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Abstract

Background: Although the incidence of hospital-associated respiratory virus infection (HARVI) is well recognized, the risk factors for
infection and impact on patient outcomes are not well characterized.

Methods:We identified a cohort of all inpatient admissions≥24 hours duration at a single academicmedical center from 2017 to 2020. HARVI
were defined as respiratory virus detected in a test ordered after the 95th percentile of the virus-specific incubation period. Risk factors for
HARVI were assessed using Cox proportional hazards models of the competing outcomes of HARVI and discharge. The associations between
time-varying HARVI status and the rates of ICU admission, discharge, and in-hospital death were estimated using Cox-proportional hazards
models in a competing risk framework.

Results: HARVI incidences were 8.8 and 3.0 per 10,000 admission days for pediatric and adult patients, respectively. For adults, congestive
heart failure, renal disease, and cancer increased HARVI risk independent of their associations with length of stay. HARVI risk was also
elevated for patients admitted in September–June relative to July admissions. For pediatric patients, cardiovascular and respiratory conditions,
cancer, medical device dependence, and admission in December increased HARVI risk. Lengths of stay were longer for adults with HARVI
compared to those without, and hospital-associated influenza A was associated with increased risk of death. Rates of ICU admission were
increased in the 5 days after HARVI identification for adult and pediatric patients. HARVI was not associated with length of stay or death
among pediatric patients.

Conclusions: HARVI is associated chronic health conditions and increases morbidity and mortality.

(Received 10 August 2023; accepted 8 November 2023; electronically published 11 December 2023)

Respiratory viruses are common causes of adult and pediatric
hospitalization due to community-acquired pneumonia, exacer-
bation of chronic conditions, and other sequelae of infection.1–4

Although influenza, respiratory syncytial virus (RSV), and now
SARS-CoV-2 are notable causes of severe illness, a large proportion
of respiratory virus-associated hospitalizations are caused by other
species.5 Healthcare-associated outbreaks have been described for
influenza, RSV, common-cold coronaviruses (ccCoV), adenovirus,
parainfluenza, rhinovirus, and human metapneumovirus
(hMPV).6 The total burden of hospital-associated respiratory
virus infections (HARVI), not just those related to sizeable
outbreaks, has increasingly been recognized given the availability
and utilization of multiplex respiratory pathogen panels.7–10

AlthoughcharacterizationofHARVI incidencehas improved, risk
factors for infection have not been well characterized, and the impact

of HARVI on hospitalized patient outcomes is not entirely clear.11–13

Analysis of risk factors for and outcomes of hospital-acquired
infections, in general, is difficult because of methodologic challenges
such as competing risks, time-dependent bias, and confounding by
baseline health status.14,15 Although statistical methods are well
developed to address these challenges, they have not been applied to
HARVI. Studies ofHARVI outcomes have typically been descriptive:
reporting average lengths of stay, and numbers of intensive care unit
(ICU)admissionsanddeaths.7,16Thesedescriptiveanalysesareuseful,
but they do not provide evidence for the extent towhich these adverse
outcomes are attributable to HARVI.

In this retrospective cohort study, we sought (1) to estimate the
overall and species-specific incidences of HARVI, (2) to identify
risk factors for acquisition of HARVI, and (3) to determine
whether HARVI is associated with increased length of stay, ICU
admission, and in-hospital mortality.

Methods

Study population and data sources

We identified a cohort of all inpatient admissions of ≥24 hours
duration to University of Michigan adult and pediatric hospitals
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over 3 study periods. The first 2 periods (2017–2018 and 2018–
2019) were defined from July 1 through June 30 of each year. The
third period (2019–2020) was truncated at the start of the COVID-
19 pandemic and was defined from July 1, 2019 through February
28, 2020. All analyses were performed separately for adult (≥18
years) and pediatric (<18 years) patients. This research was
approved by the University of Michigan Medical School
Institutional Review Board under a waiver of informed consent.

We obtained the following information from the electronic
health record: demographics including age, sex, and race and
ethnicity; inpatient encounter data including admission and
discharge dates, and International Classification of Disease, Tenth
Revision (ICD-10) diagnosis codes; vital signs including temper-
ature, heart rate, and respiratory rate; and dates and results of white
blood cell counts and respiratory virus diagnostic tests. Charlson
comorbidity index (CCI) and pediatric complex chronic condition
(CCC) scores were calculated for adult and pediatric patients,
respectively, using all available inpatient ICD-10 diagnosis codes in a
given study period.17,18 Patients were also categorized based on
whether or not they had a diagnosis from each chronic condition
category used in the calculation of CCI (acutemyocardial infarction,
congestive heart failure, peripheral vascular disease, cerebrovascular
disease, chronic pulmonary disease, rheumatic disease, peptic ulcer
disease, liver disease, diabetes, hemiplegia or paraplegia, renal
disease, and cancer) and CCC scores (cardiovascular disease,
respiratory disease, neurologic or neuromuscular disease, renal
disease, gastrointestinal disease, hematologic or immunologic
disease, metabolic disease, congenital or genetic disease,malignancy,
neonatal conditions (eg, premature, low birth weight, etc), medical
device dependence (eg, ventilator, gastrostomy, wheel chair, etc),
and history of transplantation. Adults were defined as having
systemic inflammatory response syndrome (SIRS) if they met ≥2 of
the following criteria within 48 hours of admission: body temper-
ature >38°C or <36°C, respiratory rate >20 breaths per minute,
heart rate >90 beats per minute, or white blood cell count >12,000
or <4,000 per mm3. Missing SIRS criteria data were imputed to the
mean for each criterion (ie, the criterion was not met).

