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ABSTRACT
Objectives  Although patients with immune-mediated 
inflammatory diseases (IMID) are thought to be more 
susceptible to viral infections, it is unclear whether their 
presentation differs between patients with IMID and 
healthy controls. This study aimed to investigate the 
symptom pattern of common viral infections in patients 
with IMID and compare it with controls without IMIDs.
Design  A cross-sectional study conducted between 1 
February and 30 April 2020, using a questionnaire.
Setting  Seven tertiary regional care centers in Germany, 
which specialised in the care of patients with IMID 
(namely, in gastroenterology, dermatology, rheumatology 
and immunology clinical care).
Participants  One thousand nine hundred nine 
participants completed the survey (757 patients with IMID; 
1152 non-IMID controls).
Primary outcome measure  The occurrence of 11 
common viral illness symptoms within the preceding 3 
months in patients with IMID and non-IMID controls.
Results  Symptom data were clustered, based on 
number and co-occurrance, into 3 major clusters and 2 
subclusters ranked by the average number of symptoms. 
Patients with inflammatory bowel disease and psoriasis 
were significantly overrepresented in the lower-frequency 
subcluster of the polysymptomatic cluster. Patients 
with rheumatoid arthritis were overrepresented in the 
lower-frequency subclusters of the intermediate and 
oligo-/asymptomatic clusters. Controls were over-
represented only in the higher-frequency subclusters of 
each major cluster where none of the IMIDs were over-
represented. Spondyloarthritis and other IMIDs were also 
overrepresented in the low-frequency subcluster, but 
the results were not significant. Overall, patients with 
rheumatoid arthritis patients reported fewer symptoms 
(rate ratio=0.68, 95% CI, 0.59 to 0.80) than non-IMID 
controls.
Conclusion  Patients with IMID are over-represented in 
low-frequency subclusters, even among individuals who 
have reported a broad range of viral infection symptoms. 
This pattern suggests that the manifestations of viral 

infections are different between patients with IMID and 
controls, thus challenging the accurate and early diagnosis 
of infections.

INTRODUCTION
Respiratory viral infections (RVIs) are among 
the most frequent infectious diseases and 
represent a significant cause of morbidity 
and mortality.1 Besides the negative effect 
on public health, RVIs also impose a consid-
erable economic burden because of unnec-
essary antibiotic prescriptions and absence 
from work or school.2

The clinical presentation of RVIs ranges 
from asymptomatic viral shedding to severe 
life-threatening respiratory distress.1 3 4 The 
presence and intensity of symptoms are orches-
trated by intricate relationships between viru-
lence factors, host susceptibility and host 
response.5 One of the key factors in limiting 
viral replication is the host response.6 Except 
for influenza, human metapneumovirus, 
and SARS-CoV-2, more than 70% of RVIs are 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The study benefits from a large sample size of 1909 
participants, including a diverse and consecutive 
selection of patients with IMID, which enhances the 
statistical power and generalisability of the findings.

	⇒ Data include a diverse sample of patients with IMID 
and a sizable control group from the same area and 
time frame.

	⇒ Symptom data were patient-reported, potentially 
leading to recall and reporting biases.

	⇒ Participants were not tested for intercurrent infec-
tions; therefore, a clear identification of specific vi-
ruses was not possible.
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oligo- or asymptomatic in the general population.7 Upper 
respiratory symptoms are the most common complaint 
among symptomatic individuals, whereas systemic effects 
are less frequent.1 8

The majority of our knowledge of RVI symptoms origi-
nates from the general ‘healthy’ population. Evidence on 
the common viral infection symptoms in at-risk individ-
uals, such as patients with immune-mediated inflamma-
tory diseases (IMIDs), is relatively scarce. Previous studies 
have suggested that patients with IMID experience more 
frequent systemic infections than healthy controls9–12 and 
that this phenomenon might be influenced by not only 
the disease but also concomitant therapies.13 14 Apart 
from unfavourable clinical outcomes, disease-modifying 
anti-rheumatic drugs (DMARDs) have been linked to the 
increased risk of certain viral infections, such as herpes 
zoster reactivation and John Cunningham virus-induced 
progressive multifocal leucoencephalopathy, which are 
associated with the use of JAK inhibitors and rituximab, 
respectively.15–17

Although patients with IMID are considered to be at 
increased risk of developing systemic complications, 
the questions of whether RVI symptoms are different 
in patients with IMID compared with otherwise healthy 
controls and how often patients with IMID experi-
ence RVI symptoms remain unanswered. Furthermore, 
existing studies investigating the aetiology and epide-
miology of respiratory illnesses are frequently biased 
toward detecting more severe infections, as a substan-
tial proportion of study participants are usually patients 
who actively sought medical attention. We hypothesised 
that the altered immune system function in patients with 
IMID would also modify the expression of RVI symptoms 
and conducted a study to explore the breadth of common 
RVI symptom expression in a large cohort of patients with 
IMID and controls.

