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Abstract

:

The role of rhinoviruses (RVs) in children with clinical syndromes not classically associated with RV infections is not well understood. We analyzed a cohort of children ≤21 years old who were PCR+ for RV at a large Pediatric Hospital from 2011 to 2013. Using univariate and multivariable logistic regression, we analyzed the associations between demographic, clinical characteristics, microbiology data, and clinical outcomes in children with compatible symptoms and incidental RV detection. Of the 2473 children (inpatients and outpatients) with an RV+ PCR, 2382 (96%) had compatible symptoms, and 91 (4%) did not. The overall median age was 14 months and 78% had underlying comorbidities. No differences in RV viral loads were found according to the presence of compatible symptoms, while in children with classic RV symptoms, RV viral loads were higher in single RV infections versus RV viral co-infections. Bacterial co-infections were more common in RV incidental detection (7.6%) than in children with compatible symptoms (1.9%, p < 0.001). The presence of compatible symptoms independently increased the odds ratio (OR, 95% CI) of hospitalization 4.8 (3.1–7.4), prolonged hospital stays 1.9 (1.1–3.1), need for oxygen 12 (5.8–25.0) and pediatric intensive care unit (PICU) admission 4.13 (2.0–8.2). Thus, despite comparable RV loads, disease severity was significantly worse in children with compatible symptoms.
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1. Introduction


Human rhinoviruses (RVs) are the most common etiologic agents of acute respiratory tract infections in children and adults. RVs are commonly associated with the common cold, being responsible for over one-half of all upper respiratory tract infections (URTI) across all age ranges [1]. More recently, RVs have also been implicated in lower respiratory tract infections such as bronchitis, community-acquired pneumonia [1,2,3,4,5,6,7] bronchiolitis [1,4,8], and asthma exacerbations [1,4].



In the last two decades, the implementation of sensitive molecular tools for the diagnosis of RV infections has largely broadened the understanding of RV associated illnesses and has shown that RV can be detected in asymptomatic subjects [2,3,9,10,11]. In fact, rates of RV detection in asymptomatic children are higher than in adults ranging from 15% to 50% [11,12,13]. In addition, in the clinical setting, it is not uncommon to identify RV in combination with other respiratory viruses or in patients presenting with clinical syndromes that appear to be unrelated to classic RV infections, such as bone and joint infections or trauma. The high rates of RV detection in subjects presenting without compatible symptoms or who are completely asymptomatic have raised questions regarding the role of RV in certain clinical scenarios. Previous studies have attempted to define the significance of RV viral loads in asymptomatic subjects and to identify clinically relevant cut-off values for viral loads to help attribute RV causality in symptomatic patients [10,13,14]. Nevertheless, the role of RV detection in children with clinical syndromes not commonly associated with RV infections, and whether RV viral loads differ from those of children with classic RV-associated illnesses is not known.



The aim of the present study was to define demographic characteristics, clinical presentations, RV viral loads, viral and bacterial co-infections, and clinical outcomes in a convenience sample of children with RV-associated illnesses.




2. Materials and Methods


2.1. Study Design and Definitions


A retrospective cross-sectional study of a convenience sample of inpatients and outpatients who were ≤21 years old and tested positive for RV by PCR in respiratory samples obtained from 28 July 2011 to 31 December 2013 at Nationwide Children’s Hospital (NCH). NCH is the only tertiary care Children’s Hospital in Columbus (Ohio), and it is affiliated with The Ohio State University.



Patients were tested at the discretion of the attending physician, and PCR for seven respiratory viruses (RV, respiratory syncytial virus (RSV), parainfluenza virus (PIV), influenza virus (IV) A and B, adenovirus (ADV), and human metapneumovirus (hMPV)) ordered as a panel. Respiratory samples were processed at NCH Microbiology Laboratory following validated procedures. Respiratory samples tested included nasopharyngeal swab samples, bronchoalveolar lavage (BAL), and endotracheal tube specimens. The RV reverse transcription-PCR (RT-PCR) used targeted the 5´noncoding region (or 5´UTR) of RV as described [15]. Semiquantitative RV viral loads were reported as CT values. CT value > 40 were considered negative. Molecular typing of RV was not performed.



For children that were evaluated for the same episode in the outpatient and inpatient settings, only the hospitalization episode was analyzed. Similarly, for patients with multiple RV-associated hospitalizations, only the first admission during the same respiratory season was included. The seasonal pattern of RV infections was analyzed only in hospitalized patients due to the lack of consistent data in outpatients. We excluded patients > 21 years of age, those with no electronic health care records (EHR), or those who lacked complete clinical data.



Children in whom RV was identified were classified into two groups according to their clinical presentation—children with compatible symptoms (RV symptoms group) and those presenting with conditions in whom RV was not thought to play a role in the clinical presentation (RV incidental group). A compatible clinical presentation was defined by the presence of respiratory symptoms, fever, and/or gastrointestinal symptoms [1,16,17,18]. Children with RV detection without any of these clinical manifestations were included in the RV incidental group. Most of these children were tested as part of pre-screening procedures.




2.2. Data Collection


The following information was extracted from electronic health care records (HER), deposited into an electronic secured database (REDCap), and manually reviewed by two independent investigators. Briefly, we collected demographic and epidemiologic factors, including the presence of comorbidities and diagnosis. Microbiology tests performed included detection of other respiratory viruses in respiratory samples by PCR and bacterial cultures performed in blood, cerebrospinal fluid (CSF), urine, BAL, lower respiratory samples, and cystic fibrosis (CF) upper respiratory samples. Parameters of disease-severity were also analyzed and included the need for hospitalization, and in hospitalized patients, duration of hospitalization, need for and duration of supplemental oxygen (nasal cannula, non-invasive ventilation, or intubation), need for pediatric intensive care unit (PICU) admission, and duration of PICU stay. These are standard parameters of disease severity used in previous studies [19,20,21]. For analysis purposes, in children with more than one respiratory-related diagnosis at presentation or in those with multiple comorbidities, the most severe and relevant underlying disease was selected. The study was approved by the NCH Institutional Review Board.