HARVI case definition

Respiratory virus infection was defined as a positive result from
either (1) influenza or RSV-specific reverse-transcription polymer-
ase chain reaction or (2) molecular respiratory virus panel
(FilmArray respiratory panel) testing for the following: adenovirus;
ccCoV 229E, HKU1, NL63, and OC43; hMPV; human rhinovirus-
enterovirus; influenza A(H1N1pdm09), A(H3N2), and B; para-
influenza viruses 1, 2, 3, and 4; and RSV.

For each virus, those first identified in a test ordered more than
a threshold number of days after hospital admission were defined
as HARVIs. Those before the threshold were defined as
community acquired. Virus-specific thresholds were defined based
on the 50th, 75th, and 95th percentiles of the virus-specific
incubation periods estimated in Lessler et al.19 Because the
incubation period of hMPV is not well characterized, hMPV
thresholds were imputed as those of RSV given the similarity of the
2 viruses.19 Adenovirus, ccCoV, and parainfluenza viruses did not
have 95th percentile incubation periods estimated; for these
viruses, the 95th percentile threshold was imputed as the 75th
percentile plus one day. Virus-specific incidence is reported for
each of the 50th, 75th, and 95th percentile thresholds. The 95th
percentile threshold is used in subsequent risk-factor and
outcomes analysis.

Statistical methods

Overall and virus-specific incidence was calculated as the number
of HARVIs per 10,000 patient admission days. Individual patients
could contribute multiple admissions to the analysis. For virus-
specific analyses, readmissions within 180 days of a community- or
hospital-associated viral infection were not considered at risk for
reinfection with the same virus and were excluded. Binomial 95%
confidence intervals (95% CI) were calculated using the Wilson
method in the “Hmisc” package in R software (R Foundation for
Statistical Computing, Vienna, Austria). Patients were charac-
terized in terms of age, sex, race and ethnicity, CCI conditions and
score (adults), CCC conditions and score (children), meeting ≥2
SIRS criteria (adults), study period, and month of admission.
Patient characteristics were compared by HARVI status using χ2
tests for categorical variables and Wilcoxon rank-sum tests for
continuous variables.

Direct and indirect effects of patient characteristics on the rate
of HARVI were assessed by estimating the cause-specific relative
hazards of the competing outcomes of HARVI and hospital
discharge in Cox proportional hazardsmodels.20 Patient character-
istics significantly associated with increased or decreased rates of
HARVI outcomes were considered direct risk or protective factors.
Characteristics significantly associated with increased or decreased
length of stay were considered indirect risk or protective factors for
HARVI because they modify the time at risk of infection in the
hospital. The combined direct and indirect effect of patient
characteristics on the rate of incident HARVI was assessed by
estimating the subdistribution relative hazard in Fine-Gray
models.21 Age, sex, race and ethnicity, CCI conditions and score
(adults), CCC conditions and score (children), meeting ≥2 SIRS
criteria (adults), and month of admission were assessed as risk
factors in multivariable models.

The association between HARVI and the competing outcomes
of discharge and death was estimated in covariate-adjusted Cox-
proportional hazards models with HARVI status modeled as a
time-varying covariate. Death was defined as occurring within 30
days of first HARVI identification or within 2 days of hospital
discharge for those without HARVI identification. The association
between HARVI and first intensive care unit (ICU) admission was
similarly estimated in covariate-adjusted Cox-proportional haz-
ards models with time-varying HARVI status (categorically
defined as: uninfected [referent], and HARVI identified 0–5, 6–
10, and >10 days ago) and competing outcome of discharge (alive
or deceased). Outcome models were adjusted for age, sex, non-
Hispanic Black race and ethnicity, CCI score (adults), CCC score
(children), meeting ≥2 SIRS criteria (adults), and peak season
admission (December, January, February, or March).

Results

The 2017–2018 study period included 41,616 adult and 12,445
pediatric inpatient encounters; the 2018–2019 study period
included 42,277 adult and 12,386 pediatric encounters; and the
abbreviated 2019-2020 period included 27,622 adult and 8,365
pediatric encounters (Supplementary Fig. 1 online). In each study
period, 10% of adult encounters received respiratory virus testing.
For pediatric patients, the proportion of encounters with testing
was higher and increased over time (12%, 13%, and 16%).

For adults, overall incidence of HARVI across the 3 periods was
4.52, 3.85, and 3.04 infections per 10,000 admission days based on
the 50th, 75th, and 95th incubation period percentile thresholds,
respectively (Table 1). For pediatric patients, HARVI incidence
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was ∼3 times higher than for adults with each case definition:
13.17, 10.69, and 8.75 infections per 10,000 admission days,
respectively. Rhinovirus-enterovirus and influenza A were the
most common viruses identified in adults, accounting for >50% of
all HARVIs. Among pediatric patients, rhinoviruses-enteroviruses
were identified in 56% of HARVI cases using the 95th incubation
period percentile definition. Compared to adults, pediatric patients
were more likely to have HARVIs with adenovirus, ccCoV,
parainfluenza, and rhinovirus-enterovirus. The confidence inter-
vals of incidence estimates for all other viruses overlapped.

The median time from hospital admission to HARVI
identification for adults was 9 (interquartile range, 6–16) days
(Fig. 1). In bivariate analyses, adult HARVI cases were older, more
likely to be male, to have higher CCI scores, to meet ≥SIRS criteria
within 48 hours of admission, and to have been admitted during
December–March compared to patients who did not have a
HARVI (Table 2). Adult HARVI patients were also more likely to
have a comorbidity from each CCI category, except for rheumatoid
disease and hemiplegia or paraplegia. Only influenza A-associated
HARVI cases were significantly older than uninfected patients, and

only hMPV- and rhinovirus-enterovirus–associated HARVI cases
were more likely to be male. Significant differences in incidence by
study period were only observed for influenza A; parainfluenza and
rhinovirus-enterovirus were notably not associated with month of
admission consistent with increased transmission in the spring,
summer, and early fall relative to other viruses. With the exception
of influenza B, patients with all virus species were more likely to
have higher CCI scores compared to patients without HARVI.
However, the patterns of association varied by virus for specific
comorbidity categories.

