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Abstract

This study compares the frequency and severity of influenza A/HIN1pdm09 (A/H1), influ-
enza A/H3N2 (A/H3) and other respiratory virus infections in hospitalised patients. Data
from 17 332 adult hospitalised patients admitted to Sir Charles Gairdner Hospital, Perth,
Western Australia, with a respiratory illness between 2012 and 2015 were linked with data
containing reverse transcription polymerase chain reaction results for respiratory viruses
including A/H1, A/H3, influenza B, human metapneumovirus, respiratory syncytial virus
and parainfluenza. Of these, 1753 (10.1%) had test results. Multivariable regression analyses
were conducted to compare the viruses for clinical outcomes including ICU admission, ven-
tilation, pneumonia, length of stay and death. Patients with A/H1 were more likely to experi-
ence severe outcomes such as ICU admission (OR 2.5, 95% CI 1.2-5.5, P = 0.016), pneumonia
(OR 3.0, 95% CI 1.6-5.7, P<0.001) and lower risk of discharge from hospital (indicating
longer lengths of hospitalisation; HR 0.64 95% CI 0.47-0.88, P = 0.005), than patients with
A/H3. Patients with a non-influenza respiratory virus were less likely to experience severe clin-
ical outcomes than patients with A/H1, however, had similar likelihood when compared to
patients with A/H3. Patients hospitalised with A/H1 had higher odds of severe outcomes
than patients with A/H3 or other respiratory viruses. Knowledge of circulating influenza
strains is important for healthcare preparedness.

Introduction

Influenza infections have a large impact on human morbidity and mortality each year [1]. This
results in a substantial additional burden of hospital admissions each winter, both internation-
ally and within Australia [2]. The severity and clinical impact of an influenza season varies
from year to year and depends on a number of factors such as vaccination efficacy and circu-
lating influenza strain. Early evidence analysing the 2009 HIN1 pandemic suggested that influ-
enza A/HIN1pdmo09 (A/H1) may have more severe clinical impacts than other seasonal
influenzas [3, 4]. This evidence continues to be supported in the post-pandemic years with
several studies showing that patients with A/H1 have an increased risk of severe disease com-
pared to patients with influenza A/H3N2 (A/H3) [5, 6].

In addition to influenza, there is also growing evidence of the importance of other viruses
causing respiratory illnesses resulting in hospitalization [7, 8] and for which there are currently
no vaccines and few treatment options available [9, 10]. Prominent among these are respira-
tory syncytial virus (RSV), human rhinoviruses, human coronaviruses, human metapneumo-
virus (hMPV) and parainfluenza viruses (PIV) on hospitalisation. Most studies have been
conducted in children, but it appears that these other viruses are likely to be of similar import-
ance in adults [7, 11-14].

Describing the impact of specific influenza subtypes, as well as non-influenza viruses have
on hospital admissions for adults will aid in assessing the expected population health benefits
of influenza vaccines, and for any future vaccines and treatments for other respiratory viruses.
This is particularly important in our aging population with an increasing prevalence of chronic
diseases, as the impacts of respiratory virus epidemics will likely become more severe as the
population ages [15].

To the best of our knowledge, no study has investigated the frequency and severity of influ-
enza subtypes as well as a broad range of other respiratory viruses in adults hospitalised in
Australia. This information is important in defining the health burden of all respiratory
viruses, not only on the frequency of these admissions, but also for the clinical outcomes
and the level of care required for these patients.
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The aim of this study was to investigate the role of different
respiratory viruses in the severity of outcomes among patients
admitted to an adult tertiary teaching hospital in Perth,
Western Australia.

Methods

This was a retrospective cohort study analysing data from elec-
tronic records of patients admitted to Sir Charles Gairdner
Hospital (SCGH) from January 2012 to December 2015.
SCGH is a large adult tertiary teaching hospital with over 600
beds located in Perth, Western Australia. It treats approximately
93 000 inpatients and 60 000 Emergency Department presenta-
tions annually [16]. Patients aged 18 years and above who
were admitted to SCGH with a respiratory illness were included
in this study. The hospital information system data from that
time period were searched using the following codes from the
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) to capture all patients pre-
senting with a possible respiratory illness: J00-J06 (acute
upper respiratory infections), J09-J18 (influenza and pneumo-
nia), J20-J22 (other acute lower respiratory infections), J40-J47
(chronic lower respiratory diseases), J80 (acute respiratory dis-
tress syndrome) and J81 (pulmonary oedema). ICD-10-CM
codes were selected to capture all patients who may have
received a respiratory viral test. Data from patients meeting the
search criteria in their primary diagnosis code, or in up to
four further diagnosis/complication codes, were retrieved from
the information system. These codes were also used to determine
if patients had comorbidities such as chronic obstructive pul-
monary disease (COPD), cardiovascular disease (CVD), dia-
betes, compromised immunity, asthma or cystic fibrosis.
Although pregnancy and obesity are recognised risk factors for
severe influenza, they were not included in this study due to
very low numbers of patients identified through the ICD-10
codes. Available patient data also included patient demograph-
ics, admission and discharge dates, discharge codes and number
of hours spent in ICU or on ventilation.