2.3. Statistical Analysis


Qualitative variables were expressed as frequency and percentages. Quantitative variables were tested for normality and were reported as means and standard deviation (SD) if they followed a normal distribution, or as medians and 25–75% interquartile ranges (IQR) if data did not follow a normal distribution. For bivariate analysis, a chi-squared test or two-tailed Fisher’s exact tests were used to compare proportions, and t-test or Kruskal–Wallis tests for continuous data. We performed binary logistic regression to study the relationships between clinical factors (covariates) and outcome variables (need for hospitalization, PICU, length of stay, need for supplemental oxygen) and performed a post-estimation analysis of the univariate logistic regression models generated, with the estimation of the optimal cut- off values for those outcomes. Next, we performed multivariable logistic regression and included covariates that were significant in bivariate models or clinically relevant in relation to the clinical outcomes mentioned above. Two-sided p-values < 0.05 were considered statistically significant. Statistical analyses were performed using STATA 16.0. (StataCorp, College Station, TX, USA).





3. Results


3.1. Study Patients, Diagnoses, and Seasonality of RV Infections


From 28 July 2011 to 31 December 2013, 13,150 respiratory samples from children evaluated in the inpatient and outpatient setting were analyzed by PCR at NCH Microbiology Laboratory (Figure 1). Of those, 3583/13150 (27%) children tested positive for RV. We excluded duplicate samples collected during the same episode, patients with no clinical data available, and children older than 21 years old, resulting in 2473 unique patients with confirmed RV detection. Of those, 2382/2473 (96.3%) children had compatible symptoms (RV symptoms group), and 91/2473 (3.7%) did not have symptoms compatible with RV infection (RV incidental group). Within the cohort, 2099 children were hospitalized (85%), and 374 (15%) were managed as outpatients.



The majority of children included in the RV symptoms group presented with a respiratory-related diagnosis (2295/2382 (96.3%); Table 1). The most common respiratory diagnoses were upper respiratory tract infections (URTI), followed by bronchiolitis and asthma exacerbations. The proportion of children with a lower respiratory tract infection (LRTI)-related diagnosis (bronchiolitis, asthma, pneumonia; n = 1274) was higher than those with URTI (n = 680; p < 0.001), with no differences in RV viral loads between groups 25.02 (21.90–28.94) for URTI versus 25.28 (22.13–29.26) for LRTI-related diagnoses; p = 0.245. Gastrointestinal (GI) symptoms (diarrhea, vomiting, dehydration, or decreased oral intake) were present in 530/2382 (22.25%) patients, the majority in combination with respiratory symptoms (460 with respiratory and GI symptoms; 70 (2.9%) with GI symptoms exclusively). Fever with no other symptoms was the clinical presentation in 17/2382 (0.7%) of children.



Children included in the RV incidental group had a variety of clinical presentations (Table 2), including cardiovascular manifestations, gastroesophageal reflux, Kawasaki Disease, trauma, etc.



The seasonality of RV in hospitalized children over the 30-month (2011–2013) study period is depicted in Figure 2. Of the 2099 hospitalized children with RV detection, 2048 had compatible symptoms and 51 were included in the RV incidental group. The number of RV cases identified occurred steadily throughout the year, with over 100 patients per month except for June and July. RV detection peaked in the last quarter of the year. Overall, most of the cases were diagnosed in September 309/2099 (14.72%) without differences between patients with compatible symptoms and those with RV incidental detection 303/2048 (14.79%) versus 6/51 (11.76%); p = 0.69. Similarly, there were no variations in seasonal patterns in the rest of the year according to the clinical presentation.



The horizontal axis shows the months of the year for RV detection in patients with compatible (black) symptoms and RV incidental detection. The vertical axis shows the total number of RV-associated hospitalizations in both groups.




3.2. Demographic Characteristics and Underlying Diseases


Demographic characteristics and underlying diseases in children with RV-associated illnesses are summarized in Table 3. Overall, the median age was 14.3 (3.9–49) months with no differences in age, sex, or race between children with RV-associated symptoms and those with RV incidental detection. More than two-thirds of children in both groups had underlying chronic conditions. Asthma/atopy/allergy were the most common underlying conditions in children with compatible symptoms (42.15%) versus those with incidental RV detection (18.31%; p = 0.012). On the other hand, congenital heart disease was significantly more common in children with incidental RV detection than in those with compatible symptoms (14.08% versus 4.40% respectively; p = 0.007). All children with CF had compatible symptoms.




3.3. Viral and Bacterial Co-Infections


Rates and types of RV viral co-infections and results from bacterial cultures are summarized in Table 4. Respiratory viral co-infections were more frequent in patients with compatible symptoms than in children with incidental RV detection (22.3% versus 10.9%; p = 0.010) with adenovirus being the most common viral pathogen co-detected in both groups (9% and 10%, respectively). RSV and influenza A and B were co-detected in 7.7% and 0.5% of children, respectively, and exclusively in children with compatible symptoms.



We also analyzed whether RV viral loads differed according to the clinical presentation and co-detection of other respiratory viruses. We did not find significant differences in RV loads in children with compatible symptoms versus those with incidental RV detection (Table 4). In children with compatible symptoms, RV viral loads were significantly higher (lower Ct values) than in children with RV mono-infections (n = 1850; 24.81 (21.53–25.88) CT values) than in those with RV viral co-infections (n = 532; 26.85 (23.41–30.68) CT values; p = 0.0001; Figure 3). These differences were not observed in children with incidental RV detection in whom RV viral loads in RV mono-infections and co-infections were not significantly different, i.e., (25.47 (22–29.07)) and (26.51 (23.9–27.3), respectively; p = 0.442).



Regarding bacterial cultures, children with compatible symptoms had significantly lower rates of bacteremia (1.95% versus 7.69%, respectively; p = 0.015) and bacterial meningitis (0.85% versus 7.7%, respectively; p = 0.028) than those in the RV incidental group. RV viral loads in children with compatible symptoms and bacterial co-infections were comparable to those without bacterial infections 24.9 (21.2–29.1) and 25.42 (22.04–29.3) CT values respectively; p = 0.129). Similarly, children with RV incidental detection had comparable RV viral loads irrespective of bacterial co-infections 26.21 (24.32–29.27) and 26.12 (21.66–30.25) for children with and without bacterial co-infections respectively; p = 0.41).




