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Original article

Hospital outcomes after a COVID-19 diagnosis from 
January to May 2020 in New South Wales Australia
Bette Liu, Paula Spokes, Maria Alfaro-Ramirez, Kate Ward, John M Kaldor

A b s t r a c t

O b j e c t i v e

To describe hospitalisation rates following COVID-19 infection in NSW.

D e s ig n ,  s e t t i n g  a n d  p a r t i c i p a n t s

Analysis of all confirmed COVID-19 cases diagnosed in NSW from 1 January to 31 May 2020 extracted 
from the NSW Notifiable Conditions Information Management System and linked to routinely col-
lected hospitalisation data.

O u t c o m e  m e a s u r e s

In-patient hospitalisations and hospital service utilisation details.

R e s u l t s

There were 3,101 COVID-19 cases diagnosed between 1 January and 31 May 2020 in NSW: mean age 
46.7 years, 50.5% were females. Overall, 12.5% (n = 389) had a record of inpatient hospitalisation, 
4.2% (n = 130) were admitted to ICU and 1.9% (n = 58) received ventilation. Among adult cases, 
hospital and ICU admission rates increased with increasing age: 2.9% of those aged 20–29 years were 
hospitalised, increasing to 46.6% of those aged 80–89 years; 0.6% of those aged 20–29 years were 
admitted to ICU, increasing to 11.2% of those aged 70–79 years. The median time from symptoms 
to hospitalisation was seven days (IQR 4–11). The median time in hospital was nine days (IQR 4–20), 
and in ICU six days (IQR 2–15); the median time in hospital increased with older age. Almost half 
(49.4%) of those hospitalised with a diagnostic code had pneumonia/lower respiratory tract infection 
and another 36.6% had an upper respiratory tract infection or other known COVID-19 symptoms.

C o n c lu s i o n

COVID-19 is a serious infection particularly in older adults. During January to May of 2020, 1 in 8 of 
those diagnosed in NSW were hospitalised. While this partly reflects the cautious approach to case 
management in the initial phase of the pandemic, it also demonstrates the large potential impact of 
COVID-19 on Australian health services and need for continuing mitigation strategies.

Keywords: COVID-19, hospitalisations, surveillance, morbidity, record linkage
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I n t r o d u c t i o n

An unprecedented effort worldwide is underway 
to understand the transmission and pathophysi-
ology of COVID-19, the disease caused by the 
novel coronavirus SARS-CoV-2, in order to guide 
prevention and treatment strategies. In many 
high-income countries, disease surveillance sys-
tems are providing robust and comprehensive 
data on case counts and deaths, generally broken 
down by age and sex, but much more limited 
information is available on health service use, in 
particular hospitalisation data.1,2 Systematically-
collected information on COVID-19 hospitalisa-
tions provides an indication of disease severity, 
as well as enabling health systems to model and 
plan requirements for future waves of infection 
and to predict potential benefits from vaccines 
when they become available.

Recent models, utilised to inform the Australian 
response to COVID-19, have relied on data col-
lected in China on hospitalisations and intensive 
care unit (ICU) stays.3,4 Whilst these data have 
served Australia well in informing the initial pub-
lic health responses, local data would be prefer-
able. Hospitalisation rates are strongly influenced 
by local factors including health system structure, 
accessibility, and clinical management protocols. 
Compared to other countries, Australia’s rela-
tively high rates for COVID-19 testing5 may also 
influence the total pool of cases identified and 
therefore the estimated proportion of identified 
cases requiring hospital care.

New South Wales (NSW) is Australia’s most 
populous state with over 8 million people or a 
third of the Australian population.6 The state 
managed close to half of the Australian COVID-
19 cases in the first five months of 2020. During 
this period the majority of cases in NSW had 
acquired their infection overseas, including on 
cruise ships. Subsequent to the ‘first wave’, NSW 
has managed to contain further outbreaks with 
efficient testing, contact tracing and quarantine 
as well as through continued observance of social 
distancing and restrictions on gatherings. Our 
aim was to conduct an enhanced surveillance 
study using record linkage to provide compre-

hensive estimates of hospitalisations following 
a COVID-19 diagnosis for all cases diagnosed 
from January to May 2020 in NSW.

M e t h o d s

D a t a  s o u r c e s  a n d  l i n k a g e

Two administrative datasets, the Notifiable 
Conditions Information Management System 
(NCIMS) and the NSW Admitted Patient Data 
Collection (APDC), were used for analyses. The 
NCIMS records details of all confirmed cases 
of COVID-19 reported to NSW Public Health 
Units under the NSW Public Health Act.7 Cases 
are required to have a laboratory confirmatory 
test.8 Data collected includes disease onset date, 
symptoms, and test results. Information on 
outcomes such as hospitalisation, recovery and 
death are also collected, although hospitalisa-
tion data in the NCIMS relies primarily on the 
case interview and therefore, depending on the 
interview date, can be incomplete or inaccurate.

