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ABSTRACT Rhinovirus infections occur frequently throughout life and have been reported in about one-

third of asymptomatic cases. The clinical significance of sequential rhinovirus infections remains unclear.

To determine the incidence and clinical relevance of sequential rhinovirus detections, nasopharyngeal

samples from 2485 adults with acute cough/lower respiratory illness were analysed. Patients were enrolled

prospectively by general practitioners from 12 European Union countries during three consecutive years

(2007–2010). Nasopharyngeal samples were collected at the initial general practitioner consultation and 28

days thereafter and symptom scores were recorded by patients over that period.

Rhinovirus RNA was detected in 444 (18%) out of 2485 visit one samples and in 110 (4.4%) out of 2485

visit two respiratory samples. 21 (5%) of the 444 patients had both samples positive for rhinovirus.

Genotyping of both virus detections was successful for 17 (81%) out of 21 of these patients. Prolonged

rhinovirus shedding occurred in six (35%) out of 21 and re-infection with a different rhinovirus in 11

(65%) out of 21. Rhinovirus re-infections were significantly associated with chronic obstructive pulmonary

disease (p50.04) and asthma (p50.02) and appeared to be more severe than prolonged infections.

Our findings indicate that in immunocompetent adults rhinovirus re-infections are more common than

prolonged infections, and chronic airway comorbidities might predispose to more frequent rhinovirus

re-infections.
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Introduction
Rhinovirus (RV) is a major cause of acute respiratory disease in both children and adults. The clinical

spectrum of rhinovirus infection can range from asymptomatic to more severe lower respiratory tract illness

such as obliterative bronchiolitis and pneumonia [1]. Rhinovirus is recognised as a major trigger of asthma

and chronic obstructive pulmonary disease (COPD) exacerbations [2]. It is also a commonly detected co-

pathogen identified in 24% and 30% of mixed viral and bacterial infections, respectively [3, 4]. Rhinovirus

infection might contribute to serious complications such as obliterative bronchiolitis and acute graft

rejection in lung and stem-cell transplant recipients [5–7].

Rhinovirus is a member of the genus Enterovirus, family Picornaviridae. Currently, more than 160 sero-/

genotypes have been described and classified within three main species: RV-A, RV-B and RV-C [8]. In

immunocompetent individuals, rhinovirus infections are usually associated with a mild self-limiting upper

respiratory tract illness that resolves spontaneously within 1–2 weeks [9]. Virus shedding lasts on average for

10–14 days in immunocompetent subjects; however, this shedding is not always associated with respiratory

symptoms [10, 11]. Using sensitive molecular techniques, rhinovirus RNA has been detected in 10–35% of

apparently healthy subjects and therefore the clinical relevance of RT-PCR-positive results remains

controversial [10, 12–14]. Prolonged rhinovirus detection for 5–6 weeks after a symptomatic infection has

been reported in young children, suggesting that the virus can persist for a significant period of time.

However, as no genotyping was performed, a new infection with another rhinovirus could not be excluded

[15–17]. Chronic rhinovirus carriage for as long as 4–12 months has been documented in patients with

immunodeficiency after cord blood or organ transplantation [18, 19].

Multiple rhinovirus types co-circulate in the community and re-infections occur throughout life, suggesting

that cross-protective immunity between serotypes is incomplete [11, 20]. Adults experience on average two to

three infections and young children up to 12 infections per year [21]. Only a few studies have evaluated the

clinical severity and nature of rhinovirus re-infections and most were conducted in young children [11, 22].

It is unclear how prior rhinovirus infections modulate the clinical outcome of successive rhinovirus infections

and whether certain rhinovirus types can cause more severe and prolonged illness.

The objectives of this study were: 1) to investigate the incidence of prolonged rhinovirus shedding and re-

infection among adult GP patients with acute cough/lower respiratory illness; and 2) to establish the clinical

severity related to prolonged rhinovirus shedding and re-infection.

