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Introduction

Rhinovirus (hRV) is a predominant respiratory virus. The clinical characteristics of hRV range from asymptomatic to upper respiratory tract or severe lower respiratory tract infections. Rhinoviruses are the most common cause of the common cold in adults and children. Infections of the lower respiratory tract can lead to bronchiolitis, bronchitis and pneumonia [START_REF] Jacobs | Human rhinoviruses[END_REF]. Fatal pneumonia has been described in the elderly and in immunocompromised adults [1; 2; 3; 4]. Rhinoviruses are frequently associated with the exacerbation of asthma. Individuals with predisposing chronic respiratory diseases such as asthma, COPD and cystic fibrosis may experience an increased risk of serious complications associated with hRV. Genotypes C of rhinovirus and viral load have not been constantly associated with severity [5; 6; 7].

In this study, we conducted a detailed retrospective analysis of the epidemiological and clinical characteristics of hRV infections over one year in a heterogeneous population of patients hospitalized in France. We investigated the rhinovirus circulation relative to other respiratory viruses (respiratory syncytial virus (RSV), influenza (Flu) and human metapneumovirus (hMPV)) and then determined the risk factors associated with the severity of the symptoms.

Methods

Patients Inclusion

All patients with ARI presenting or hospitalized at Dijon University Hospital, France, from the 1 October 2015 to 31 September 2016 were included. The medical records (DxCare software) were retrospectively reviewed.

Exclusion

Considering the medical records, we excluded patients with bacterial infections (documented or suspected by medical physicians), fungal or parasitic pulmonary co-infection or noninfectious acute respiratory diseases (e.g. neutrophil anti-cytoplasmic antibody vasculitis, acute pulmonary oedema, pneumothorax, etc.).

In most immunocompetent individuals with hRV infection, viral excretion is short and ends within 14 days [8; 9]. Repeated samples, defined as samples taken of the same patient in the same fifteen days, were discarded.

Laboratory Testing

Respiratory samples (nasopharyngeal swabs (86% of the samples), tracheal aspirates and BAL) sent for respiratory viruses diagnosis to the virology laboratory, Dijon Hospital, France were tested by duplex RT-PCR (Respiratory Multi Well System MWS r-gene ® , Biomérieux) for RSV/hMPV, influenza-A/ influenza-B and rhinovirus/enterovirus (hRV/EV) analyses.

Cycle threshold (Ct) was used as an inverse proxy for viral load, with lower Ct correlating with higher viral load. Hypoxanthine-guanine phosphoribosyltransferase 1 gene detection was used as a control cell calibrator. Sanger sequencing was performed on the VP4-VP2 region and sequence comparisons were performed on a 541-nt segment to determine genetic types [START_REF] Wisdom | Screening respiratory samples for detection of human rhinoviruses (HRVs) and enteroviruses: comprehensive VP4-VP2 typing reveals high incidence and genetic diversity of HRV species C[END_REF].

Clinical Severity

A severity index was defined by assigning 1 point to each of the following: need for supplemental oxygen, admission to an intensive-care unit, and duration of hospital stay ≥5 days [START_REF] Gilca | Distribution and clinical impact of human respiratory syncytial virus genotypes in hospitalized children over 2 winter seasons[END_REF]. Because 70% of subjects had a severity index of 0, the last was dichotomized as 0 and ≥1 for the purpose of statistical analysis.

Case-control study

Each severe respiratory episode was matched with a non-severe respiratory episode, both due to single infection by hRV. Matching depended on the age and sex of the patients as well as the time of the year (no more than 3 months between the case and the control).

Statistical Analysis

Results were analyzed using STATA version 14 (StataCorp, College Station, TX). To account for potential age-related differences in response to infection and as a large proportion of samples were from children under 2 years, we assessed clinical severity factors, stratified by age groups of ≤ 2 years and >2 years. Categorical variables were compared using the χ2 -test and continuous variables were compared using the Kruskal-Wallis' test. A P value of less than 0.05 was considered statistically significant. Multivariate logistic regression analysis was conducted to take into account confounding factors on the role of RSV on infection severity.

Results

Epidemiology Distribution of respiratory viruses detected during the study period

During the study period, 434 out of 2465 respiratory samples (17.6%) were positive for rhinovirus, 12.1% for influenza viruses, 10.5% for RSV and 3.3% for hMPV (Fig 1). Two peaks of hRV frequency were observed, one in December (n=56) and one in March (n=52).

