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ABSTRACT
Objective. To estimate the impact of 
vaccinations, infections and traumatic 
life events on the disease activity of a 
web-based cohort of systemic necrotis-
ing vasculitis (SNV) patients.
Methods. Adults diagnosed with SNV 
self-reported vaccinations, infectious 
episodes and traumatic life events 
every 3 months during follow-up on a 
secure dedicated website. Participants 
reported information on disease activ-
ity assessed with 3 scores: the French 
version of the Medical Outcome Study 
Short Form-36 (SF-36), the visual nu-
merical scale for Patient Global As-
sessment (PGA) and the modified Dis-
ease Extent Index (mDEI).
Results. Between December 2005 and 
October 2008, 145 participants (mean 
± SD age 53±13 years; 57% males) 
were included. Mean follow-up was 
445±325 days. SNVs were distributed 
as follows: 46% granulomatosis with 
polyangiitis (Wegener’s), 22% eosino-
philic granulomatosis with polyangii-
tis (Churg-Strauss), 18% polyarteritis 
nodosa and 8% microscopic polyangii-
tis. During follow-up, 94 vaccinations, 
57 acute infectious episodes and 274 
traumatic life events were reported. In 
univariate and multivariate analyses, 
only traumatic life events were signifi-
cantly associated with decreased SF-36 
mental and physical component scores. 
No significant SF-36, PGA and mDEI 
scores variations were reported during 
the 3 months following acute infectious 
episode or vaccine administration.
Conclusion. No significant clinical im-
pact of vaccinations on SNV activity 
was found in this prospective observa-
tional study.

Introduction
Systemic necrotising vasculitides 
(SNVs) are multisystem diseases char-
acterised by inflammation and necro-
sis of small- and medium-sized blood 

vessels. Infections are more frequent 
and severe in SNV patients, mainly 
because of widespread use of immuno-
suppressive therapies (1). Vaccination 
against vaccine-preventable diseases 
is therefore crucial, but immunisation 
rates remain low (2, 3). The reticence 
of physicians and patients partly re-
flects the difficulty of balancing the 
perceived risk of disease aggravation 
versus the vaccine-conferred protec-
tion. SNV are a very heterogeneous 
group of diseases, and their pathogen-
eses are poorly understood (4, 5). The 
triggering events initiating and driv-
ing SNVs are unknown and may vary 
among the different entities. An asso-
ciation between SNV and environmen-
tal risk factors, including vaccines, has 
been advanced previously (6-9).
To determine more clearly the impact 
of vaccines, infections and traumatic 
life events on disease activity, we es-
tablished via the Internet a cohort of 
SNV patients who prospectively self-
reported information on their disease 
activity and exposures of interest. Dur-
ing follow-up, some patients received 
routine vaccinations according to local 
practices and national recommenda-
tions, had acute infections or experi-
enced stressful life events. This inno-
vative patient-centered approach and 
the heterogeneity of patients’ experi-
ences enabled us to assess the impact 
of such events on the course of SNVs.

Patients and methods
Study procedure and data collected
Participants were recruited in Decem-
ber 2005 from the French Vasculitis 
Study Group (FVSG) database. To be 
eligible, a patient had to be ≥18 years 
old, have a SNV fulfilling the Chapel 
Hill Consensus Conference definitions 
or American College of Rheumatology 
classification criteria for SNV (10, 11) 
and have access to Internet through-
out the study period. First, 125 pa-
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tients followed by 2 of the authors in 
a tertiary referral centre were asked to 
participate. Among them, 55 did not 
respond, 3 declined participation and 
24 did not meet the inclusion criteria; 
finally, 43 SNV patients were enrolled. 
To increase recruitment, an email was 
subsequently sent to the 548 physicians 
registered in the FVSG mailing list, in-
viting their patients to participate. This 
procedure recruited an additional 102 
patients, leading to a total of 145 par-
ticipants, who were asked to log on to 
a secure website to complete a stand-
ardised auto-questionnaire at inclusion, 
then every 3 months during follow-up. 
At inclusion, participants provided in-
formation on their demographic and 
socioeconomic status, date of SNV 
diagnosis and treatments received. 
Thereafter, every trimester, they were 
asked to complete a questionnaire on 
selected remarkable events - vaccina-
tions, episodes of infection or traumat-
ic life events - that had occurred since 
the last connection. 

