGFR at 6 months was associated with late
infection risk (HR ¼ 0.80, 95% CI ¼ 0.64�0.99). Age
(HR ¼ 1.02, 95% CI ¼ 1.00�1.05) and TMP-SMX
(HR ¼ 0.61, 95% CI ¼ 0.35�1.06) tended to be asso-
ciated only with late infections (Table 1).
DISCUSSION

To the best of our knowledge, this study is the first to
address the risk factors for infection in ANCA-GN pa-
tients by performing a temporal trend analysis. The
major finding is that risk factors vary over time. Early
infections that are associated with the induction
immunosuppressive drug regimen are favored by older
age and the need for ICU admission at diagnosis.
Conversely, late infections are associated mainly with
poorer kidney function at 6 months.

It is interesting, but not surprising, that kidney
impairment was the only significant risk factor associ-
ated with late infections in the multivariable analysis,
with each 10 ml/min per 1.73 m2 eGFR decrease
conferring a 20% increase in infection risk. This sug-
gests that renal function becomes the main risk factor
for infection, more so than other classic risk factors,
such as age.

Another important finding was that TMP/SMX
prophylaxis was independently associated with a 40%
risk reduction of severe infection. Interestingly, this
effect was observed mainly for late infections and is in
line with a recent study showing a 70% risk reduction
of severe infections under TMP/SMX prophylaxis in
AAV patients treated with rituximab as a remission-
induction regimen.9 This may be explained by the
fact that besides its action on P. jirovecii, TMP/SMX is
also active on bacteria. TMP/SMX is commonly used to
prevent P. jirovecii infections and has been recom-
mended by the European League Against Rheumatism
(EULAR) and the European Renal
Association�European Dialysis and Transplant Asso-
ciation (ERA-EDTA) for patients treated with cyclo-
phosphamide.S6 However, no formal recommendation
is given on how long it should be maintained.

We are able to confirm that severe infections are
very common in ANCA-GN patients,2,5 corroborating a
recent multicenter retrospective study showing a
higher incidence in these patients as compared to an
age- and sex-matched population.2 The high infection
risk at ANCA-GN diagnosis may be explained by
different commonly admitted factors such as high
vasculitis activity and a heavy immunosuppressive
drug regimen. Previous studies, not specifically con-
ducted in ANCA-GN patients, have identified older
1164
age, impaired kidney function, and dialysis de-
pendency at diagnosis as constant risk factors for
infection,4,5,9 which we also found in our study.

In recent large trials (MEPEX and PEXIVAS tri-
als),S7,S8 infections represented a major risk factor for
death in ANCA-GN patients. Our observation that
kidney function at month 6 (and not at ANCA-GN
diagnosis) is the major risk factor for late infection
suggests that infection risk may decrease if kidney
function improves following remission-induction
treatment. Thus, early ANCA-GN diagnosis and
prompt initiation of immunosuppressive treatments, by
maximizing the changes in renal recovery, appear as to
be major factors in the reduction of infection risk.

It is important, and in line with recent prospective
trials, that we did not observe any difference in
infection risk according to type of immunosuppressive
drug regimen.S9,S10 A previous retrospective study also
showed that maintaining a low dose of steroids after 6
months was associated with an increased infection
risk.6 Despite infection risk tending to be higher in
patients maintaining steroids at 6 months in our study,
it did not reach statistical significance. In opposition to
some past studies showing an increased rate of severe
infection in patients with ear�nose�throat or pulmo-
nary (i.e., endobronchial stenosis) involvement,9,S4 we
did not observe any impact of extrarenal AAV
involvement or of ANCA subtype on infection risk.
These discrepancies may be related to the selection of
ANCA-GN patients with severe renal impairment in
our study.

The limitations of our study must be underlined: the
observational and retrospective design, and inclusions
covering a 20-year period with substantial modifica-
tions in therapeutic strategies. Moreover, vaccination
status against influenza and pneumococcus were not
available, and their frequencies may have increased
over time. Finally, ICU admission was identified as a
risk factor for early infection; however we cannot
exclude the possibility that infection was in fact the
cause of ICU admission at least in some patients.

In conclusion, our study, performed in a large and
well-characterized cohort of ANCA-GN patients,S11,S12

displaying an incidence of serious infectious events
in line with the current literature, identifies different
risk factors over time. Early infections were associated
with older age and severity of the vasculitis, or the
presence of high comorbidity (ICU requirement),
whereas late infections were instead associated with
kidney function. Importantly, we found that long-term
prophylaxis with TMP/SMX was associated with a
decreased risk of mainly late infections. These data
open new perspectives for infection prevention in
ANCA-GN, suggesting a further focus in prospective
Kidney International Reports (2021) 6, 1161–1165
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studies on the long-term use of TMP/SMX in ANCA-
GN patients.
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