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Objective: To describe the demographic and clinical characteristics of patients hospitalized with pandemic
A(H1IN1) 2009 infection in Queensland, Australia between 25 May and 3 October 2009 and to examine the relationship
between timing of antiviral treatment and severity of illness.

Method: Using data from the Queensland Health EpiLog information system, descriptive analysis and logistic regression
modelling were used to describe and model factors which influence patient outcomes (death, admission to intensive
care unit and/or special care unit). Data on patients admitted to hospital in Queensland with confirmed pandemic
A(HIN1) 2009 infection were included in this analysis.

Results: 1236 patients with pandemic A(HIN1) 2009 infection were admitted to hospitals in Queensland during
the study period. Of the total group: 15% were admitted to an intensive care unit or special care unit; 3% died;
34% were under the age of 18 years and 8% were 65 years of age or older; and 55% had at least one underlying medical
condition. Among the 842 patients for whom data were available regarding the use of antiviral drugs, antiviral treatment
was initiated in 737 (87.5%) patients, treatment commenced at a median of one day (range 1-33 days) after onset of

illness.

Admission to an intensive care unit or special care unit (ICU/SCU) or death was significantly associated with

increased age, lack of timeliness of antiviral treatment, chronic renal disease and morbid obesity.

Discussion: Early antiviral treatment was significantly associated with lower likelihood of ICU/SCU admission or death.
Early antiviral treatment for influenza cases may therefore have important public health implications.

he first case of pandemic A(HIN1) 2009

influenza infection in Australia was reported in

a 28-year-old female in Queensland on 9 May
2009. Queensland, along with other Australian states
and territories, invested in intense public health efforts
to manage and control the outbreak.! Information on the
clinical spectrum of pandemic A(HIN1) 2009 iliness and
factors associated with admission to hospital is scarce
in Australia. Internationally, it had been reported that
the majority of the early cases reported mild, influenza-
like illnesses with fever and respiratory symptoms, but
more severe infections have also occurred.?® Obesity,
underlying health conditions and delayed neuraminidase
inhibitor treatment were the major risk factors for a poor
outcome of infection.*® Risk factors for poor clinical
outcomes for pandemic A(HIN1) 2009 infection in
Australia warrant further investigation to help clinicians
indentify patients at high risk of severe disease.

Several surveillance systems were used to
monitor and evaluate the progression of the outbreak

in Queensland. These systems initially focused on
notification data from public health units and laboratories.
However, as the pandemic progressed, hospitalization
data became of paramount importance for health
planners. A new state-wide hospital-based surveillance
application, EpiLog, was developed to monitor real-time
admissions of patients with pandemic A(HIN1) 2009
infection to all public hospitals in Queensland. Data were
also received from major private hospitals. This allowed
monitoring of the outbreak and its impact on the hospital
system.

We present findings from a retrospective analysis
of data collected by this new surveillance system. The
aims of the analysis were to describe the demographic
and clinical characteristics of patients hospitalized with
pandemic A(HIN1) 2009 infection in Queensland
(between 25 May and 3 October 2009) and to examine
the relationship between timing of antiviral treatment
and severity of illness.
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METHODS AND DATA COLLECTION

The data for this analysis were extracted from EpiLog. This
web-based application was developed in Queensland for
the surveillance of patients admitted to public hospitals
with suspected or confirmed pandemic A(HIN1) 2009
influenza infection. The same data elements were
provided by major private hospitals using a purpose-
designed Microsoft Excel spreadsheet.

Data elements entered into EpilLog included
pandemic A(HIN1) 2009 influenza infection status,
self-reported medical conditions (morbid obesity,
pregnancy, immunocompromised status, diabetes,
chronic respiratory disease, renal disease, and cardiac
disease), time of antiviral treatment initiation and
intubation or ventilation status. EpiLog is linked to the
Hospital Based Clinical Information System (HBCIS)
used in public hospitals, which stores data relating to
patient demographics and hospital stay with a unique
patient identifier. Patient demographic data, admission
and discharge details and ward transfer details were
updated in EpiLog via this interface.

Data were extracted from EpiLog for analysis
and aggregated with data received from private
hospitals. Data on patients with confirmed pandemic
A(H1IN1) 2009 influenza infection who were admitted to
hospitals in Queensland between 25 May and 3 October
2009 were analysed. Admission to an intensive care unit
(ICU) or a special care unit (SCU) was used as a proxy
for severity of illness.