Among pediatric patients, the median time from hospital
admission to HARVI identification was 14 (interquartile range, 7–
37) days (Fig. 1). Non-Hispanic black patients were over-
represented among pediatric HARVI cases compared to those
without HARVI (Table 3). Pediatric HARVI cases were more likely
to have any of the chronic conditions that comprise the CCC score
and had higher median CCC scores (5 vs 0) than patients without
HARVI. In contrast to adults, the incidence of pediatric HARVI
did vary significantly by study period with HARVI cases
overrepresented in the 2018–2019 season. Also unlike adults,

Table 1. Incidence of HARVI as Defined by Time From Hospital Admission to the Order Date of the First Positive Test Being Longer Than the 50th, 75th, or 95th
Percentile of the Virus-Specific Incubation Perioda

Virus

Virus-Specific Incubation Period Quantile Used to Define Hospital-Associated Infections

50th Percentile 75th Percentile 95th Percentileb

Threshold, d No. Incidencec Threshold, d No. Incidencec Threshold, d No. Incidencec

Adult

Adenovirus 5.6 9 0.12 (0.06–0.22) 6.5 7 0.09 (0.04–0.19) 7.5 5 0.06 (0.03–0.15)

Coronavirus 3.2 33 0.42 (0.30–0.60) 3.5 31 0.40 (0.28–0.57) 4.5 29 0.37 (0.26–0.54)

Human metapneumovirusd 4.4 29 0.37 (0.26–0.54) 5.1 26 0.34 (0.23–0.49) 6.3 21 0.27 (0.18–0.41)

Influenza A 1.4 73 0.95 (0.75–1.19) 1.9 60 0.78 (0.60–1.00) 2.8 50 0.65 (0.49–0.85)

Influenza B 1.4 15 0.19 (0.12–0.32) 1.9 10 0.13 (0.07–0.24) 2.8 9 0.12 (0.06–0.22)

Parainfluenza 2.6 36 0.46 (0.33–0.64) 3.2 32 0.41 (0.29–0.58) 4.2 26 0.33 (0.23–0.49)

Respiratory syncytial virus 4.4 27 0.35 (0.24–0.51) 5.1 26 0.34 (0.23–0.49) 6.3 24 0.31 (0.21–0.46)

Rhinovirus–enterovirus 1.9 144 1.89 (1.60–2.22) 2.7 122 1.60 (1.34–1.91) 4.5 84 1.10 (0.89–1.36)

Totale : : : 351 4.52 (4.07–5.02) : : : 299 3.85 (3.44–4.31) : : : 236 3.04 (2.67–3.45)

Pediatric

Adenovirus 5.6 28 1.28 (0.88–1.85) 6.5 21 0.96 (0.63–1.46) 7.5 19 0.87 (0.55–1.35)

Coronavirus 3.2 32 1.44 (1.02–2.04) 3.5 31 1.40 (0.98–1.98) 4.5 29 1.31 (0.91–1.88)

Human metapneumovirusd 4.4 9 0.41 (0.22–0.78) 5.1 9 0.41 (0.22–0.78) 6.3 8 0.36 (0.18–0.72)

Influenza A 1.4 16 0.73 (0.45–1.18) 1.9 10 0.45 (0.25–0.84) 2.8 9 0.41 (0.22–0.78)

Influenza B 1.4 11 0.50 (0.28–0.89) 1.9 7 0.32 (0.15–0.65) 2.8 6 0.27 (0.12–0.59)

Parainfluenza 2.6 32 1.44 (1.02–2.04) 3.2 30 1.35 (0.95–1.93) 4.2 24 1.08 (0.73–1.61)

Respiratory syncytial virus 4.4 19 0.88 (0.56–1.37) 5.1 18 0.83 (0.53–1.31) 6.3 16 0.74 (0.45–1.20)

Rhinovirus–enterovirus 1.9 182 8.87 (7.67–10.25) 2.7 141 6.87 (5.83–8.11) 4.5 108 5.27 (4.36–6.36)

Totale : : : 292 13.17 (11.74–14.77) : : : 237 10.69 (9.41–12.14) : : : 194 8.75 (7.60–10.07)

Note. HARVI; hospital-associated respiratory virus infection; CI, confidence interval.
aVirus specific incubation periods taken from Lessler et al.19
bEstimates of the 95th percentile of the incubation period were unavailable for adenovirus, coronavirus, and parainfluenza. For this analysis, the 95th percentile for these viruses was taken as
the 75th percentile plus 1 day.
cEvents per 10,000 admission days (95% CI).
dThe incubation period for human metapneumovirus was not estimated by Lessler et al19 because of limited data. For this analysis, the incubation period of human metapneumovirus was
considered consistent with that of respiratory syncytial virus given concordance between the limited data and similarities between the viruses.
eVirus specific incidence does not add to the total because some patients had codetection of multiple respiratory viruses in the same test or serial detection of multiple viruses throughout the
same hospital admission. Codetection or serial detection events were counted individually within each virus specific row but counted as 1 event in the total row.

620 Joshua G. Petrie et al

https://doi.org/10.1017/ice.2023.263 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.263


overall HARVI status was not associated with month of admission
for pediatric patients. However, HARVI with ccCoV, influenza A,
and RSV identification was significantly more likely among
patients admitted during the winter months. Patterns of
association were otherwise fairly similar by virus species among
pediatric patients.

