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ABSTRACT

Background Differences in clinical impact between
rhinovirus (RVs) species and types in adults are not well
established. The objective of this study was to determine
the epidemiology and clinical impact of the different RV
species.

Methods We conducted a prospective study of RVs
infections in adults with acute cough/lower respiratory
tract infection (LRTI) and asymptomatic controls. Subjects
were recruited from 16 primary care networks located

in 11 European countries between 2007 and 2010. RV
detection and genotyping was performed by means

of real time and conventional reverse-transcriptase
polymerase chain reaction assays, followed by sequence
analysis. Clinical data were obtained from medical
records and patient symptom diaries.

Results RVs were detected in 566 (19%) of 3016
symptomatic adults, 102 (4%) of their 2539 follow-up
samples and 67 (4%) of 1677 asymptomatic controls.
Genotyping was successful for 538 (95%) symptomatic
subjects, 86 (84%) follow-up infections and 62 (93%)
controls. RV-A was the prevailing species, associated with
an increased risk of LRTI as compared with RV-B (relative
risk (RR), 4.5; 95% Cl 2.5 10 7.9; p<0.001) and RV-C
(RR 2.2, 95% ClI 1.2 t0 3.9; p=0.010). In symptomatic
subjects, RV-A loads were higher than those of RV-B
(p=0.015). Symptom scores and duration were similar
across species. More RV-A infected patients felt generally
unwell in comparison to RV-C (p=0-023). Of the 140

RV types identified, five were new types; asymptomatic
infections were associated with multiple types.
Interpretation In adults, RV-A is significantly more
often detected in cases with acute cough/LRTI than RV-
C, while RV-B infection is often found in asymptomatic
patients.

INTRODUCTION

Rhinoviruses (RVs) are the most prevalent respi-
ratory pathogens in humans, accounting for
approximately 20%-50% of respiratory tract
infections (RTIs) annually.'™ Infection with RV
can lead to a wide spectrum of clinical manifesta-
tions ranging from asymptomatic to severe lower
respiratory illness.”* © RV is also recognised as a
major cause of exacerbations of chronic obstruc-
tive pulmonary disease (COPD), asthma and cystic

What is the key question?
» What is the epidemiology and clinical impact of
the different rhinovirus (RV) species.

What is the bottom line?

» RV-A was significantly more often detected
in adults with acute lower respiratory tract
infections than RV-C, while RV-B infection was
often found in asymptomatic patients.

Why read on?

» The epidemiology and clinical impact of RVs
is poorly understood and this is the most
comprehensive assessment of RV species-
specific clinical outcomes in adults with
symptoms of lower respiratory tract infection
visiting their general practitioner.

fibrosis.”® Coinfections with other viral or bacterial
pathogens have been frequently reported, poten-
tially increasing clinical severity.’ * ' Over 160
RV types have been identified and classified into
three genetically distinct species (RV-A, RV-B and
RV-C) within the genus Enterovirus of the family
Picornaviridae." RV-A has been the most frequently
detected RV species, followed by RV-C and RV-B,
respectively.® * Although the clinical significance of
RV species and types remains poorly defined, RV-C
has been predominantly linked to asthma exacerba-
tions and more serious respiratory illness in young
children.'>** More recently similar clinical presen-
tations across species have been reported.’>™!8
Despite the high morbidity and disease burden
of RV infections, there are currently no effective
and safe antiviral treatments, and efforts to develop
an effective vaccine have been hampered by the
substantial antigenic diversity between RV types
and species. A more practical approach could be the
development of vaccines targeting more prevalent
or pathogenic RV types although the feasibility of
this depends on whether particular RV species or
types are associated with more frequent or severe
respiratory illness. Previous studies have been
limited by the absence of asymptomatic controls
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and incomplete microbiological investigation, and were focused
mainly on hospitalised young children.

The aim of this study was to determine the epidemiology and
clinical impact of the different RV species through a, community-
based comparative evaluation of disease severity among adult
subjects infected with different RV species and types. Addition-
ally, the multicentre approach provides insight in geographical
differences in RV epidemiology.