METHODS
Study design and participants
The data for this cross-sectional study were obtained 
from the COVID-19 study programme of the Deutsches 
Zentrum für Immuntherapie, a prospective cohort that 
recruits patients with IMID and healthy controls to collect 
data on (1) respiratory infections, including COVID-19, 
(2) anti-SARS-CoV-2 antibody responses and (3) exposure 
risk behaviour over time since the onset of the COVID-19 
pandemic. This study programme was conducted with 
the collaboration of regional centres specialised in the 
care of IMIDs (namely, in gastroenterology, dermatology, 
rheumatology and immunology clinical care).

A detailed explanation of cohort inclusion and data 
collection has previously been provided elsewhere.18 
Patients with IMID were attendees of the participating 
centres, with the following diagnoses: rheumatoid 
arthritis (RA), inflammatory bowel disease (IBD), spondy-
loarthritis (SpA; axial SpA and psoriatic arthritis), psori-
asis, and other IMIDs. ‘Other IMIDs’ included systemic 

lupus erythematosus (SLE), primary Sjogren’s syndrome, 
systemic sclerosis, polymyositis, IgG4-related disease, 
sarcoidosis, juvenile idiopathic arthritis, adult-onset Still’s 
disease, periodic fever syndromes, Behcet’s disease, auto-
immune hepatitis, giant cell arteritis, Takayasu arteritis, 
granulomatosis with polyangiitis and polymyalgia rheu-
matica. The non-IMID participants consisted of health-
care professionals and healthy volunteers from the 
general population.

Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

Data sources
The data analysed were collected from 1 February to 30 
April 2020. Using a structured questionnaire (online 
supplemental information file), participants were asked 
to indicate clinical symptoms of common viral infections 
experienced within the previous 3 months. Questioned 
symptoms were cough, nasal congestion/rhinitis (used 
interchangeably), throat pain/pharyngitis (used inter-
changeably), fever, headache, fatigue, musculoskeletal 
pain, loss of smell/anosmia (used interchangeably), 
shortness of breath and diarrhoea. The questionnaire 
also included demographic data, IMID diagnosis and 
current medications for IMID.

Statistical analysis
Descriptive statistics were used to summarise the cohort 
characteristics. An unsupervised binary data clustering 
algorithm based on expectation maximisation19 was used 
to group individuals with similar number and co-occur-
rence of symptoms regardless of their diagnoses. For 
this, a matrix with one row per person and one column 
per symptom was generated, where the presence of a 
symptom was coded as 1 and absence as 0. A 6×4 clus-
tering was performed, where the algorithm would iden-
tify six row clusters by grouping rows, that is, individuals, 
with similar numbers and types of symptoms together and 
four column clusters by grouping the columns based on 
the co-occurrence of specific symptoms, that is, qualita-
tive clusters. The six row clusters, which were based on 
both the number and co-occurrence of symptoms within 
individuals, were ranked by the mean number of symp-
toms and by merging two adjacent clusters organised into 
three major clusters, polysymptomatic, including indi-
viduals who expressed a wide range of symptoms; oligo-/
asymptomatic, indicating individuals who expressed few 
or none of the questioned symptoms; and intermediately 
symptomatic. Accordingly, each cluster included two 
subclusters with a higher or lower mean number of symp-
toms. The frequency distributions of patients with IMID 
and healthy controls were then explored across these clus-
ters and subclusters. To this end, contingency tables were 
generated for the frequency of controls and individual 
IMID diagnoses in each cluster, and standardised resid-
uals were calculated using the cell counts and marginal 
counts akin to a χ2 test. These residuals represent a 
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standard quantity of deviation for the observed number 
of individuals from the expected number based on the 
marginal frequencies. These residuals were used as an 
estimate of the over-representation/under-representation 
of controls or individuals with IMID diagnoses in each 
subject cluster; a standardised residual larger than 2 was 
considered an important deviation.20 Finally, because we 
have counts of symptom types experienced during a fixed 
time in a fixed population, we used Poisson regression 
to compare these counts in IMID groups with those in 
the control group. In this model, the number of symp-
toms was the dependent variable, whereas age, sex and 
diagnosis were the independent variables. Exponentiated 
coefficients for diagnoses from this model represented 
the ratio of the number of symptoms in patients with 
IMID in comparison with controls after adjusting for age 
and sex. Analyses were conducted using the open-source 
R software V. 4.3.0 (R Foundation, Vienna, Austria).