The number of infectious episodes due to hRV was significantly higher during the winter period (from November to April) than during the summer period (from April to October) (P <0.05). Influenza A and B viruses had a similar monthly distribution. Most of the influenza episodes occurred from January to April, with a single peak in March 2016. There were more influenza-B episodes than influenza-A episodes. RSV was detected from October 2015 to May 2016. A single peak was observed in December. The number of infections due to hMPV was limited. They occurred from December to April. 

Age distribution

The age range for respiratory episodes with hRV, RSV and hMPV was similarly distributed.

Respiratory tract infections (RTI) mostly affected pediatric populations, and a modest increase in RTI was observed for patients over 50. Influenza episodes were distributed in all age groups (Fig 2 ).

A) B)

Fig.2. Distribution of RTI in rhinovirus and respiratory syncytial virus (A) and in Influenza A and B and human metapneumovirus according to age (B) during the study period

Viral coinfections

No samples showed positive PCR results for more than two respiratory viral species. Among the 434 respiratory episodes with hRV, coinfections represented 15.4% of infections, whose 78% involved RSV (Fig 3A). During the two peaks of hRV infections that were of the same extent, the number of positives cases for RSV and influenza-B was respectively similar.

However, the number of coinfections with RSV reached 22% and that with influenza-B only 2% (Fig 3B). Co-infections with RSV were therefore overrepresented among hRV infections while coinfections with influenza viruses were not many. 

Clinical outcomes for hRV respiratory infections

Comparison of severe and non-severe rhinovirus respiratory episodes

Non-severe episodes accounted for the majority of respiratory episodes (64.5% of cases). One third of the hRV episodes were severe infections (n= 47/119, 39.5 % among patients aged ≤2 years, n= 13/50, 26 % among patients aged > 2 years). The monthly distribution of severe and non-severe infectious episodes was not significantly different among both age groups. Age was associated with the occurrence of a severe respiratory infection to hRV only for patients ≤ 2 years old (mean 0.35 vs 0.58, P= 0.003). The distribution of severe and non-severe infectious episodes by age was similar in patients aged >2 years (mean 37.6 vs 42.0, P>0.05) as well as the sex ratio for both age groups (≤2 years: M/W= 1.06 vs 2.13; P= 0.071; >2 years: M/W= 0.85 vs 0.87, P= 0.099).

Among patients aged under 2 years, chronic pulmonary diseases were observed in 5.6 % of non-severe episodes and in 25.5% of severe episodes (P=0.002) (Table 2). Among the pulmonary diseases, 21 % were history of asthma. Chronic pulmonary disease and history of asthma were associated with severe infection. Among patients aged >2 years, cancer, including hematologic malignancies, was identified in 36% of non-severe episodes and 23% of severe episodes. Comorbidities were similarly distributed between severe and non-severe respiratory episodes (P>0.05).

Fever, rhinorrhea, nasal congestion and reduced food intake were similarly distributed between severe and non-severe respiratory episodes (P>0.05). Cough was reported more frequently during severe episodes among patients ≤ 2 years. Prematurity was not associated with the occurrence of a severe viral episode. Regardless of age, dyspnea, signs of respiratory distress and the saturation ≤95% at admission were associated with severe episodes. Oxygen therapy was needed in 81 % and 77 % of severe episodes among patients ≤ 2 years and patients > 2 years, respectively. Not surprisingly, oxygen therapy was shown to be associated with severe infection in both aged groups (P= 0.00).

Among patients ≤ 2 years, RSV coinfection was found in 30 % of severe episodes and in 13.8% of nonsevere episodes (P= 0.035). A viral co-infection with RSV was associated with a higher risk of severe infection among patients ≤ 2 years. The very low numbers of co-infections with influenza A, B and hMPV viruses made it difficult to compare groups.

Analysis with logistic regression showed that coinfection is a risk factor for severity that is independent of other risk factors such as age or a history of asthma. Each has a specific effect on severity (pseudo R 2 = 0.07 and 0.12 respectively). 

Comorbidities

Genotype and severity of infection

The A and C genotypes were found in the majority of cases (49% and 54%), while the hRV-B genotype was infrequently found (3%). There was no significant difference in the distribution of the A, B or C genotypes between the severe and non-severe respiratory episode groups (P>0.05). EV-D68 was identified in respectively two and three cases in each group. The hRV/RV PCR R-gene BioMérieux kit is able to detect ED-68 that may be misinterpreted as rhinovirus. One sample was positive for both hRV-B and echovirus 3. 

