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Abstract

Severity of rhinovirus infection in hospitalized adults is unrelated to genotype
By Denise McCulloch

Background: Differences in the severity of clinical illness due to rhinovirus (RV) species type
(A, B or C) have been found in pediatric populations. In adults, however, the relationship
between RV species and clinical illness is less well characterized.

Objectives: To determine whether RV species is associated with more severe clinical illness in
adults.

Study design: Seventy-two RV-positive viral respiratory samples from adult patients were
sequenced and analyzed phylogenetically. The clinical features and severity of illness were
compared for the different RV species using ANOVA. Logistic regression was used to model the
relationship between RV type and severity of illness.

Results: Phylogenetic analysis identified three distinct clusters as RV-A (54%), B (19%) or C
(26%) species. The groups were demographically similar except that in the RV-C group, there
were more females (p=0.05), and in the RV-B group, a larger proportion of patients had diabetes
(p=0.04). In an unadjusted model, patients with RV-B infection as compared to patients with
RV-C infection were significantly more likely to have the composite outcome variable of death
or ICU admission (p=0.03), but this effect diminished when controlling for patient sex. A logistic
model of the relationship between RV species and adverse outcomes produced nonsignificant
odds ratios when controlling for patient sex.

Conclusions: Infection with RV-A or RV-B was associated with greater severity of illness in an
adult population; however, the association disappeared after multivariate analysis controlling for
the confounding effect of gender.
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Background

Introduction

Rhinoviruses are best known for causing the common cold; indeed, they are
responsible for the majority of non-influenza-related viral respiratory tract infections (1,
2). In spite of the relatively low morbidity associated with most of these infections,
however, they are responsible for $17 billion in direct health-care costs and $22 billion in
indirect costs each year in the United States (3). Moreover, the clinical impact of
rhinovirus infections is not limited to their role in causing the common cold; rhinoviruses
have been implicated in acute otitis media, sinusitis, and lower respiratory tract disease
(1, 4-6). Furthermore, viral upper respiratory infections, which are most commonly
attributable to rhinovirus, cause up to 80% of pediatric asthma exacerbations and half of
adult asthma and chronic obstructive pulmonary disease (COPD) exacerbations (7, 8).

Rhinoviruses have been identified as precipitants of asthma exacerbations — first,
in observational studies (9) and subsequently in experimentally induced rhinovirus
infection (10, 11). Later studies revealed that rhinoviruses not only play a role in
exacerbating reactive airway disease, but also may play a role in its pathogenesis (12, 13)
via upregulation of proinflammatory mediators and airway remodeling (14-19).

In children, the relationship between rhinovirus infection and asthma exacerbation
is modified by the particular species of rhinovirus responsible for the respiratory infection
(20). The relationship between rhinovirus species and clinical illness, however, has yet to

be fully defined.



Rhinovirus Virology and Taxonomy

Rhinoviruses (RV) are non-enveloped, single-stranded RNA viruses belonging to
the Enterovirus genus of the family Picornaviridae. Recently the International
Committee on Taxonomy of Viruses changed the nomenclature to remove host species
from picornavirus species names, and the species names are currently known as
Rhinovirus A, B and C instead of Human rhinovirus A, B and C (21).

Sequencing of rhinovirus genomes has identified three distinct RV species, RV-A
(77 types), RV-B (25 types), and RV-C species (50 types) (22, 23). The term ‘type’ has
replaced serotype, and RV-C species has been described by sequencing, as there is no
antigenic typing for RV-C. RV-C has been described in some literature as HRV-A2 (24,
25), HRV-C (26-29), or HRV-X(30) but in this study will all be referred to as RV-C (31,
32). The >150 RV types differ in the amino acid sequences of their viral capsid proteins,
resulting in antigenic variation (6, 33). Despite this antigenic diversity all known RV-A
and RV-B types bind only two known cell surface receptors and are grouped accordingly.
Major group RVs bind to the intracellular adhesion molecule 1 (ICAM-1) (34) while
minor-group RVs bind the low-density lipoprotein receptor (35). These receptors enable
virus entry through the host cell membrane, and are therefore also important as potential
targets for therapeutic intervention. The receptor for RV-C has not been identified but is
thought to be distinct from the receptors for RV-A and RV-B (1, 36).

The third species of rhinovirus, RV-C, was first described in 2007 (5, 25, 27, 28,
30, 37). Though a newly discovered type, evidence suggests RV-C is not a new or
emerging virus, but rather, one that earlier techniques had been unable to identify (37-

40). The epidemiologic literature suggests that the virus has global, year-round
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circulation, with some studies reporting peak RV-C prevalence in the winter months (25,
27, 39). The reported frequency of RV-C detection varies widely across studies, ranging
from 11—89% (Appendix A). Most commonly, however, its prevalence lies between 30-
50%, in between that of RV-A, the most common species, and RV-B, the least common

7).

Rhinovirus species and severity of clinical illness

Early studies of the newly identified rhinovirus species RV-C sought, first, to
molecularly characterize the novel RV strain, and second, to identify the range of clinical
illnesses with which it is associated. These studies revealed that RV-C is associated with
a broad range of clinical manifestations, from asymptomatic colonization to upper and
lower respiratory tract infection (41, 42), wheezing (43, 44), asthma exacerbation (45),
bronchitis (37), bronchiolitis (25, 46), pneumonia (36, 47), and pericarditis (48).

