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In hospitalized children and adults, the temporal relationship of viruses causing influenza-
like illnesses (ILIs) and influenza has not been well described. During the 2015e2016
influenza season at our hospital, the dynamic interrelationships between ILI viruses (hu-
man metapneumovirus, respiratory syncytial virus, human parainfluenza viruses 3 and 4,
rhinoviruses/enteroviruses, and coronaviruses) and influenza A were characterized in 768
hospitalized children and adults.
ª 2017 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

It has been said that the only thing predictable about
influenza is its unpredictability. Between influenza epidemics,
seasonal influenza outbreaks typically occur during the late
winter/early spring months. In addition, there are several
respiratory viruses that present as influenza-like illnesses
hrop-University Hospital,
NY 11501, USA. Tel.: þ1

ociety. Published by Elsevier
(ILIs), including human metapneumovirus (hMPV), coronavi-
ruses (COR), rhinoviruses/enteroviruses (R/E), human para-
influenza viruses (HPIV), and respiratory syncytial virus
(RSV).1e6 The dynamic temporal relationships between ILI
respiratory viruses and influenza in hospitalized children and
adults have not been well characterized.6e10

The seasonal peaks of individual ILI viruses are well known.
Winter ILI viruses include HPIV and RSV; rhinoviruses are
autumn/spring ILI viruses; and the enteroviruses are summer/
autumn viruses. Until recently, precise diagnosis of ILI respi-
ratory viruses was frequently not undertaken. However, with
the availability of multiplex polymerase chain reaction (PCR)
Ltd. All rights reserved.
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Figure 1. Viral influenza-like illness dynamics in hospitalized adults during the 2015e2016 influenza season, October to March. Weeks along the x-axis are numbered according to
the week of each month. HPIV-3, human parainfluenza virus-3; RSV, respiratory syncytial virus; hMPV, human metapneumovirus.
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Figure 2. Viral influenza-like illness dynamics in hospitalized children during the 2015e2016 influenza season, October 2015 to March 2016. Weeks along the x-axis are numbered
according to the week of each month, October 2015 to March 2016. HPIV-3, human parainfluenza virus-3; RSV, respiratory syncytial virus; hMPV, human metapneumovirus.
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diagnostic tests for respiratory viruses it is now possible to
study the temporal relationships between influenza and ILI
viruses.

Influenza-like illnesses are clinically and epidemiologically
important. From a clinical perspective viral pneumonias due to
ILIs in hospitalized children and adults may resemble not only
influenza, but also non-viral aetiologies of community-
acquired pneumonia; thus knowledge of a diagnosis of ILI
may benefit antibiotic and antiviral stewardship.2 From an
infection control (IC) standpoint, viral pneumonias due to ILI
viruses in hospitalized adults present bed occupancy problems,
and may have longer lengths of stay than influenza across all
adult age groups.3 Optimally e availability of isolation rooms
permitting e ILI viral pneumonias require the same IC pre-
cautions as influenza; this may be problematic where there is
significant overlap of ILI and influenza intensities. Cohorting of
viral community-acquired pneumonias (CAPs) due to ILIs may
help, but ideally should be limited to patients shown to have
the same viral aetiology.

The aim of this study was to determine the dynamic in-
terrelationships between ILI and influenza viruses in children
and adults admitted to our hospital during the 2015e2016
influenza season.
Methods

During the influenza season November 2015 to April 2016, all
children and adults admitted with influenza or an ILI had
nasopharyngeal samples tested for respiratory viruses by a PCR
that detects influenza A and B, ILI viruses, and non-viral res-
piratory pathogens including Mycoplasma pneumonia and
Chlamydophila pneumoniae. Viral pneumonia was defined as
otherwise unexplained fever, respiratory symptoms, shortness
of breath and hypoxia on room air, and a chest film with no
focal infiltrates, together with detection of a respiratory virus.
Results

The influenza season 2015e2016 was unusually mild (79
adults and 47 children with influenza A were admitted), but
was usual in onset, duration, and termination. Over the same
period there were 502 cases of ILI viral infections in children
and 140 in adults; among children, most cases were in the <4
years age group. There were no viral/bacterial co-infections.

There were marked differences in ILI viral types and peak
activities in hospitalized adult (Figure 1) and paediatric
(Figure 2) patients. Among adults, influenza A cases peaked in
February to March. Interestingly, hMPV peak activity occurred
inversely relative to peak influenza A activity. There was only
one case of influenza B. There were no real sentinel peaks or
warnings of impending influenza A activity in adults, although a
modest increase in RSV activity was recorded in November and
December.

However, in children there was a marked increase in ILI
cases months before onset of the influenza season. R/E activity
peaked first, in October, followed by the expected RSV peak in
November/December. Interestingly, a further R/E peak
occurred after the end of the peak influenza activity period.
The majority of children hospitalized with RSV and R/E were
aged <4 years. There were only four cases of influenza B in
hospitalized children. Fifty-one cases were due to influenza B.
Although the numbers of cases are small it is notable that all
paediatric HPIV infections were due to HPIV-4, whereas all
those in adults were due to HPIV-3 viruses.

Discussion

For the first time in hospitalized patients at our hospital, the
interrelationships of influenza A and the ILI viruses were
determined. All children and adults admitted with a possible
viral CAP were tested for ILI viruses as well as influenza viruses
during the 2015e2016 influenza season.

Although the peak influenza A activity occurred concurrently
in patients of all ages, there were many more influenza A cases
in hospitalized adults than in children. Interestingly, a peak in
adult hMPV activity occurred between two peaks of influenza A
activity, underlining the relevance of establishing an aetio-
logical diagnosis even during the height of the influenza season.
In children therewas a pronounced progression of different viral
illnesses during the season, commencing with a peak of R/E
activity, and followed by the expected RSV peak, before the
small number of cases of paediatric influenza A occurred.

Our study has some important limitations in that it was a
single-centre study performed over one influenza season.
Moreover, it took place over an unusually mild influenza A
season. As such, our findings may not be generalizable. How-
ever, our study does suggests that ILI viral surveillance cannot
be used the predict the onset of the annual peak in influenza A
activity in adults, and that the close concurrence between
peaks of influenza A and hMPV activity indicates that there is
always value in undertaking viral diagnostic testing. However,
as might be expected, the peak occurrence of influenza A
infection was preceded by two separate peaks of ILI, first
caused by R/E, and then RSV. Perhaps not unexpectedly, ILI
temporal dynamics in hospitalized adults and children were
quite different from each other. Whereas it is generally
assumed that ILIs and influenza viruses co-circulate in the
community, our data suggest that there is usually only a single
predominant virus in hospitalized patients. If this finding is
confirmed by other studies, it does suggest that there is
considerable scope for cohort isolation of viral respiratory tract
infections in hospitals.

In summary, our study did not find that large-scale respira-
tory virus testing by PCR helped in predicting the onset of the
expected annual increase in incidence of influenza. However,
the fact that other ILI can occur at around the same time as
influenza demonstrates the potential value of diagnostic
testing in planning patients placement in hospitals, and
determining whether or not to prescribe antiviral treatment for
influenza. The clinical wisdom that the only thing predictable
about influenza is that it is unpredictable remains valid.
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