METHODS

Study design and subjects

Respiratory samples were obtained from subjects aged 18 years
and older enrolled as part of the genomics to combat resistance
against antibiotics community-acquired lower respiratory tract
infections (LRTIs) in Europe (GRACE) European Network of
Excellence (www.grace-Irti.org) focusing on improving the
management of community-acquired LRTIs. Sixteen primary
care networks from 11 European countries including: Belgium
(Antwerp and Ghent); France (Nice), Germany (Rotenberg),
Italy (Milan), the Netherlands (Utrecht), Poland (Bialystok, Lodz
and Szczecin), Slovakia (Bratislava), Slovenia (Jesenice), Spain
(Barcelona and Matar6), Sweden (Jonkoping) and UK (Cardiff
and Southampton) participated in prospective recruitment of
patients presenting with acute cough and signs of an acute LRTI
over the period October 2007-June 2010. Cases were patients
presenting at the general practitioner (GP) with an acute or wors-
ened cough (<28 days duration) as the main symptom, or any
clinical presentation considered by the GP to be caused by LRTI
and consulting for the first time for this illness episode. Exclu-
sion criteria were pregnancy, breast feeding and any condition
associated with severe impaired immune status. Asymptomatic
controls were subjects who consulted their GP for complaints
other than respiratory, who had no symptoms and signs of a
RTI and had not used antibiotics or antivirals in the previous
2 weeks. Case and controls were recruited from the same GP
centre, within 14 days of each other and with a maximum 5-year
age difference.

Nasopharyngeal swab (NPS) and sputum (if available) samples
were collected from case (V1) and control (C1) patients during
their first visit to the GP, for which standardisation was obtained
by training of staff. Follow-up NPS samples were obtained from
case patients at the second visit (V2) to the GP after approxi-
mately 28 days. Medical ethics committees in participating coun-
tries approved the study and all participants provided written
informed consent.

The original study was designed to evaluate the aetiology of
LRTTIs in GP settings, as described by Ieven et al, this study is a
post hoc analysis. "

Data collection

Clinical data, including medical history, comorbidities and
their management/treatment, and days the patient felt unwell
were recorded by the GP on a case report form (CRF) at the
first consultation. The presence or absence of cough, sputum
production, shortness of breath, wheeze, coryza, fever, chest
pain, muscle aching, headache, disturbed sleep, feeling gener-
ally unwell, interference with normal activities, confusion/
disorientation and diarrhoea, were documented. If present, the
severity of each symptom was rated on a 4-point scale ranging
from ‘no problem=1"to ‘severe problem=4’". Following the first
GP consultation, patients were requested to complete a daily
symptom diary for the duration of illness (to a maximum of 28
days). The presence and severity of the above symptoms (except

diarrhoea) were rated on a 7-point scale ranging from ‘normal/
not affected=0’ to ‘as bad as it could be=6".

Clinical assessment

The disease severity of RV infections was evaluated by comparing
the following clinical characteristics: (1) initial symptom score,
(2) duration of illness, (3) maximal symptom score and (4) dura-
tion of higher symptom score. The ‘initial symptom score’ was
estimated as the mean severity score of at least 12 of the 14 symp-
toms evaluated by the GP during the first visit of the patient. The
‘duration of illness’, ‘maximal symptom score’ and ‘duration of
higher symptom score” were estimated based on the presence
and severity of 13 symptoms excluding diarrhoea, recorded in
the patient’s daily symptom diary as described previously. The
duration of illness was defined as the total sum of days a patient
felt unwell before the first GP visit and the number of days the
patient experienced any of the 13 symptoms over the 28 days
follow-up period. The duration of higher symptom score was
the number of days a patient had a mean daily symptom score of
two or more based on the 7-point scale.?’ The occurrence and
severity of each symptom recorded during the first visit to the
GP were also compared between RV species.

Laboratory investigation

The overall results of the laboratory diagnostics were previously
described by Teven et al.'” In short, total nucleic acids were
extracted at the University Hospital Antwerp, and examined
for RV by real-time PCR (RT-PCR) at the Leiden University
Medical Center. Cycle quantification (Cq) values, which had
been normalised using a fixed baseline fluorescence threshold,
were used as an indicative measure of viral load. Bacterial and
fungal infections were detected in NPS or/and sputum samples
by conventional culture and/or molecular methods.*!

RV typing

RV genotyping was conducted by amplification and sequencing of
partial VP3/VP1, VP4/VP2 or/and 5’ - untranslated region (5’-UTR)
viral genome fragments as described previously.”” Basic local align-
ment search tool with nucleotide database (BLASTn) analyses were
conducted for initial species identification and then confirmed by
phylogenetic analysis. RV sequences were compared with proto-
type strains and assigned to types based on phylogenetic analysis
and pairwise p distances (see online supplementary appendix). RV
sequences from this study have been deposited in GenBank under
the accession numbers KP736530-KP737279 and KR045604.