RESULTS
Study population and baseline characteristics
A total of 1909 study participants were included, of whom 
757 (39%) were diagnosed with an IMID, and 1152 
(61%) were controls (table 1). The IMID group included 
226 (11%) patients with RA, 178 (9%) with IBD, 142 
(7%) with SpA, 89 (4 %) with psoriasis and 122 (6 %) 
with other-IMIDs. The mean (SD) age of the patients with 
IMID and controls were 50.9 (16.1) and 41.8 (13.5) years, 
respectively. Male participants constituted the majority 
of the control group (n=744, 64.6%), whereas females 
predominated the IMID group (n=418, 55.2%).

In this study, 217 (28.7 %) of the patients with IMID 
received conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs), 438 (57.9 %) received 
biological DMARDs (bDMARDs) and 17 (2.2%) received 
targeted-synthetic DMARDs (tsDMARDs). Glucocorti-
coids were used by 141 (18.6 %) of the patients with IMID 
(table 1).

Frequency and types of symptoms in patients with IMID and 
controls
The most commonly reported symptoms in the overall 
cohort were rhinitis (618 participants, 32.4%), pharyn-
gitis (422 participants, 22.1%) and headache (476 partic-
ipants, 24.9%) (table 2). Shortness of breath, fever and 
anosmia were the least frequent complaints (less than 
10%). The overall type and frequency of viral symptoms 
in the control group were similar to the overall cohort, 
the most frequent being rhinitis with a frequency of 
38.2% (n=440) and the least frequent being anosmia with 
a frequency of 2.3% (n=26). Likewise, rhinitis and head-
ache were the most common symptoms in all IMID groups 
ranging from 17.7% to 30.9% (table 2). Comparable with 
the controls, anosmia was the least common symptom (19 
participants, 2.5%) among patients with IMID.

The mean number (SD) of symptoms per patient in 
the IMID group was lower (1.2 (1.6)) than that in the 

control group (1.3 (1.7)). Patients with RA showed the 
lowest number of symptoms among all IMID groups, 
with a mean symptom count of 1.0 (1.3), followed by SpA 
(1.1±1.7) and psoriasis (1.2±1.7). Compared with the 
control group, the mean number of symptoms was higher 
only in the IBD (1.5±1.7) and ‘other IMIDs’ (1.4±1.7)
groups.

Clusters of common viral infection symptoms according to 
frequency and co-occurrence
The most frequent symptoms were headache, pharyngitis, 
and rhinitis, whereas the least frequent were shortness of 
breath, anosmia and fever (figure 1, X-axis). Symptoms 
with intermediate frequency were grouped into cough 
and fatigue or diarrhoea, musculoskeletal pain and night 
sweats.

According to the number of symptoms, three main 
clusters were generated: (1) polysymptomatic, indicating 
individuals who, within the previous 3 months, had expe-
rienced a broad range of the 11 symptoms that were ques-
tioned; (2) intermediate symptomatic, indicating limited 
range of reported symptoms; and (3) oligo/asymptom-
atic, indicating individuals who had experienced only a 
minority or none of the 11 symptoms within the previous 
3 months. Additionally, each of these main clusters was 
divided into lower and higher frequency subclusters 
(figure 1, Y-axis). The mean (SD) number of symptoms 
in the higher and lower frequency subclusters of the 
polysymptomatic cluster were 6.0±1.3 and 3.9±1.1, respec-
tively. Respective numbers were 2.2±1.0 and 1.5±0.6 for 
the intermediate symptomatic cluster and 0.5±0.5 and 0 
in the oligo/asymptomatic cluster.