Definitions
Vaccinations. Vaccine administration 
was self-reported. The following list 
of commercialised vaccines (given 
with vaccine antigens and commercial 
names) was suggested to the partici-
pants: diphtheria-tetanus-poliomyeli-
tis, seasonal influenza, pneumococcal 
and meningococcal diseases, hepatitis 
A and B, rubella, typhoid, Japanese en-
cephalitis, tick-borne encephalitis, yel-
low fever and rabies.
Infections. Participants were asked to 
report any clinical episode of infection 
with a brief description of symptoms, 
consequences (consultation or hospitali-
sation) and treatments administered for 
the event. Information entered by the 
patients was reviewed by an internist, 
blinded to the other sections of the ques-
tionnaire. Clinical infectious episodes 
were defined as the sudden onset of 
compatible clinical manifestations e.g., 
cough, runny nose, polyuria or fever.
Stressful or traumatic life events. Ex-
amples of stressful events were given 
in the questionnaire, e.g., death of a 
relative, any disease or serious problem 
affecting a relative, or financial or legal 
problems (12). The participant scored 

each of traumatic life event from 0 
(“the event did not affect me at all”) 
to 10 (“the worst possible emotional 
impact”). Only events of intensity ≥5 
were considered stressful or traumatic.

Quality-of-life and disease activity
During follow-up, SNV activity was 
evaluated every trimester with 3 scores. 
Medical Outcome Study Short-Form-36 
(SF-36). In the analysis, the SF-36 was 
divided into mental (MCS) and physi-
cal component scores (PCS), both rang-
ing from 0 (most impaired quality of 
life) to 100 (best quality of life). 
Patient Global Assessment (PGA). Par-
ticipants were asked to self-evaluate 
their disease activity on a scale ranging 
from 0 (totally inactive) to 10 (highly 
active). 
Disease Extent Index® (DEI). The DEI 
was initially designed and validated for 
physicians to assess disease staging and 
grading in patients with anti-neutrophil 
cytoplasm antibody-associated vas-
culitides (13). For the purpose of this 
study, a modified version of the DEI 
(mDEI) was developed to allow patient 
self-reporting. DEI items were rewrit-
ten with syntactical modifications to 
improve patients’ comprehension: e.g. 
the item “nasal obstruction, crusty, 
bloody discharge” was rephrased to 
“stuffy nose, bloody or crusty discharge 
from the nostrils”. The mDEI was cal-
culated like the DEI, and ranged from 
0 (SNV in complete remission) to 21 
(highly active SNV).

Statistical methods
Our analysis evaluated the relation-
ship between ‘exposure variables’ (i.e., 
vaccines, infections and traumatic life 
events) and ‘outcome measures’ (SF-
36, PGA and mDEI). A generalised 
estimating-equation approach was used 
to account for repeated measurements. 
The score change over a trimester was 
estimated by taking into considera-
tion the occurrence of exposure events 
during that time period and adjust-
ing to the score value at the previous 
connection, as previously described 
(12). Briefly, the effect of vaccination 
was tested by comparing SF-36, PGA 
and mDEI changes over the 3-month 
periods during which the patient had 

been vaccinated (‘exposed periods’) to 
changes over periods without any vac-
cination (‘non-exposed periods’). For 
each exposure, the analysis yielded the 
expected score variation after expo-
sure during the previous trimester. All 
exposure variables, age and sex were 
included in univariate and multivariate 
analyses. In the latter, backward se-
lection of variables was done until all 
remaining variables achieved p<0.05. 
Robust variances were used for tests 
and confidence intervals. Statistical 
analyses were computed with the R 
software version 2.13.2 (R Develop-
ment Core Team, R Foundation for 
Statistical Computing, Vienna, Aus-
tria). The study was approved by the 
Ambroise-Paré Hospital Institutional 
Review Board and informed consent 
was obtained from every participant.