Statistical analysis

Continuous variables were summarised as medians with IQR ranges
or means with 95% CI and for categorical variables, the frequen-
cies in each category were calculated. Demographic and clinical
characteristics were compared across RV species within RV-pos-
itive symptomatic and asymptomatic adults by using risk ratio
and/or X* tests for categorical variables and the non-parametric
Kruskal-Wallis test, Mann-Whitney U test or independent t-test
or one-way analysis of variance when appropriate for continuous
variables. Correction for possible confounders (age, sex, geograph-
ical location, sample season and sample year) was performed using
multivariable linear or logistic regression for continuous or binary
outcome measures, respectively. The statistical analyses were
conducted in the IBM SPSS Statistics software V.25 for Windows
(IBM). A two sided p<0-05 was considered statistically significant.
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A | 3104 adults with acute cough/LRTI |

| 34 cases with no CRF or NPS samples

A

were excluded from this study

3070 adults with acute cough/LRTI adults
(5555 NPS samples)

I

3016 V1 samples

| 566 (19%) V1 RV-positive |

2539 V2 samples

| 102 (4%) V2 RV-positive |

IS38/566 (95%) V1 RV-positive samples typed I | 86/102 (84%) V2 RV-positive samples typed |

| RV-A 366/538 (68%) | | RV-B 66/538 (12%) “vac 106/538 (20%) |

—>| 6 cases of prolonged RV sheddingt

l80/96 (83%) V2 RV infections typed |

l RV-A 40/80 (50%) | | RV-B 17/80 (21%)

| RV-C 23/80 (29%) |

B 1677 adults without acute cough/LRTI
(1677 NPS samples)

| 67 (4%) C1 RV positive samples |

| 62/67 (93%) C1 RV infections typed |

| RV-A 23/62 (37%) | | RV-B 21/62 (34%)

| RV-C 18/62 (29%) |

Figure 1

Rhinovirus prevalence and species distribution among (A) adults enrolled with acute cough/ LRTI and asymptomatic (B) controls. CRF,

case report form; LRTI, lower respiratory tract infection; NPS, nasopharyngeal swab; RV, rhinovirus. tProlonged rhinovirus shedding was identified in 6

patients.

RESULTS
RV detection and species distribution
In this study, 3070 (99%) (median age 50, (IQR 36-63 years);
male/female ratio 1:1-5) of 3104 recruited adults with acute
cough/LRTI and 1677 asymptomatic controls (median age 50,
(IQR 35-62 years); male/female ratio 1:1-5) were included.
Thirty-four patients with no available NPS material or CRF
were excluded (figure 1). NPS samples were obtained from 3016
symptomatic patients during the first visit (V1) to the GP and a
follow-up (V2) sample was collected from 2485 (82%) of these
patients.”’ For 54 symptomatic patients, only a follow-up NPS
was available for testing, resulting in a total of 2539 V2 NPS
specimens. Of the asymptomatic controls 1677 samples were
tested. Of the 3104 symptomatic patients 1844 (60%) tested
positive for a respiratory pathogen, of which 350 (11%) a bacte-
rial pathogen only, 1190 (39%) a respiratory virus and 304
(10%) a double infection. Of the 1677 asymptomatic controls,
205 (12%) had an respiratory virus as previously reported by
leven et al."’

RV was detected in 766 out of 7232 samples (11%) and
genotyping was successful for 717 (94%) of these samples.

Enteroviruses, including 13 EV-D68, 10EV-C104, 5EV-C105,
2EV-C117 types and 1EV-C (non-typeable), were identified due
to cross-reactivity in our diagnostic RV assay. These 31 EV-pos-
itive samples were excluded from further analysis. Forty-nine
(69%) RV-positive samples with lower viral loads inferred from
quantification cycle (Cq) values could not be genotyped due to
amplification failure in the genotyping PCR (median Cq values
of 29 vs 36 in the diagnostic RT-PCR assay for genotyped and
not-genotyped samples, respectively; p<0.001).