Assessment of the deviation from expected group frequencies 
across clusters
To explore how the frequencies of individual IMID diag-
noses and controls diverge across the clusters, the stan-
dardised residuals for the IMID and control groups were 
calculated in each frequency cluster (figure  2, online 
supplemental tables 1 and 2). A detailed summary of the 
observed and expected number of participants and stan-
dardised residuals are presented in online supplemental 
table 2. Controls showed the largest positive deviations 
from the expected number of participants in the high-
frequency subclusters across all clusters, suggesting that 
in a similar symptom–frequency range represented by 
the clusters, controls were more likely to express a wider 
range of symptoms than patients with IMID. Patients with 
RA showed the largest negative deviations, indicating 
that they were enriched in the low-frequency subclusters. 
For patients with RA, enrichment in the low-frequency 
subclusters was observed in all three clusters. In patients 
with SpA, this enrichment was only observed in the inter-
mediate and oligo-asymptomatic clusters. Analysing 
systemic autoimmune diseases, that is, SLE, autoimmune 
inflammatory myopathies and systemic sclerosis in a 
common category, did not affect our conclusions (online 
supplemental figure 1).
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The associations between frequency clusters and types 
of treatment in patients with IMID were also analysed 
by estimating standardised residuals for csDMARDs, 
bDMARDs, tsDMARDs and glucocorticoids (online 
supplemental figure 2A and 2B, table 3) and including 
specific targeted treatments (online supplemental figure 
3). The deviations from the expected numbers by clusters 
followed a pattern similar to the analysis for diagnosis. 
Regardless of the granularity of the stratification, we were 
unable to discern a particular pattern for the deviations 
from the expected counts according to treatment.

Number of reported viral infection symptoms in patients with 
IMID versus controls
To explore the influence of individual IMID diagnoses 
on the number of reported symptoms, a Poisson regres-
sion analysis was performed (table 3). This analysis indi-
cates that RA was associated with a 32% reduction in the 
number of symptoms compared with controls (rate ratio, 
0.68, 95% CI, 0.59 to 0.80) after adjusting for age and 
sex. Although the mean number of symptoms was also 
different between controls and patients with IBD and 

patients with other IMIDs, significance disappeared after 
correcting for age and sex.

This analysis also indicated that increasing age was asso-
ciated with lower symptom counts (rate ratio per decade, 
0.96, 95% CI, 0.94 to 0.99), whereas female sex was asso-
ciated with higher symptom counts (rate ratio, 1.72; 95%, 
1.59 to 1.87).

DISCUSSION
This study shows that patients with IMID exhibit a 
narrower range of symptoms associated with viral infec-
tion than healthy controls. To our knowledge, this is the 
first study exploring the frequency and clusters of viral 
infection symptoms in the IMID population. Certain 
symptoms appear to co-occur with varying frequencies. 
Headache, rhinitis and pharyngitis were the components 
of the most frequent cluster with the highest prevalence, 
whereas anosmia, shortness of breath and fever were 
represented in the least common cluster. Previous studies 
have reported resembling clinical expression patterns 
21–23; nonetheless, our results go beyond prior research 

Table 2  Mean number of symptoms and frequencies according to diagnosis

Overall Controls
Overall 
IMIDs RA IBD SpA

Other 
IMIDs Psoriasis

Number of 
symptoms mean 
(SD)

1.2 (1.7) 1.3 (1.7) 1.2 (1.6) 1.0 (1.5) 1.5 (1.7) 1.1 (1.7) 1.4 (1.7) 1.2 (1.7)

Rhinitis
n (%)

618 (32.4) 440 (38.2) 178 (23.5) 41 (18.1) 55 (30.9) 34 (23.9) 23 (18.9) 25 (28.1)

Headache
n (%)

476 (24.9) 313 (27.2) 163 (21.5) 40 (17.7) 49 (27.5) 26 (18.3) 26 (21.3) 22 (24.7)

Pharyngitis
n (%)

422 (22.1) 305 (26.5) 117 (15.5) 22 (9.7) 33 (18.5) 23 (16.2) 27 (22.1) 12 (13.5)

Cough
n (%)

330 (17.3) 223 (19.4) 107 (14.1) 30 (13.3) 22 (12.4) 16 (11.3) 21 (17.2) 18 (20.2)

Fatigue
n (%)

285 (14.9) 162 (14.1) 123 (16.2) 26 (11.5) 44 (24.7) 23 (16.2) 21 (17.2) 9 (10.1)

Diarrhoea
n (%)

216 (11.3) 106 (9.2) 110 (14.5) 24 (10.6) 54 (30.3) 11 (7.7) 9 (7.4) 12 (13.5)

Musculoskeletal 
pain
n (%)

175 (9.2) 87 (7.6) 88 (11.6) 37 (16.4) 13 (7.3) 18 (12.7) 12 (9.8) 8 (9.0)