Statistical analysis

The proportion of ICU/SCU admissions among hospitalized
patients with pandemic A(HIN1) 2009 infection was
calculated. Univariate association of various factors were
evaluated using descriptive statistical techniques. The
association between ICU/SCU admission and patient
characteristics (age, sex, indigenous status, underlying
medical conditions and whether antiviral treatment
was received) was evaluated using univariate logistic
regression followed by multivariate forward stepwise
logistic regression test.

To assess the predictive value of various factors, the
area under the receiver-operating characteristic (ROC)
curves was calculated. The ROC curve evaluates the
ability of the full logistic regression model to discriminate’
patients admitted to ICU/SCU from those with no ICU/
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SCU admission. The SPSS package (Version 12) was
used for all analyses.®

Ethical clearance was not required for this analysis.
This analysis was conducted as a clinical audit (during
a public health emergency event), required under the
Health Services Act (1991).

RESULTS
Patient characteristics

There were 1236 hospitalized patients recorded in
Queensland with confirmed pandemic A(HIN1) 2009
infection between 25 May and 3 October 2009.
Table 1 summarizes selected demographic and clinical
characteristics of these patients. The median age was
29 years (range, less than 1 month to 90 vyears).
Eighty-four patients (7%) were less than one year
of age, 420 (34%) were under 18 years of age and
96 (8%) were aged 65 years or over. Of the total study
sample, 686 (55%) were recorded as having at least
one underlying medical condition and 162 (13%) had
at least two such conditions. A total of 80 patients
were pregnant (31% of female patients between
18-45 years old). Sixty patients (5%) were morbidly
obese, with all but one of these patients (98%) being
aged 25 years or older. Fifteen per cent of the patients
admitted to hospital with confirmed pandemic A(HIN1)
2009 infection were indigenous.

Antiviral drug administration data were available
for 842 patients, with 703 (83%) recorded as receiving
oseltamivir, 9 (1%) zanamivir and 25 (3%) treated with
an unspecified antiviral and 105 (13%) as not having
received any antiviral drugs. The median time from the
onset of illness to the initiation of antiviral therapy was
one day (range, less than 1 day to 33 days). Among
patients for whom data on antiviral therapy timing were
available (842), 561 (67%) received antiviral treatment
within 48 hours of the onset of symptoms.

Intensive care unit and special care unit
admissions and mortality

Patients admitted to ICU/SCU represented 189 of the
1236 (15%) patients. The median age was 49 years
(range, 1 to 84 years). Patients who were admitted to
ICU or SCU were more likely to be older, have diabetes or
chronic cardiac or renal disease, be morbidly obese and
not have received antiviral treatment within 48 hours of
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Table 1. Characteristics of hospitalized patients with Table2. Characteristics and univariate analysis of factors

confirmed pandemic A(H1IN1) 2009
infection (N=1236), Queensland, Australia
(May to October 2009)
Frequency (%)
Hospital Type
Public 1019 (17.5)
Private 217 (82.5)
Patient’s age (years)
Less than 10 305 (24.7)
10-17 115 9.3)
18-24 109 (8.8)
25-44 280 (22.7)
45-64 326 (26.4)
65+ 96 (7.8)
Indigenous status
Indigenous 191 (15.4)
Non-indigenous 924 (74.8)
Unknown 121 9.7)
Sex
Male 568 (45.9)
Female 669 (54.1)
Underlying medical conditions
Chronic respiratory disease 415 (33.5)
Diabetes 122 (9.9)
Morbid obesity 60 (4.9)
Immunocompromised 87 (7.0)
Chronic cardiac disease 97 (7.6)
Chronic renal disease 40 3.2)
Pregnancy (N=669)* 80 (12.0)
Number of medical conditions
None 550 (44.5)
One 524 (42.4)
Two 117 (9.5)
Three 37 (3.0)
Four 8 (0.6)
Antiviral treatment (N=842)
Yes 737 (87.5)
No 105 (12.5)
Antiviral treatment initiated within 48 hours of onset
(N=842)
Yes 561 (66.7)
No 281 (33.3)

associated with

ICU/SCU admission in

hospitalized patients with confirmed pandemic

A(HIN1)

2009

infection, Queensland,

Australia (May to October 2009)

Admission to ICU or SCU

No Yes Yes (%) OR (95% CI)*

Hospital type

Public 857 162 14.6 1.9 (0.6-5.6)

Private 190 27 16.5 1
Age (years)

Less than 10 296 7 2.3 0.52 (0.16-1.7)

10-17 110 5 4.3 1

18-44 308 75 19.6 5.4 (2.1-13.5)

45-64 233 87 27.2 8.2 (3.2-20.8)