Studies directly comparing the clinical effects of one RV species versus another
have for the most part been conducted in pediatric populations and have produced highly
variable results (Appendix B). Most commonly, RV-C has been associated with severe
illness. Eight studies found evidence of more severe disease in patients with RV-C, as
manifested by lower respiratory tract infection (39), oxygen requirement (49, 50), viremia
(51), pneumonia (36), hospital admissions (52), ICU admissions (53) and asthma severity
scores (20).

Clouding the picture somewhat, three studies have concluded that RV-A and C

are associated with more severe illness than RV-B (45, 54, 55), while three other studies
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found that RV-A and B were associated with more severe illness than RV-C (42, 56, 57).
Two studies found RV-B to be associated with more severe illness (46, 58).

A number of negative studies have been published as well, however—five
studies, four of which involved exclusively pediatric patients, have found no difference in
the clinical manifestations of the three RV species (27, 43, 59-61).

Of the twenty-two studies described here, only four included adult patients. Of
these, two found that RV-A and RV-B were associated with severe disease (56, 57), one
implicated RV-C (36), and one study found no difference at all (61).

In adults, therefore, the association between species and clinical severity remains
ill-defined. One reason is that infection with rhinovirus in adults typically follows a mild
course. In elderly patients, those with chronic lung disease and the immunocompromised,
however, severe outcomes in adult patients have been observed (62-64).

Thus, although some studies have raised the possibility of severe disease in adults
arising from particular rhinovirus species, the particular strain responsible for the most
severe disease has varied, and the relationship between RV species and clinical illness in

adults has yet to be defined.
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Methods

Study objective

The goal of this study is to determine whether, in an adult patient population,
there is a particular rhinovirus species that is specifically associated with more severe
illness, as measured by surrogate markers of disease severity.
Hypothesis

Rhinovirus species C would be associated with more severe clinical illness, as
indicated by higher rates of mortality and ICU admission.
Study Design

This retrospective cohort study reviewed chart and laboratory data on patients
seen at Emory Healthcare from October 2009 to April 2010 whose respiratory specimens
were positive for rhinovirus.
Study site and Institutional Review Board Approval
Emory Healthcare includes 4 hospitals, 2 emergency departments, and a large, multi-
specialty outpatient clinic with almost entirely adult patients. Approval was obtained for
retrospective chart review from the Emory University Institutional Review Board
(#33341).
Study inclusion criteria

Patients were included in the study if their viral respiratory panel sample was y
were positive for rhinovirus between October 2009 and April 2010. Patients younger than
18 years of age were excluded (n=3). Ten samples could not be amplified and five

medical records were inaccessible; these were excluded from the analyses. Patients
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whose sequencing subsequently revealed the presence of not rhinovirus but another virus

were also excluded (n=8).

Laboratory testing and rhinovirus sequencing

Patient respiratory samples (nasopharyngeal swabs or bronchoalveolar lavage) in
viral transport media underwent routine clinical testing for rhinovirus/enterovirus,
influenza A, parainfluenza, adenovirus, metapneumovirus, and RSV by xTAG® RVP
(Luminex Corporation, Austin, TX), a multiplexed nucleic acid assay that enables the
simultaneous detection of multiple distinct viruses (65). Positive samples were archived
at -80°C and sequenced. Seventy-two patient specimens were successfully amplified
using RT-PCR and sequenced; reference sequences were used for species assignment of
the samples. Details of sequencing are described elsewhere (66).
Data Collection

Electronic medical records of patients positive for rthinovirus were reviewed. The
following clinical data were abstracted: age, race, gender, co-morbidities, infections at
other body sites, antiviral and antibiotic therapy, length of stay (LOS), hospitalization
status, intensive care unit (ICU) admission, inpatient mortality, signs and symptoms on
presentation, radiographic findings, and laboratory values (white blood count, hematocrit,
platelet count, AST, ALT).

Major co-morbidities were grouped by organ system and patients with actively
treated malignancies, HIV infection, rheumatologic conditions on immunosuppressive
therapy, or recipients of solid organ or hematopoietic transplants were considered

immunocompromised. Patients were considered to have an infection at another site if
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they had a bacterial, fungal, or additional viral infection from any source, or a clinical
diagnosis of pneumonia or urinary tract infection at the time of respiratory testing.
Antiviral therapy included treatment with oseltamivir, zanamavir or peramivir. Antibiotic
therapy included any antibacterial agent given around the time of respiratory testing.
Signs and symptoms were abstracted from the medical record on the day of the medical
encounter that resulted in ordering the respiratory viral panel testing. Fever was defined
as either a subjective, patient-reported fever or a documented temperature >37.8°C. The
primary endpoint was a composite variable consisting of death during inpatient stay
and/or admission to the ICU because these individual outcomes were infrequent.
Statistical analysis

All analyses were performed using SAS 9.3 (Cary, NC). P-values of <0.05 were
considered to be statistically significant. Using a normal approximation to calculate
power, enrolment of 72 patients was found to provide a power of 80% to detect a 34%
risk difference in the incidence of death or ICU admission in RV-A plus RV-B group, as
compared with the RV-C group (67).

Univariate analyses were performed and variables that followed an approximately
normal distribution were treated as numeric variables in subsequent analyses. Variables
that did not follow a normal distribution were converted into categorical variables for
analysis. Numerical variables were compared using Student’s t-test for two-sample
comparisons and ANOVA for comparisons between more than two groups. Categorical
variables were compared using chi-square or Fisher’s exact test, where appropriate.