RV was detected in 566 (19%) V1 and 102 (4%) V2 samples
from case patients (of which 21 were positive in both the V1
and V2 samples) and in 67 (4%) C1 samples from asymptom-
atic control patients.”® Of the 735 RV infection episodes, 182
(25%) were coinfections, of which 68 (9%) with another virus,
103 (14%) with a bacterial coinfection and 11 (2%) had an RV
infection with at least two other pathogens. Commensals and
Candida species were not considered causative pathogens and
were excluded from the analysis.

Symptomatic (V1 positive) RV-positive patients tended to
be older than asymptomatic patients (median 47 years, (IQR
33-60 years) vs median 38 years (IQR 27-58 years); p=0-058,
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Table 1 Demographics of symptomatic (V1) vs asymptomatic (C1)
RV-positive patients
Total RV +V1 RV +C1
n=633 n=566 n=67 P value

Male (%) 263 (42) 229 (40) 34 (51) 0.106
Age (median, IQR) 47 (32-60) 47 (33-60) 38 (27-58)  0.058
Ethical background (%) 563

Caucasian 540 (96)

African 8(1)

Asian 10 (2)

Other 5(1)
Study site (%) 0.281

Antwerp BE 95 (15) 85 (15) 10 (15)

Barcelona SP 66 (10) 64 (11) 2(3)

Bialystok PL 28 (4) 24 (4) 4(6)

Bratislava SL 30 (5) 29 (5) 1(1)

Cardiff GB 64 (10) 57 (10) 7(10)

Ghent BE 25 (4) 20 (4) 5(7)

Jesenice SVN 10 (2) 10 (2) 0(0)

Jonkoping SW 8(1) 7(1) 1(1)

Lodz PL 52 (8) 47 (8) 5(7)

Mataré SP 79 (12) 68 (12) 11(16)

Milan IT 7(3) 17 (3) 0(0)

Nice FR 3(0.5) 3(1) 0(0)

Rotenberg DU 27 (4) 25 (4) 2(3)

Southampton GB 43(7) 39(7) 4 (6)

Szczecin PL 27 (4) 22 (4) 5(7)

Utrecht NL 59 (9) 49 (9) 10 (15)
Sample season and year (%) 632 565 67 0.918*

Autumn 07 37 (6) 34 (6) 3(4)

Winter 07/08 49 (8) 43 (8) 6(9)

Spring 08 73 (12) 67 (12) 6(9)

Summer 08 4(1) 4(1) 0(0)

Autumn 08 118 (19) 106 (19) 12 (18)

Winter 08/09 64 (10) 55 (10) 9(13)

Spring 09 44.(7) 40 (7) 4(6)

Summer 09 4(1) 4(1) 0(0)

Autumn 09 131 (37) 118 (21) 13 (19)

Winter 09/10 77 (12) 69 (12) 8(12)

Spring 10 31 (5) 25 (4) 6(9)
Underlying condition (%) 238/563 (42)

Asthma 67/563 (12)

COPD 41/563 (7)

Other respiratory comorbidities 7/563 (1)

History of hospitalisation for respiratory 24/563 (4)

illness

Cardiac disease 47/563 (8)

Diabetes 35/562 (6)

Allergic diseases 105/563 (23)

*Overall sample season and year, symptomatic (V1) vs asymptomatic (C1).
COPD, chronic obstructive pulmonary disease; RV, rhinovirus.

respectively), see table 1. No significant differences were found
in sex, location and sample season and year between RV-positive
symptomatic and asymptomatic adults. Of 563 of the 566V1

patients underlying conditions were stated: 238 (42%) had an
underlying condition, including 122 (51%) with respiratory
comorbidities or history of hospitalisation for respiratory illness.
Mixed infections within the RV-positive adults (V1) were asso-
ciated with symptomatic disease more often (29% vs 7% in the
asymptomatic patients, RR 4.9 (95% CI 2.0 to 11.8)p<0.001,
adjusted for age, sex, geographical location, sample season,
sample year and viral load). Mixed infections were not included
in further analyses. The RV-viral load was lower in the RV-posi-
tive asymptomatic controls (mean Cq value 31 vs 28 in patients,
p<0.001, adjusted for age, sex, geographical location, sample
season, sample year and mixed infections).

Virus genotyping to RV species level was successful in 538
(95%) V1, 86 (84%) V2 RV-positive samples from symptom-
atic patients and in 62 (93%) C1 control subjects. The number
and proportion of RV species among symptomatic, follow-up
and asymptomatic infections are shown in figure 1. Prolonged
RV shedding in symptomatic patients (V1) was identified in six
patients as previously described.?’ RV reinfection with another
RV type was identified in 11 symptomatic (V1) patients.