Results
Between December 2005 and October 
2008, the 145 study participants (mean 
± standard deviation (SD) age 53±13 
years; 83 males (57%)) connected 
1,213 times to the website, for a mean 
of 9±2.7 connections per participant, 
with a mean of 115±51 days between 
2 connections and mean follow-up of 
445±325 days. Almost half of the pa-
tients (n = 66, 46%) had granuloma-
tosis with polyangiitis (Wegener’s), 
31 (22%) eosinophilic granulomatosis 
with polyangiitis (Churg-Strauss), 26 
(18%) polyarteritis nodosa and 12 (8%) 
microscopic polyangiitis (Table I). The 
SNV had been diagnosed a mean of 
6.9±5.3 years earlier. At study enroll-
ment, 91 (63%) participants were taking 
corticosteroids, 82 (57%) an immuno-
suppressant. Corticosteroids and an im-
munosuppressive agent were associated 
in 62 patients (56%). Fifty-nine (41%) 
participants had a university degree and 
52 (36%) worked full-time at inclusion. 
Among the 78 (54%) participants with 
no professional activity, 43 (55%) were 
retired and 26 (33%) were on long-term 
disability. At study enrolment, the mean 
MCS was 62.1±19.9, PCS 57.7±21.9, 
PGA 3.2±2.2 and mDEI 4.2±3.6). Six-
ty six different participants received 
103 vaccinations during the study pe-
riod: 70 against seasonal influenza, 16 
against diphtheria-tetanus-poliomyeli-
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tis, 7 against hepatitis B, 5 against in-
vasive pneumococcal disease, 2 against 
hepatitis A and typhoid, and 1 against 
rubella. During follow-up, 93 and 47 
participants respectively self-reported 
274 traumatic life events or 57 acute in-
fectious episodes. All patients (n=145) 
were included in the statistical analysis, 
including those without any event.
According to our univariate and mul-
tivariate analysis (Table II), only trau-
matic life events – not vaccinations or 
infections – were significantly associ-

ated with decreased SF-36 scores: -10.3 
for MCS (95% confidence Interval [CI] 
-14.8; -5.7, p=10–5) and -5.4 for PCS 
(95% CI –10.0; –0.7, p=0.02), with no 
significant impact on PGA, or mDEI. 
The multivariate analysis retained only 
traumatic life events as being signifi-
cantly associated with SF-36 MCS and 
PCS variations.

Discussion
The role of infections and vaccina-
tions in triggering or worsening SNV 

has long been debated. Disease flares 
post-vaccination have been reported, 
particularly in patients with eosino-
philic granulomatosis with polyangiitis 
(Churg-Strauss) (6-8). In a prospective 
study on 199 patients with autoim-
mune diseases, 6 mild disease flares 
were reported during the 30 days fol-
lowing the administration of seasonal 
or pandemic influenza vaccines (9). 
However, distinguishing between true 
vaccine-caused adverse reactions and 
events only temporally associated by 
chance is difficult. To address this is-
sue, we compared, for each participant, 
SNV activity during periods with or 
without exposure to vaccines, infec-
tions or traumatic life events. With this 
approach, no significant SF-36, PGA 
or mDEI changes were observed dur-
ing the 3 months following vaccina-
tions or infections, while traumatic life 
events had a negative impact on PCS 
and MCS. According to our computa-
tions, if exposure always triggered a 
score change, the number of patients 
included would have made it possible 
to demonstrate with 80% probabil-
ity (i.e. statistical power was 80% for 
these differences) a 5-point difference 
for SF-36, 0.5 for PGA and 0.9 for 
mDEI. Smaller changes would have 
been more difficult to discern. Howev-
er, in light of the observed small effect- 
sizes, it is unlikely that vaccination has 
a clinically meaningful impact on any 
of the analysed outcome measures. 
Our study relied on patients’ self-as-
sessment of SNV activity through 3 
clinical scores. Initially, those scores 
were not designed to be self-admin-
istered. However, the agreements be-