Analysis for identification of confounders
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For each of the demographic and clinical factors measured in the study, a t-test for
continuous variables and a chi square test for categorical variables were used to assess
whether the factor was significantly associated with RV species and with the outcome
variables; factors which were significantly associated with both were identified as
potential confounders.

Interaction

Interaction terms were created and included in the logistic regression models to
assess for potentially significant interactions between the variables and risk factors under
study.

Regression

Logistic regression was performed to model the relationship between rhinovirus
species and a composite primary endpoint of death or ICU admission. This model was
used to generate odds ratios (OR) with 95% confidence intervals (CI) for the study
population, first as an unadjusted model, and subsequently in a model adjusting for

confounders.
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Results

Excluded Subjects

Subjects from whom no viral sequences were amplified by RT-PCR were
excluded from analysis. Of the 98 total samples, 10 (10%) were not typed. Compared to
included subjects, those who were excluded because their samples could not be amplified
were significantly more likely to have diabetes (p=0.05) and less likely to have
hypertension (p=0.01). Across other demographic and clinical characteristics, patients
whose samples were not able to be amplified were not significantly different from those
who were included in the study. The primary outcome measures of death and ICU
admission also did not differ between subtyped and non-typed (excluded) patients
(p=0.22 and p=0.34, respectively.)
Results of phylogenetic analysis

Of 2261 viral respiratory panel samples analyzed between October of 2009 and
April 2010, 105 were positive for rhinovirus. After exclusions, 72 patients were included
in the final analysis. Eighty-eight discrete patient samples underwent sequencing and
were determined by phylogenetic analysis to be RV-A (n=39), RV-B (n=8) or RV-C
(n=25) (Figure 1). RV typing beyond species assignment was not attempted, but there
were clusters of infections caused by very closely related, single RV types in the species
clades for RV-A and RV-C. This is consistent with RV sampling over a single season
from a single geographic location.
Demographic and Clinical Characteristics (Table 1)

The majority of patients were hospitalized (64%). The mean age was 47 years

(range, 18-82); 53% were female, 30% had an underlying diagnosis of asthma, bronchitis,
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COPD or other pulmonary comorbidity, and 19% had bacterial pneumonia as diagnosed
by the clinical team. Forty-nine percent were immunocompromised, of whom 17% were
HIV-positive and 54% were solid organ transplant recipients. Hypertension (42%),
diabetes (13%) and malignancy (30%) were also common. The proportion of female
patients was significantly different among the 3 RV groups (p=0.05); as was the
proportion of patients with diabetes (p=0.04). Otherwise, the groups were
demographically similar.

Rhinovirus was the only respiratory virus found in all but two of the 72 subjects.
Among RV positive patients one (RV-A) also had parainfluenza and one (RV-C) had
influenza A. Neither patient died nor was admitted to the ICU. None of the patients were
infected with more than one type of rhinovirus.

Across all RV groups, the majority of patients had a cough and a minority had
diarrhea and vomiting. The prevalence of these symptoms did not differ significantly
across groups. Laboratory findings including complete blood counts and liver function
tests (transaminases) were similar across groups, as was the prevalence of abnormal chest
radiographs.

Results — patient outcomes — univariate analysis

The proportion of patients with a length of stay (LOS) greater than 7 days was
significantly different among the RV species groups (p=0.03), with 54.9% of RV-A
patients and 14.3% of RV-B patients being hospitalized for longer than 7 days (Table 2).
The proportion of patients admitted to the ICU was not significantly different among RV
species groups, nor was the proportion of patients in each group who died. The

proportion of patients whose outcome was death or ICU admission was significantly
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different among RV species (p=0.04): this outcome occurred in 38% percent of RV-B
patients, 21% of RV-A patients and 4% of RV-C patients.

Assessment of potential confounders

The only factor that was significantly associated with both RV type and outcome
measures at the 0.05 alpha level was patient sex (Table 3).

Results—logistic model

The unadjusted logistic model of the relationship between RV species and clinical
disease severity demonstrated that the odds of death or ICU admission among patients
with RV-B infection was 15 times that of patients with RV-C infection (OR = 15.0, 95%
CI 1.3—175.3, p=0.03). RV-C infection was chosen as the reference group given our
hypothesis that RV-C would be associated with more severe illness than RV-A and RV-
B. For RV-A, the odds ratio was not significant. An adjusted model (Table 4) was
constructed, controlling for patient sex, which was identified as the only variable
associated with both the RV species and the outcome measure. In the adjusted model, the
relationship between RV-A (OR = 4.4, 95% CI: 0.5—39.8) or RV-B (OR =12.2, 95%
CI: 0.994—15.0) and the composite outcome measure of death or ICU admission was not
significant at the 0.05 alpha level.

Death and/or ICU admission in these patients did not result exclusively from
respiratory illness; these outcomes tended to be multifactorial. Inclusion of other
determinants of health status, however, did not change the results of the model of the
relationship between RV subtype and adverse outcome. Additional models were
constructed to evaluate the contribution of comorbidities to the outcome; in these models,

none were significant (Table 5).
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Additional models were constructed to further characterize the relationship
between RV type and severity of illness. Specifically, models were constructed to include
interaction terms for assessment of potential interaction between RV subtype and patient
sex, immunocompromised status, pulmonary comorbidities and significant coinfections;
of these, none were significant.

Results—immunocompromised patients and patients with pulmonary comorbidities

No RV species was associated with greater clinical severity in analyses of sub-
populations with pulmonary comorbidities (primarily asthma and COPD). Pulmonary
comorbidities were also not independently associated with increased likelihood of severe
illness. Additional analyses examining the relationship between RV and severity of
clinical illness in immunocompromised patients found no significant relationship
between RV species and severity of clinical illness. The relationship between
immunocompromised status and severity of illness was also not significant (data not

shown).