Clinical manifestations

Complete clinical record forms and symptom diaries were
available for 563 (99-5%) and 383 (67,7%) RV-positive symp-
tomatic V1 patients, respectively. Age and sex characteristics
of symptomatic and asymptomatic subjects, infection outcome,
viral loads inferred from Cq values and duration and severity of
disease were compared across RV species (table 2). The age and
sex distribution was similar across RV-species in the symptomatic
and control groups. In 538 RV-infected symptomatic patients
the proportion of RV-A infections was 68% vs 12% for RV-B and
20% for RV-C infections. In contrast, in the 62 asymptomatic
infections the proportions were similar: RV-A: 37%, RV-B: 34%
and RV-C: 29% (figure 1). For single infections RV-A was 4.5
and 2.2 times more often associated with a LRTT outcome than
RV-B (p<0-001) and RV-C (p=0-010), respectively, and RV-C
more often than RV-B (RR 2.1, p=0.015). The results were
similar for RV coinfected cases. In symptomatic patients with a
RV monoinfection RV-A viral loads (mean Cq=27) were signifi-
cantly higher than RV-B viral loads (mean Cq=30, p=0.015).
The duration, overall disease severity, and maximum daily
symptom score were similar between RV species. The severity
of the individual symptoms was also compared across RV species
(table 3). Significant differences were observed only for ‘feeling
generally unwell’. In particular RV-A infected patients generally
felt worse than those with RV-C (p=0.023). No other significant
differences were observed between RV-A and RV-B, or RV-C and
RV-B infected patients.

RV prevalence and species distribution according to site and
year of detection

The number of tested NPS samples, RV detection rate and
species distribution among the 16 sites in Europe over the 3 years
study period are presented in figure 2. The majority of subjects
were recruited in the months October to April and years were
defined from July until June of the following year. No patients
were recruited from Nice, Bialystock, Szczecin, Bratislava and
Jesenice during 2007/2008 and only 9 samples from six patients
were available from Milan for 2009/2010. RV accounted for 1%
up to 21% of respiratory infections per site during a particular
year, when excluding Milan during 2009/2010, because of the
low number of included cases.
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Table 2 Age and sex distribution, infection outcome and disease severity according to rhinovirus species

Characteristics* RV-A RV-B RV-C RR (95% CI) P value
Age/sex -V1 infections
No of cases 366 66 106
Median (IQR) years 47 (33-60) 43 (30-61) 50 (33-62) 0.571
No (%) of male 155 (42) 22 (33) 43 (41) 0.389
Age/sex -C1 infections
No of cases 23 21 18
Median (IQR) years 37 (25-53) 36 (28-51) 50 (30-61) 0.472
No (%) of male 13 (57) 9 (43) 10 (56) 0.613
Symptomatic (V1) vs asymptomatic 366 (94)/23 (6) 66 (76)/21 (24) 106 (85)/18 (15) RV-A vs RV-B: RR 4.6 (2.7 to 8.0) RV-A vs RV-B (<0.001)t
(C1) infections
No (%) of V1/C1 cases RV-A vs RV-C: RR 2.4 (1.4 to 4.3) RV-A vs RV-C (0.003)t

RV-C vs RV-B:RR 1.9 (1.1 t0 3.4) RV-C vs RV-B (0.026)t
Symptomatic (V1) vs asymptomatic 261 (92)/22 (8) 43 (70)/18 (32) 80 (82)/17 (18) RV-A vs RV-B: RR 4.5 (2.5 t0 7.9) RV-A vs RV-B (<0.001)t
(C1) single infections
No (%) of V1/C1 cases RV-A vs RV-C: RR 2.2 (1.2 t0 3.9) RV-A vs RV-C (0.010)t

RV-Cvs RV-B:RR 2.1 (1.1 10 3.7) RV-C vs RV-B (0.015)t
Cq values- V1 single infections 27 (27 t0 28) 30 (28 to 31) 27 (26 to 29) 0.053 RV-A vs RV-B (0.015)t
Mean (95% Cl) RV-A vs RV-C (0.780)t

RV-C vs RV-B (0.068)t
Cq values- C1 single infections 31 (2910 33) 32 (30 to 33) 31 (29 to 32) 0.838t RV-A vs RV-B (0.922)t
Mean (95% Cl) RV-A vs RV-C (0.576)t
RV-C vs RV-B (0.642)t