Virological testing data were obtained from PathWest
Laboratory Medicine WA (PathWest), who perform routine viro-
logical testing for SCGH. During the study period samples were
tested for A/H1, A/H3, INF-B, PIV and RSV using a tandem
multiplex reverse transcription polymerase chain reaction using
primers and probes from a previously described method [17],
with an additional target for the hMPV matrix gene [18].

An SCGH patient record was matched with a PathWest record
if the patient received virological testing within 7 days either side
of their hospital admission date. Records were matched using
either Unit Medical Record Number and date of birth, or name
and date of birth. Any patients with multiple samples taken dur-
ing the same admission were matched to the first sample collected
that was positive for a virus. Multiple admissions occurring within
7 days of the first admission date were treated as a single admis-
sion for this study, otherwise they were analysed as separate
admissions.

Data analysis

Data analysis was undertaken using STATA 13 (College Station,
Texas, USA). Age was categorised into three categories (18-49
years, 51-64 years and 65 plus) to reflect current Australian
recommendations for influenza vaccination [19]. For univariate
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analysis of categorical variables, relative risks and 95% confi-
dence intervals (CI) were calculated and ;(2 or Fisher’s exact
test were used where appropriate to assess statistical significance
of relative risks. We used the Students ¢ test or Mann-Whitney U
test to assess statistical significance of differences in continuous
variables between groups. Severity was compared between A/HI,
A/H3 and the other viruses using seven outcome variables: diag-
nosis of pneumonia, admission to ICU, requirement for assisted
ventilation, time to discharge, time in ICU, time on assisted ven-
tilation and death. Multivariable models (logistic or Cox regres-
sion) were constructed for each outcome, comparing patients
with INF-B, RSV, hMPV or PIV to those with A/H1 or A/H3.
For the categorical outcome variables of ICU admission, ventila-
tion and pneumonia (all yes/no), logistic regression was used.
We used Cox Proportional Hazards Regression to assess differ-
ences in the risk of discharge between patients with different
viral infections at any particular point in time, as an indicator
of length of hospitalisation. Deceased patients were excluded
from the Cox regression models. Patients with no virus detected,
multiple viruses detected or influenza A unsubtyped, were
excluded in all multivariable models. A P-value less than 0.05
was considered significant for all tests. The following variables
were included in the initial model: virus type, age group, sex,
COPD, CVD, diabetes, immunocompromised, asthma and cystic
fibrosis. Variables were removed consecutively from the model
in order of descending P-values, so that they were only retained
if they were significant (P <0.05) or showed evidence of con-
founding, with the exception of sex and age group which were
retained for all models. A variable was determined to be a con-
founder if the difference between the adjusted and unadjusted
OR was greater than 15%.

Ethics

Ethics approval was granted by SCGH and Curtin University
Human Research Ethics Committees (Approval numbers
2016-058 and 10492 respectively).

Results
Viruses

There were 17 332 cases of possible respiratory illness admitted to
SCGH from January 2012 to December 2015. Of these, 1753
(10.1%) were tested for respiratory viruses. Patients who were
tested were younger than patients who were not tested (median
60 y.0. vs. 67 y.0., P <0.001). There was no significant difference
in the presence of comorbidities between patients who were and
were not tested (50.1% vs. 49.1% respectively, P =0.23), however
those that were tested were more likely to have been admitted
to ICU than those not tested (18.7% vs. 7.4%, P <0.001).

Of the patients who were tested, 563 (32.1%) tested positive for
at least one virus (Table 1). A/H3 was the most common, being
detected in 177 (10.1%) patients. The median age of patients
with a virus detected was 65 years. Patients with A/H1 were
younger than patients with A/H3 (y*>=27.0, P<0.001), INF-B
(x*=8.78, P=0.012), RSV (¥*=17.66, P<0.001), hMPV (y*=
10.65, P=0.005) or PIV (y*=15.79, P<0.001) with only 21.6%
of patients being over 65 years (Table 1), compared to between
47.6% and 58.8% for the other viruses. Eleven patients (0.6%)
had two viruses detected and three patients had an influenza A
virus which could not be subtyped.
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*Statistically significant difference compared to A/H3 in univariate analysis. AStatistically significant difference compared to A/H1 in univariate analysis.

Of the 563 patients with a virus, 526 (93.4%) were tested either
prior to, or within 2 days of hospital admission, indicating detec-
tion of possible nosocomial cases to be uncommon.

Comorbidities

Comorbidities were present in approximately half of the hospita-
lised patients, and this did not differ significantly between those
with or without a virus detected (49.1% and 50.6% respectively,
P=0.575). The commonest comorbidities amongst the patients
who tested positive for one of these viruses were COPD in
17.1%, and diabetes in 12.8% (Table 1). Compared with patients
with A/H3, comorbidities were more common in those who
had hMPV (59.5% vs. 42.4%, RR 1.44, 95% CI 1.12-1.85, P=
0.004) or RSV (60.4% vs. 42.4%, RR 1.42, 95% CI 1.11-1.80,
P=0.005). A higher proportion of admitted patients with
hMPV had compromised immune function (RR 2.75, 95% CI
1.31-5.79, P=0.008) compared to admitted patients with A/H3
and a higher proportion had asthma (RR 7.87, 95% CI 1.04-
59.99, P=0.046) compared to patients with A/HI1. A higher
proportion of admitted patients with RSV had COPD compared
to admitted patients with A/H3 or A/HI (Table 1; RR 2.14,
95% CI 1.30-3.51, P=0.003 and RR 1.99 95% CI 1.00-3.94,
P =0.049 respectively).