The NSW APDC receives reports from all public 
and private hospitals in NSW on inpatient episodes 
of care, although private hospitals only submit data 
to the collection annually. Data include the princi-
pal and up to 50 secondary diagnoses related to the 
admission coded according to the International 
Classification of Diseases version 10, Australian 
Modification (ICD-10-AM), and admission and 
discharge dates. Information on ICU admission 
and procedures including invasive and non-inva-
sive forms of ventilation is also recorded.

The administrative datasets were linked as 
part of a Public Health Register. Linkage was 
conducted by the NSW Centre for Health 
Record Linkage using probabilistic matching 
of identifiers and only de-identified data were 
provided to researchers. For this report, con-
firmed COVID-19 cases recorded up to 31 May 
on NCIMS were linked to APDC records of 
hospitalisation reported up to 14 July 2020. This 
enhanced follow-up of COVID-19 cases was part 
of routine public health surveillance of cases by 
NSW Health and hence no ethics approvals were 
required.
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A n a ly s i s

For each person notified to NCIMS with 
COVID-19, information from the APDC and 
NCIMS was extracted in regard to hospitalisa-
tions. Due to timeframes for reporting, the 
diagnostic codes in the APDC may be incom-
plete for up to three months following dis-
charge. Therefore, we defined a hospitalisation 
as COVID-19-related if the admission date was 
in the period two weeks prior to and up to six 
weeks following the COVID-19 onset date in the 
NCIMS. We only included in-patient hospitali-
sations and excluded day-only stays, emergency-
department-only admissions, ward types not 
routinely used for COVID-19 hospitalisations 
and outpatient management (e.g. Hospital in the 
Home). As stated earlier, because private hospi-
tal admissions are only updated annually in the 
APDC and hence at the time of linkage they were 
not sufficiently up to date, we used the NCIMS 
records to ascertain admissions to private (or 
interstate or Northern Beaches) hospitals.

A person was determined to have an ICU 
admission if the APDC record had an ICU 
admission date, or if NCIMS had a record 
that the person had been admitted to ICU. 
Respiratory support was ascertained if there was 
a procedure code in the APDC record indicating 
ventilation (Australian Classification of Health 
Interventions codes 13882-xx and 92209-xx) or 
if the NCIMS recorded ventilation.

Using these definitions, we calculated the pro-
portion of people notified with COVID-19 who 
had been hospitalised, admitted to ICU and were 
ventilated, overall and by age. We also calcu-
lated time from symptom onset to first hospital 
admission (in those reporting symptoms whose 
hospital admission occurred after symptom 
onset) and calculated the length of hospital and 
ICU stay in cases with discharge dates in their 
APDC record. For people with more than one 
hospitalisation that met the inclusion defini-
tion, their lengths of stay were summed. Early 
in the pandemic, most people with COVID-19 
were admitted to hospital and ICU for isolation 
and monitoring; accordingly, we also restricted 

analyses to cases diagnosed from 1 March 
onwards. Where hospital diagnostic coding 
information was available, this was examined to 
determine the underlying causes of admission.

R e s u l t s

Between 1 January and 31 May 2020 in NSW, 
there were 3101 COVID-19 cases. The mean age 
of cases was 46.7 years (standard deviation 20), 
with 30.5% aged 60 years or older; 50.5% were 
females and more than half (58.0%) acquired 
their infection overseas. Overall, 12.5% (n = 389) 
had an inpatient hospitalisation record, 4.2% (n 
= 130) an ICU admission and 1.9% (n = 58) were 
ventilated; 3% (n = 13) of hospitalised cases were 
recorded in NCIMS as admitted to private hos-
pitals. As shown in Figure 1, the highest number 
of hospitalised cases was among 60–69 year olds 
and the lowest among those aged 0–9 years. 
Inpatient hospitalisation proportions varied by 
age, with those aged 80–89 years most likely to 
be hospitalised (46.6%), while those aged 70–79 
years were most likely to be admitted to ICU 
(11.2%) and to need ventilation (5.9%). No cases 
aged less than 30 years required ventilation.

Of the 389 people hospitalised in the follow-
up period, 358 (92.0%) had ICD-10-AM coded 
diagnostic data available and 337/358 (94.1%) of 
those with diagnostic data had a specific code 
for coronavirus or COVID-19 (ICD-10-AM: 
B34.2; B97.2; U07.1; U07.2). The most common 
principal diagnosis code recorded and coded 
was ‘Other viral pneumonia’ (ICD-10-AM J12.8; 
n = 133). Of those with diagnostic data, 177/358 
(49.4%) had an ICD-10-AM diagnostic code for 
pneumonia or lower respiratory tract infection, 
LRTI (ICD-10-AM J12–J18; J20–J22). Another 
131/358 (36.6%) of those without a pneumonia 
or LRTI code had an ICD-10-AM code for an 
upper respiratory tract infection or other known 
COVID-19 symptoms (e.g. cough, fever; ICD-
10-AM J00–J06; R05–R09; R40–R43; R50–R51; 
R53).