20

Discussion

This study has described the relationship between RV species and severity of
clinical illness in an adult population. In unadjusted pairwise comparisons, RV-A and
RV-B were associated with greater severity of illness compared with RV-C infection, as
measured by the composite proxy outcome measure of ICU admission or death. An
analysis of potential confounders, considering patient sex, age, immunocompromised
status, co-infection, pneumonia, and malignancy identified only sex as significantly
associated with both RV species and the outcomes of interest. Female sex was
significantly associated both with severe disease and with RV species and was thus
identified as a confounder that should be included in the adjusted model. When patient
sex was included in the logistic model, the relationship between RV-A and RV-B and
more severe disease was no longer significant.

The key question that emerges from these findings is whether the lack of
association that emerged after controlling for other variables reflects a true null result or
whether the small sample size in this study limited ability to detect an existing difference.
Although this study had 80% power, this leaves a nontrivial 20% chance of Type II error.
Furthermore, the paucity of existing data on clinical characterization of RV infection in
adults means that the estimate from the literature (56) of a 34% difference among groups
may predict a greater risk difference than could be confirmed in this dataset.

Previous analysis of RV species and severity of clinical illness in adults has found
that RV-A and RV-B species were associated with influenza-like illness among adult
patients but RV-C was not (56, 57). The significant findings from unadjusted model

(Table 3), where RV-A and RV-B were associated with more severe disease than RV-C,
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are consistent with these previous studies. In the logistic model controlling for patient
sex, however, the estimated odds ratios for the relationship between RV species and
clinical outcome were no longer significant. Of note, these odds ratio remained in the
positive direction, and for RV-B, the p-value was 0.051. It is therefore quite plausible
that, given a larger sample size, the statistically significant association between these
species and more severe illness would have persisted even after controlling for potential
confounders.

Sex differences in cellular immunity to RV have been described in the literature
and are thought to be related to hormonal influences on the immune system (68).
Whether this difference in immunity translates into differences in clinical outcomes,
however, is unclear. In this study, patient sex was significantly associated with both RV
species and the primary composite outcome variable of death or ICU admission.
Including sex in the logistic model produced a marginally significant odds ratio of 3.4 for
the effect of patient sex on adverse outcomes (p=0.10). That is, the odds of adverse
outcome (ICU admission or death) are 3.4 times higher for female patients than for male
patients. This lends support to the idea that differences in the adaptive immune response
to RV infection could in fact translate to dissimilar clinical outcomes in men and women.

Sex differences in the immune response to RV infection also have potential
implications for the role of RV infection in the pathogenesis of reactive airway disease. If
rhinovirus contributes to the development of asthma via the immune/inflammatory
response it provokes, and women have a stronger response, perhaps RV infection

contributes to sex differences in asthma prevalence. From puberty onward, the incidence,



22

prevalence and severity of asthma are greater in females than in males; hormonal factors
are thought to influence airway hyperresponsiveness (69).
Strengths and Limitations

The major limitation in this study was the relatively small sample size, resulting
in only 80% power to detect a 34% risk difference between two groups. In particular, the
small number of patients in the RV-B group limits the ability to draw conclusions about
patients with RV-B infection.

A second limitation of this study is that the mostly hospitalized patient population
had such a plethora of comorbidities that controlling for every single one of them was
impossible. Therefore, although included a large number of potential confounders in
logistic models, it is possible that other potentially important factors eluded us.

Furthermore, in these often very ill patients, with a large number of simultaneous
pathologies and diagnoses, teasing apart the role of each pathogen or disease is difficult.
Although tried to control for this to the greatest possible extent, isolating the individual
contribution of rhinovirus in a complex medical case is difficult.

One strength of this study is its contribution to an area in which little is known.
literature review identified twenty-two studies of the relationship between rhinovirus
species and clinical illness; of these, only two included adult patients. Both studies
addressed patient symptoms, but neither addressed treatment nor outcomes (56, 57). In
spite of its small sample size, therefore, this study makes some early steps towards better
understanding of this relationship in adult patients.

Second, although ten respiratory samples could not be amplified, and the patients

were therefore excluded from the study, analyzed all of the excluded patients’
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demographic and clinical characteristics. These were compared to those of included
patients and found to be very similar, helping to reduce concerns about possible sampling
bias that might have resulted from exclusion of these patients.

Third, the thorough chart review process resulted in ample clinical data about
each patient, and allowed to control for a large number of potential confounders in
analysis. Furthermore, testing for a number of different respiratory viruses and
examination of specific patients with co-infections helped isolate, to the best possible

extent, the contribution of rhinovirus infection.

Conclusion

This study elucidates some of the unique aspects of the molecular and clinical
epidemiology of RV infection in adult populations and highlights some important
differences from the pediatric literature, in which RV-C infection has been associated
with more severe illness. This study’s findings suggest that in adults with RV infection,
species-dependent differences in clinical outcomes are not the same as in children, and
may not exist at all. If these differences do exist in adults, however, they may be related

to patients’ sex and associated immunologic and hormonal differences.