We used competing risks models to estimate direct and indirect
risk factors for HARVI. In adults, congestive heart failure, renal
disease, and cancer comorbidities were estimated to directly
increase the rate of HARVI by 65%, 45%, and 124%, respectively
(Fig. 2 and Supplementary Table 1 online). Risk of HARVI was also
elevated for patients admitted September through June relative to
July admissions with hazard ratios above 5 from December to
April. Men, non-Hispanic black patients, those with all
comorbidities except myocardial infarction, and those meeting
≥2 SIRS criteria had significantly lower rates of discharge (ie,
longer hospital stays), an indirect risk factor for HARVI. Fine-Gray
model estimates combining these direct and indirect effects
indicated that congestive heart failure, cerebrovascular disease,
renal disease, and cancer comorbidities increased the overall risk of
HARVI. Patients meeting ≥2 SIRS criteria also had higher overall
risk of HARVI, and admission in December–April remained a
strong overall risk factor.

Chronic conditions including cardiovascular disease, respira-
tory disease, cancer, and medical device dependence were directly

associated with increased rates of HARVI among pediatric patients
(Fig. 3 and Supplementary Table 2 online). The direct hazard of
HARVI decreased with increasing age and was lower among
pediatric patients with neonatal conditions. In contrast to adults,
the direct hazard of HARVI was only elevated for children
admitted in the month of December. Increasing age, non-Hispanic
black race and ethnicity, all chronic conditions (except renal
disease and transplantation), and admission between October and
February were all associated with decreased hazard of discharge (ie,
longer hospital stays). Combining direct and indirect hazards of
HARVI, chronic conditions including cardiovascular disease,
respiratory disease, metabolic disease, cancer, medical device
dependence, and transplantation all increased the overall hazard of
HARVI as did admission in the month of December. Increasing
age decreased the overall hazard of HARVI in pediatric patients.

Overall, HARVI reduced the daily hazard of discharge by 30%
significantly increasing lengths of stay among adult inpatients
(Table 4). All viruses had hazard ratios <1 for discharge (range,
0.66–0.97); however, longer lengths of stay were only statistically
significant for ccCoV, influenza A, influenza B, and rhinovirus-
enterovirus. HARVI was associated with a 55% increase in the
hazard of death in adults within 30 days of infection overall. In
virus-specific analyses, only influenza A was significantly
associated with an increased hazard of death relative to patients
without HARVI (135% increase). Moreover, 10 deaths (20%)

Figure 1. Days from hospital admission to the
order date of the first positive respiratory virus
test among adult (A) and pediatric (B) patients
with hospital-associated respiratory virus infec-
tions (HARVI) defined by the 95th percentile of
the virus specific incubation period threshold.
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Table 2. Characteristics of Hospitalized Adult Patients Admitted Between July 1, 2017, and February 28, 2020, by HARVI Statusa

Variable

w/o HARVI
(N=111,279),
No. (%)b

Any HARVI
(N=236),
No. (%)b

Adenovirus
(N=5),
No. (%)b

ccCoV
(N=29),
No. (%)b

hMPV
(N=21),
No. (%)b

Influenza A
(N=50),
No. (%)b

Influenza B
(N=9),
No. (%)b

PIV
(N=26),
No. (%)b

RSV
(N=24),
No. (%)b

hRV/EV
(N=84),
No. (%)b

Age, median y (IQR) 57 (36–69) 60 (43–71)* 48 (46–61) 60 (44–71) 62 (43–71) 65 (53–76)** 51 (40–61) 60 (36–74) 60 (52–70) 57 (36–68)

Sex *** * ***

Female 60,930 (55) 103 (44) 3 (60) 14 (48) 6 (29) 24 (48) 6 (67) 13 (50) 10 (42) 31 (37)

Male 50,349 (45) 133 (56) 2 (40) 15 (52) 15 (71) 26 (52) 3 (33) 13 (50) 14 (58) 53 (63)

Race

NH Asian 3,060 (3) 2 (1) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 1 (1)

NH Black 13,246 (12) 27 (11) 2 (40) 2 (7) 5 (24) 5 (10) 1 (11) 1 (4) 4 (17) 9 (11)

NH White 88,628 (80) 191 (81) 3 (60) 23 (79) 15 (71) 42 (84) 7 (78) 24 (92) 20 (83) 66 (79)

Other/Unknown/Missing 6,345 (6) 16 (7) 0 (0) 4 (14) 1 (5) 2 (4) 1 (11) 1 (4) 0 (0) 8 (10)

Charlson score, median (IQR) 2 (0–6) 5 (3–8)*** 9 (9–10)** 4 (2–8)** 7 (4–10)*** 6 (3–8)*** 2 (2–3) 4 (3–6)* 6 (4–9)*** 4 (2–6)***

Chronic condition

Myocardial infarction 14,262 (13) 46 (19)** 2 (40) 6 (21) 6 (29)* 10 (20) 1 (11) 6 (23) 6 (25) 12 (14)

Congestive heart failure 24,680 (22) 107 (45)*** 1 (20) 12 (41)* 15 (71)*** 27 (54)*** 4 (44) 13 (50)*** 11 (46)** 30 (36)**

Peripheral vascular disease 18,331 (16) 56 (24)** 2 (40) 2 (7) 9 (43)** 15 (30)** 0 (0) 5 (19) 8 (33)* 17 (20)

Cerebrovascular disease 12,260 (11) 51 (22)*** 3 (60)* 6 (21) 7 (33)** 15 (30)*** 0 (0) 4 (15) 5 (21) 14 (17)