65+ 69 24 25.8 7.7 (2.8-21.0)
Sex

Male 471 91 16.2 1

Female 548 110 16.7 1.3 (0.8-1.9)
Indigenous status

Indigenous 165 26 15.2 1.2 (0.5-1.4)

Non-indigenous 784 140 16.4 1
Chronic respiratory disease

Yes 885 60 14.5 1.4 (0.4-1.1)

No 578 115 17.7 1
Diabetes

Yes 96 26 21.3 1.2 (0.7-2.2)

No 815 143 14.9 1
Pregnant’

Yes 61 17 21.3 1.1 (0.4-2.6)

No 442 85 12.7 1
Immunocompromised

Yes 79 8 9.2 1.4 (0.3-1.3)

No 834 161 16.2 1
Morbid obesity

Yes 37 23 38.3 3.6 (2.1-6.2)

No 871 151 14.8 1
Chronic renal disease

Yes 27 13 325 3.7 (1.8-6.8)

No 882 156 15.0 1
Chronic cardiac disease

Yes 73 24 30.2 2.4 (1.5-3.8)

No 840 144 5.8 1
Antiviral treatment initiated within 48 hours of onset

Yes 484 69 12.5 1

No 194 85 30.5 2.1(1.4-3.0)

* Only female

Note: numbers may not add to total due to missing data.

disease onset compared to those that were not admitted

to ICU or SCU (Table 2).

The median time from the
onset of illness to the initiation of antiviral therapy was

3 days (range, zero to 28 days) for patients admitted
to ICU or SCU. Among patients who were admitted

to ICU or SCU, 12% (67/189) received antiviral drugs
within 48 hours of the onset of illness. There was no

www.wpro.who.int/wpsar

*Odds Ratio and 95% Confidence Interval; "Only female
Note: numbers may not add to total due to missing data

significant difference in the proportion of indigenous and
non-indigenous patients admitted to ICU or SCU.

Forty-one patients (3%) hospitalized with pandemic
(HIN1) 2009 infection died. The median age of patients
who died was 51 years (range 13 to 84 years); the
median time from the onset of illness to death was
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Table 3. Multivariate analysis of factors associated with
admission to ICU or SCU in hospitalized patients
with confirmed pandemic A(H1N1) 2009 infection,

Queensland, Australia (May to October 2009)

OR (95% CIy*

Age (years)

Less than 10 0.1 (0.1-0.7)

10-17 1

18-44 3.9 (1.4-11.2)

45-64 7.1(2.6-21.3)

65+ 5.7 (1.8-18.2)
Antiviral treatment initiated within 48 hours of onset

Yes’ 1

No 2.1 (1.34-3.3)
Chronic renal disease

No' 1

Yes 2.7 (1.3-5.7)
Morbid obesity

No' 1

Yes 1.9 (1.4-3.6)

* Odds Ratio and 95% Confidence Interval; * Reference group

14 days (range 1 to 68 days) and 27 (67%) had an
underlying medical condition. Of the patients who died,
80% had received antiviral drugs. Among the patients
who died who received antiviral treatment, the median
time from the onset of illness to the initiation of antiviral
therapy was 3 days (range, less than 1 day to 28 days).
Forty-eight per cent of those who died received antiviral
therapy within 48 hours of the onset of symptoms.

Patients with any severe outcome (defined as
those admitted to an ICU or SCU plus those who died)
were older (median age 50 years, range from less than
1 to 85) and had a longer median time (4 days, range
between less than 1 day to 28 days) between onset of
illness and the initiation of antiviral therapy, compared
to other hospitalized patients, in whom the median age
was 30 years (range from less than 1 to 90) and the
median time between onset and receiving antiviral drugs
was 1 day (range from less than 1 day to 33 days).

Tables 2 and 3 show the univariate and multivariate
results of the logistic regression analysis. In the
unadjusted model, factors significantly associated with
increased likelihood of admission to ICU or SCU were
older age, chronic renal disease, chronic cardiac disease,
morbid obesity and not receiving antiviral treatment
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Figure 1. Receiver-operating characteristic curve for
multivariate logistic regression model to predict
admission to ICU or SCU in hospitalised patients
with confirmed pandemic A(H1IN1) 2009 infection,
Queensland, Australia (May to October 2009)
[Area under curve = 0.76 (95% Confidence
Interval = 0.72 - 0.79; P<0.001)]
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within 48 hours of onset. When these variables were
included in a single model adjusting for each other, all
factors remained significant except for chronic cardiac
disease. Compared to patients who had received antiviral
treatment within 48 hours of onset, patients who had not
received antiviral drugs or received antiviral treatment
later than 48 hours of onset were twice as likely to be
admitted to ICU or SCU. A ROC curve was developed
(Figure 1) from the fitted predicted value from the final
logistic regression model. The area under the operator
characteristic curve was 0.76.