Implications

Attempts to “cure the common cold” have thus far proven fruitless—to date, efforts at
creating a vaccine or antiviral medication have not been successful (70). This is in part
due to the vast number of rhinovirus serotypes and lack of data about the most commonly

circulating RV strains (71). If one species of RV were identified as the primary culprit
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for severe illness, however, this could help direct future therapeutic initiatives towards
the most virulent species. Given the tremendous frequency and cost of rhinovirus
infections each year, as well as the potential for severe illness in vulnerable populations,
advances in preventive and therapeutic treatments could have tremendous public health

impacts.

Future Directions

Two advances in laboratory characterization of rhinovirus will be critical in
advancing understanding and treatment of infection. First, identification of the RV-C
receptor may be a key step towards developing antiviral vaccines and treatments. Second,
development of a rapid, point-of-care test for rhinovirus could help providers distinguish
rhinovirus infection from bacterial respiratory infection, helping to reduce unnecessary
antibiotic use.

From an epidemiologic perspective, larger studies, conducted over multiple
seasons, and incorporating a mix of relatively healthy outpatients as well as hospitalized
patients with multiple comorbidities, will be needed to help clarify the true relationship of
RV species and clinical illness in adult patients. This will be particularly useful in
patients with underlying respiratory illness, such as asthma and COPD, who are already
prone to exacerbation of their illness by respiratory infections, and patients who are

immunocompromised, and most at risk for severe clinical illness from the infection.
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Table 1. Demographics and clinical characteristics of patients with RV infection, total and

by RV species

Total RV-A RV-B RV-C

(n=72)  (n=39) (n=8)  (n=25) P-value
Mean age + SD 47+17 45+16 52+19 47+£16 0.57
Female n (%) 38 (53) 16 (41) 4 (50) 18 (72) 0.05%*
Inpatients n (%) 46 (64) 27 (69) 6 (75) 13 (52) 0.02*
Comorbidities n (%)

Hypertension 30 (42) 14 (36) 6 (75) 10 (40) 0.13

Diabetes 9 (13) 2(5) 3 (38) 4 (16) 0.04*

Malignancy 22 (31) 12 (31 3 (3%) 7 (28) 0.87

Cardiac 15 (21) 6 (15) 2 (25) 7 (28) 0.49

Pulmonary 22 (31) 9 (23) 3 (3%) 10 (40) 0.30

Renal 12 (17) 7 (18) 2 (25) 3(12) 0.66

Hepatitis B or C 5(7) 4 (10) 0(0) 1(4) 0.80

Pregnancy 4 (6) 2(5) 0(0) 2(8) 0.78
Co-Infection n (%)

Any 24 (33) 14 (36) 4 (50) 6 (24) 0.34

Bacteremia/fungemia® 34) 3(8) 0(0) 0(0) 0.45

Pneumonia 14 (19) 8(22) 2 (33) 5(21) 0.81

Non-bacterial pneumoniab 4 (6) 2(5) 0(0) 2(8) 0.76

Other local infection 5(7) 2(5) 2 (33) 1(4) 0.07

Other systemic infection 2(3) 2(5) 0(0) 0(0) 0.60
Immunocompromised 7 (%)

Total® 35 (48) 21 (54) 3 (398) 11 (44) 0.63

HIV/AIDS 6 (8) 3(8) 1(13) 2(8) 0.84

Transplant 19 (26) 12 (31) 0(0) 7 (28) 0.23
Symptoms 7 (%)

Fever 46 (58) 24 (62) 3 (38) 12 (48) 0.21

Cough 57 (72) 29 (74) 5(63) 18 (72) 0.91

Diarrhea 13 (16) 6 (15) 0 (0) 7 (28) 0.51

Vomiting 16 (20) 5(13) 2 (25) 8 (32) 0.37
White blood count n (%) 0.37

Low (<4.5) 17(23.6) 9(29.0)0 4(50.0) 4(1.1)

Normal (4.5-11.0) 22 (30.6) 11(35.5) 1(12.5) 10(52.6)

High (>11.0) 19 (26.4) 11(35.5) 3(37.9) 5(26.3)
Hemoglobin + SD 11.1£23  10.8+2.1 11.3%£3.9 11.5+£2.3 0.71
Platelet count + SD 204£108 176119  258+141  223+70 0.09
Elevated ALT (>40) n (%) 13 (18.1) 10(32.3) 0(0.0) 3 (15.8) 0.11
Elevated AST® (>40) n (%) 14(19.4) 11(35.5) 0(0.0) 3 (15.8) 0.07
Abnormal CXR 7 (%) 29 (40.3) 16 (41) 2 (25) 10 (40) 0.74
Treatment

Any antibiotic 44 (60.3) 27(77.1) 5(100.0) 12 (54.6) 0.06

Oseltamivir n (%) 14(19.2) 5(16.7) 2 (40.0) 7 (31.8) 0.32

“Includes Streptococcus bovis, staphylococcal infection, Candida, Cryptococcus, Pseudomonas, and E. coli

"Non-bacterial pneumonia includes Preumocystis, Cryptococcus, and CMV pneumonitis

‘Patients with the following conditions were considered immunocompromised: HIV, post solid organ transplant, stem cell transplant,
hematologic malignancy. Pregnancy, diabetes and renal failure were not considered immunocompromised states.