Hospitalisation rates varied by month of 
COVID-19 onset (Figure 2). Of the four cases 
in January, all were admitted to hospital, and 
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Figure 1: Hospitalisation, ICU admission and ventilation in COVID-19 cases by age group, NSW, 
January–May 2020
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3/4 (75%) admitted to ICU. These proportions 
decreased over time, so that of the 2,634 cases 
with an onset date in March, 11.8% were hos-
pitalised and 4.1% admitted to ICU. Similar 
proportions were seen in the 354 cases in April 
and the 63 in May.

Analyses of the time to first admission and time 
in hospital and ICU were restricted to cases in 
March, April and May, the peak of the first wave 
of infections in NSW. Overall, the median time 
from onset of illness to first hospitalisation was 
seven days (interquartile range, IQR: 4–11), and 
to first ICU admission it was 8.5 days (IQR 6–12). 
Figure 3 shows the median number of days from 
symptom onset to first hospital or ICU admis-
sion by age. The median time to hospitalisation 
was shorter in those aged 80+ years: this interval 
was four and three days in those aged 80–89 and 
90+ years respectively. For ICU admission, the 
relationship was less clear.

There were 353 cases with sufficiently-complete 
data to enable calculation of total time in hospi-
tal (373 hospital admissions) and 112 cases for 
which to calculate total time in ICU (112 ICU 
admissions). Overall, the median time in hospi-
tal for cases was nine days (IQR 4–20) and the 
median time in ICU was six days (IQR 2–15). 
Time in hospital differed by age: the median 
time in hospital for those aged 60 years and 
older was more than double that in those < 60 
years old (Figure 4).

In analyses restricted to cases with an onset 
of infection after February 2020, the propor-
tions hospitalised and admitted to ICU were 
similar to those for all cases: 12.0% hospitalised; 
4.0% admitted to ICU; 1.8% ventilated. This is 
because the majority of cases in NSW occurred 
after February, so exclusion of cases from earlier 
months did not greatly change the overall per-
centages estimated.

D i s c u s s i o n

This is the first comprehensive census of hos-
pital, ICU and ventilation requirements related 
to COVID-19 in Australia. The surveillance 

data show that COVID-19 has had a significant 
impact on health services with 1 in 8 cases hos-
pitalised, 4% admitted to ICU, and close to 2% 
requiring ventilation. The most common reason 
for hospital admission was pneumonia resulting 
from the infection. Our findings confirm that 
infection is most serious in older adults, with 
almost a quarter of those aged 70–79 years and 
close to half of those aged 80–89 years hospital-
ised. On a population-level overview, the find-
ings also reinforce the seriousness of COVID-19 
and demonstrate the overwhelming impact this 
disease will have on health systems if large num-
bers of people in Australia are infected.

Comparisons of COVID-19 hospital burden 
across countries is difficult due to differences 
in health systems, in hospital capacity, in case 
management protocols, and in characteristics of 
the epidemic within each setting, particularly 
the age groups most affected. For example: in 
Australia early in the pandemic, all COVID-19 
cases were hospitalised irrespective of disease 
severity, for isolation and monitoring. In addi-
tion, differences in testing eligibility and access 
imply that case ascertainment differs between 
populations. Throughout the pandemic, NSW 
has had relatively high testing rates per head 
of population (e.g. as of 30 April 2020 in NSW, 
it was 27 per 1,000 population) and very low 
positivity,5,9 suggesting that the vast majority 
of cases have been diagnosed. Hence our find-
ings reflect patterns of hospitalisation in a high 
income, well-resourced environment where 
most COVID-19 cases are identified.

Few countries have COVID-19 surveillance 
systems that comprehensively capture hospitalisa-
tion information on all cases. In one of the most 
frequently-cited reports from China,10 where all 
laboratory-confirmed cases were hospitalised as 
part of management,11 it was shown that of over 
44,000 laboratory-confirmed cases, 81% experi-
enced ‘mild’ disease which included pneumonia; 
14% experienced severe disease which included 
dyspnea and hypoxia (oxygen saturations ≤ 93%); 
and 5% had critical disease which included res-
piratory and/or other organ failure. Data from 
Canada are available for 67% of COVID-19 cases 
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Figure 2: Proportion of COVID-19 cases hospitalised and admitted to ICU in NSW, by month of onset

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

January

February

March

April

May

PPrrooppoorrttiioonn  ooff  ccaasseess  hhoossppiittaalliisseedd  aanndd  iinn  IICCUU