3.4. Disease Severity Parameters in Children with Compatible Symptoms and Incidental RV Detection


Disease severity in children within the RV symptoms and RV incidental detection groups is summarized in Table 5. Overall, disease severity parameters were worst in children with RV-associated symptoms than in those with RV incidental detection. The proportion of hospitalized children in the RV symptoms group was higher than in the RV incidental cohort (85.98% versus 56.4%; p = 0.0001; OR, 95% CI: 4.8 (3.1–7.4)). In addition, children with compatible symptoms had more prolonged duration of hospitalizations, higher rates of PICU admission, and more frequent need for supplemental oxygen than children with incidental RV detection. Duration of supplemental oxygen via non-invasive or invasive mechanical ventilation was comparable between groups.



Lastly, we performed multivariable logistic regression analyses to determine whether symptomatic or incidental RV detection was associated with the outcomes of care identified as significantly different in bivariate analyses, namely, need for hospitalization, need for supplemental oxygen, PICU admission, and length of stay, which was dichotomized by the median in ≤1.8 days and >1.8 days. We included as covariates in the models’ demographic factors, RV viral loads, viral co-infections, and presence of comorbidities (Table 6).



Age and presence of RV-associated symptoms were consistently and independently associated with all outcomes of care. In addition, higher viral loads (lower Ct values) increased the risk of PICU admission while viral co-infections were associated with decreased odds of hospitalization. Underlying diseases increased the odds of longer length of stay adjusted for all other covariates.





4. Discussion


In the present study, we analyzed the differences in demographic factors, microbiology, and clinical outcomes in children with classic RV-associated symptoms and those with incidental RV detection. We found that irrespective of their clinical presentation, a high proportion of children had underlying chronic medical conditions, with asthma being more prevalent in children with RV-compatible symptoms. While we did not find any differences in RV viral loads according to their clinical presentation, RV loads in children with compatible symptoms and single RV detection were significantly higher than in those with RV viral co-infections. On the other hand, severe bacterial infections (SBI) defined as bacteremia and meningitis were more frequent in children with RV incidental detection than with classic RV-associated illnesses. Overall, this study illustrates the relevant role of RV associated illnesses beyond asthma and the importance of combining demographic and clinical information to facilitate the interpretation of RV detection in the clinical setting.



To define the role of RV in clinical disease severity, different studies have either compared clinical outcomes in children with RV infections versus infections with other respiratory viruses [22], or whether differences in severity exist according to RV genotypes [3,7,16,17,23,24,25,26,27,28]. In addition, the high prevalence of RV detection has stimulated investigators to address the role of RV in asymptomatic subjects [10,13,29] and also in patients hospitalized with respiratory symptoms [27]. In the present study, we considered a broader approach and focused our efforts on understanding the significance of RV detection in a large cohort of children with a wide variety of clinical presentations. We analyzed whether differences existed in demographic parameters, virology characteristics, and clinical disease severity in both outpatients and inpatients with and without classic RV-associated illnesses.



The classic clinical presentations associated with RV infections include URTI, bronchiolitis, and asthma exacerbations being the most common, followed by tracheitis, laryngitis, otitis media, or fever [1,3,4,14,30,31]. In the present study, in addition to asthma, which was the most common diagnosis, we identified a large proportion of children with involvement of the lower respiratory tract, with diagnoses of bronchiolitis, pneumonia, and LRTI. Together as a group, these children represented 37% of all those in the RV compatible illness group. Studies have also identified RV in stool samples from patients with gastrointestinal syndromes [32], suggesting it may play a role in their clinical presentation [27]. In addition, decreased oral intake was identified as a relevant GI symptom of RV associated illnesses at all ages [16,17,18,19]. For these reasons and although the majority of children with GI manifestations in our cohort also had respiratory symptoms, children with GI symptoms were included in the group of children with compatible RV symptoms.



In agreement with previous studies, the prevalence of underlying chronic conditions in children with RV detection was high and independently associated with worse clinical outcomes, suggesting their higher vulnerability to severe RV infections [2,16,19,28]. Of those pre-existing conditions, and as reported by several previous studies, asthma was the most prevalent underlying disease identified both in children with classic RV-associated illnesses and in those with incidental RV detection [8,13,25,27,33,34]. In agreement with previous studies, we identified RV in children with CF exacerbations [4,8,31,35]. In fact, RV was associated with an earlier decline in lung function in patients with CF [8]. We also found that non-pulmonary diseases were commonly present in children with incidental RV detection, such as congenital heart diseases, which may indicate the inability of these patients to properly clear RV from the respiratory tract [2]. However, it may also reflect a clinical decision for enhancement of testing in this high-risk population. Prematurity has also been identified as a risk factor for severe RV respiratory infections, including community-acquired pneumonia, and was present in 13% of children in our study [6,18,36]. Immunocompromised patients are at a greater risk of severe RV infections [8,37]. On the other hand, incidental detection of RV in these patients has been reported. In agreement with previous studies, rates of RV detection in immunocompromised children without the classic RV-associated symptoms was not uncommon [38].



Rates of RV co-infections with other respiratory viruses were more common in children with compatible symptoms. In line with prior studies, RSV was one of the most frequent virus co-detected in patients with RV-associated respiratory illnesses [2,7,19,25], but not in those with incidental RV detection [24,33]. On the other hand, adenovirus was the most common co-pathogen identified in both children with compatible symptoms and in children with incidental RV detection [16,26]. The number of children with influenza co-detections was low and similar to other reports [16,25], suggesting the possibility of an interference mechanism [16,19].



Most of the studies that have evaluated the role of RV viral loads in RV-associated illnesses found higher viral loads in symptomatic than in asymptomatic patients [10,11,12,13,14]. In our study, children included in the incidental detection group, rather than asymptomatic, were hospitalized with diseases not presenting with the classic RV-associated symptoms, which may explain the differences observed between our study and previous reports. Investigators have also attempted to define the role of RV viral loads and/or identify viral load cut-offs predictive of clinical disease severity with different results [10,12,13,14,27,39,40]. While higher RV loads were associated with higher clinical disease severity scores, increased risk of LRTI, and respiratory failure in children [27,40,41], other studies have not confirmed these associations [39,42], which may be explained by differences in study design and patients populations included.



Overall, bacterial co-infections in children with RV infections are low, although rates may vary according to the clinical presentation [7,16,43,44]. Higher rates of SBI were reported in patients with LRTI requiring PICU care [45] and in the young infant with fever without a source, in whom RV detection is not associated with a decreased risk of SBI, such as urinary tract infections and bacteremia [46]. In our study, the median age of study subjects was 14 months, and rates of bacterial co-infections were higher in patients with incidental RV detection, further suggesting that the bacterial pathogens identified in patients with SBI were responsible for the clinical presentation and RV detection a true incidental finding.