Chronic pulmonary disease 28,899 (26) 85 (36)*** 3 (60) 9 (31) 11 (52)** 19 (38) 6 (67)* 8 (31) 8 (33) 27 (32)

Rheumatoid disease 5,622 (5) 18 (8) 1 (20) 4 (14) 1 (5) 3 (6) 1 (11) 0 (0) 3 (12) 6 (7)

Peptic ulcer disease 4,160 (4) 18 (8)** 1 (20) 4 (14)* 1 (5) 4 (8) 0 (0) 3 (12) 1 (4) 7 (8)*

Liver disease 13,658 (12) 42 (18)** 2 (40) 5 (17) 6 (29)* 10 (20) 1 (11) 3 (12) 8 (33)** 11 (13)

Diabetes 27,799 (25) 86 (36)*** 3 (60) 11 (38) 9 (43) 23 (46)*** 2 (22) 10 (38) 10 (42) 21 (25)

Hemiplegia or paraplegia 5,430 (5) 16 (7) 1 (20) 1 (3) 1 (5) 2 (4) 0 (0) 2 (8) 6 (25)*** 5 (6)

Renal disease 26,179 (24) 103 (44)*** 4 (80)* 11 (38) 16 (76)*** 22 (44)*** 3 (33) 11 (42)* 9 (38) 34 (40)***

Cancer 27,401 (25) 110 (47)*** 3 (60) 15 (52)*** 9 (43) 15 (30) 4 (44) 13 (50)** 11 (46)* 45 (54)***
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≥2 SIRS criteria 27,079 (24) 83 (35)*** 2 (40) 14 (48)** 7 (33) 16 (32) 2 (22) 10 (38) 8 (33) 28 (33)*

Study period *

2017–2018 41,519 (37) 97 (41) 3 (60) 14 (48) 9 (43) 23 (46) 6 (67) 12 (46) 8 (33) 30 (36)

2018–2019 42,199 (38) 78 (33) 1 (20) 12 (41) 8 (38) 9 (18) 1 (11) 9 (35) 9 (38) 31 (37)

2019–2020 27,561 (25) 61 (26) 1 (20) 3 (10) 4 (19) 18 (36) 2 (22) 5 (19) 7 (29) 23 (27)

Admission Month *** ** ** *** *** ***

Jul 10,590 (10) 5 (2) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0) 1 (4) 0 (0) 4 (5)

Aug 10,976 (10) 7 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (12) 0 (0) 4 (5)

Sep 10,230 (9) 20 (8) 0 (0) 0 (0) 1 (5) 0 (0) 0 (0) 3 (12) 0 (0) 16 (19)

Oct 10,997 (10) 15 (6) 0 (0) 1 (3) 1 (5) 1 (2) 0 (0) 1 (4) 1 (4) 11 (13)

Nov 10,194 (9) 16 (7) 1 (20) 3 (10) 3 (14) 1 (2) 0 (0) 2 (8) 2 (8) 7 (8)

Dec 10,126 (9) 34 (14) 0 (0) 6 (21) 4 (19) 5 (10) 2 (22) 4 (15) 8 (33) 6 (7)

Jan 10,550 (9) 41 (17) 2 (40) 1 (3) 2 (10) 21 (42) 0 (0) 2 (8) 6 (25) 8 (10)

Feb 9,561 (9) 30 (13) 0 (0) 5 (17) 0 (0) 13 (26) 1 (11) 0 (0) 4 (17) 7 (8)

Mar 7,022 (6) 28 (12) 1 (20) 5 (17) 5 (24) 6 (12) 4 (44) 1 (4) 3 (12) 5 (6)

Apr 7,062 (6) 19 (8) 0 (0) 5 (17) 4 (19) 0 (0) 2 (22) 2 (8) 0 (0) 7 (8)

May 7,146 (6) 10 (4) 1 (20) 2 (7) 0 (0) 3 (6) 0 (0) 3 (12) 0 (0) 3 (4)

Jun 6,825 (6) 11 (5) 0 (0) 0 (0) 1 (5) 0 (0) 0 (0) 4 (15) 0 (0) 6 (7)

Note. ccCoV, common-cold coronavirus; HARVI; hospital-associated respiratory virus infection; hMPV, humanmetapneumovirus; hRV/EV, human rhinovirus–enterovirus; IQR, interquartile range; NH, non-Hispanic; PIV, parainfluenza; RSV, respiratory syncytial
virus; SIRS, systemic inflammatory response syndrome.
aNumbers in the table represent inpatient admissions; individual patients may have been admitted to the hospital multiple times during the study period.
bData are no. (%) unless otherwise specified.
*P < .05 statistically significant difference relative to admissions without HARVI.
**P < .01 statistically significant difference relative to admissions without HARVI.
***P < .001 statistically significant difference relative to admissions without HARVI.
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Table 3. Characteristics of Hospitalized Pediatric Patients Admitted Between July 1, 2017, and February 28, 2020, by HARVI Statusa

Variable

w/o HARVI
(N=33,002),
No. (%)b

Any HARVI
(N=194),
No. (%)b

Adenovirus
(N=19),
No. (%)b

ccCov
(N=29),
No. (%)b

hMPV
(N=8),
No. (%)b

Influenza A
(N=9),
No. (%)b

Influenza B
(N=6),
No. (%)b

PIV
(N=24),
No. (%)b

RSV
(N=16),
No. (%)b

hRV/EV
(N=108),
No. (%)a

Age, median y (IQR) 0 (0–8) 1 (0–6) 3 (0–7) 1 (0–7) 2 (1–3) 4 (1–5) 5 (1–8) 3 (1–6) 0 (0–2) 0 (0–6)

Sex *

Female 15,903 (48) 82 (42) 8 (42) 15 (52) 2 (25) 2 (22) 2 (33) 13 (54) 3 (19) 48 (44)