Methods
Study design, subjects and specimens
Study subjects were enrolled as part of the GRACE (Genomics to combat Resistance against Antibiotics in

Community-acquired lower respiratory tract infection in Europe) European Network of Excellence (www.

grace-lrti.org) focusing on improving the management of community-acquired lower respiratory tract

infections. 16 primary care networks from 12 European countries (Belgium, England, France, Germany,

Italy, the Netherlands, Poland, Slovakia, Slovenia, Spain, Sweden and Wales) participated in a prospective

recruitment of patients within the winter seasons between October 2007 and June 2010. Eligible patients

were aged 18 years or older and consulting their general practitioner (GP) for the first time with a

respiratory illness presenting with an acute or worsened cough (f28 days duration) as the main symptom,

or any clinical presentation that suggested a lower respiratory tract infection. Exclusion criteria were

pregnancy, breast-feeding and any condition associated with severe impaired immune status. Patients with

previous diagnoses of asthma, COPD and other comorbid disorders, such as diabetes; respiratory,

cardiovascular and allergic diseases were not excluded and thus acute infective exacerbations were included

as well. The study was approved by the medical ethics committees of the participating countries. Following

written informed consent, a sputum (if available) and nasopharyngeal swab sample were collected from

each patient during their first visit (V1) to the GP. A follow-up nasopharyngeal swab sample was obtained

at the second visit (V2) to the GP approximately 28 days later.

Clinical characteristics and disease severity
Clinical data, including past medical history, comorbidities and their management/treatment, and days the

patient felt unwell were recorded by the GP on a case report form at the time of the first consultation.

Following the first visit at the primary care centre, patients were requested to complete a daily symptom

diary for the duration of illness (to a maximum of 28 days). The presence or absence of 13 symptoms were

documented: cough, sputum production, shortness of breath, wheeze, coryza, fever, chest pain, muscle

aching, headache, disturbed sleep, feeling generally unwell, interference with normal activities and

confusion/disorientation. If present, the severity of each symptom was rated on a 7-point scale from 0 to 6.

0: ‘‘normal/not affected’’; 1: ‘‘very little problem’’; 2: ‘‘slight problem’’; 3: ‘‘moderately bad’’; 4: ‘‘bad’’;
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5: ‘‘very bad’’; and 6: ‘‘as bad as it could be’’. Disease severity was assessed from the following clinical

outcomes: 1) duration of illness; 2) maximal symptom score; and 3) duration of higher symptom score. The

duration of illness was measured as the sum of days unwell before the first GP consultation and days the

patient experienced any of the 13 symptoms over the 28-day follow-up period. The maximal symptom score

was estimated as the highest mean daily symptom score based on the 13 symptoms evaluated in the patient

diary during the 28-day follow-up period. The duration of higher symptom score was measured as the

number of days the patient had a mean daily symptom score o2 corresponding to severity ranging from

‘‘slight problem’’ to ‘‘as bad as it could be’’.

Rhinovirus detection and molecular typing
Total nucleic acids were isolated from nasopharyngeal specimens with the NucliSens EasyMag system

(bioMerieux, Grenoble, France) and stored at -70uC until further testing. Rhinovirus-positive samples were

detected with an internally controlled real-time reverse transcriptase PCR assay amplifying a 142-bp

fragment of the 5’-UTR region using primers, probes and conditions previously described [23]. Threshold

cycle (Ct) values were normalised using the same fluorescence threshold and were used as an approximate

measure of viral load. Molecular typing of rhinoviruses was performed by amplification and sequencing of

fragments in the VP3/VP1, VP4/VP2 or the 5’-UTR genome regions. Further information regarding the

molecular typing assays and rhinovirus genotype assignment is provided in the online supplementary

material.

Detection of respiratory viral and bacterial co-pathogens
Nasopharyngeal swab samples were tested by real-time PCR assays for the following viruses: human

metapneumovirus (hMPV), respiratory syncytial virus (RSV), influenza viruses A and B (IFA and IFB),

parainfluenza virus types 1 to 4 (PIV-1 to -4), human coronavirus (HCoV stains 229E, OC43, and NL63),

adenovirus (AdV), human bocavirus (HBoV), polyomavirus WU (WUPyV) and KI (KIPyV) [23]. Bacterial

and fungal co-infections were detected in the nasopharyngeal swab specimens by using conventional

culture and/or molecular methods for Chlamydophila pneumoniae, Legionella pneumophila, Mycoplasma

pneumoniae, Streptococcus spp. Haemophilus spp., Gram-negative Enterobacteriaceae, Candida sp.,

Aspergillus sp. and Pseudomonas aeruginosa [23]. Sputum samples were used for culture of Streptococcus

pneumoniae and Haemophilus spp.