Night sweats
n (%)

173 (9.1) 90 (7.8) 83 (11.0) 20 (8.8) 15 (8.4) 17 (12.0) 21 (17.2) 10 (11.2)

Shortness of breath
n (%)

131 (6.9) 68 (5.9) 63 (8.3) 14 (6.2) 18 (10.1) 11 (7.7) 11 (9.0) 9 (10.1)

Fever
n (%)

114 (6.0) 73 (6.3) 41 (5.4) 6 (2.7) 10 (5.6) 8 (5.6) 12 (9.8) 5 (5.6)

Anosmia
n (%)

45 (2.4) 26 (2.3) 19 (2.5) 4 (1.8) 3 (1.7) 3 (2.1) 6 (4.9) 3 (3.4)

Data are presented as mean with SD or absolute number (n) with proportion (%).
IBD, inflammatory bowel disease; IMIDs, immune-mediated inflammatory diseases; RA, rheumatoid arthritis; SD, standard deviation; SpA, 
spondyloarthritis.
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in terms of clustering as well as a detailed presentation of 
the number and type of viral symptoms.

Few studies have assessed the frequency of viral symp-
toms in patients with IMID, mainly in the COVID-19 
era.21–23 Comparable to our analysis, the paucity of viral 
symptoms was demonstrated in a cohort of more than 
2000 patients with IMID. Regardless of the treatment 
modality, the symptom prevalence was lower in patients 
with IMID with serologically confirmed infection than in 
the general population.22 23 The most frequently detected 

symptoms were upper respiratory tract symptoms, fatigue 
and headache. Akin to these findings, rhinitis and 
pharyngitis, together with headache, formed the most 
common symptom cluster in this study. The BELCOMID 
study showed high-grade fever and anosmia as the second 
most common complaints.22 23 Contrarily, shortness of 
breath, anosmia and fever constituted the least common 
symptom cluster. Besides, the frequency of each symptom 
was significantly higher in the aforementioned studies 
than in the present study.21–23 These discrepancies likely 
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Figure 1  Cluster plot: Clusters according to symptom type and number. The most frequent symptom group was comprised 
of headache, pharyngitis and rhinitis, whereas the least frequent symptom group constituted shortness of breath, anosmia 
and fever (X-axis). Three major clusters, namely, polysymptomatic, intermediately symptomatic and oligo-/asymptomatic, were 
formed. Each cluster was divided into two subclusters showing higher and lower symptom frequencies (Y-axis).
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result from the fact that SARS-CoV-2 infection, addressed 
in the BELCOMID study, has a different clinical course 
from other common human respiratory viruses, such as 
rhinovirus, adenovirus and respiratory syncytial virus,1 
particularly before the appearance of milder SARS-CoV-2 
variants.

In this study, we did not find a noteworthy pattern 
between the type of immunomodulatory treatment and 
the frequency of symptoms. In contrast, another pre-
print research in a large cohort noted that patients who 
were exposed to DMARDs, whether csDMARDs or b/ts 
DMARDs, showed fewer symptoms than those who were 
not.24 However, a considerable proportion of this cohort 
consisted of osteoarthritis patients. Hence, we cannot 
conclude whether the treatment-associated symptom 

paucity was due to the lack of treatment exposure per 
se or the distinct host characteristics of osteoarthritis 
patients in contrast to patients with IMID. So far, current 
data do not allow us to delineate the effect of treatment 
on symptom occurrence.

The clinical symptoms of RVIs are influenced partially 
by the type of virus but to a greater extent by host charac-
teristics, such as age, sex and the physiological and immu-
nological state of the host.6 Age and sex associations were 
detected across the overall population regardless of the 
IMID status, and this is a well-known phenomenon, that 
is, viral infection symptoms are less likely to be mani-
fested with increasing age and in males than in females1 25 
Our aim in including age and sex in the analyses was not 
necessarily for reproduction or contention of this pattern 
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Figure 2  Standardised residuals that summarise the difference between the observed and expected number of individuals in 
each cluster. Values <−2 or >2 were interpreted as an important deviation from the expected counts. Standardised residuals 
by diagnosis: Controls showed the largest positive deviations from the expected number of participants and over-represented 
in the high subcluster of each symptom frequency group. Conversely, patients with IMID predominated the low-symptom 
subclusters in each cluster. RA displayed the largest deviations. IBD, inflammatory bowel disease; IMID, immune-mediated 
inflammatory disease; RA, rheumatoid arthritis; SpA, spondyloarthritis.
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but was principally for adjustment because patients with 
IMID were older and were more likely to be females.