Different clinical outcomes, such as the need for supplemental oxygen, PICU care, length of hospital stay, or need for mechanical ventilation have been used to assess the severity of RV-associated illnesses in children [5,16,18,22,23,24,25,26]. In our study, we found that children presenting with RV illnesses and compatible symptoms had consistently greater disease severity, as assessed by the outcomes of care mentioned above and adjusted for all other covariates, highlighting the increased risk of enhanced disease in these children.



Our study has limitations. Its retrospective design limited our ability to collect precise information related to factors, such as a family history of asthma or second-hand smoke exposure that may have influenced the clinical outcomes assessed. In addition, host immune responses were not assessed and thus the contribution of RV to the illnesses identified could not be fully elucidated. Duration of illness at the time of sample collection might have influenced RV viral loads, but this parameter was not collected. Despite this limitation, we found that children with compatible symptoms and RV mono-infections had higher RV viral loads than those with RV viral co-infections. Lastly, the study was performed at a single center, and over a limited duration, and the convenience sample of patients tested might represent the subset of patients with more severe disease. Nevertheless, NCH is the only pediatric hospital in central Ohio and serves a large and varied population of pediatric patients, which allowed us to conduct multivariable analyses adjusted for these confounders.



In conclusion, this study represents one of the largest case series to date describing the spectrum of RV associated illnesses in children, further comparing children with common symptoms with those with RV incidental detection. While incidental detection of RV in patients with non-compatible symptoms was low, children with classic RV illnesses had worse disease severity assessed by different outcomes of care analyzed. RV viral loads were comparable in children with classic RV symptoms and those with RV incidental detection. Whether RV played a role in the clinical presentation of these children irrespective of their clinical classification deserves further studies linking RV detection and viral loads with host immune responses. In summary, we found that a detailed classification of pediatric patients with RV detection based on clinical presentations, viral loads, and rates of viral and bacterial co-infections shed light on the different RV clinical phenotypes and may help with patient classification in the clinical setting.







Author Contributions


M.I.S.-C.: Writing-original draft preparation, revision, and data analyses. K.M.: data collection and study design, manuscript review. I.B.-F.: data analyses and formal supervision. A.L.L.: virology data analyses and interpretation, manuscript review. O.R.: data interpretation and manuscript review. A.M.: Conceptualization, methodology, data collection, formal analysis, investigation, writing-review and editing, supervision. All authors have read and agreed to the published version of the manuscript.




Funding


The study was partially funded by Nationwide Children’s Hospital intramural funds to A.M., and by the NIH CTSA program (UL1TR001070).




Institutional Review Board Statement


The study was approved by Nationwide Children’s Institutional Review Board. Due the retrospective nature of this study, the study involved no more than minimal risk to subjects and a waiver of consent was requested and approved by the IRB.




Informed Consent Statement


Not applicable as data was retrospectively reviewed and waiver of informed consent was granted by the NCH IRB.




Data Availability Statement


Deidentified per patient clinical data can be provided upon request.




Acknowledgments


We would like to thank Richard Hoyt, data service manager at Abigail Wexner Research institute for his invaluable help with HER data extraction and integration into REDCap.




Conflicts of Interest


A.M. and O.R. received research grants from Janssen. A.M. received fees for participation in advisory boards from Janssen, Roche, and Merck. O.R. received fees for participation in advisory boards from Sanofi/MedImmune, Merck, and Pfizer and fees for lectures from Pfizer and Merck. Those fees were not related to the research described in this manuscript. The remaining authors (M.S.C., K.M., I.B., A.L.L.) have no conflicts of interest.




References


	



Vandini, S.; Biagi, C.; Fischer, M.; Lanari, M. Impact of Rhinovirus Infections in Children. Viruses 2019, 11, 521. [Google Scholar] [CrossRef]

	



Costa, L.F.; Queiróz, D.A.O.; Lopes da Silveira, H.; Bernardino Neto, M.; de Paula, N.T.; Oliveira, T.F.M.S.; Tolardo, A.L.; Yokosawa, J. Human Rhinovirus and Disease Severity in Children. Pediatrics 2014, 133, e312–e321. [Google Scholar] [CrossRef]

	



Martin, E.K.; Kuypers, J.; Chu, H.Y.; Lacombe, K.; Qin, X.; Strelitz, B.; Bradford, M.; Jones, C.; Klein, E.J.; Englund, J.A. Molecular Epidemiology of Human Rhinovirus Infections in the Pediatric Emergency Department. J. Clin. Virol. 2015, 62, 25–31. [Google Scholar] [CrossRef]

	



Gern, J.E. The ABCs of Rhinoviruses, Wheezing, and Asthma. J. Virol. 2010, 84, 7418–7426. [Google Scholar] [CrossRef]

	



Miller, E.K.; Bugna, J.; Libster, R.; Shepherd, B.E.; Scalzo, P.M.; Acosta, P.L.; Hijano, D.; Reynoso, N.; Batalle, J.P.; Coviello, S.; et al. Human Rhinoviruses in Severe Respiratory Disease in Very Low Birth Weight Infants. Pediatrics 2012, 129, e60–e67. [Google Scholar] [CrossRef]

	



Hartiala, M.; Lahti, E.; Forsström, V.; Vuorinen, T.; Ruuskanen, O.; Peltola, V. Characteristics of Hospitalized Rhinovirus-Associated Community-Acquired Pneumonia in Children, Finland, 2003–2014. Front. Med. (Lausanne) 2019, 6, 235. [Google Scholar] [CrossRef]

	



Esposito, S.; Daleno, C.; Tagliabue, C.; Scala, A.; Tenconi, R.; Borzani, I.; Fossali, E.; Pelucchi, C.; Piralla, A.; Principi, N. Impact of Rhinoviruses on Pediatric Community-Acquired Pneumonia. Eur. J. Clin. Microbiol. Infect. Dis. 2012, 31, 1637–1645. [Google Scholar] [CrossRef] [PubMed]

	