DISCUSSION

Using data from a newly established hospitalisation
surveillance system, we examined the epidemiological
profile of 1236 patients admitted to hospitals in
Queensland, Australia with confirmed pandemic
A(HIN1) 2009 infection. We found that 34% of the
hospitalized patients were under the age of 18 years,
more than one third were between the ages of 18 and
49 years, and only 8% were 65 years of age or older.
This pattern is similar to results reported elsewhere.*®

Pregnancy has been associated with increased
hospitalization and severity of illness due to pandemic
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infection.#9-11

A(HIN1) 2009 In our study,
7% of hospitalized patients with confirmed pandemic
A(H1IN1) 2009 infection were pregnant compared to the
1% prevalence of pregnancy in the general population.?
Although a slightly higher proportion of pregnant
patients were admitted to ICU or SCU, this did not reach

statistical significance.

We found that morbid obesity and chronic renal
disease were associated with increased odds of admission
to ICU or SCU. Morbid obesity has been associated
with increased severity of illness due to pandemic
A(HIN1) 2009 infection in previous studies.*>13-15
Similarly, chronic renal disease has also been reported
as a potential risk factor for severity of illness due to
pandemic A(HIN1) 2009 infection.!>16

Considerably higher rates of hospital admission due
to pandemic A(H1IN1) 2009 influenza infection have been
reported among indigenous people in other Australian
states,!>'® New Zealand and Canada compared to
those of European descent.'*!” This is possibly due to a
higher prevalence of medical risk factors, poorer access
to primary health care services and socioeconomic
factors in this community.18 However, we found that the
proportion of hospitalized patients admitted to ICU or
SCU was similar among indigenous and non-indigenous
Queenslanders. Missing data from indigenous status may
influence the proportion of hospital admission recorded
as indigenous. Ten per cent of data on indigenous status
was unknown or missing which limited our interpretation
of the association between ICU/SCU admission and
indigenous status.

Our final logistic regression model revealed that
factors such as older age, initiation of antiviral treatment
later than 48 hours and presence of morbid obesity and/
or chronic renal disease were significantly associated
with admission to ICU/SCU. This model had reasonable
predictive accuracy for admission to ICU or SCU, with
the area under the ROC curve being 0.76 (1 indicating
perfect predictive accuracy and 0.5 no predictive
accuracy above chance).!®

Our analysis has several limitations. Analysis was
undertaken using only data on patients with laboratory-
confirmed pandemic A(HIN1) 2009 infection. This
may underestimate the true number of cases as some
may not have been tested or have tested negative due
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to technical or timing factors. The data on underlying
medical conditions were from patient self-report and were
not clinically validated. Body mass index values were not
recorded, so it is unclear what role clinical judgement
may have played in categorization of morbid obesity (or
other medical conditions for that matter). There is also
the possibility of reporting bias, which may results in
confounding in our logistic regression model. Despite the
use of a standardized data collection template, not all
information was captured for all cases and some data
fields were incomplete. The study used data from two
sources: EpilLog for public hospitals and separately
submitted spreadsheets for private hospitals. It was not
possible to verify the data recorded. Finally, as social-
demographic data were collated by linking the EpilLog
system and HBCIS missing data were unavoidable.

Despite these limitations, EpiLog provides an
example of a new surveillance application that was
rapidly developed to meet an urgent public health
need. It enabled close to real-time monitoring of the
severity of pandemic A(HIN1) 2009 infection and its
impact on Queensland’s hospital system and critical
care services. It was possible to monitor the progress of
the pandemic and gain rapid information on risk factors
for severe disease and patient outcomes. Reflection on
the use of EpiLog during the 2009 influenza pandemic
led to several enhancements of the application. Many
of the improvements related to streamlining the
interface between EpiLog and HBCIS and the efficient
management of data quality and reporting issues.

Finally, there is growing evidence that early
treatment with antiviral medication may reduce the
likelihood of hospitalization and death due to pandemic
A(HIN1) 2009 infection.>2° Our study supports these
findings. Patients admitted to an ICU or SCU, or who
died, were less likely to have received antiviral therapy
within 48 hours of the onset of symptoms compared
to other hospitalized patients. Early antiviral treatment
for influenza cases may therefore have important public
health implications for example for reducing the severity
of the impact of pandemic A(HIN1) 2009 infection.
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