Male 17,099 (52) 112 (58) 11 (58) 14 (48) 6 (75) 7 (78) 4 (67) 11 (46) 13 (81) 60 (56)

Race * *

NH Asian 1,595 (5) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

NH Black 4,464 (14) 33 (17) 5 (26) 4 (14) 0 (0) 2 (22) 1 (17) 5 (21) 1 (6) 21 (19)

NH White 23,280 (71) 136 (70) 11 (58) 25 (86) 7 (88) 7 (78) 4 (67) 19 (79) 11 (69) 70 (65)

Other/Unknown/Missing 3,663 (11) 24 (12) 3 (16) 0 (0) 1 (12) 0 (0) 1 (17) 0 (0) 4 (25) 16 (15)

CCC score, median (IQR) 0 (0–2) 5 (3–6)*** 6 (5–7)*** 4 (3–6)*** 6 (4–6)*** 1 (0–4) 4 (2–6)* 4 (2–7)*** 4 (1– 6)*** 5 (3–6)***

Chronic condition

Neurologic and neuromuscular 4,246 (13) 68 (35)*** 7 (37)** 9 (31)** 4 (50)* 1 (11) 1 (17) 10 (42)*** 2 (12) 43 (40)***

Cardiovascular 6,592 (20) 136 (70)*** 16 (84)*** 21 (72)*** 6 (75)** 4 (44) 4 (67)* 15 (62)*** 11 (69)*** 78 (72)***

Respiratory 2,909 (9) 97 (50)*** 11 (58)*** 17 (59)*** 4 (50)** 2 (22) 2 (33) 8 (33)*** 6 (38)** 57 (53)***

Renal and urologic 2,235 (7) 37 (19)*** 6 (32)** 3 (10) 2 (25) 1 (11) 1 (17) 4 (17) 3 (19) 22 (20)***

Gastrointestinal 4,280 (13) 100 (52)*** 14 (74)*** 11 (38)*** 5 (62)** 3 (33) 1 (17) 12 (50)*** 9 (56)*** 57 (53)***

Hematologic and immunologic 3,233 (10) 62 (32)*** 10 (53)*** 10 (34)*** 4 (50)** 2 (22) 2 (33) 11 (46)*** 4 (25) 29 (27)***

Metabolic 4,777 (14) 80 (41)*** 13 (68)*** 9 (31)* 4 (50)* 2 (22) 3 (50)* 10 (42)** 7 (44)** 41 (38)***

Other congenital or genetic 3,160 (10) 59 (30)*** 6 (32)** 10 (34)*** 3 (38)* 0 (0) 0 (0) 9 (38)*** 6 (38)** 33 (31)***

Malignancy 2,785 (8) 48 (25)*** 6 (32)** 8 (28)** 1 (12) 1 (11) 1 (17) 7 (29)** 2 (12) 27 (25)***

Premature and neonatal 2,389 (7) 47 (24)*** 2 (11) 4 (14) 3 (38)* 0 (0) 1 (17) 2 (8) 3 (19) 37 (34)***

Medical device dependence 5,188 (16) 136 (70)*** 17 (89)*** 21 (72)*** 7 (88)*** 3 (33) 4 (67)** 13 (54)*** 10 (62)*** 79 (73)***

Transplantation 395 (1) 18 (9)*** 5 (26)*** 1 (3) 1 (12) 1 (11) 1 (17) 4 (17)*** 0 (0) 8 (7)***
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Study period * *** * *

2017–2018 12,389 (38) 56 (29) 0 (0) 10 (34) 4 (50) 3 (33) 2 (33) 5 (21) 6 (38) 30 (28)

2018–2019 12,303 (37) 83 (43) 12 (63) 13 (45) 1 (12) 3 (33) 0 (0) 14 (58) 2 (12) 48 (44)

2019–2020 8,310 (25) 55 (28) 7 (37) 6 (21) 3 (38) 3 (33) 4 (67) 5 (21) 8 (50) 30 (28)

Admission month ** * **

Jul 3,083 (9) 15 (8) 2 (11) 1 (3) 1 (12) 0 (0) 0 (0) 1 (4) 0 (0) 11 (10)

Aug 3,182 (10) 17 (9) 1 (5) 2 (7) 0 (0) 0 (0) 1 (17) 1 (4) 0 (0) 13 (12)

Sep 3,072 (9) 17 (9) 1 (5) 0 (0) 0 (0) 0 (0) 0 (0) 2 (8) 1 (6) 14 (13)

Oct 3,205 (10) 15 (8) 1 (5) 0 (0) 0 (0) 1 (11) 0 (0) 3 (12) 2 (12) 10 (9)

Nov 3,001 (9) 17 (9) 3 (16) 0 (0) 1 (12) 0 (0) 1 (17) 6 (25) 1 (6) 8 (7)

Dec 3,068 (9) 30 (15) 2 (11) 7 (24) 2 (25) 2 (22) 2 (33) 3 (12) 8 (50) 11 (10)

Jan 3,098 (9) 17 (9) 4 (21) 6 (21) 0 (0) 4 (44) 0 (0) 0 (0) 2 (12) 2 (2)

Feb 2,829 (9) 17 (9) 1 (5) 3 (10) 2 (25) 2 (22) 0 (0) 0 (0) 1 (6) 10 (9)

Mar 2,140 (6) 11 (6) 0 (0) 2 (7) 0 (0) 0 (0) 2 (33) 0 (0) 1 (6) 7 (6)

Apr 2,081 (6) 11 (6) 0 (0) 3 (10) 1 (12) 0 (0) 0 (0) 3 (12) 0 (0) 5 (5)