Brownlee, J.W.; Turner, R.B. New Developments in the Epidemiology and Clinical Spectrum of Rhinovirus Infections. Curr. Opin. Pediatr. 2008, 20, 67–71. [Google Scholar] [CrossRef] [PubMed]

	



Jartti, T.; Söderlund-Venermo, M.; Hedman, K.; Ruuskanen, O.; Mäkelä, M.J. New Molecular Virus Detection Methods and Their Clinical Value in Lower Respiratory Tract Infections in Children. Paediatr. Respir. Rev. 2013, 14, 38–45. [Google Scholar] [CrossRef]

	



Granados, A.; Goodall, E.C.; Luinstra, K.; Smieja, M.; Mahony, J. Comparison of Asymptomatic and Symptomatic Rhinovirus Infections in University Students: Incidence, Species Diversity, and Viral Load. Diagn. Microbiol. Infect. Dis. 2015, 82, 292–296. [Google Scholar] [CrossRef] [PubMed]

	



Tomlinson, R.H.; Harrison, L.G.; Meals, E.A.; DeVincenzo, J.P. Do Asymptomatic Respiratory Viral Infections Occur? J. Clin. Virol. 2018, 102, 93–94. [Google Scholar] [CrossRef]

	



Sundell, N.; Andersson, L.-M.; Brittain-Long, R.; Sundvall, P.-D.; Alsiö, Å.; Lindh, M.; Gustavsson, L.; Westin, J. PCR Detection of Respiratory Pathogens in Asymptomatic and Symptomatic Adults. J. Clin. Microbiol. 2019, 57. [Google Scholar] [CrossRef] [PubMed]

	



Jansen, R.R.; Wieringa, J.; Koekkoek, S.M.; Visser, C.E.; Pajkrt, D.; Molenkamp, R.; de Jong, M.D.; Schinkel, J. Frequent Detection of Respiratory Viruses without Symptoms: Toward Defining Clinically Relevant Cutoff Values. J. Clin. Microbiol. 2011, 49, 2631–2636. [Google Scholar] [CrossRef] [PubMed]

	



Peltola, V.; Waris, M.; Osterback, R.; Susi, P.; Ruuskanen, O.; Hyypiä, T. Rhinovirus Transmission within Families with Children: Incidence of Symptomatic and Asymptomatic Infections. J. Infect. Dis. 2008, 197, 382–389. [Google Scholar] [CrossRef] [PubMed]

	



Moyer, K.; Wang, H.; Salamon, D.; Leber, A.; Mejias, A. Enterovirus D68 in Hospitalized Children: Sequence Variation, Viral Loads and Clinical Outcomes. PLoS ONE 2016, 11, e0167111. [Google Scholar] [CrossRef] [PubMed]

	



Hung, H.-M.; Yang, S.-L.; Chen, C.-J.; Chiu, C.-H.; Kuo, C.-Y.; Huang, K.-Y.A.; Lin, T.-Y.; Hsieh, Y.-C.; Gong, Y.-N.; Tsao, K.-C.; et al. Molecular Epidemiology and Clinical Features of Rhinovirus Infections among Hospitalized Patients in a Medical Center in Taiwan. J. Microbiol. Immunol. Infect. 2019, 52, 233–241. [Google Scholar] [CrossRef]

	



Chen, W.-J.; Arnold, J.C.; Fairchok, M.P.; Danaher, P.J.; McDonough, E.A.; Blair, P.J.; Garcia, J.; Halsey, E.S.; Schofield, C.; Ottolini, M.; et al. Epidemiologic, Clinical, and Virologic Characteristics of Human Rhinovirus Infection among Otherwise Healthy Children and Adults: Rhinovirus among Adults and Children. J. Clin. Virol. 2015, 64, 74–82. [Google Scholar] [CrossRef]

	



Sánchez García, L.; Calvo, C.; Casas, I.; Pozo, F.; Pellicer, A. Viral Respiratory Infections in Very Low Birthweight Infants at Neonatal Intensive Care Unit: Prospective Observational Study. BMJ Paediatr. Open 2020, 4. [Google Scholar] [CrossRef]

	



Comte, A.; Bour, J.-B.; Darniot, M.; Pitoiset, C.; Aho-Glélé, L.S.; Manoha, C. Epidemiological Characteristics and Clinical Outcomes of Human Rhinovirus Infections in a Hospitalized Population. Severity Is Independently Linked to RSV Coinfection and Comorbidities. J. Clin. Virol. 2020, 125, 104290. [Google Scholar] [CrossRef]

	



Moesker, F.M.; van Kampen, J.J.A.; van Rossum, A.M.C.; de Hoog, M.; Koopmans, M.P.G.; Osterhaus, A.D.M.E.; Fraaij, P.L.A. Viruses as Sole Causative Agents of Severe Acute Respiratory Tract Infections in Children. PLoS ONE 2016, 11, e0150776. [Google Scholar] [CrossRef]

	



Leotte, J.; Trombetta, H.; Faggion, H.Z.; Almeida, B.M.; Nogueira, M.B.; Vidal, L.R.; Raboni, S.M. Impact and Seasonality of Human Rhinovirus Infection in Hospitalized Patients for Two Consecutive Years. J. Pediatr. (Rio J) 2017, 93, 294–300. [Google Scholar] [CrossRef] [PubMed]

	



Korppi, M.; Kotaniemi-Syrjänen, A.; Waris, M.; Vainionpää, R.; Reijonen, T.M. Rhinovirus-Associated Wheezing in Infancy: Comparison with Respiratory Syncytial Virus Bronchiolitis. Pediatr. Infect. Dis. J. 2004, 23, 995–999. [Google Scholar] [CrossRef] [PubMed]

	



Miller, E.K.; Williams, J.V.; Gebretsadik, T.; Carroll, K.N.; Dupont, W.D.; Mohamed, Y.A.; Morin, L.-L.; Heil, L.; Minton, P.A.; Woodward, K.; et al. Host and Viral Factors Associated with Severity of Human Rhinovirus-Associated Infant Respiratory Tract Illness. J. Allergy Clin. Immunol. 2011, 127, 883–891. [Google Scholar] [CrossRef]

	



Bergroth, E.; Aakula, M.; Elenius, V.; Remes, S.; Piippo-Savolainen, E.; Korppi, M.; Piedra, P.A.; Bochkov, Y.A.; Gern, J.E.; Camargo, C.A.; et al. Rhinovirus Type in Severe Bronchiolitis and the Development of Asthma. J. Allergy Clin. Immunol. Pr. 2020, 8, 588–595.e4. [Google Scholar] [CrossRef]