Statistical analysis
Comorbid disorders were compared per patient group using the Pearson Chi-squared or Fisher’s exact test

for 262 tables. Daily symptom scores per patient were mediated to a mean daily symptom score of the 13

symptoms. The age and clinical characteristics per patient group presented as median and interquartile

range (IQR) values were compared by means of the Mann–Whitney U-test. A two-sided p-value ,0.05 was

considered statistically significant. All statistical analyses were carried out in the IBM SPSS Statistics version

20.00 software for Windows (Released 2011; IBM Corp., Armonk, NY, USA).

Results
Rhinovirus detection and molecular typing
A total of 4970 nasopharyngeal swab samples obtained from 2485 adult patients with acute cough/lower

respiratory tract infection during V1 and V2 visits to the primary care centre were investigated in this study

(fig. 1). Rhinovirus RNA was detected in 444 (18%) out of 2485 V1 and 110 (4.4%) out of 2485 V2

respiratory samples. Sequential rhinovirus detections were observed in 22 (5%) out of the 444 patients with

a V1 rhinovirus-positive sample. Patients with sequential rhinovirus detections included 11 males and 11

females with a median age of 55 years (range 22–78 years). To discriminate between prolonged rhinovirus

shedding and re-infection, virus typing was conducted for patients with sequential rhinovirus-positive

samples (figs 1 and 2). 39 (89%) of 44 sequential rhinovirus-positive samples were successfully

characterised, resulting in: RV-A (n522), RV-B (n511), RV-C (n55) and enterovirus (EV-C) in one

case. The latter detection was due to cross-reactivity of our rhinovirus real-time RT-PCR assay with certain

enterovirus types and therefore this case (patient 22) was excluded from further analysis. 12 (27%) of the 44

samples were typed with the VP3/VP1 assay, 26 (60%) by using the VP4/VP2 assay, and 4 (9%) with the 5’-

UTR assay (see table 2S in the supplementary material). Rhinovirus-positive samples that failed

amplification by all three genotyping assays had significantly lower viral loads corresponding to median Ct

value of 38 versus 29 for genotyped rhinoviruses (p50.002 Mann–Whitney U-test). Both V1 and V2

rhinovirus infections could be typed for 17 (81%) out of 21 patients, and for the remaining 4 (19%)

patients, only the first V1 sample was characterised (fig. 2). Identical rhinovirus sequences (pairwise

nucleotide similarities of 99.9–100%) were found in 6 (35%) out of 17 patients indicating infection with the

same strain: RV-A (n53) and RV-B (n53) (table 2S, supplementary material). In one of these patients
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(patient 6), an ambiguous nucleotide position was detected in the VP2 gene of the first V1 rhinovirus

sequence (codon ATY92ATT according to RV-A43) and in another patient, a non-synonymous substitution

(codon position L549V according to RV-A34) in the VP3 gene (patient 5) was observed in the second V2

virus strain.

Re-infection with a different rhinovirus strain occurred in 11 (65%) out of 17 patients, including RV-A/RV-

B (n54), RV-A/RV-C (n53), RV-C/RV-A (n52), and two patients were re-infected with a different RV-A

genotype (fig. 2).

Co-pathogen detection
One or more viral, bacterial or fungal co-pathogens were identified in 187 (34%) of the 553 rhinovirus-

positive V1 and V2 samples, consisting of 63 (11%) viral and 119 (22%) bacterial and 38 (7%) fungal co-

infections. Co-infections with another virus and/or bacteria were identified in 6 (29%) of the 21 patients

with sequential rhinovirus findings, of whom, nine had a co-infection at the time of the first consultation

with the GP. As shown in figure 2, one to two bacteria were identified in 6 (29%) patients with sequential

rhinovirus detections including Haemophilus influenzae (n53), Haemophilus parainfluenzae (n51),

Moraxella catarrhalis (n51), Gram-negative Enterobacteriaceae (n51), Candida spp. (n51), Streptococcus

pseudopneumoniae (n51) and S. pneumoniae (n51). Viral co-infections were observed in five patients with

sequential rhinovirus findings and included RSV (n51), WUPyV (n51), HCoV-NL63 (n52) and influenza

virus (n51), and one patient had a fungal co-infection with Candida spp.