May 2,146 (7) 16 (8) 2 (11) 3 (10) 1 (12) 0 (0) 0 (0) 2 (8) 0 (0) 11 (10)

Jun 2,097 (6) 11 (6) 2 (11) 2 (7) 0 (0) 0 (0) 0 (0) 3 (12) 0 (0) 6 (6)

Note. CCC, pediatric complex chronic condition; ccCoV, common-cold coronavirus; HARVI; hospital-associated respiratory virus infection; hMPV, human metapneumovirus; hRV/EV, human rhinovirus/enterovirus; IQR, interquartile range; NH, non-Hispanic;
PIV, parainfluenza; RSV, respiratory syncytial virus; SIRS, systemic inflammatory response syndrome.
aNumbers in the table represent inpatient admissions; individual patients may have been admitted to the hospital multiple times during the study period.
bData are no. (%) unless otherwise specified.
*P < .05 statistically significant difference relative to admissions without HARVI.
**P < .01 statistically significant difference relative to admissions without HARVI.
***P < .001 statistically significant difccCoV, common-col ference relative to admissions without HARVI.
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occurred among the 50 influenza HARVI cases. The hazard ratios
for first ICU admission were 2.16 (95% CI, 1.20–3.89) 0 to 5 days,
1.93 (95% CI, 0.81–4.60) 6 to 10 days, and 2.39 (95% CI, 1.05–5.46)
>10 days post-HARVI identification relative to patients without
HARVI. Species-specific hazard ratios for first ICU admission
could not be estimated due to small sample sizes.

No HARVIs were associated with increased length of stay or
risk of death for pediatric patients. However, pediatric patients
were at increased risk of first ICU admission shortly after
HARVI identification. Relative to pediatric patients without a
HARVI, the hazard ratios for first ICU admission were 5.76
(95% CI, 2.84–11.65) for 0–5 days after HARVI identification;
1.49 (95% CI, 0.21–10.87) for 6–10 days after HARVI
identification; and 0.94 (95% CI, 0.26–3.39) for >10 days after
HARVI identification.

Discussion

HARVI incidence varied by viral species and was higher among
pediatric patients, similar to previous studies.7–10,22,23 For adults,
HARVI increased the length of hospital stays and hazard of ICU
admission after infection. Hospital-associated influenza infections
were also associated with increased risk of in-hospital death for
adults. HARVIs were not associated with increased length of stay
or mortality in pediatric patients, but the rate of ICU admission in
the first 5 days after HARVI identification was >5-fold higher
compared to patients without HARVI. Relative to adults, pediatric
patients were infected later in their hospitalization; 25% of
HARVIs were identified >37 days after admission. It may be that
the absence of an observed effect of HARVI on increased length of
stay in pediatric patients was because those infected were likely to

Figure 2. Risk factors for hospital-associated respiratory virus infection (HARVI) among adult inpatients. Competing risks analysis estimates direct and indirect (through length of
stay) effects of factors on risk of HARVI; Fine-Gray analysis estimates absolute effects (combining direct and indirect effects) of factors on risk of HARVI.

Figure 3. Risk factors for hospital-associated respiratory virus infection (HARVI) among pediatric inpatients. Competing risks analysis estimates direct and indirect (through
length of stay) effects of factors on risk of HARVI; Fine-Gray analysis estimates absolute effects (combining direct and indirect effects) of factors on risk of HARVI.
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Table 4. Effects of Hospital-Associated Respiratory Virus Infection (HARVI) on Time to Discharge and In-Hospital Deatha

Variable

Discharge Death

Total Admissions
No.

(days w/o HARVI)

HARVI
No.

(days after HARVI)

Unadjusted
Hazard Ratio
(95% CI)

Adjusteda

Hazard Ratio
(95% CI)

Deaths
w/o
HARVI

Deaths
after
HARVI

Unadjusted
Hazard Ratio
(95% CI)

Adjusted
Hazard Ratio
(95% CI)b

Adult

Any HARVI 111,515 (776,530) 236 (4,101) 0.68 (0.61–0.76) 0.70 (0.62–0.79) 2,738 28 1.52 (1.04–2.24) 1.55 (1.04–2.29)

Adenovirus 111,436 (779,502) 5 (173) 0.63 (0.25–1.59) 0.85 (0.33–2.18) 2,765 0 : : : : : :

ccCoV 111,515 (780,132) 29 (471) 0.67 (0.53–0.85) 0.68 (0.52–0.89) 2,768 3 1.26 (0.41–3.88) 1.26 (0.42–3.80)

hMPV 111,192 (777,287) 21 (404) 0.77 (0.50–1.19) 0.97 (0.63–1.48) 2,756 4 2.38 (0.90–6.27) 1.95 (0.67–5.66)

Influenza A 110,905 (774,988) 50 (854) 0.64 (0.52–0.80) 0.71 (0.57–0.88) 2,738 10 2.84 (1.47–5.49) 2.35 (1.12–4.92)

Influenza B 111,384 (779,407) 9 (130) 0.82 (0.60–1.12) 0.71 (0.52–0.97) 2,765 0 : : : : : :

PIV 111,515 (780,127) 26 (481) 0.72 (0.48–1.07) 0.66 (0.41–1.07) 2,769 2 0.89 (0.22–3.55) 1.29 (0.33–5.00)

RSV 111,112 (776,480) 24 (588) 0.72 (0.54–0.97) 0.83 (0.64–1.08) 2,735 1 0.43 (0.06–3.07) 0.37 (0.05–2.90)

hRV/EV 109,917 (765,093) 84 (1,393) 0.69 (0.55–0.85) 0.68 (0.55–0.83) 2,693 8 1.20 (0.58–2.48) 1.41 (0.70–2.83)