Changes over time

The proportion of patients with a virus detected ranged from 26%
in 2013 to 37.8% in 2012. The proportion of tested patients who
were positive for A/H3 varied more over the four-year study per-
iod compared to other viruses, ranging from 7.1% in 2014 to
18.1% in 2012. A/H3 was the dominant influenza virus in two
out of the four years studied (2012 and 2013) and was equally
dominant with INF-B in 2015 (40 detections each, 7.7%), while
A/H1 dominated in 2014. RSV detections were also prominent
in 2015, equalling the number of A/H3 and INF-B detections.
The proportion of patients testing positive for INF-B varied
from 1.5% in 2014 to 7.7% in 2015 and for RSV from 4.2% in
2014 to 7.7% in 2015. The proportion of patients testing positive
for hMPV and PIV did not vary much over time, from 3.1% in
2014 to 6.0% in 2012 and 3.1% in 2013 to 5.0% in 2015
respectively.

Comparisons of severity measures

Patients with A/H1 had a higher risk of being admitted to ICU
(RR 2.74 95% CI 1.52-4.93, P=0.001), requiring ventilation
(RR 2.50, 95% CI 1.11-5.59, P =0.026) or developing pneumonia
(RR 1.68 95% CI 1.27-2.23, P<0.001) than did patients with A/
H3. These patients also had longer hospitalisation time than
patients with A/H3 (log rank ;(2:7.61, P=0.0058; Table 2).
These differences remained significant in multivariable analyses
for ICU admission (OR 2.5461, 95% CI 1.188-5.520, P =0.016;
Table 7), pneumonia (OR 3.042, 95% CI 1.632-5.673, P < 0.001;
Table 8) and risk of discharge (HR 0.643, 95% CI 0.471-0.878,
P =0.005; Table 9).

Similarly, compared with A/H1 many of the non-influenza A
viruses had less severe outcomes for ICU admission, ventilation or
pneumonia (Table 2). In multivariable analyses, patients with
INF-B, hMPV, PIV or RSV were less likely to be admitted to
ICU than patients with A/H1 (OR 0.385, 95% CI 0.151-0.984,
P=0.046; OR 0.158 95% CI 0.049-0.507, P =0.002; OR 0.364,
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95% CI 0.135-0.979, P =0.045; OR 0.389, 95% CI 0.162-0.936, P
=0.035 respectively; Table 3). Patients with hMPV had lower odds
of ventilation than patients with A/H1 (OR 0.080 95% CI 0.010-
0.647, P=0.018; Table 4). Patients with INF-B or RSV had lower
odds of pneumonia than patients with A/H1 (OR 0.269, 95% CI
0.130-0.557, P < 0.001; OR 0.483, 95% CI 0.246-0.951, P =0.035;
Table 5). Additionally, patients with INF-B, hMPV or PIV had a
higher risk of discharge than patients with A/H1 (HR 1.620, 95%
CI 1.129-2.325, P=0.009; HR 1.497, 95% 1.055-2.124, P = 0.024;
HR 1.533, 95% CI 1.069-2.198, P=0.020; Table 6), indicating
shorter lengths of hospitalisation.

When compared to A/H3, the non-influenza A viruses did not
show any statistical differences in severity outcomes (Tables 7-9),
with the possible exception of PIV which, in patients with pneu-
monia, had borderline higher odds of being detected than A/H3
(OR 1.801 95% CI 0.999-3.49, P = 0.051) in multivariable analysis
(Table 8).

Discussion

This study is one of the few to undertake a detailed comparison of
admissions and clinical outcomes of the individual influenza virus
types and subtypes and the non-influenza viruses in hospitalised
adults. We used data retrieved from electronic health records to
identify the respiratory viruses found in adults admitted to a ter-
tiary hospital in Australia during the period 2012-2015, and used
influenza A viruses as a comparator to assess the severity of illness
due to the other respiratory viruses.

Overall A/H3 was the most frequently detected virus in adults
admitted to our hospital for a respiratory illness. Furthermore,
either A/H3 or A/H1 was the dominant or equally dominant
virus in every year of the study. That is consistent with the docu-
mented major role of influenza A viruses as causes of more severe
influenza illness in adults, especially the elderly [20]. However,
across the study period, the total patients with non-influenza A
viruses outnumbered those with influenza A viruses, and the
numbers of hospitalised cases with RSV and INF-B were equal
to that of A/H3 in 2015. Previous studies investigating the num-
ber of hospitalisations for non-influenza respiratory viruses are
conflicting, with some studies showing the number of hospitalisa-
tions for influenza are greater than for RSV or h(MPV [11, 12, 21-
23], while others found that respiratory hospitalisations for RSV
and/or hMPV are similar to influenza [24-27]. This may vary
according to the circulating influenza strains in each season.