Clinical characteristics

The case-control study confirmed that oxygen therapy was associated with severe infection (P= 0.00) and that asthma exacerbation was found more often in severe infections (P=0.03).

The case control study also confirmed that, among comorbidities, a history of asthma was associated with a severe infection (P=0.049). (Table 3). 

Case-control study

Discussion

Rhinoviruses are responsible for respiratory infections throughout the year in temperate regions, unlike viruses such as influenza A and B, hMPV and RSV. During our study period, hRV was the virus the most frequently detected, followed by influenza viruses and RSV. hRV was also the most commonly isolated virus, before RSV, in children younger than two years.

These findings are different from the previous studies that focused on hospitalized pediatric populations, and mainly took place during the winter and were sometimes limited to children with bronchiolitis [12; 13]. These differences can be explained by the different study designs, it could be also explained by the specificity of the 2015-2016 winter season, which was the hottest since 1900 according to the French national weather data center. Indeed, meteorological factors play a role in the epidemiology of hRV and RSV [14; 15]. In our study, most coinfections involved RSV and not influenza, although RSV and Influenza viruses presented similar high frequencies, each during one of the two peaks of hRV infection. This predominant hRV-RSV co-infection has been previously reported [START_REF] Costa | Human rhinovirus and disease severity in children[END_REF] and was related to the high frequency of both hRV and RSV in children. In contrast, hRV detection has shown to be associated with a reduced probability of detecting RSV [START_REF] Karppinen | Interference between respiratory syncytial virus and rhinovirus in respiratory tract infections in children[END_REF]. We detected a low number of coinfections with influenza, which could be explained by the age difference in the populations affected by the two viruses; it could also be the consequence of an interference phenomenon between the hRV and influenza viruses. This probable interference has already been suggested in several epidemiological studies [18; 19; 20].

Moreover, a recent experimental mouse model demonstrated that rhinovirus can reduce the severity of influenza-A virus [START_REF] Gonzalez | Attenuation of Influenza A Virus Disease Severity by Viral Coinfection in a Mouse Model[END_REF].

In our study, a considerable proportion of hRV respiratory infections reached the lower airways, leading to a diagnosis of bronchitis, bronchiolitis or exacerbation of asthma.

Bronchiolitis was the most common diagnosis among patients under two years, in about one third of infections. This result is consistent with the literature where bronchiolitis is the leading cause of hospitalization for patients with hRV infection [START_REF] Jacobs | Human rhinoviruses[END_REF]. Pneumonia has also been associated with respiratory infections in hRV [22; 23]. However, the true causal role of hRV or bacterial infection may be difficult to establish. The absence of pneumonia in our study may be explained by the exclusion of respiratory episodes with bacterial superinfection.

During our study, one third of the respiratory episodes due to hRV were severe. Among patients under two years, the age distributions markedly differed. Some studies have presented extreme life ages as associated with greater occurrence of severe respiratory episodes [24; 25]. Although, in a recent article, clinical syndromes and intensive care unit admissions by age were shown to be largely similar [START_REF] Prill | Severe Respiratory Illness Associated With Rhinovirus During the Enterovirus D68 Outbreak in the United States, August 2014-November 2014[END_REF]. The role of the age as a risk factor for the onset of a severe respiratory episode is controversial.

More importantly, in concordance with recent findings [START_REF] Costa | Human rhinovirus and disease severity in children[END_REF], we found that RSV as a coinfecting virus is an independent risk factor for severe hRV infection. Knowing that RSV is a winter virus and a risk factor for occurrence of severe forms, it was surprising not to find significantly more severe cases in winter, as it has been observed in the literature [START_REF] Mcculloch | Severity of rhinovirus infection in hospitalized adults is unrelated to genotype[END_REF].

Among the comorbidities presented by patients, respiratory diseases, including history of asthma were associated with the occurrence of a severe infectious episode due to hRV, as previously reported [16; 24]. Prematurity and immunosuppressive treatment were not associated with the occurrence of severe respiratory episodes in our study although some studies listed prematurity and immunosuppression as risk factors [25; 28; 29]. Our observations may be explained by the small numbers of patients in these groups.