Comorbidities in rhinovirus infected patients
The age distribution and rates of comorbid disorders (COPD, asthma, lung disease, cardiovascular disease,

diabetes, previous hospitalisations for respiratory illness, and allergic disease) among patients with a single

(V1) and sequential (V1 and V2) rhinovirus-positive samples, prolonged rhinovirus shedding and

rhinovirus re-infections are shown in table 1. 16 (76%) of the 21 patients with sequential rhinovirus

detections had at least one underlying condition, with COPD (29%), allergic disease (29%) and asthma

(24%) being the most common. Comorbid disorders were prevailing (10 (91%) out of 11) in patients with

rhinovirus re-infections (fig. 2b). Sequential rhinovirus detections (p50.004), specifically rhinovirus re-

infections (p50.04) were associated with COPD. Asthma was the second most frequent comorbid disorder

that was associated with rhinovirus re-infections (p50.02). Patients with prolonged rhinovirus shedding

were generally older (median age 72 years) than patients with rhinovirus single (median age 49 years;

p50.07) and re-infections (median age 48 years; p50.12).

2485 adults with RTI and 4970 nasopharyngeal swab samples obtained during 
the first (n=2485) and second (n=2485) visit to the GP

444 (18%) visit 1 
RV positive

2041 (82%) visit 1 
RV negative

88 (4%) visit 2
RV positive

422 (95%) visit 2
RV negative

22 (5%) visit 2
RV positive

6 (35%) RV-prolonged infection 

2 (18.2%) RV-A/A3 (50%) RV-B3 (50%) RV-A 4 (36.4%) RV-A/B 3 (27%) RV-A/C 2 (18.2%) RV-C/A

11 (65%) RV re-infection

1 EV-C positive case was excluded

17 (81%) out of 21 visit 1 and visit 2 RV samples genotyped

417 (94%) out of 444 completed the 
symptom diary

FIGURE 1 Study enrolment and results of rhinovirus (RV) testing in adults with acute cough/lower respiratory tract
infection. EV-C: enterovirus C; A, B and C refer to the RV species.
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No underlying conditions

No underlying conditions

1

a) RV prolonged infection

b) RV re-infection

Patient Detected pathogen visit 1 Daily severity scores/underlying conditions/medical history Detected pathogen visit 2

23 years/M

3 67 years/F RV-B84 Ct=25
Candida sp.

2 51 years/F RV-B72 Ct=28
M. catarrhalis, GramNegEB

RV-Bpat2 Ct=34
H. parainfluenzae

5 78 years/M RV-A34 Ct=29
H. influenzae

6 78 years/M RV-A43 Ct=24

4 77 years/M

RV-Bpat2 Ct=28

RV-B84 Ct=28

RV-B72 Ct=34

RV-A34 Ct=26

RV-A43 Ct=40

WUPyV

RV-A105 Ct=29

Day 31

Day 31

Day 34

Day 37

Day 28

Day 29RV-A105 Ct=29
S. pseudopneumoniae, RSV

Allergic disease

Heart failure

COPD

Cardiovascular disease

0
2
4
6

Days

71 14 21 28

0
2
4
6
0
2
4
6
0
2
4
6

No underlying conditions

c) RV sequential detections (visit 2 strains not typed)

18 41 years/F RV-A29 Ct=35

20 63 years/M RV-A31 Ct=30

21 72 years/F RV-B92 Ct=26

19 47 years/F

RV Ct=28
HCoV-NL63

RV Ct=32

RV Ct=40

RV Ct=36

Day 36

Day 31

Day 35

Day 36RV-A89 Ct=31 No underlying conditions

COPD/cardiovascular disease

COPD/asthma/allergic disease

0
2
4
6

Days

71 14 21 28

0
2
4
6
0
2
4
6
0
2
4
6
0
2
4
6
0
2
4
6 Lung disease/previous hospitalisation RTI

Asthma/diabetes

12 48 years/F

14 57 years/M RV-A23 Ct=35
Inf A/B

13 54 years/M RV-A30 Ct=17

16 69 years/F RV-A21 Ct=28
H. influenzae

17 75 years/M RV-A8 Ct=26

15 61 years/F

RV-A46 Ct=29

RV-B92 Ct=35

RV-C15 Ct=30

RV-B70 Ct=22

RV-A2 Ct=37

RV-B72 Ct=32

Day 36

Day 40

Day 45

Day 31

Day 45

Day 36RV-Apat1 Ct=27

Asthma/allergic disease

COPD

Previous hospitalisation RTI (pleural tuberculosis)