Patients infected with A/H1 had more severe clinical outcomes
than those infected with A/H3, INF-B, RSV or hMPV. However,
patients with A/H3 had similar clinical outcomes to the non-
influenza viruses. This indicates that these viruses contribute sub-
stantially to the healthcare burden of respiratory viruses. Previous
research has shown that for patients infected with respiratory
viruses other than influenza who are admitted to hospital, the
outcomes can be just as severe as for those with influenza, with
similar rates of ICU admission, ventilation and death [13].
Hospitalised RSV cases in particular have similar or greater
odds of pneumonia, ICU admission, ventilation and death com-
pared to influenza [13, 14, 25, 26, 28].

We showed that patients with A/H1 were more likely to be
admitted to ICU, develop pneumonia and be hospitalised longer
than patients with A/H3, indicating that A/H1 is more severe
than A/H3 in this population, despite this virus affecting younger
ages (mean age 53 vs. 65 years for H1 and H3 patients respect-
ively). In 2015, patients with A/HI outnumbered those with
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Table 3. Multivariable logistic regression model for ICU admission (viruses compared to A/H1) N =549

Independent variable (IV; n=number

of patients with IV in ICU/number of Unadjusted OR Unadjusted Adjusted OR Adjusted
Outcome variable patients with IV in model) (95% Cl) P-value (95% Cl) P-value
ICU admission Virus (reference: A/H1) (n=18/63)
(n=66) A/H3 (n=18/173) 0.290 (0.140-0.604) 0.001 0.390 (0.181-0.842) 0.016
INF-B (n=8/72) 0.312 (0.125-0.781) 0.013 0.385 (0.151-0.984) 0.046
hMPV (n = 4/80) 0.132 (0.042-0.413) 0.001 0.158 (0.049-0.507) 0.002
PIV (n=7/66) 0.297 (0.114-0.771) 0.013 0.364 (0.135-0.979) 0.045
RSV (n=11/95) 0.327 (0.142-0.753) 0.009 0.389 (0.162-0.936) 0.035
COPD (n=18/92) 1.311 (0.975-7.763) 0.073 2.762 (1.438-5.306) 0.002
Female (n=26/269) 0.635 (0.496-0.812) <0.001 0.635 (0.367-1.098) 0.104
Age group (reference: 18-49 years, n=22/127)
50-64 years (n=23/146) 0.968 (0.714-1.313) 0.836 0.794 (0.404-1.560) 0.503
65+ years (n=21/276) 0.495 (0.370-0.663) <0.001 0.356 (0.177-0.715) 0.004

Table 4. Multivariable logistic regression model for ventilation (viruses compared to A/H1) N =549

Independent variable (IV; n=number
of patients with IV ventilated/number

Outcome variable of patients with IV in model)

Unadjusted OR
(95% Cl)

Unadjusted P-value

Adjusted OR
(95% Cl)

Adjusted P-value

Ventilation (n=37) Virus (reference: A/H1) (n=10/63)

A/H3 (n=11/173) 0.360 (0.145-0.894) 0.028 0.464 (0.180-1.197) 0.112
INF-B (n=6/72) 0.481 (0.164-1.411) 0.183 0.562 (0.189-1.674) 0.301
hMPV (n = 1/80) 0.067 (0.008-0.540) 0.011 0.080 (0.010-0.647) 0.018
PIV (n = 4/66) 0.342 (0.101-1.154) 0.084 0.426 (0.123-1.473) 0.178
RSV (n =5/95) 0.294 (0.096-0.908) 0.033 0.379 (0.120-1.199) 0.099
Female (n=15/269) 0.667 (0.497-0.896) 0.007 0.709 (0.355-1.417) 0.330
Age group (reference: 18-49 years, n=12/127)
50-64 years (n=13/146) 0.939 (0.657-1.341) 0.729 0.969 (0.416-2.257) 0.942
65+ years (n=12/276) 0.465 (0.327-0.660) <0.001 0.506 (0.214-1.195) 0.120
Table 5. Multivariable logistic regression model for pneumonia (viruses compared to A/H1) N =549
Independent variable (IV; n=number
of patients with IV and pneumonia/ Unadjusted OR Unadjusted Adjusted OR Adjusted
Outcome variable number of patients with IV in model) (95% ClI) P-value (95% CI) P-value
Pneumonia Virus (reference: A/H1) (n=38/63)
(n=230) A/H3 (n=62/173) 0.367 (0.203-0.665) 0.001 0.329 (0.176-0.613) <0.001
INF-B (n=23/72) 0.309 (0.152-0.626) 0.001 0.269 (0.130-0.557) <0.001
hMPV (n = 34/80) 0.486 (0.248-0.952) 0.035 0.531 (0.264-1.067) 0.075
PIV (n = 32/66) 0.619 (0.308-1.25) 0.179 0.592 (0.287-1.220) 0.155
RSV (n =41/95) 0.500 (0.261-0.954) 0.036 0.483 (0.246-0.951) 0.035
Immunocompromised (n = 14/50) 0.407 (0.288-0.573) <0.001 0.422 (0.218-0.817) 0.011
Asthma (n=7/41) 0.297 (0.191-0.461) <0.001 0.249 (0.106-0.582) 0.001
Female (n=114/269) 0.849 (0.703-1.027) 0.091 1.167 (0.819-1.663) 0.392
Age group (reference: 18-49 years, n=52/127)
50-64 years (n =57 146) 0.936 (1.722-1.214) 0.619 0.849 (0.509-1.416) 0.531
65+ years (n=121/276) 1.141 (0.911-1.430) 0.250 1.164 (0.740-1.830) 0.511
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Table 6. Cox regression model for probability of discharge from hospital over time (viruses compared to A/H1) N=535