The case control study revealed the circulation of the three genotypes of hRV with a predominance of the A genotype. None of these genotypes were associated with a more frequent occurrence of severe respiratory signs. According to various studies, C and A genotypes have been found to be risk factors for wheezing and more severe forms of hRV infections in pediatric populations and occasionally in adult populations [5; 27; 30; 31; 32]. In our case-control study, all ages of life are represented even though patients under 2 years old are a majority. This could explain why the viral genotype was not a risk factor for severe forms in our population. Recently, hRV-C-infected subjects were shown to produce higher viral loads [START_REF] Ng | Viral Load and Sequence Analysis Reveal the Symptom Severity, Diversity, and Transmission Clusters of Rhinovirus Infections[END_REF]. A possible correlation between high viral load and increased severity of hRV infections has been proposed [5; 6; 7]. We detected only a few ED-68, but in studies focusing on ED-68, children aged less than 18 years were shown to be more likely than those with rhinovirus to have a history of asthma [33; 34; 35]. The differential role of rhinovirus and EV-D68 as viral triggers of asthma warrants further study.

Conclusion

hRV was the most common virus found, and one third of hRV infections in hospitalized patients were severe. Remarkably, we showed that coinfection with RSV and a history of asthma were important determinants of severity among patients under two years. These results should increase awareness that viral coinfection with RSV can complicate hRV respiratory episodes, leading to increased severity. It would also be of particular interest to investigate the role of the different respiratory viruses, including rhinovirus at the strain level, in predisposing infants to severe hRV infections.

illness associated with a nationwide outbreak of enterovirus D68 in the USA (2014): a descriptive epidemiological investigation. Lancet Respir Med 3 (2015) 879-87.
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 1 Fig.1. Monthly detection of respiratory cases from October 2015 to September 2016. hRV: Rhinovirus; RSV: Respiratory Syncytial Virus; hMPV: human metapneumovirus; Flu: influenza virus

Fig. 3 .

 3 Fig. 3. Respiratory viral co-infections with hRV episodes A) Number of coinfections with RSV and influenza-B in December and March, the two peaks of hRV. B) Proportion of all hRV coinfections from October 2015 to September 2016.
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  Viral Load and severity of infection198 The first quartile and the third quartile of Ct values obtained for the 70 hRV were used to distribute high 199 (Ct <20.38), intermediate (Ct= 20.38 to 27.46), and low hRV viral loads (Ct >27.46). The number of 200 individuals with a high viral load was similar for severe and non-severe infections (Fig 4).

Fig. 4 .

 4 Fig. 4. Distribution of the hRV genome loads (Ct) among severe and non-severe episodes

Table 1

 1 Regardless of age, cough, rhinorrhea and nasal congestion were the most common clinical signs observed 145 during a hRV respiratory episode, all were found in ~45% of the respiratory episodes. Among patients Clinical features of patients with Rhinovirus respiratory infections

	146				
	147	aged ≤2 years, a decrease of food intake and signs of respiratory distress were commonly reported, 23
		and 34%, respectively. Bronchiolitis was the most frequent diagnosis (observed in 40.3% of cases).
	149				
			Respiratory episodes due to hRV
			Patients ≤ 2 years	Patients > 2 years
			n=119	%	n=50	%
		Clinical manifestations			
		Fever	34	29	18	36
		Cough	51	43	25	50
		Rhinorrhea	59	50	19	38
		Respiratory congestions	65	55	21	42
		Weakness	7	6	0	0
		Decrease of food intake	27	23	0	0
		Dyspnea	18	15	10	20
		Signs of respiratory distress	40	34	3	6
		Wheezing	4	3	0	0
		Diagnosis			
		Rhinopharyngitis	21	18	4	8
		Bronchitis	1	1	6	12
		Bronchiolitis	48	40	14	28
		Asthma exacerbation	13	11	3	6
		A-or pauci-symptomatic 10	8	15	30
		Not available	26	22	21	42
	150				
	151				
	152				
	153				

142

A total of 169 infectious episodes due to hRV were included. 139 episodes were single infections and 30

143

were dual viral infections. Median patient age was 6.5 months.

148

Asthma exacerbation was observed in 11% of cases (Table

1

).

Table 3

 3 Comparison of clinical manifestations of hRV episodes (single infections) with and

	Non-severe	Severe	
		hRV	
	hRV episodes	episodes	
	n=35 %	n=35 %	P-value

without severity criteria in a case-control study P-values <0.05 are indicated in bold
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