Interestingly, recent studies have suggested that viral 
infections tend to follow an asymptomatic course in indi-
viduals who develop an early strong inflammatory response 
to viral exposure.26 Interferons (IFNs) play a crucial role 
in this early phase of infections, as a consequence of their 
crucial role in promoting viral clearance, tissue repair and 
inducing adaptive immune responses.27–31 The employ-
ment of IFN-based therapies against viral infections, such 
as hepatitis C virus and COVID-19, further substantiates 
the potent antiviral effect.32 33 Moreover, this concept is 
paralleled by lower disease activity but a higher risk of 
herpes zoster in patients with SLE with pre-existing auto-
antibodies neutralising IFN-α.34

Notably, IFNs have attracted attention in IMIDs in light 
of studies showing pronounced type 1 IFN signatures in 
SLE, RA, systemic sclerosis, Sjögren’s syndrome and psori-
asis.35–39 Due to the robust antiviral effect of IFNs during 
immune homeostasis, its increased expression in patients 
with IMID might hint at a connection between the scar-
city of viral symptoms and the presence of sustained 
IFN responses in patients with IMID. Furthermore, IFNs 
mediate symptoms such as fatigue and headache, which 
are prevalent in patients with IMID.5 21 22 40 Therefore, this 
altered expression of and/or response to IFNs in patients 
with IMID could be a plausible explanation for the altered 
expression of viral infection symptoms. Conversely, 
whether an inappropriately sustained or exaggerated 
IFN response as observed in various IMIDs is effective in 
viral clearance as it is during immune homeostasis is not 
clearly established, and how this sustained ‘IFN signature’ 
per se relates to the expression of common RVI symptoms 
is also unclear. In fact, IFN production against various 
stimuli and from various sources has been well studied, 
and the overall increasing production of IFN gamma 
by age and in females supports the observed patterns of 
viral symptom expression with age and sex. However, the 
early IFN response to viral encounters with plasmacytoid 
dendritic cells is important for viral clearance, and the 

response of these cells to viral stimuli seems to be damp-
ened with age,41 which is also the case in autoimmunity.42 
Therefore, the timely initiation and the appropriate regu-
lation of the intensity of the overall immune response to 
a viral infection probably determine the balance between 
the effectiveness of viral clearance and symptom expres-
sion.43 A disruption in this balance could be a result of 
dysregulated inflammation, which leads to an inflamma-
tory disease while causing an altered immune response to 
viral infections altering symptom expression as we have 
observed.

This study has some limitations. Symptom data were 
patient-reported, and given the survey study design, it was 
prone to recall bias. However, compared with controls, 
patients with IMID could also be more likely to inform 
healthcare professionals about their symptoms, which 
might lead to over-reporting. Second, participants were 
not tested for intercurrent infections; therefore, a clear 
identification of specific viruses was not possible. Third, 
the clustering method used in this study does not account 
for age and sex differences between groups, which may 
have confounded the associations observed; however, 
results of the adjusted analysis also support the notion 
that patients with IMID, particularly those with RA, 
express a narrower range of RVI symptoms in comparison 
with controls. The large sample size and the inclusion of 
different consecutive/unselected patients with IMID are 
the major strengths of this study. Another strength is 
the availability of symptom data from a sizeable control 
group residing in the same area collected in the same 
time frame instead of relying on previous studies in the 
general population.

In conclusion, symptoms of common viral respiratory 
infections are restrained in patients with IMID, especially 
in RA. These results suggest that the underlying chronic 
inflammatory disease and/or anti-inflammatory treat-
ment modulate the expression of common RVI symptoms.
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Table 3  Poisson regression analysis for the number of viral 
symptoms

Rate ratio (95% CI) P value

Age (per decade) 0.96 (0.94 to 0.99) 0.014

Female sex 1.72 (1.59 to 1.87) <0.001

Control 1 (Ref.) –

RA 0.68 (0.59 to 0.80) <0.001

IBD 1.06 (0.92 to 1.20) 0.425

SpA 0.86 (0.72 to 1.01) 0.072

Other IMIDs 0.99 (0.84 to 1.16) 0.897

Psoriasis 0.99 (0.81 to 1.20) 0.895

IBD, inflammatory bowel disease; IMIDs, immune-mediated 
inflammatory diseases; RA, rheumatoid arthritis; SpA, 
spondyloarthritis.
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