Pediatric

Any HARVI 33,196 (221,496) 194 (6,748) 0.81 (0.71–0.92) 1.02 (0.88–1.18) 247 5 0.59 (0.22–1.58) 0.52 (0.20–1.36)

Adenovirus 32,925 (224,764) 19 (739) 0.77 (0.57–1.03) 1.22 (0.86–1.74) 253 1 1.06 (0.14–8.16) 0.88 (0.11–6.91)

ccCoV 33,196 (227,583) 29 (658) 0.90 (0.65–1.25) 1.14 (0.81–1.62) 256 1 1.15 (0.15–8.52) 1.17 (0.16–8.52)

hMPV 32,992 (226,172) 8 (268) 0.95 (0.64–1.39) 1.46 (0.97–2.20) 257 0 : : : : : :

Influenza A 33,019 (226,565) 9 (320) 0.92 (0.59–1.43) 0.70 (0.45–1.11) 256 0 : : : : : :

Influenza B 33,122 (227,043) 6 (260) 0.74 (0.48–1.13) 0.61 (0.28–1.32) 256 0 : : : : : :

PIV 33,196 (227,573) 24 (668) 0.84 (0.59–1.19) 1.08 (0.73–1.59) 256 0 : : : : : :

RSV 32,553 (222,803) 16 (462) 0.87 (0.62–1.22) 0.76 (0.43–1.36) 255 1 1.45 (0.19–10.79) 1.53 (0.22–10.75)

hRV/EV 31,347 (206,305) 108 (4,241) 0.82 (0.68–0.98) 1.09 (0.90–1.31) 237 2 0.37 (0.08–1.68) 0.30 (0.07–1.38)

Note. ccCoV, common-cold coronavirus; hMPV, human metapneumovirus; hRV/EV, human rhinovirus/enterovirus; IQR, interquartile range; PIV, parainfluenza; RSV, respiratory syncytial virus; SIRS, systemic inflammatory response syndrome.
aCompeting risks of discharge and death were modeled in Cox proportional hazards models with time-varying HARVI status.
bAdjusted models included the following covariates: Age (years), sex, non-Hispanic Black race/ethnicity, CCI score (adults), CCC score (children), meeting ≥2 SIRS criteria (adults), and peak season admission (December, January, February, or March).
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have long lengths of stay regardless of infection. Overall, these
results suggest that HARVIs are a significant source of morbidity
and mortality for hospitalized patients.

Lengths of stay were longer for adults with hospital-associated
influenza A and B, ccCoV, and rhinovirus–enterovirus compared
to those who were not infected. Although this is not a surprising
outcome for influenza, ccCoV and rhinovirus–enterovirus infec-
tions are mainly associated with common-cold symptoms.24,25

Despite the perceived lack of severity, rhinoviruses and ccCoV
have been associated with severe outcomes in published health-
care-associated outbreaks, and rhinoviruses have been reported to
be the common cause of community-acquired pneumonia.1,2,26–29

Both rhinoviruses and ccCoV, as well as other respiratory viruses,
have also been demonstrated to have the potential to cause severe
illness in adults and children following community-acquired
infection.5,12,30

In adults, the rate of HARVI was higher among those with
congestive heart failure, renal disease, and cancer. Similarly among
children, cardiovascular and respiratory conditions, cancer, and
medical device dependence were all associated with increased rate
of HARVI. The impact of these conditions was more pronounced
and additional risk factors were identified when considering the
indirect effect that chronic conditions had on HARVI risk through
extended duration of hospital stays, and thus time at risk. These
findings highlight the importance of accounting for competing
risks when evaluating risk factors for and outcomes associated with
hospital-acquired infections.31 We also observed strong seasonal
time dependence in the rates of HARVI among adults, with the
highest rates among those admitted during the winter months.
Interestingly, time dependence was not observed for pediatric
patients. We hypothesize that this is because rhinoviruses
comprised a larger proportion of HARVIs among pediatric
patients than adults, and rhinovirus seasonality is less pronounced
than that of other respiratory viruses.9,24

This study had several limitations. Sample sizes were small,
particularly for analyses of specific viruses and ICU outcomes,
thereby increasing the risk that we may have missed detecting true
associations. In contrast, we did not adjust for multiple testing;
thus, we may have detected chance associations. We focused on a
single health system over 3 years prior to the COVID-19 pandemic.
Our results may not be completely generalizable to other settings
or other periods. The COVID-19 pandemic led to dramatic
changes in healthcare utilization and delivery, and infection
prevention strategies have continued to evolve.32–36 Also, we did
not review patient charts to assess the timing of onset of new
symptoms relative to HARVI detection. This may have resulted in
overestimation of HARVI incidence if diagnosis of community-
acquired infections was delayed. However, our use of virus-specific
95th percentile incubation period thresholds to define HARVI is
more conservative than most previous studies.10 In contrast, we
may have missed HARVI cases if clinical testing was not
performed. Finally, other risk factors for infection and severe
outcomes may exist that were not assessed, such as smoking status.

Institutional policies during this study period aligned with CDC
infection prevention guidance, including placing individuals with
acute respiratory illness under droplet precautions, a preference for
private rooms for patients with acute respiratory illness,
mandatory staff influenza vaccination, and symptom screening
of visitors during the influenza season. HARVI still occurred
despite these policies, and our results suggest that these infections
increased patient morbidity andmortality.Much research has been

carried out in recent years aimed at identifying HARVI trans-
mission pathways and interventions to reduce transmission to
patients from healthcare workers, other patients, and visitors to the
hospital.37 However, more research is needed to optimize infection
prevention strategies and use of diagnostics to accurately evaluate
and reduce the burden of HARVI.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2023.263
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