{ALT indicates the enzyme alanine aminotransferase
°AST indicates the enzyme aspartate aminotransferase




Table 2. Outcomes of patients with RV-A, RV-B and RV-C infection

RV-A RV-B RV-C p-value
(n=39) (n=8) (n=25)
Length of stay > 7 days® 14 (53.9) 1(14.3) 2(15.4) 0.03*
Death” 5(12.8) 1 (12.5) 0 (0.0) 0.14
ICU admission 7 (26.9) 2(33.3) 1(7.7) 0.35
Death or ICU admission 8 (20.5) 3 (37.5) 1 (4.0) 0.04*

a. Length of stay did not follow a normal distribution and was therefore dichotomized into a categorical variable
b. Includes one patient, in RV-B group, who did not die in hospital but was discharged to hospice.
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Table 3. Association of each risk factor with RV subtype and with outcome:
assessment of potential confounders

Table 3a. p-value for the association of given risk factor with each
outcome variable
Outcome variables
Composite
Death ICU Length outcome variable
admission | of Stay (death or ICU

Risk Factor admission)
Age 0.82 0.64 0.33 0.9
Sex 0.41 0.46 0.052 0.03*
Malignancy 0.066 0.70 0.12 0.11
Pulmonary 0.16 0.46 0.57 0.64
comorbidities
Co-Infection (any) 0.09 0.02* 0.85 <0.01
Significant coinfection 0.62 0.06 0.34 0.03*
Pneumonia 0.60 0.04* 0.60 0.01*
Immunocompromised 0.01* 0.69 0.21 0.46

Table 3b. P-values for the association of
each risk factor with RV type

p-value for association
Risk Factor of risk factor with RV

subtype

Age 0.57
Sex 0.05*
Malignancy 0.88
Pulmonary 0.32
comorbidity
Co-Infection (any) 0.35
Significant coinfection 0.87
Pneumonia 0.66
Immunocompromised 0.59




Table 4. Adjusted odds ratio estimates from a logistic regression
model of illness severity, controlling for patient sex

OR estimate 95% CI p-value
RV-A 4.4 0.5—39.8 0.18
RV-B 12.2 0.994—150 0.0506
RV-C Reference -

Female Sex 34 0.8—15.0 0.10
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Table 5. Results of a logistic model of the effect of RV subtype on composite
outcome of ICU admission or death, controlling for immunosuppression, Hepatitis
B or C infection, malignancy, diabetes, hypertension, and significant coinfection':
with and without inclusion of sex in the model

Sex omitted from model

Sex included in model

RV-A
RV-B

Immunosuppression

Hepatitis B or C
Malignancy
Diabetes
Hypertension
Co-infection
Female Sex

OR estimate
7.9
20.7
0.7
6.2
5.7
0.7
1.7
7.0

p-value
0.09
0.037*
0.7
0.1
0.09
0.7
0.5
0.02*

OR estimate
6.0
18.1
0.7
5.2
6.3
0.6
1.4
6.3
2.8

p-value

0.15

0.054
0.7
0.2
0.08
0.7
0.7

0.03*
0.2




Table 6. Characteristics and demographics of patients with HRYV infection: Excluded
patients (those whose samples were unable to be amplified) vs. patients who were

included in the study

Study patients Excluded
(included) (non p-value
amplified)
Mean age (SD) 46.6 (16.7) 47.5 0.69
Sex
Female n (%) 38 (52.8) 2 (20%) 0.052
Male n (%) 34 (47.2) 8 (80%)
Comorbidities
Hypertension (%) 32 (41%) 0 (0%) 0.01*
Diabetes (%) 9 (12.5) 4 (40%) 0.05*
Malignancy (%) 22 (30.6) 1 (20%) 0.13
Cardiac (%) 15 (20.8) 1 (10%) 0.68
Pulmonary (%) 22 (30.6) 6 (60%) 0.08
Renal (%) 12 (16.7) 0 (0.0%) 0.34
Hepatitis B or C (%) 5(6.9) 0 (0.0%) 0.51
Pregnancy (%) 4 (5.6) 0 (0.0%) 0.59
Co-Infection (any) 24 (33%) 2 (20%) 0.49
Immunocompromised
Total (%) 35 (49) 7 (70%) 0.2
HIV (%) 8 (10) 2 (20%) 0.25
Transplant (%) 10 (13) 4(40%) 0.45
Outcomes
Death 6 (8%) 2 (20%) 0.22
ICU Admission 10 (21%) 3 (43%) 0.34
Death or ICU admission 12 (15%) 3 (30%) 0.36
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Table 7. Power Calculation

Input Data

Two-sided confidence interval (%) 95
Number of exposed' 47
Risk of disease among exposed” (%) 65
Number of non-exposed’ 25
Risk of disease among non-exposed” (%) 31
Risk ratio detected 2
Power based on normal approximation: 80%

Results rounded to the nearest integer. Results from OpenEpi, Version 3, open source
calculator—PowerCohort

1. “Exposed” = RV-A and RV-B. In this study, the number of exposed patients
=RV-A (39) + RV-B (8) = 47. Based on Watanabe et. al, Rhinovirus species and their
clinical presentation among different risk groups of non-hospitalized patients (56)

2. Risk of disease among exposed (65%) and non-exposed (31%) based on results for adult
patients in Rhinovirus species and their clinical presentation among different risk groups of
non-hospitalized patients (56)

3. “Non-exposed” = RV-C ; in this study n = 25
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Figures and Figure Legends

Among RVP samples tested from October 2009 :
to April 2010, those positive for Rhinovirus: Four patients with 2 positive
n =105 samples and one patient with
: 4 positive samples:
n = 7 duplicates