Initial symptom scoret 0.697t RV-A vs RV-B (0.426)t
No of cases 260 43 80 RV-A vs RV-C (0.666)t
Median (IQR) 1.6 (1.1-2.0) 1.4 (0.9-2.1) 1.4(1.1-1.9) RV-C vs RV-B (0.684)t
Duration of illness 0.987t RV-A vs RV-B (0.893)t
No of cases 200 31 62 RV-A vs RV-C (0.948)t
Median (IQR) days 21 (14-31) 20 (13-31) 19 (13-32) RV-C vs RV-B (0.870)t
Maximal daily symptom score§ 0.426t  RV-Avs RV-B (0.216)t
No of cases 200 31 62 RV-A vs RV-C (0.519)t
Median (IQR) 2.3(1.6-3.1) 2.0(1.3-3.1) 2.2 (1.5-3.0) RV-C vs RV-B (0.499)t
Duration of higher symptom score 0.942t  RV-Avs RV-B (0.985)t
No of cases 158 23 48 RV-A vs RV-C (0.740)t
Median (IQR) days 4(3-7) 4(2-7) 3 (2-6) RV-C vs RV-B (0.842)t

*Characteristics related to disease severity and duration of iliness were evaluated only for patients with rhinovirus single infections who had complete case report forms or/and

symptom diaries.
tCorrected for age, sex, sample season and sample year.

tInitial symptom score scale: 1=no problem, 2=mild problem, 3=moderate problem, 4=severe problem.
§Maximal daily symptom score scale: 0=no problem/not affected, 1=very little problem, 2=slight problem, 3=moderately bad, 4=bad, 5=verybad, 6=asbad as it could be.

Cq, cycle of quantification; RR, relative risk; RV, rhinovirus.

RV type identification

Of the 686 sequenced RVs, 654 (95%) were characterised by
partial VP3/VP1 or/and VP4/VP2 sequencing and 32 (5%) based
only on the 5’-UTR (see online supplementary appendix). The
latter were assigned only to species taxa level, because of limited
phylogenetic discrimination in the 5’-UTR region. Four VP4/
VP2 sequences were classified only to species level based on
BLASTn results due to poor sequence quality. A total of 650
RV sequences were assigned to 73 RV-A, 25 RV-B and 42 RV-C
types representing 919, 78% and 76%,"" respectively, of the
currently established types within each species (figure 3). Five
new RV types were identified and assigned by the Picornaviridae

study group as RV-A type A109, RV-B types B105 and B106 and
RV-C types C52 and C53.

DISCUSSION

In our study, RV was detected in 19% of adults with acute cough/
LRTI and in 4% of follow-up samples as well as samples from
asymptomatic controls. The overall annual prevalence ranged
from 1% to 21% between and within communities. These data
indicate that the burden of RV associated illness varies substan-
tially within and between communities in different years. Several
other studies have reported rates of RV infection from 7% to
33% in inpatient and outpatient adults with acute LRTI or

Zlateva KT, et al. Thorax 2020;0:1-10. doi: 10.1136/thoraxjnl-2019-214317

5

"1ybuAdoo Aq paroalold 1senb Aq 20z ‘8z |dy uo /wod fwg xeloyy/:dny wolj) papeojumoq ‘0Z0z 1shbny 0z Uo ZTEYTZ-6T0Z-luXeloyyosTT 0T Se payslignd 1sii :xeloyl


https://dx.doi.org/10.1136/thoraxjnl-2019-214317
http://thorax.bmj.com/

Respiratory infection

Table 3  Frequency and severity of symptoms in adults with rhinovirus associated acute cough/LRTI

No (%) of events (absent-mild/moderate-severe)*

Characteristics RV-A RV-B RV-C
n=261 n=43 n=80 P valuet

Cough 1(0.4)/260 (99.6) 1(2)/42 (98) 1(1)/79 (99) RV-A vs RV-B (0.053)
RV-A vs RV-C (0.400)
RV-B vs RV-C (0.180)
Phlegm 131 (50)/130 (50) 22 (51)/21 (49) 48 (60)/32 (40) RV-A vs RV-B (0.739)
RV-A vs RV-C (0-091)
RV-B vs RV-C (0.397)
Shortness of breath 171 (66)/90 (34) 27 (63)/16 (37) 55 (69)/25 (31) RV-A vs RV-B (0.549)
RV-A vs RV-C (0.578)
RV-B vs RV-C (0.371)
Wheeze 199 (76)/62 (24) 32 (74)11 (26) 64 (80)/16 (20) RV-A vs RV-B (0.798
RV-A vs RV-C (0.606