0
2
4
6
0
2
4
6
0
2
4
6
0
2
4
6
0
2
4
6

Asthma

No underlying conditions

7 22 years/M

9 30 years/F RV-C15 Ct=31
HCoV-NL63

8 24 years/M RV-A22 Ct=28

RV-A62 Ct=20

11 34 years/F RV-A19 Ct=22

RV-C11 Ct=18

10 33 years/F

RV-B72 Ct=33

RV-A82 Ct=27

RV-C Ct=31

RV-C11 Ct=32

RV-A2 Ct=31
H. influenzae

Day 35

Day 39

Day 31

Day 29

Day 41RV-A07 Ct=27
S. pneumoniae, H. influenzae

Allergic disease/sensitive airways

COPD/asthma/allergic disease/HIV/HCV

Allergic disease

COPD

FIGURE 2 Diagnosis and daily symptoms scores of patients with sequential rhinovirus-positive samples during a 28-day follow-up period. a) Patients with
prolonged rhinovirus shedding, b) rhinovirus re-infections and c) not typed rhinovirus sequential findings. Rhinovirus genotypes with respective cycle threshold
(Ct) values and co-pathogens identified in visit 1 (day 1) and visit 2 (day 28 or later) samples are shown. Potentially novel rhinovirus genotypes are indicated as
provisionally assigned types (pat). Underlying conditions and relevant medical history are specified above the corresponding daily symptom graph of each
patient. M: male; F: female; H. parainfluenza: Haemophilus parainfluenzae; M. catarrhalis: Moraxella catarrhalis; GramNegEB: Gram-negative Enterobacteriaceae;
S. pseudopneumoniae: Streptococcus pseudopneumoniae; RSV: respiratory syncytial virus; H. influenzae: Haemophilus influenzae; COPD: chronic obstructive
pulmonary disease; S. pneumoniae: Streptococcus pneumoniae; HCV: hepatitis C virus; RTI: respiratory tract infection.
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Clinical evaluation of prolonged rhinovirus shedding and re-infection
For patients with sequential rhinovirus detection, the second follow-up sample was obtained 28 days or later

after the first V1 respiratory sampling; median (IQR) 35 days (31–40 days). 12 (57%) of the 21 patients with

sequential rhinovirus-positive samples had no clinical symptoms on day 28 following the first V1 rhinovirus

detection, seven (33%) patients had ‘‘very little problem’’ (symptom scores f1.2), and two (9%) patients

had ‘‘slight problem’’ (symptom scores ,2). The clinical characteristics of rhinovirus prolonged and re-

infections are presented in table 2. The median duration of illness was longer for patients with a prolonged

infection (25 versus 18 days), but the median maximal symptom score and median duration of symptoms

o2, were higher for rhinovirus re-infections. The disease severity associated with prolonged rhinovirus

shedding and rhinovirus re-infection was also compared to that of 210 cases with rhinovirus mono-

infection and 123 cases with co-infections with other viral or bacterial pathogens (table 2). The clinical

features of the latter were estimated only for rhinovirus V1 positive patients that had a V2 follow-up sample

negative for all screened pathogens, thus reducing biases in rhinovirus symptom severity due to a sequential

infection with another pathogen. The analysis showed no significant differences between the symptom

severities of prolonged rhinovirus shedding and rhinovirus re-infections, as well as when compared with

rhinovirus mono- and co-pathogen infections.

Discussion
In the present study, rhinovirus was detected in 18% of immunocompetent adults with acute cough or any

other reason for suspecting a lower respiratory tract infection. A follow-up sample obtained approximately

28 days later was rhinovirus positive in 5% of adults with initial rhinovirus infection, representing 0.9% of

the total patient cohort. Rhinovirus genotyping revealed that the majority (65%) of subjects were re-

infected with a different rhinovirus (fig. 1). In contrast to previous studies that have identified RV-B

infections less frequently in children with respiratory tract illness [20, 24], in the current study, RV-B was

the second most common species after RV-A and was identified in three out of the six patients with

prolonged rhinovirus shedding.

More than half of the patients with sequential rhinovirus detections had no symptoms (57%) or very mild

symptoms (33%) at the time (day 28) or on average 7 days before the second virus detection (fig. 2). These

data suggest that, in adults, follow-up rhinovirus infections are likely to be mild or asymptomatic. Our

observations are consistent with previous findings of asymptomatic secondary rhinovirus infections among

adults [10]. In immunocompetent individuals, the acquired immunity to previous rhinovirus exposures

determines the clinical severity and duration of subsequent rhinovirus infections. High titers of serotype-

specific antibodies in serum and respiratory secretions have been associated with reduced symptom severity

or resistance to homologous rhinovirus infections [25]. In addition, broadly cross-reactive neutralising

antibodies raised against conserved peptide sequences in the VP4, VP3 and VP1 capsid proteins have been

previously reported [26, 27].