Y

98 discrete patients with RVP positive for rhinovirus

Unable to amplity & subtype
n=10

Y

88 patients with RVP genotype data

Under 18 years old
n=3

Unable to access patient
charts for clinical data

n=5

Y

Coxsackie Virus A13
n=1

v

Enterovirus 68
n=06

v

Echovirus 6

v

r

n=1
Included in final analysis
n=72
|
9 A
RV-A RV-B RV-C
n=39 n=§ n=25

Figure 1. Algorithm of study inclusion beginning with all samples tested within the study

timeframe. RVP = Respiratory Viral Panel, EV68= Enterovirus 68.
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Appendix A. Frequency of detection of RV-A, B and C in prior studies

Number of isolates of each type of rhinovirus
identified

Study Title

A % B % C % Total

Distinguishing molecular features and clinical
characteristics of a putative new rhinovirus species,
human rhinovirus C (HRV C). (29)

34 | 642% | 13 |1245% | 6 |11.3% | 53

Rhinovirus species and their clinical presentation
among different risk groups of non-hospitalized
patients. (56)

74 | 60.7% | 21 | 17.2% | 27 | 22.1% | 122

All known human rhinovirus species are present in
sputum specimens of military recruits during
respiratory infection. (72)

18 | 66.7% | 5 | 185% | 4 | 14.8% | 27

Clinical severity and molecular typing of human
rhinovirus C strains during a fall outbreak affecting
hospitalized patients. (73)

45 | 52.9% | 12 | 14.1% | 28 | 32.9% | 85

Phylogenetic Patterns of Human Respiratory
Picornavirus Species, Including the Newly
Identified Group C Rhinoviruses, during a 1-Year
Surveillance of a Hospitalized Patient Population
in Italy. (2)

110 | 56.4% | 18 | 9.2% | 67 | 34.4% | 195

Role of Rhinovirus C Respiratory Infections in Sick
and Healthy Children in Spain(46)

132 1 53.2% | 28 | 11.2% | 88 | 35.4% | 248

Rhinovirus Genome Variation during Chronic
Upper and Lower Respiratory Tract Infections (61)

71 | 559% | 10 | 7.8% | 47 | 36.7% | 127

Clinical and Molecular Epidemiology of Human
Rhinovirus C in Children and Adults in Hong Kong
Reveals a Possible Distinct Human Rhinovirus C
Subgroup (36)

111 | 50.5% | 18 | 8.2% | 91 | 41.4% | 220

Human rhinovirus species and season of infection
determine illness severity.(54)

257 | 49.5% | 37 | 7.1% | 225 | 43.4% | 519

Evidence of recombination and genetic diversity in
human rhinoviruses in children with acute
respiratory infection (59)

27 1 409% | 5 | 7.6% | 34 | 51.5% | 66

Human rhinovirus infection in young African
children with acute wheezing. (44)

26 | 36.6% | 8 | 11.3% | 37 | 521% | 71

Human rhinovirus species C infection in young
children with acute wheeze is associated with
increased acute respiratory hospital admissions.

(52)

35 1292% | 3 | 2.5% | 81 | 67.5% | 120

Clinical features and complete genome
characterization of a distinct human rhinovirus
(HRYV) genetic cluster, probably representing a
previously undetected HRV species, HRV-C,
associated with acute respiratory illness in
children.(27)

5 | 192% | 0 | 0.0% | 21 | 80.8% | 26

Genetics, recombination and clinical features of
human rhinovirus species C (HRV-C) infections;
interactions of HRV-C with other respiratory
viruses.(74)

15 ] 93% | 2 | 1.2% | 144 | 88.9% | 162
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Appendix B.
Review of the Literature: Prior Studies of the Relationship between RV species and Clinical Findings

Title, First Author | Population | Findings | Most severe

No difference
Clinical features and complete
genome characterization of a
distinct human rhinovirus No apparent difference
(HRYV) genetic cluster, probably | Children with between the clinical

. . . . . No
representing a previously acute respiratory manifestations of HRV-A and difference
undetected HRV species, HRV- | tract infections. HRV-C infections (but number of
C, associated with acute RV-A infections was small.)
respiratory illness in children.
Lau et al (27)
Evidence of recombination and
ge;.zetzc. dzvers.zty in human. Children with Rin dl'd not have a greater No
rhinoviruses in children with clinical impact than RV-A or RV- .

. . LRTI . . difference
acute respiratory infection. B on respiratory compromise.
Huang et al. (59)
RV +lung
Rhinovirus genome variation transplant No correlation between RV
during chronic upper and lower | recipients and species and their ability to invade No
respiratory tract infections. hospital patients the lower respiratory tract or lead correlation
Tapparel et al. (61) (children and to protracted infection
adults)

Human rhinovirus species Children with
associated with hospitalizations | ARI .. . ..

, . . . o Clinical presentations similar No
for acute respiratory illness in hospitalizations amone RV species difference
young US children. Iwane et al | vs. control & P '

(60) children
No particular HRV strains are
Rhinoviruses Are a Major Children < 2 years | more likely to cause wheezing
Cause of Wheezing and old (some and asthma exacerbation than
T . . . .. No
Hospitalization in Children symptomatic, others. Likewise, it does not seem difference
Less Than 2 Years of Age. some that certain isolates are more
Piotrowska et al (43) asymptomatic) likely to cause severe disease and
hospitalization than others.
RV-B most severe
Infants aged less Infants with HRV-B infection
than 12 months were more likely to require
. . were enrolled at supplemental oxygen and have a B
Host and viral factors . . e .
. : . . the time of a longer duration of hospitalization (infants —
associated with severity of . .. o .
human rhinovirus-associated clinical visit compared with infants with oxygen,
inf at P ll.: tors trizs tc.z”n (hospitalization HRVA or HRVC. Infants with length of
;\Z'élzlnr etsp / 6(15 8 )y clirness. term, non—low HRVB infection tended to have stay,
mier et at birth weight, higher bronchiolitis severity severity)
otherwise healthy | scores, although the number of
infants HRVB strains was small.
Role 'of hanovzru; C o Pediatric patients RV-C not 51gn1ﬁcan§1y dlffe_rent B
Respiratory Infections in Sick with respirator from A. RV-B associated with (infiltrate
and Healthy Children in Spain. respiratory more frequent infiltrate on CXR, ’
tract infections . . . fever)
Calvo et al. (46) fever, diagnosis of pneumonia
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| and antibiotic treatment.