Table I. Baseline characteristics of study participants. Results are presented as n (%) or 
median (range).
	
Study participants	 n=145

Females		 62	 (43)
Age, years	 53	 (22; 84)
Educational level	
       Middle School or less	 11	 (8)
       High School	 74	 (51)
       College or more	 59	 (41)
Comorbidities	
	 Hypertension	 37	 (26)
	 Asthma	 36	 (25)
	 Current smoker	 21	 (15)
	 Diabetes mellitus	 8	 (6)
	 Stroke	 7	 (5)
Vasculitis	
	 Granulomatosis with polyangiitis	 66	 (46)
	 Eosinophilic granulomatosis with polyangiitis	 31	 (22)
	 Polyarteritis nodosa	 26	 (18)
	 Microscopic polyangiitis	 12	 (8)
Time since diagnosis of vasculitis, years	 6	 (<1; 24)
Treatments	
	 Corticosteroids	 91	 (63)
		  Daily dose of equivalent-prednisone, mg	 7	 (1 ; 70)
	 Immunosuppressive agents	 82	 (57)
		  Mycophenolate mofetil	 22	 (15)
		  Azathioprine	 48	 (33)
		  Methotrexate	 12	 (27)
		  Cyclophosphamide	 3	 (2)
		  Ciclosporine	 1	 (0.5)
		  Infliximab	 1	 (0.5)
		  Rituximab	 1	 (0.5)

Table II. Multivariate analysis of the variation of each score according to age, sex and each exposure variable*.
 
	 SF-36 MCS	 SF-36 PCS	 Patient Global Assessment	 Modified Disease Extent Index#

Exposure variable†	 Estimate [95% CI]	 p‡	 Estimate [95% CI]	 p‡	 Estimate [95% CI]	 p‡	 Estimate [95% CI]	 p‡

Age	 –0.1	 [-0.2 ; +0.1]	 0.23	 –0.1	 [-0.2 ; 0.0]	 0.10	 0.0	 [0.0 ; 0.0]	 0.5	 0.0	 [0.0 ; 0.0]	 0.20
Sex	 -0.2	 [-4.0 ; +3.5]	 0.90	 +1.1	 [-2.4 ; +4.6]	 0.55	 -0.1	 [-0.5 ; +0.4]	 0.73	 +0.2	 [-0.3 ; +0.7]	 0.37
Vaccination	 +0.4	 [-5.1 ; +5.9]	 0.88	 +2.7	 [-3.2 ; +8.7]	 0.37	 +0.1	 [-0.5 ; +0.7]	 0.84	 -0.4	 [-1.2 ; +0.3]	 0.21
Traumatic event	 -10.3	 [-14.8 ; -5.7]	 10–5	 -5.4	 [-10.0 ; -0.7]	 0.02	 +0.3	 [-0.1 ; +0.8]	 0.12	 +0.4	 [-0.2 ; +0.9]	 0.16
Infection	 +3.4	 [-4.1 ; +10.9]	 0.37	 +0.9	 [-6.1 ; +7.9]	 0.79	 -0.4	 [-1.0 ; +0.2]	 0.18	 -0.2	 [-0.8 ; +0.4]	 0.60