Unadjusted HR Unadjusted Adjusted HR Adjusted
QOutcome variable Independent variable (95% CI) P-value (95% CI) P-value
Discharge from hospital (n=535) Virus (reference: A/H1) (n=61)
A/H3 (n=168) 1.591 (1.170-2.162) 0.003 1.555 (1.139-2.123) 0.005
INF-B (n=69) 1.681 (1.174-2.407) 0.005 1.620 (1.129-2.325) 0.009
hMPV (n=T79) 1.539 (1.086-2.181) 0.015 1.497 (1.055-2.124) 0.024
PIV (n=66) 1.419 (0.982-2.051) 0.062 1.533 (1.069-2.198) 0.020
RSV (n=92) 1.196 (0.851-1.680) 0.301 1.263 (0.898-1.775) 0.180
COPD (n=89) 0.919 (0.805-1.049) 0.210 0.765 (0.605-0.969) 0.027
Female (n = 264) 1.189 (1.079-1.310) <0.001 0.942 (0.792-1.120) 0.496
Age group (reference: 18-49 years, n=125)
50-64 years (n=142) 0.838 (0.735-0.956) 0.009 0.815 (0.637-1.043) 0.104
65+ years (n=268) 0.980 (0.873-1.099) 0.725 0.836 (0.668-1.045) 0.116
Table 7. Multivariable logistic regression model for ICU admission (viruses compared to A/H3) N =549
Independent variable (IV; n=number of
patients with IV in ICU/number of Unadjusted OR Unadjusted Adjusted OR Adjusted
Outcome variable patients with IV in model) (95% Cl) P-value (95% Cl) P-value
ICU admission Virus (reference: A/H3) (n=18/173)
(n=66) A/H1 (n=18/63) 0.344 (1.655-7.167) 0.001 2.561 (1.188-5.520) 0.016
INF-B (n=8/72) 1.076 (0.445-2.601) 0.870 0.986 (0.401-2.425) 0.975
hMPV (n = 4/80) 0.453 (0.148-1.386) 0.165 0.405 (0.131-1.259) 0.118
PIV (n=7/66) 1.021 (0.406-2.571) 0.964 0.931 (0.360-2.406) 0.883
RSV (n=11/95) 1.128 (0.509-2.500) 0.767 0.997 (0.439-2.261) 0.994
COPD (n=18/92) 1.311 (0.975-7.763) 0.073 2.762 (1.438-5.306) 0.002
Female (n=26/269) 0.635 (0.496-0.812) <0.001 0.635 (0.367-1.098) 0.104
Age group (reference: 18-49 years, n=22/127)
50-64 years (n=23/146) 0.968 (0.714-1.313) 0.836 0.794 (0.404-1.560) 0.503
65+ years (n=21/276) 0.495 (0.370-0.663) <0.001 0.356 (0.177-0.715) 0.004
Table 8. Multivariable logistic regression model for pneumonia (viruses compared to A/H3) N =549
Independent variable (IV; n=number of
patients with IV and pneumonia/number Unadjusted OR Unadjusted Adjusted OR Adjusted
Outcome variable of patients with IV in model) (95% Cl) P-value (95% Cl) P-value
Pneumonia Virus (reference: A/H3) (n=62/173)
(n=230 A/H1 (n=38/63) 2.721 (1.504-4.923) 0.001 3.042 (1.632-5.673) <0.001
INF-B (n=23/72) 0.840 (0.468-1.508) 0.560 0.819 (0.452-1.485) 0.512
hMPV (n =34/80) 1.323 (0.770-2.274) 0.311 1.616 (0.920-2.838) 0.095
PIV (n=32/66) 1.685 (0.949-2.991) 0.075 1.801 (0.999-3.249) 0.051
RSV (n=41/95) 1.359 (0.815-2.266) 0.239 1.471 (0.871-2.485) 0.149
Immunocompromised (n = 14/50) 0.407 (0.288-0.573) <0.001 0.422 (0.218-0.817) 0.011
Asthma (n=7/41) 0.297 (0.191-0.461) <0.001 0.249 (0.106-0.582) 0.001
Female (n=114/269) 0.849 (0.703-1.027) 0.091 1.167 (0.819-1.663) 0.392
Age group (reference: 18-49 years, n=52/127)
50-64 years (n=57/146) 0.936 (1.722-1.214) 0.619 0.849 (0.509-1.416) 0.531
65+ years (n=121/276) 1.141 (0.911-1.430) 0.250 1.164 (0.740-1.830) 0.511
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Table 9. Cox regression model for probability of discharge from hospital over time (viruses compared to A/H3) N=535