Hospitalised - no ICU ICU

Total cases = 4 

Total cases = 46 

Total cases = 2634 

Total cases = 354 

Total cases = 63 

and indicate a similar proportion of the population 
hospitalised (15%) as is seen in our NSW data, but 
lower proportions requiring ICU and ventilation.1 
Surveillance systems for the European Union / 
European Economic Area (EU/EEA) report much 
higher hospitalisation rates (overall 30%) but show 
a more similar requirement for ICU/ventilation 
(overall 3%); however, there is substantial varia-
tion between European countries.12 A study in the 
United States of America (USA), which followed 
~3,500 people (with an average age of 54 years) test-
ing positive to COVID-19 in a Louisiana integrated 
health delivery system, reported 40% hospitalised;13 
whilst among 585 COVID-19 cases aged 55–74 
years registered in a Veterans Health system, 50% 
were hospitalised.14 However both USA cohorts 
were substantially older than our whole-of-popula-
tion sample, and testing rates in the USA mean that 
many less severe COVID-19 cases are likely to be 
undetected.

Compared to hospitalisations alone, there are 
substantially more reports on ICU admission 
and use of ventilation among series of patients 
hospitalised with COVID-19. A systematic 

review reported: from 44 studies and 6,513 hos-
pitalised patients, 19% of patients required ICU 
admission; from 34 studies and 7,519 hospital-
ised patients, 17% required non-invasive ven-
tilation; and from 45 studies of 6,933 patients, 
9% required invasive mechanical ventilation; 
there was significant heterogeneity for each 
estimate.15 In a review of 2,634 patients with 
COVID-19 admitted to New York hospitals, 14% 
were treated in ICU and 12% received mechani-
cal ventilation.16 In our report, of the 389 cases 
hospitalised, 130/389 (33.4%) were admitted to 
ICU and 58/389 (14.9%) required ventilation. 
Compared to the international experience, our 
data suggest that NSW cases may have been 
more likely to be admitted to ICU even though 
they did not require ventilation.

Our findings on time from symptom onset to 
hospitalisation are consistent with international 
studies. Early studies from China17 and surveil-
lance data from the EU12 suggest the median time 
from symptom onset to first hospitalisation was 
similar to our finding of seven days. Regarding 
the time in hospital and ICU, a systematic 
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Figure 3: Median number of days from symptom onset to first hospital or ICU admission 
among COVID-19 cases in NSW, by age group, March–May 2020a
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review of 52 studies reported substantial varia-
tions in hospital length of stay.18 The variation in 
sampling frames of the studies included in this 
review make comparisons difficult (e.g. some 
studies only included adults; some studies did 
not clarify if patients were still in hospital when 
estimates were made). The time in hospital we 
report here was somewhat consistent with that 
estimated from an Australian hospital sentinel 
surveillance system which reported a median 
length of stay of seven days (IQR 3–13).5

The local context of hospital care in NSW 
needs to be considered in interpretation of 
the hospitalisation patterns presented here. 
Hospital in the Home is a model of care that has 
been utilised for COVID-19 cases but was not 
included in our measure of hospitalisations. It 
allows treatment at home for less serious cases 
(e.g cases not requiring oxygen therapy) or cases 
where the treating physician determines that 
effective and appropriate care can be provided 

in the residential setting. In some NSW Health 
Districts, Hospital in the Home was offered to 
all cases aged 70 years and above. Therefore in 
our results, the lower proportion of cases aged 
over 90 years who were hospitalised needs to be 
interpreted with care: we know from our linked 
APDC data that at least as many cases aged 
over 90 years as were hospitalised as inpatients 
instead received care through Hospital in the 
Home programs.

The strengths of the data presented include 
the almost complete follow-up of all cases of 
COVID-19 diagnosed in NSW through use of 
both case interviews and linkage to routinely-
collected hospitalisation records. Limitations 
include the possibility that a number of hospi-
talisations counted were not related to COVID-
19 and may have been incidental (although 
this number is likely to be small, given the 
overwhelming proportion of hospital stays with 
coded diagnostic information indicating the 
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Figure 4: Median number of days in hospital and ICU in COVID-19 cases in NSW, by age group, 
March–May 2020a
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admission was related to COVID-19). This may 
also be balanced somewhat by the possibility 
that a small number of admissions to private or 
cross-border hospitals were not captured in the 
NCIMS or linked APDC records.

The findings from this study demonstrate 
the seriousness of SARS-CoV-2 infection and 
uniquely provide whole-of-population quan-
tification of its impact on Australian hospital 
services. Our methods can also be used to track 
changes in outcomes over time; to inform future 
projections of Australian health system needs, 
including for health system preparedness plan-
ning; and to enable modelling of the benefits of 
future vaccination programs.
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