*SF-36: short-form 36;  MCS: mental component score;  PCS: physical component score;  CI: confidence interval.
†For a given vaccination, traumatic event and infectious episode exposure, the estimated regression coefficient (designated “Estimate”) reflects the observed 
score variation when exposure to the variable occurred during the previous 3 months.
‡Wald’s test. #Modified to allow patient self-reporting.
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tween patients’ and physicians’ assess-
ments are excellent and confirm the 
ability of the SF-36 to estimate disease 
progression over time (14-17). PGA 
scores were strongly associated with 
the subsequent occurrence of a disease 
relapse in granulomatosis with poly-
angiitis (Wegener’s) patients (14). The 
results of other studies demonstrated 
the feasibility of PGA to predict sys-
temic lupus erythematosus, rheumatoid 
arthritis, osteoarthritis or cancer activ-
ity (15-17). We developed mDEI that 
could be used for online self-reporting 
with language suitable for patients. In 
other settings, such transformations of 
health-assessment tools designed for 
clinicians into patient-reported ver-
sions have proved appropriate (14). The 
strength of self-administered scores 
is to enable patients to independently 
report information on their disease and 
health status. In addition, each patient 
served as his/her own control, thereby 
limiting biases and confounding fac-
tors. Moreover, patient-driven risk as-
sessment is an interesting approach, 
since patients might prefer being given 
information based on the impressions 
of other patients rather than on physi-
cians’ evaluations alone (16).
This study has several limitations. 
First, although the small sample size 
limited the power of the statistical 
analysis, the study was sufficiently 
powered to detect an impact of trau-
matic life events on SF-36 MPS and 
PCS (p<10–5 and 0.04, respectively). 
Second, the study is mainly based on 
patient reported outcomes and few data 
were available on patients’ clinical 
status (disease manifestations, dam-
age, treatments). Patients rated their 
disease activity with self-administered 
scores, rather than expert-recommend-
ed physician-evaluated clinical activity 
scores. These scores were not designed 
for use by the patients but the results 
of several studies indicated excellent 
agreement between patients’ and physi-
cians’ assessments, and also confirmed 

the ability of SF-36 to estimate disease 
progression over time (14-17). Like all 
observational studies, several biases, 
e.g., recall bias on the date of vaccine 
administration, might have influenced 
the results. However, the prospective 
study design was intended to temper 
the impact of such inaccuracies. Partic-
ipants to this internet-based study may 
also not be representative of the whole 
population of SNV patients, as recog-
nised previously for patients included 
in randomised controlled trials (18).
This innovative, patient-centered ap-
proach used new tools to measure SNV 
activity and evaluate potential epide-
miological links between vaccines and 
disease flares. Such approaches are 
complementary to more fundamental 
or physician-driven studies on vaccina-
tions. The results are reassuring regard-
ing the risk of SNV worsening after 
vaccination.

Acknowledgements
The investigators thank the Unité de 
Recherche Clinique HU PIFO for as-
sistance.

References 
  1.	van ASSEN S, ELKAYAM O, AGMON-LEVIN N 

et al.: Vaccination in adult patients with auto-
immune inflammatory rheumatic diseases: a 
systematic literature review for the European 
League Against Rheumatism evidence-based 
recommendations for vaccination in adult pa-
tients with auto-immune inflammatory rheu-
matic diseases. Autoimmun Rev 2011; 10: 
341-52.

  2.	LANTERNIER F, HENEGAR C, MOUTHON L, 
BLANCHE P, GUILLEVIN L, LAUNAY O: Low 
influenza-vaccination rate among adults re-
ceiving immunosuppressive therapy for sys-
temic inflammatory disease. Ann Rheum Dis 
2008; 67: 1047. 

  3.	MARCHAND-JANSSEN C, LOULERGUE P, 
MOUTHON L et al.: Patients with systemic 
inflammatory and autoimmune diseases 
are at risk of vaccine-preventable illnesses. 
Rheumatology (Oxford) 2011; 50: 1099-105.

  4.	KALLENBERG CG: Pathogenesis and treat-
ment of ANCA-associated vasculitides. Clin 
Exp Rheumatol 2015; 33 (Suppl. 92): S11-4.