Unadjusted HR Unadjusted Adjusted HR Adjusted
Outcome variable Independent variable (95% CI) P-value (95% CI) P-value
Discharge from hospital (n=535) Virus (reference: A/H3) (n=168)
A/H1 (n=61) 0.629 (0.463-0.854) 0.003 0.643 (0.471-0.878) 0.005
INF-B (n=69) 1.057 (0.795-1.405) 0.704 1.042 (0.785-1.384) 0.776
hMPV (n=T79) 0.968 (0.738-1.268) 0.811 0.963 (0.736-1.259) 0.781
PIV (n =66) 0.892 (0.663-1.200) 0.451 0.986 (0.740-1.313) 0.922
RSV (n=92) 0.752 (0.579-0.976) 0.032 0.812 (0.626-1.053) 0.116
COPD (n=89) 0.919 (0.805-1.049) 0.210 0.765 (0.605-0.969) 0.027
Female (n =264) 1.189 (1.079-1.310) <0.001 0.942 (0.792-1.120) 0.496
Age group (reference: 18-49 years, n=125)
50-64 years (n=142) 0.838 (0.735-0.956) 0.009 0.815 (0.637-1.043) 0.104
65+ years (n=268) 0.980 (0.873-1.099) 0.725 0.836 (0.668-1.045) 0.116

A/H3 in ICU admissions, despite having nearly 80% fewer hospi-
talisations (four ICU admissions from nine A/H1 admissions vs.
3/40 H3 admissions). This is consistent with previous studies
that have shown that A/H1 has, since 2009, remained the domin-
ant cause of clinically severe influenza, particularly in younger
adults [3-6, 29], even though A/H3 was the dominant subtype
causing hospital admission. In previous influenza pandemics, the
pandemic strain has been associated with a high proportion of
deaths in patients under 65 years, which continues, albeit at
lower proportions, in the decade following the pandemic [30].
Our study provides further evidence that post-pandemic influenza
can still cause severe disease in young adults. However, in other
populations A/H3 has been a larger contributor to severe illness
[31], but this can vary with age [32, 33], so the impact of influenza
A will differ from season-to-season [34, 35]. In our multivariable
analyses we adjusted for age, and therefore this impact may not be
apparent.

Overall, comorbidities were common, being present in
approximately half of the admitted patients. However, the pres-
ence of comorbidity was significantly less likely in patients with
A/H3, compared to those with RSV or hMPV. Co-morbidities
were also less frequently present in patients with A/H1, however
statistical significance was not reached (P=0.074 and 0.067 for
hMPV and RSV respectively). The lower number of comorbidities
in patients with influenza may be due to a high proportion of peo-
ple with comorbidities receiving the annual influenza vaccine, but
vaccination status for the patients in our study was not available.
Another possible explanation for our findings is that influenza A
is capable of causing hospitalisation in relatively healthy people,
whereas the other viruses may cause less severe disease in patients
without comorbidities.

This study had a number of limitations. As this was a retro-
spective study, we could not investigate the impacts of viruses
that were not routinely tested for. Some patients received add-
itional testing for other respiratory viruses such as adenovirus,
rhinovirus and coronavirus, but as the number of patients with
these tests was low, and there may be a selection bias for those
who received extra testing, these were not included in the study.
Rhinovirus in particular has been implicated in previous studies
as a possible cause of severe respiratory disease, having been
detected in a large proportion of hospitalised patients [11, 21,
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22, 27]. In addition it has also been shown that influenza A
and rhinovirus infections have similar measures of severity in
immunocompromised patients [36].

This study did not take into account the effect of influenza vac-
cination on our population. In 2015, influenza vaccination cover-
age rates in Australian hospitalised patients with acute respiratory
illness was estimated to be 80.2% in patients aged over 65, and
57.9% in adults under 65 with comorbidities, with the proportion
of patients requiring ICU being slightly lower in the vaccinated
group than the unvaccinated group (5.7% vs. 8.6%) [37].
Influenza vaccine effectiveness against hospitalisation in the eld-
erly and people with comorbidities varies according to the match-
ing of the vaccine strains with circulating strains [38]. While we
found that non-influenza respiratory viruses can cause just as
severe disease like influenza, we cannot say if this would be the
case in an unvaccinated population. It is possible that influenza
vaccination reduced both the frequency and severity of influenza
hospitalisations, therefore this should be taken into account when
interpreting the results of this study. We did not have information
about the influenza vaccination status or antiviral treatment for
the cases in our study. Therefore we are unable to assess whether
either treatment or vaccination attenuated the clinical picture of
influenza cases. In addition, while attempts were made to minim-
ise detections of nosocomial influenza, the presence of nosoco-
mial cases in our study cannot be excluded.