In the current study, most patients (77%) with sequential rhinovirus detections had at least one comorbid

disorder; with COPD, allergic disease and asthma accounting for the majority of cases. Furthermore

rhinovirus re-infections were significantly associated with COPD and asthma comorbidities indicating that

chronic airway disorders might predispose to more frequent rhinovirus infections. A recent study

conducted on asthmatic children hospitalised for severe exacerbations has shown that repeated rhinovirus

detection over 8 weeks in eight patients was due to re-infection [24]. In this study, re-infection was

confirmed in 11 of the 17 patients with genotyped rhinovirus positive follow-up samples. Our findings provide

further evidence that sequential rhinovirus detections are predominantly re-infection rather than persistence.

MOLYNEAUX et al. [28] demonstrated that in contrast to healthy individuals rhinovirus infection in subjects

with COPD leads to a significant outgrowth of potentially pathogenic H. influenza. In that study, bacterial

co-pathogens were identified in 29% (6 out of 21) of the patients with recurrent rhinovirus detections with

H. influenzae being the most frequently observed bacterial species identified in three patients. All three

patients had underlying respiratory tract conditions, including two cases with COPD and one patient had a

previous hospitalisation for pleural tuberculosis.

In immunocompetent adults, the duration of rhinovirus shedding is usually 1–2 weeks and prolonged

rhinovirus infection over 28 days has been reported only for patients with severe immune deficiencies

[11, 18, 19]. In our study, four of the six adults who shed rhinovirus for over 28 days were older than

65 years. Although the sample size was underpowered for significance testing, these patients were in general

older and had a longer duration of illness in comparison with patients with rhinovirus re-infections, mono-

infections and rhinovirus co-pathogen infections (table 1 and 2). Prolonged infections were caused by

various RV-A and RV-B genotypes and the viral loads at the time of the first (V1) and second (V2)

rhinovirus detection were comparable and relatively high for the majority of patients, indicating persistent
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viral replication (fig. 2a). Age-related changes in the innate and adaptive immune responses such as

diminished antibacterial activity of neutrophils, decline in cytokine production, and antibodies exhibiting

lower affinity and avidity for antigen have been reported [29]. Immunosenescence may therefore lead to

poor viral clearance and more frequent and severe respiratory infections in the elderly. Importantly, the

presence of synonymous and non-synonymous changes in the VP2 and VP3 capsid genes in two RV-A

strains suggests that the elderly may represent a potential reservoir for the emergence and spread of

rhinovirus variants with modified antigenic properties.

In our study, rhinovirus re-infected patients did not experience apparent aggravation of disease symptoms

during the 28-day follow-up period (fig. 2b). Still, the overall clinical manifestation appeared to be more

severe than prolonged rhinovirus infections, presenting with higher symptom scores and a longer duration

of more severe symptoms. The high rate of respiratory comorbidities in these patients could possibly

explain the more severe disease outcome.

The current study has certain limitations. Since a good-quality sputum sample is difficult to obtain,

particularly from older patients [30], pathogen screening was performed mainly on nasopharyngeal swab

specimens. Another limitation is that sampling was not conducted on a more frequent (weekly) basis; thus,

the time of the second rhinovirus infection cannot be precisely determined. Further research is needed to

establish if sequential rhinovirus infections, particularly with a different rhinovirus species can lead to more

severe symptoms.

To our knowledge, this represents the first extensive population-based study on the incidence and clinical

relevance of repeated rhinovirus detections among healthy adults. The data presented here indicate that in

immunocompetent adults sequential rhinovirus infections are primarily due to re-infection with a different

rhinovirus genotype. Our findings suggest that patients with chronic airway comorbidities may have

increased susceptibility to rhinovirus re-infection, while prolonged rhinovirus shedding may be more

common in the elderly. The role of advanced age and immunosenescence in prolonged rhinovirus shedding

and transmission warrants further investigation.

Acknowledgements
We thank all involved in the GRACE Primary Care Network for the opportunity to conduct this study, Jacqueline
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