	



Iwane, M.K.; Prill, M.M.; Lu, X.; Miller, E.K.; Edwards, K.M.; Hall, C.B.; Griffin, M.R.; Staat, M.A.; Anderson, L.J.; Williams, J.V.; et al. Human Rhinovirus Species Associated with Hospitalizations for Acute Respiratory Illness in Young US Children. J. Infect. Dis. 2011, 204, 1702–1710. [Google Scholar] [CrossRef] [PubMed]

	



Annamalay, A.A.; Lanaspa, M.; Khoo, S.-K.; Madrid, L.; Acácio, S.; Zhang, G.; Laing, I.A.; Gern, J.; Goldblatt, J.; Bizzintino, J.; et al. Rhinovirus Species and Clinical Features in Children Hospitalised with Pneumonia from Mozambique. Trop. Med. Int. Health 2016, 21, 1171–1180. [Google Scholar] [CrossRef] [PubMed]

	



Xiao, Q.; Zheng, S.; Zhou, L.; Ren, L.; Xie, X.; Deng, Y.; Tian, D.; Zhao, Y.; Fu, Z.; Li, T.; et al. Impact of Human Rhinovirus Types and Viral Load on the Severity of Illness in Hospitalized Children With Lower Respiratory Tract Infections. Pediatr. Infect. Dis. J. 2015, 34, 1187–1192. [Google Scholar] [CrossRef]

	



Cox, D.W.; Khoo, S.-K.; Zhang, G.; Lindsay, K.; Keil, A.D.; Knight, G.; Gern, J.E.; Laing, I.A.; Bizzintino, J.; Le Souëf, P.N. Rhinovirus (RV) Is the Most Common Virus and RV-C the Most Common RV Species in Paediatric Intensive Care Respiratory Admissions. Eur. Respir. J. 2018, 52. [Google Scholar] [CrossRef] [PubMed]

	



Heinonen, S.; Jartti, T.; Garcia, C.; Oliva, S.; Smitherman, C.; Anguiano, E.; de Steenhuijsen Piters, W.A.A.; Vuorinen, T.; Ruuskanen, O.; Dimo, B.; et al. Rhinovirus Detection in Symptomatic and Asymptomatic Children: Value of Host Transcriptome Analysis. Am. J. Respir. Crit. Care Med. 2016, 193, 772–782. [Google Scholar] [CrossRef]

	



Jartti, T.; Bønnelykke, K.; Elenius, V.; Feleszko, W. Role of Viruses in Asthma. Semin Immunopathol. 2020, 42, 61–74. [Google Scholar] [CrossRef]

	



Basnet, S.; Palmenberg, A.C.; Gern, J.E. Rhinoviruses and Their Receptors. Chest 2019, 155, 1018–1025. [Google Scholar] [CrossRef]

	



Rovida, F.; Campanini, G.; Piralla, A.; Adzasehoun, K.M.G.; Sarasini, A.; Baldanti, F. Molecular Detection of Gastrointestinal Viral Infections in Hospitalized Patients. Diagn. Microbiol. Infect. Dis. 2013, 77, 231–235. [Google Scholar] [CrossRef] [PubMed]

	



Jartti, T.; Gern, J.E. Role of Viral Infections in the Development and Exacerbation of Asthma in Children. J. Allergy Clin. Immunol. 2017, 140, 895–906. [Google Scholar] [CrossRef]

	



Kennedy, J.L.; Turner, R.B.; Braciale, T.; Heymann, P.W.; Borish, L. Pathogenesis of Rhinovirus Infection. Curr. Opin. Virol. 2012, 2, 287–293. [Google Scholar] [CrossRef]

	



Loughlin, D.W.; Coughlan, S.; De Gascun, C.F.; McNally, P.; Cox, D.W. The Role of Rhinovirus Infections in Young Children with Cystic Fibrosis. J. Clin. Virol. 2020, 129, 104478. [Google Scholar] [CrossRef] [PubMed]

	



Van Piggelen, R.O.; van Loon, A.M.; Krediet, T.G.; Verboon-Maciolek, M.A. Human Rhinovirus Causes Severe Infection in Preterm Infants. Pediatr. Infect. Dis. J. 2010, 29, 364–365. [Google Scholar] [CrossRef]

	



Seo, S.; Waghmare, A.; Scott, E.M.; Xie, H.; Kuypers, J.M.; Hackman, R.C.; Campbell, A.P.; Choi, S.-M.; Leisenring, W.M.; Jerome, K.R.; et al. Human Rhinovirus Detection in the Lower Respiratory Tract of Hematopoietic Cell Transplant Recipients: Association with Mortality. Haematologica 2017, 102, 1120–1130. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, A.P.; Guthrie, K.A.; Englund, J.A.; Farney, R.M.; Minerich, E.L.; Kuypers, J.; Corey, L.; Boeckh, M. Clinical Outcomes Associated with Respiratory Virus Detection before Allogeneic Hematopoietic Stem Cell Transplant. Clin. Infect. Dis. 2015, 61, 192–202. [Google Scholar] [CrossRef]

	



Ahn, J.G.; Kim, D.S.; Kim, K.H. Clinical Characteristics and Cytokine Profiles of Children with Acute Lower Respiratory Tract Infections Caused by Human Rhinovirus. PLoS ONE 2018, 13, e0198624. [Google Scholar] [CrossRef]

	



Chu, H.Y.; Englund, J.A.; Strelitz, B.; Lacombe, K.; Jones, C.; Follmer, K.; Martin, E.K.; Bradford, M.; Qin, X.; Kuypers, J.; et al. Rhinovirus Disease in Children Seeking Care in a Tertiary Pediatric Emergency Department. J. Pediatric Infect. Dis. Soc. 2016, 5, 29–38. [Google Scholar] [CrossRef]

	



Takeyama, A.; Hashimoto, K.; Sato, M.; Sato, T.; Kanno, S.; Takano, K.; Ito, M.; Katayose, M.; Nishimura, H.; Kawasaki, Y.; et al. Rhinovirus Load and Disease Severity in Children with Lower Respiratory Tract Infections. J. Med. Virol. 2012, 84, 1135–1142. [Google Scholar] [CrossRef] [PubMed]