)
)
RV-B vs RV-C (0.566)
Running nose 109 (42)/152 (58) 21 (49)22 (51) 37 (46)/43 (54) RV-A vs RV-B (0.306
RV-A vs RV-C (0.667
RV-B vs RV-C (0.545)
Fever 226 (87)135 (13) 38 (88)/5 (12) 69 (86)/11 (14) RV-A vs RV-B (0.958
RV-A vs RV-C (0.883
RV-B vs RV-C (0.962)
Chest pain 205 (79)/56 (21) 32 (74)111 (26) 60 (75)/20 (25) RV-A vs RV-B (0.352
RV-A vs RV-C (0.534,
RV-B vs RV-C (0.690)
Muscle aching 189 (72)/72 (28) 32 (74)11 (26) 58 (73)/22 (27) RV-A vs RV-B (0.662)
RV-A vs RV-C (0.990)
RV-B vs RV-C (0.708)
Headache 181 (69)/80 (31) 25 (58)/18 (42) 55 (69)/25 (31) RV-A vs RV-B (0.287)
RV-A vs RV-C (0.996)
RV-B vs RV-C (0.361)
Disturbed sleep 141 (54)/120 (46) 25 (58)/18 (42) 38 (48)/42 (52) RV-A vs RV-B (0.428
RV-A vs RV-C (0.259,
RV-B vs RV-C (0.150
Diarrhoea 256 (98)/5 (2) 41 (95)/2 (5) 78 (98)/12 (2) RV-A vs RV-B (0.087
RV-A vs RV-C (0.744)
RV-B vs RV-C (0.225)
Confusion/ disorientation 257 (98)/4 (2) 43 (100)/0 79 (99)/1 (1) RV-A vs RV-B (0.999
RV-A vs RV-C (0.999,
RV-B vs RV-C (0.999)

Interference with normal activities 156 (60)/105 (40) 23(53)/20 (47) 54 (68)/26 (33) RV-A vs RV-B (0.364)
(

)
)
)
)
)
)

)
)

)
)
)
)

RV-A vs RV-C (0.281)
RV-B vs RV-C (0.130)
Feeling generally unwell 118 (45)/143 (55) 22 (51)/21(49) 49 (61)/31 (39) RV-A vs RV-B (0.442)
RV-A vs RV-C (0.023)
RV-B vs RV-C (0.392)

*The presence and severity of symptoms were evaluated only for patients with rhinovirus single infections.
tCorrected for age, sex, sample season and sample year.
LRTI, lower respiratory tract infection; RV, rhinovirus.

influenza-like illness,” ™ and in 8% or less of asymptomatic symptomatic patients than RV-B (12%) or RV-C (20%) strains.
adults.? #1526 In contrast, the prevalence of RV-A (37%), RV-B (34%) and

RV species were identified with a different frequency among RV-C (29%) was more or less similar in asymptomatic infections,
symptomatic and control subjects. With 68% prevalence suggesting a more pathogenic role of RV-A infections. Also,
RV-A strains were significantly more common in RV infected RV-A was 4.5 and 2.2 times more often associated with LRTI
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Figure 2 Rhinovirus (RV) detection rate and species distribution according to site and year of detection. Total numbers of tested samples per
location and year of isolation are presented under the corresponding country panel; ‘NS’ designates that no samples were available. Plot lines
represent the proportion (%) of RV infections (right side y-axis) and bar graphs represent the number of RV-A (red), RV-B (blue) and RV-C (green)
infections (left side y-axis).Country abbreviations: BEL (Belgium), FRA (France), DEU (Germany), ITA (Italy),NLD (Netherland), POL (Poland), SVK

(Slovakia), SVN (Slovenia), ESP (Spain),SWE (Sweden), GBR (United Kingdom).

than RV-B and RV-C (p=<0.010), and RV-C 2.1 times more often
than RV-B (p=0.015).