  5.	STAGNARO C, CIOFFI E, TALARICO R, DEL-
LA ROSSA A: Systemic vasculitides: a critical 
digest of the most recent literature. Clin Exp 
Rheumatol 2015; 33 (Suppl. 89): S145-154.

  6.	LANE SE, WATTS RA, BENTHAM G, INNES 
NJ, SCOTT DGI: Are environmental factors 
important in primary systemic vasculitis? A 
case-control study. Arthritis Rheum 2003; 
48: 814-23.

  7.	GUILLEVIN L, GUITTARD T, BLÉTRY O, GO-
DEAU P, ROSENTHAL P: Systemic necrotizing 
angiitis with asthma: causes and precipitating 
factors in 43 cases. Lung 1987; 165: 165-72.

  8.	le HELLO C, COHEN P, BOUSSER MG, LETEL-
LIER P, GUILLEVIN L: Suspected hepatitis B 
vaccination related vasculitis. J Rheumatol 
1999; 26: 191-4.

  9.	KOSTIANOVSKY A, CHARLES P, ALVES J-F et 
al.: Immunogenicity and safety of seasonal 
and 2009 pandemic A/H1N1 influenza vac-
cines for patients with autoimmune diseases: 
a prospective, monocentre trial on 199 pa-
tients. Clin Exp Rheumatol 2012; 30 (Suppl. 
70): S83-9.

10.	JENNETTE JC, FALK RJ, ANDRASSY K et al.: 
Nomenclature of systemic vasculitides. Pro-
posal of an international consensus confer-
ence. Arthritis Rheum 1994; 37: 187-92.

11.	FRIES JF, HUNDER GG, BLOCH DA et al.: The 
American College of Rheumatology 1990 
criteria for the classification of vasculitis. 
Summary. Arthritis Rheum 1990; 33: 1135-6.

12.	ZEBOULON-KTORZA N, BOËLLE PY, NAHAL 
RS et al.: Influence of environmental factors 
on disease activity in spondyloarthritis: a 
prospective cohort study. J Rheumatol 2013; 
40: 469-75.

13.	de GROOT K, GROSS WL, HERLYN K, REIN-
HOLD-KELLER E: Development and valida-
tion of a disease extent index for Wegener’s 
granulomatosis. Clin Nephrol 2001; 55: 31-8.

14.	TOMASSON G, DAVIS JC, HOFFMAN GS et 
al.: Brief report: The value of a patient global 
assessment of disease activity in granuloma-
tosis with polyangiitis (Wegener’s). Arthritis 
Rheumatol 2014; 66: 428-32.

15.	KOSINSKI M, KELLER SD, WARE JE, HA-
TOUM HT, KONG SX: The SF-36 health sur-
vey as a generic outcome measure in clinical 
trials of patients with osteoarthritis and rheu-
matoid arthritis:  relative validity of scales in 
relation to clinical measures of arthritis se-
verity. Med Care 1999; 37: MS23-39.

16.	BASCH E, IASONOS A, McDONOUGH T et al.: 
Patient versus clinician symptom reporting 
using the National Cancer Institute Common 
Terminology Criteria for Adverse Events: re-
sults of a questionnaire-based study. Lancet 
Oncol 2006; 7: 903-9.

17.	HANLY JG, UROWITZ MB, JACKSON D et al.: 
SF-36 summary and subscale scores are reli-
able outcomes of neuropsychiatric events in 
systemic lupus erythematosus. Ann Rheum 
Dis 2011; 70: 961-7.

18.	PAGNOUX C, CARETTE S, KHALIDI NA et al.: 
Comparability of patients with ANCA-asso-
ciated vasculitis enrolled in clinical trials or 
in observational cohorts. Clin Exp Rheuma-
tol 2015; 33 (Suppl. 89): S77-83.