RV-C most severe

Compared with HRV A-infected
children, children with HRVC

Human rhinovirus C associated were more likely to require C
with wheezing in hospitalised Hospitalized supplemental oxygen (63% vs. (oxygen
children in the Middle East. children 42%, p=0.007) and, when co- requirement;
Miller et al. (49) infections were excluded, were wheezing)
more likely to have wheezing
(100% vs. 82%, p=0.016).
(62%) of the 13 adults with HRV-
Clinical and Molecular C infection had pneumonia,
Epidemiology of Human compared with 6 (27%) of the 22
Rhinovirus C in Children and Hospitalized adults with HRV-A infection. C
Adults in Hong Kong Reveals a | children and Wheezing episodes were also (adults —
Possible Distinct Human adults more common among individuals | pneumonia)
Rhinovirus C Subgroup. Lau et with HRV-C (37%) and HRV-A
al- (36) (20%) infection than among those
with HRV-B (0%).
Detection of human rhinovirus talized HRVC h different
C viral genome in blood among Hqsplta 1z¢ may aveiia Heren C
children with severe respiratory children Wl.th pathogenicity an can more (Children —
infections in the Philippines. severe respiratory | commonly cause viremia than viremia)
.. infections HRVA and HRVB.
Fujietal (51)
Human rhinovirus species C Children less than HRV-C-related wheezing
infection in young children with | S years of age, illnesses are associated with an C
acute wheeze is associated with | presenting to increased risk of prior and (wheezing)
increased acute respiratory hospital with an b th E) 1 at &
hospital admissions. Cox et acute wheezing Zl(;njfs(ilil:rrlls ospttal respiratory
al.(52) episode )
. . Children <16 Monoinfection with HRV-C, as
Patient characteristics and . .

. o years with compared with other HRV C
severity of human rhinovirus . - . . .
infections in children. Lauinger eplspdes of species, was as§001ated w1§h more (children
et al (53) respiratory tract severe disease in young children < 3 years)

infections <3 years

Clinical spectrum of human Children with C
rhinovirus infections in asthma More subjects with RV-C needed (children -
hospitalized Hong Kong exacerbations; oxygen (p=0.04) oxygen)
children. Mak et al (50) inpatient controls e
Association between human
rhinovirus C and severity of Children with Children with RV-C had higher C
acute asthma in children. acute asthma asthma severity scores (p=0.016)
Bizzintino et al.(20)
Human rhinovirus C: Age, HRV-C was significantly more ( h.lg

: common children -
f]elzz);a,oc‘z}z;ltl;l)evvezsi;e;p ;,Zi;oag; Children <5 years | among children with LRI (60%; lower
Linder et al (3 gf ‘ relative risk C vs A 52.152 respiratory

[1.17-3.97]; P 5.014; Fig 4). infection)

RV A and C
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Novel human rhinoviruses and | Children with RV-A, RV-C associated with Aﬂ,lC
exacerbation of asthma in asthma > 2 years asthma exacerbations; patients (as Cma)
children. Khetsuriani et al.(45) | of age with RV-C had lower FEV1. (lower FEV1)
Human rhinovirus C infections | Children with a . .
: . . The severity of clinical
mirror those of human diagnosis of . . .
rhinovirus A in children with communit manifestations for HRV-C is A, C
wus “ e numity comparable to that for HRV-A in (Children)

community-acquired acquired children with CAP
pneumonia. Xiang et al (55) pneumonia (CAP)

- . Majorlty healthy HRYV species A and C were each
Human rhinovirus species and infants, also . .

.. . . . . about seven times more likely A, C
season of infection determine infants with mild . . .
. . than HRV-B to be associated with (infants)
illness severity. Lee et al.(54) and moderate .

. . moderate to severe illness.
respiratory illness
RV A and B
The number of patients requiring
Prevalence and clinical hospitalization was lower in the
characterization of a newly HRYV-C monoinfection group A B
identified human rhinovirus C Children younger | than in the HRV-A or HRV-B (more
species in children with acute than 14 with RTIs | monoinfection group (P = 0.028); hospital-
respiratory tract infections. Jin however, the durations of izations)
etal (42) hospitalization were not
significantly different.

Rhinovirus species and their
clinical presentation among Non-hospitalized | HRV species A and B caused ILI A B

different risk groups of non-

children and

among adult patients, whereas

(adults - ILI)

hospitalized patients. Watanabe | adults HRV-C did not.
etal.(56)
HRV-A infected patients had a
higher percentage of upper
Human rhinoviruses in Chinese Afiult patients resplrato'ry symptoms than A B
. . with acute patients infected by the two other (adults —
adults with acute respiratory . . .
tract infection. Xiang et al (57) respiratory tract HRYV species. Systemic more
' infection symptoms such as chilliness and symptomatic)

myalgia were more frequent in
people infected by HRV-B.