Our findings indicate that in adults, the prevalence of RV-A-
associated LRTI is considerably higher than that of RV-B and
RV-C, while RV-B infections are more often asymptomatic. The
latter observation is further supported by the fact that RV-B has
been detected infrequently in children and adults hospitalised
for severe respiratory illness."> '” "' Furthermore RV-B symp-
tomatic infections had significantly lower viral loads than RV-A
symptomatic infections, suggesting lower pathogenicity of RV-B
viruses. Lower viral loads of RV-B relative to RV-A and RV-C in
respiratory specimens have previously been reported for adults
with pneumonia®® and viral load has been reported as indicator
for severity of RV infections.” These findings are in agreement
with the in vitro study that demonstrated that RV-B types repli-
cate less efficiently and induce lower cytokines and/or chemo-
kine levels than RV-A or RV-C infections.*?

Our results on RV species distribution (RV-A>RV C>RV B)
among adults with LRTI are consistent with those from a study
conducted in Seoul among adults with pneumonia.’* Other
studies in symptomatic patients found a lower prevalence of
RV-C than RV-B infections.>* 3> These differences in the rela-
tive proportions of RV species in comparison to our findings
could be due to differences in the study populations (eg, upper
respiratory tract infection (URTI) instead of LRTI) and annual

variations in species distribution. We observed no signifi-
cant differences between RV species in the duration of illness,
maximum symptom scores, overall disease severity and severity
of individual common cold symptoms. However, RV-A infected
patients subjectively felt in general worse than those infected
with RV-C. Our results suggest that RV-A infections have a more
debilitating impact on the general health as compared with RV-B
and RV-C infections. In children several studies demonstrated
an association between RV-C and more serious respiratory
illness." > %% In adult patients RV-C infection has been reported
to cause more frequent acute RTI and appeared more severe as
compared with children.”” ** Other studies in adults observed
no differences in disease severity between RV species,' 16263237
though one study found a higher disease severity associated with
RV-A in upper respiratory symptoms. However, these studies
are limited due to the short surveillance periods, lack of asymp-
tomatic controls and small sample size. It must be noted that the
patients included in this study had per definition acute cough/
LRTI, thus differences in disease severity between RV species in
patients with milder symptoms cannot be excluded.

RV-A was the most prevalent species in the majority of study
locations, followed by RV-C, while RV-B occurrence varied
considerably between and within certain communities. Substan-
tial antigenic variation within RV-A could lead to more frequent
reinfections in the community and to a higher overall prevalence.
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Figure 3  Frequencies of rhinovirus types identified in symptomatic case and asymptomatic control adults.

Interestingly, not all RV species were identified in the separate
locations during the study period. Genotyping of the RV samples
lead to the discovery of 5 novel RV types and revealed a remark-
ably high diversity of RVs represented by 73 RV-A, 25 RV-B and
42 RV-C types. Asymptomatic infections were associated with a
variety of RV types, the majority of which were also identified in
symptomatic cases.

Although comprehensive, this study has some limitations. Due
to the heterogeneity of the RV genomes, our RV diagnostic and
genotyping assays might have varied in efficacy of amplification,
and therefore, be suboptimal for some genotypes. In particular,

RV-C infections might be somewhat underrepresented, since a
limited number of RV-C complete genome sequences were avail-
able at the time our diagnostic assay was developed.

In addition, due to the nature of this study, only associations
can be found, and no causality can be proven. With the current
study design, an association can be made between RV type and
disease severity. However, the population studied, is patients
visiting their GP that in general will be older and have more
comorbidities as compared with the general population. Never-
theless, these are the patients consulting their GP, and therefore,
this study is very representative for clinical practice.
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Although limited, some CRF’s were missing and not all RV
positive samples could be typed. Because these numbers are
limited a link between the missing data and disease severity is
not expected and this probably will not result in a bias.

Finally, the clinical status of cases with RV-positive follow-up
samples could not be clearly defined, since symptom manifesta-
tions were not recorded by the GP at the time of the second visit.

This is a very comprehensive study, in which RV typing has
been performed in symptomatic (LRTI) and asymptomatic adult
GP patients in 11 countries. RV typing is not part of standard
diagnostic care and our results do not provide an indication for
an added value in relation to disease severity. This may change
in the future if subtype differences in efficacy are observed
following antiviral treatment or vaccination.

In conclusion, LRTT in adults were mainly associated with
RV-A, identified in a significantly higher proportion of symp-
tomatic than asymptomatic subjects as compared with RV-B and
RV-C. Furthermore RV-A symptomatic infections were associ-
ated with significantly higher viral loads than RV-B symptomatic
infections, suggesting lower pathogenicity of RV-B.
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