	



Jartti, T.; Korppi, M. Rhinovirus-Induced Bronchiolitis and Asthma Development. Pediatr. Allergy Immunol. 2011, 22, 350–355. [Google Scholar] [CrossRef]

	



Esposito, S.; Daleno, C.; Scala, A.; Castellazzi, L.; Terranova, L.; Sferrazza Papa, S.; Longo, M.R.; Pelucchi, C.; Principi, N. Impact of Rhinovirus Nasopharyngeal Viral Load and Viremia on Severity of Respiratory Infections in Children. Eur. J. Clin. Microbiol. Infect. Dis. 2014, 33, 41–48. [Google Scholar] [CrossRef]

	



Miller, E.K.; Lu, X.; Erdman, D.D.; Poehling, K.A.; Zhu, Y.; Griffin, M.R.; Hartert, T.V.; Anderson, L.J.; Weinberg, G.A.; Hall, C.B.; et al. Rhinovirus-Associated Hospitalizations in Young Children. J. Infect. Dis. 2007, 195, 773–781. [Google Scholar] [CrossRef] [PubMed]

	



To, K.K.W.; Lau, S.K.P.; Chan, K.-H.; Mok, K.-Y.; Luk, H.K.H.; Yip, C.C.Y.; Ma, Y.-K.; Sinn, L.H.Y.; Lam, S.H.Y.; Ngai, C.-W.; et al. Pulmonary and Extrapulmonary Complications of Human Rhinovirus Infection in Critically Ill Patients. J. Clin. Virol. 2016, 77, 85–91. [Google Scholar] [CrossRef]

	



Nicholson, E.G.; Avadhanula, V.; Ferlic-Stark, L.; Patel, K.; Gincoo, K.E.; Piedra, P.A. The Risk of Serious Bacterial Infection in Febrile Infants 0–90 Days of Life With a Respiratory Viral Infection. Pediatr. Infect. Dis. J. 2019, 38, 355–361. [Google Scholar] [CrossRef] [PubMed]








[image: Viruses 13 00295 g001 550] 





Figure 1. Flow diagram depicting the selection of study patients. 
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Figure 2. Seasonality of RV-associated hospitalizations. 
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Figure 3. Comparison of RV viral loads in children compatible symptoms and RV mono-infections versus RV viral co-infections. RV_Co-infx: RV co-infections with another respiratory virus. 
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Table 1. Respiratory diagnosis in patients with compatible symptoms (n = 2295).
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	Diagnosis
	N (%)





	URTI
	680 (29.62)



	Bronchiolitis
	483 (21.04)



	Asthma exacerbation
	454 (19.80)



	Pneumonia
	228 (9.93)



	LRTI
	109 (4.74)



	Respiratory failure
	160 (7.00)



	Apnea
	5 (0.20)



	Hypoxemia
	11 (0.47)



	CF exacerbation
	46 (2.00)



	Ventilator-associated pneumonia
	47 (2.04)



	AOM/sinusitis
	26 (1.13)



	Airway malacia exacerbation
	1 (0.04)



	Other
	2 (0.09)







Data presented as absolute numbers with percentages in parenthesis. Other included two children with an exacerbation of chronic pulmonary heart disease. URTI, upper respiratory tract infection; LRTI, lower respiratory tract infection; CF, cystic fibrosis; AOM, acute otitis media.
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Table 2. Diagnosis in patients with incidental rhinovirus (RV) detection (n = 91).
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	Diagnosis
	N (%)





	Cardiovascular
	24 (26.37)



	GERD
	19 (20.87)



	Neurological disorders
	13 (14.28)



	Immunocompromised
	7 (7.70)



	Kawasaki Disease
	6 (6.59)



	Seizures
	5 (5.49)



	Routine health examination
	4 (4.40)



	Hematologic disease
	4 (4.40)



	Syndromes
	2 (2.20)



	Sepsis/shock
	2 (2.20)



	Neuromuscular disorders
	1 (1.10)



	Endocrine disorders
	1 (1.10)



	Prematurity
	1 (1.10)



	Surgery
	1 (1.10)



	Trauma
	1 (1.10)







Data presented as frequency (percentage). GERD, gastroesophageal reflux disease.
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Table 3. Demographic characteristics and underlying diseases of children with compatible and non-compatible symptoms.
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	RV Symptoms Group

(n = 2382)
	RV Incidental Group

(n = 91)
	p Value





	Demographic Characteristics
	
	
	



	Age, (months)
	14.35 (3.9–49.3)
	14.10 (3.8–38.1)
	0.844



	Sex, n (%) male
	1404 (58.94)
	55 (60.44)
	0.776



	Race or ethnic group, n (%)
	
	
	0.449



	White
	1320 (55.42)
	58 (63.74)
	



	Black or African American
	641 (26.91)
	19 (20.88)
	



	Biracial
	88 (7.89)
	5 (5.49)
	



	Other
	233 (9.78)
	9 (9.89)
	



	Underlying diseases, n (%)
	1886 (79.17)
	71 (78.02)
	0.031



	Asthma/atopy/allergy
	795 (42.15)
	13 (18.31)
	0.012



	Genetic syndromes
	256 (13.57)
	18 (25.35)
	0.096



	Prematurity
	251 (13.31)
	9 (12.68)
	0.774



	Gastrointestinal diseases
	82 (4.34)
	4 (5.63)
	0.734



	Congenital heart disease
	83 (4.40)
	10 (14.08)
	0.007



	Neurological disorders
	58 (3.08)
	3 (4.23)
	0.695



	Cystic fibrosis
	46 (2.44)
	0 (0.00)
	-



	Respiratory tract morbidity a
	55 (2.92)
	2 (2.82)
	0.891



	Immunodeficiencies
	35 (1.86)
	4 (5.63)
	0.070



	Hematologic disease
	23 (1.22)
	1 (1.41)
	0.943



	Other b
	202 (10.71)
	7 (9.86)
	0.735







Continuous variables are expressed as medians 25–75% interquartile ranges (IQR) and categorical data as frequency (%). Numbers in bold indicate significant p values. a Respiratory tract morbidity included neonatal intubation for 10 or more days, in relation to meconium aspiration syndrome, gastroschisis, or congenital diaphragmatic hernia. Other diseases included were tracheoesophageal fistula, pulmonary hypertension, spontaneous pneumothorax, airway malacia, subglottic stenosis, cleft palate, and Pierre–Robin sequence. b Endocrine, ophthalmologic, osteoarticular, and genitourinary underlying diseases.
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Table 4. Microbiology data of children with compatible symptoms versus incidental detection of RV.
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	RV Symptoms Group