The study also did not consider the overall prevalence of influ-
enza A viruses in the broader population during the study period.
Therefore, we are unable to determine whether the proportion of
hospitalised cases with the different influenza A strains reflected
the circulation of these strains in the population or severity of
infection with each strain. Also the relative impact of influenza
vs. the other respiratory viruses will vary across time depending
on the comparative levels of activity of the different viruses with
the community.

While our study involved 17 332 hospital admissions, the pro-
portion of patients tested for respiratory viruses was small (10%).
The selection of ICD-10-CM codes used in this study to identify
patients with respiratory illness was broad, which may account for
the small proportion of testing. In addition, pathology testing for
respiratory viruses was proportionally higher in winter compared
to the non-winter months in our study (data not shown).
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Infections during the non-winter months may have been missed
due to lower rates of testing [39]. In our study the rate of ICU
admission among tested patients was higher than that of untested
patients, therefore we cannot discount that a selection bias may
exist for testing of severely ill patients which could skew results.
In addition insufficient power may have been a limitation of
this study. Additional studies are needed to further investigate
the level of severity of disease in hospitalised cases with non-
influenza respiratory virus infections.

We have found that hospitalised patients with influenza A/H1
had more severe clinical outcomes than patients with A/H3,
INF-B and the non-influenza respiratory viruses. Knowledge of
the influenza strains circulating and their associated clinical
outcomes will aid in hospital preparedness during the influenza
season. Future research is needed to investigate the impact
of a broader range of viruses associated with respiratory
hospitalisations.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S095026881900195X.

Acknowledgements. The authors would like to acknowledge Jason Fong for
the provision of SCGH data for this project and the staff in the PathWest
Molecular Diagnostics laboratory for the pathology testing.

Financial support. No funding was received for this study.

References

1. Iuliano AD et al. (2018) Estimates of global seasonal influenza-associated
respiratory mortality: a modelling study. Lancet 391, 1285-1300.

2. Australian Government DoH (2017) 2017 Influenza Season in Australia:
A summary from the National Influenza Surveillance Committee.

3. Lee N et al. (2011) Complications and outcomes of pandemic 2009 influ-
enza A (HIN1) virus infection in hospitalized adults: how do they differ
from those in seasonal influenza? Journal of Infectious Diseases 203,
1739-1747.

4. Reed C et al. (2014) Complications among adults hospitalized with influ-
enza: a comparison of seasonal influenza and the 2009 HIN1 pandemic.
Clinical Infectious Diseases 59, 166-174.

5. Minchole E et al. (2016) Seasonal influenza A HIN1pdm09 virus and
severe outcomes: a reason for broader vaccination in non-elderly, at-risk
people. PLOS ONE 11, e0165711.

6. Kusznierz G et al. (2017) Impact of influenza in the post-pandemic
phase: clinical features in hospitalized patients with influenza A (HIN1)
pdm09 and H3N2 viruses, during 2013 in Santa Fe, Argentina. Journal
of Medical Virology 89, 1186-1191.

7. Jain S et al. (2015) Community-acquired pneumonia requiring
hospitalization among US adults. New England Journal of Medicine 373,
415-427.

8. Jain S et al. (2015) Community-acquired pneumonia requiring
hospitalization among US children. New England Journal of Medicine
372, 835-845.

9. Jorquera PA, Anderson L and Tripp RA (2016) Understanding respira-
tory syncytial virus (RSV) vaccine development and aspects of disease
pathogenesis. Expert Review of Vaccines 15, 173-187.

10. Ren J, Phan T and Bao X (2015) Recent vaccine development for human
metapneumovirus. Journal of General Virology 96, 1515-1520.

11. Minosse C et al. (2008) Frequency of detection of respiratory viruses in
the lower respiratory tract of hospitalized adults. Journal of Clinical
Virology 42, 215-220.

12. Wu X et al. (2015) Incidence of respiratory viral infections detected by
PCR and real-time PCR in adult patients with community-acquired pneu-
monia: a meta-analysis. Respiration; International Review of Thoracic
Diseases 89, 343-352.

https://doi.org/10.1017/5095026881900195X Published online by Cambridge University Press

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

C. A. Minney-Smith et al.

Walker E and Ison MG (2014) Respiratory viral infections among hospi-
talized adults: experience of a single tertiary healthcare hospital. Influenza
& Other Respiratory Viruses 8, 282-292.

Lee N et al. (2013) High morbidity and mortality in adults hospitalized
for respiratory syncytial virus infections. Clinical Infectious Diseases 57,
1069-1077.

Lowery EM et al. (2013) The aging lung. Clinical Interventions in Aging 8,
1489-1496.

Department of Health (2016) SCGH: For Patients and Visitors. Available
at  http://www.scgh.health.wa.gov.au/Patients_Visitors/ (Accessed 10
November 2016).

Chidlow GR et al. (2009) An economical tandem multiplex real-time
PCR technique for the detection of a comprehensive range of respiratory
pathogens. Viruses 1, 42-56.

Chidlow GR et al. (2012) Respiratory viral pathogens associated with
lower respiratory tract disease among young children in the highlands of
Papua New Guinea. Journal of Clinical Virology 54, 235-239.
Australian Government Department of Health (2019) Influenza.
Available at https:/immunisationhandbook health.gov.au/vaccine-preventable-
diseases/influenza-flu (Accessed 18 June 2019).