(n = 2382)
	RV Incidental Group

(n = 91)
	p Value





	Viral co-infections a
	532/2382 (22.33)
	10/91(10.99)
	0.010



	Adenovirus
	241 (10.12)
	8 (8.79)
	0.679



	RSV
	185 (7.77)
	0 (0)
	0.006



	Parainfluenza
	98 (4.12)
	1 (1.10)
	0.150



	hMPV
	53 (2.23)
	2 (2.20)
	0.986



	Influenza A
	9 (0.38)
	0 (0)
	0.557



	Influenza B
	6 (0.25)
	0 (0)
	0.632



	RV viral loads
	25.2 (22.05–29.04)
	25.6 (22.09–29.07)
	0.934



	Bacterial co-infections b
	
	
	



	Blood culture
	21/1076 (1.95)
	3/39 (7.69)
	0.015



	Cerebrospinal fluid culture
	2/235 (0.85)
	1/13 (7.69)
	0.028



	Urine culture
	41/566(7.24)
	1/17 (5.88)
	0.831



	AL culture
	14/38 (34.84)
	3/3 (100)
	0.064



	Lower respiratory culture
	91/243 (37.44)
	3/4 (75)
	0.156



	Cystic fibrosis culture
	11/32 (34.38)
	0/0 (0)
	-



	Other cultures c
	45/212 (21.23)
	2/12 (16.67)
	0.706







Numbers in bold indicate significant p values. a Co-infections indicate the presence of more than one respiratory virus: rhinovirus (RV), respiratory syncytial virus (RSV), parainfluenza virus, influenza virus A and B, adenovirus, or human metapneumovirus (hMPV). b n positive cultures/N Total (%). Data represent the number of positive cultures/total number of cultures performed. Numbers in parentheses specify the percentage of positive cultures. c Other cultures included bacterial and fungal cultures performed from sterile (pleural fluid, body fluid, and catheter) and non-sterile sites (genital, eye, stool, wound, throat/nasopharyngeal). BAL, bronchoalveolar lavage.
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Table 5. Univariate associations of disease severity parameters according to clinical presentation.
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	RV Symptoms Group

(n = 2382)
	RV Incidental Group

(n = 91)
	Odds Ratio

(Upper-Lower CI)
	p Value





	Hospitalization
	2048 (85.98)
	51 (56.4)
	4.80 (3.12–7.39)
	0.0001



	PICU
	743 (31.19)
	9 (9.89)
	4.13 (2.06–8.26)
	0.0001



	Length of stay a
	2.4 (1.5–4.7)
	1.7 (1–3.1)
	1.90 (1.14–3.17)
	0.013



	Length of stay in PICU b
	2.4 (1.4–4.7)
	1.6 (1.2–2.6)
	3.30 (0.82–13.32)
	0.093



	Suplemental oxygen
	
	
	
	



	Requirement, n (%)
	1278 (53.65)
	8 (8.79)
	12.01(5.78–24.92)
	0.0001



	Duration (days) c
	2 (1–4)
	2.5(1.5–6)
	0.95 (0.19–4.74)
	0.953



	Oxygen administration via
	
	
	
	



	Nasal Cannula
	736 (57.59)
	5 (62.50)
	1.71 (0.40–7.24)
	0.461



	NIV
	285 (22.30)
	0 (0)
	-
	-



	Mechanical ventilation
	257 (20.11)
	3 (37.50)
	0.58 (0.13–2.45)
	0.461







Data presented as frequency (percentage). Numbers in bold indicate significant p values. a Prolonged hospital stay if greater than the median length of stay, which was 1.8 days. b Prolonged pediatric intensive care unit (PICU) stay if greater than the median length of PICU stay, which was 1.9 days. c Prolonged duration of supplemental oxygen if greater than median O2 supplementation that was 4 days. NIV, non-invasive ventilatory support; PICU, pediatric intensive care unit.
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Table 6. Multivariable logistic regression of risk factors associated with disease severity.
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Hospitalization

(OR, 95% CI)

p-Value

	
PICU

(OR, 95% CI)

p-Value

	
Length of Stay

(OR, 95% CI)

p-Value

	
Supplemental Oxygen

(OR, 95% CI)

p-Value






	
Age

	
1.06 (1.03–1.09)

	
0.0001

	
1.07 (1.05–1.09)

	
0.0001

	
1.10 (1.08–1.13)

	
0.0001

	
1.08 (1.06–1.10)

	
0.0001




	
Female

	
0.90 (0.72–1.13)

	
0.386

	
0.96 (0.80–1.14)

	
0.662

	
0.98 (0.82–1.17)

	
0.838

	
0.94 (0.80–1.11)

	
0.494




	
RV viral loads

	
0.99 (0.97–1.01)

	
0.319

	
0.97 (0.95–0.99)

	
0.004

	
0.98 (0.96–1.00)

	
0.090

	
0.99 (0.97–1.00)

	
0.087




	
RV viral co-infections a

	
0.73 (0.57–0.95)

	
0.021

	
1.2 (0.96–1.4)

	
0.094

	
1.04 (0.84–1.29)

	
0.682

	
1.11 (0.91–1.35)

	
0.314




	
Compatible symptoms

	
4.99 (3.23–7.73)

	
0.0001

	
3.9 (1.95–7.92)

	
0.0001

	
2.03 (1.20–3.42)

	
0.008

	
11.86 (5.68–24.76)

	
0.0001




	
Underlying diseases

	
1.01 (0.98–1.04)

	
0.650

	
0.98 (0.96–1.00)

	
0.121

	
1.02 (1.00–1.04)

	
0.030

	
0.98 (0.96–1.00)

	
0.059








Odds ratios (ORs) and 95% confidence interval (CI). Numbers in bold indicate significant p values. a Viral co-infection indicates the detection of more than one respiratory virus apart from RV: respiratory syncytial virus (RSV), parainfluenza virus, influenza virus A and B, adenovirus, or hMPV.
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