Cheng AC et al. (2017) Influenza epidemiology in patients admitted
to sentinel Australian hospitals in 2016: the Influenza Complications
Alert Network (FluCAN). Communicable Diseases Intelligence 41, E337-
E347.

Clark TW et al. (2014) Adults hospitalised with acute respiratory illness
rarely have detectable bacteria in the absence of COPD or pneumonia;
viral infection predominates in a large prospective UK sample. Journal
of Infection 69, 507-515.

Jennings LC et al. (2008) Incidence and characteristics of viral
community-acquired pneumonia in adults. Thorax 63, 42-48.
Sundaram ME et al. (2014) Medically attended respiratory syncytial virus
infections in adults aged >50 years: clinical characteristics and outcomes.
Clinical Infectious Diseases 58, 342-349.

Kaye M et al. (2006) Surveillance of respiratory virus infections in adult
hospital admissions using rapid methods. Epidemiology ¢ Infection 134,
792-798.

Falsey AR et al. (2005) Respiratory syncytial virus infection in
elderly and high-risk adults. New England Journal of Medicine 352,
1749-1759.

Widmer K et al. (2012) Rates of hospitalizations for respiratory syncytial
virus, human metapneumovirus, and influenza virus in older adults.
Journal of Infectious Diseases 206, 56-62.

Choi S-H et al. (2012) Viral infection in patients with severe pneumonia
requiring intensive care unit admission. American Journal of Respiratory
and Critical Care Medicine 186, 325-332.

van Asten L et al. (2016) Early occurrence of influenza A epidemics coin-
cided with changes in occurrence of other respiratory virus infections.
Influenza and Other Respiratory Viruses 10, 14-26.

Lee N and Ison MG (2012) Diagnosis, management and outcomes of
adults hospitalized with influenza. Antiviral Therapy 17, 143.

Simonsen L et al. (1998) Pandemic versus epidemic influenza mortality: a
pattern of changing age distribution. Journal of Infectious Diseases 178,
53-60.

Kwok KO et al. (2017) Relative incidence and individual-level severity of
seasonal influenza A H3N2 compared with 2009 pandemic HIN1. BMC
Infectious Diseases 17, 337.

Huang S-Y et al. (2017) Increased mortality in seasonal H3N2
patients compared with those with pandemic 2009 HIN1 in Taiwan,
2009-2010. The American Journal of Tropical Medicine and Hygiene
97, 1945-1951.

Goh EH et al. (2017) Epidemiology and relative severity of influenza sub-
types in Singapore in the post-pandemic period from 2009 to 2010.
Clinical Infectious Diseases 65, 1905-1913.

Shiley KT et al. (2015) Differences in the epidemiological characteristics and
clinical outcomes of pandemic (HIN1) 2009 influenza, compared with sea-
sonal influenza. Infection Control & Hospital Epidemiology 31, 676-682.

To KKW et al. (2010) Concurrent comparison of epidemiology, clinical
presentation and outcome between adult patients suffering from the


https://doi.org/10.1017/S095026881900195X
https://doi.org/10.1017/S095026881900195X
http://www.scgh.health.wa.gov.au/Patients_Visitors/
http://www.scgh.health.wa.gov.au/Patients_Visitors/
https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/influenza-flu
https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/influenza-flu
https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/influenza-flu
https://doi.org/10.1017/S095026881900195X

Epidemiology and Infection

36.

37.

pandemic influenza A (HIN1) 2009 virus and the seasonal influenza A
virus infection. Postgraduate Medical Journal 86, 515-521.

Kraft CS et al. (2012) Severity of human rhinovirus infection in immuno-
compromised adults is similar to that of 2009 HIN1 influenza. Journal of
Clinical Microbiology 50, 1061-1063.

Cheng AC et al. (2016) Influenza epidemiology in patients admitted to sentinel
Australian hospitals in 2015: the Influenza Complications Alert Network.
Communicable Diseases Intelligence Quarterly Report 40, E521-E526.

https://doi.org/10.1017/5095026881900195X Published online by Cambridge University Press

38.

39.

Belongia EA et al. (2016) Variable influenza vaccine effectiveness by sub-
type: a systematic review and meta-analysis of test-negative design studies.
The Lancet Infectious Diseases 16, 942-951.

Desmond LA et al. (2019) Respiratory viruses in adults hospitalised with
community-acquired pneumonia during the non-winter months in
Melbourne: routine diagnostic practice may miss large numbers of influ-
enza and respiratory syncytial virus infections. Communicable Diseases
Intelligence 43.


https://doi.org/10.1017/S095026881900195X

	Post-pandemic influenza A/H1N1pdm09 is associated with more severe outcomes than A/H3N2 and other respiratory viruses in adult hospitalisations
	Introduction
	Methods
	Data analysis
	Ethics

	Results
	Viruses
	Comorbidities
	Changes over time
	Comparisons of severity measures

	Discussion
	Acknowledgements
	References


