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Abstract

Objectives: COVID-19 Omicron subvariants typically cause milder disease than previous strains, yet many patients were still admitted to
hospital for acute care. We audited reasons for and details of admissions to identify opportunities to reduce hospitalisations.

Methods: We reviewed all admitted patients who tested positive for SARS-CoV-2 from 1 December 2022 to 30" January 2023.

Results: Of 600 patients with a positive COVID-19 polymerase chain reaction, 222(37%) were considered incidental diagnoses. Reasons for
admission for symptomatic COVID-19 (375 patients, 63%) included worsening symptoms (226, 60%), exacerbation of comorbidities (89, 24%),
and difficulty managing at home (38, 10%). Almost half were classified as a mild infection (175, 47%). Of the 231 patients aged over 70 years,
only 55 (24%) had prior antiviral therapy, and 90 (39%) had 4+ vaccine doses. Patients speaking language other than English and having
country of birth other than Australia were significantly associated with lower vaccination rates and not having antivirals prior to admission.
Conclusions: One-third of COVID-19 hospital admissions were incidental, and half were for mild disease. Many patients had not received
appropriate vaccination or antivirals in the community.

Implications for public health: Improving uptake of vaccinations and antivirals, and increasing community support, with a focus on people

from culturally and linguistically diverse backgrounds, may reduce the burden of COVID-19 on hospitals.
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Introduction

OVID-19 was declared a pandemic in early 2020, within three

months of the first reported case.' In an unvaccinated and

immunologically naive population, increasing case numbers
resulted in a high proportion of patients requiring admission to
hospitals and intensive care units.” Australian COVID-19
hospitalisations have evolved over time, with in-hospital mortality
being greatest during the third wave, and are likely attributed to the
more virulent Delta variant, lack of access to antivirals, and variable
vaccination rates across different states.”

SARS-CoV-2 may also cause mild or asymptomatic disease. When
patients present for admission for another reason, routine admission
testing may identify patients with ‘incidental’ COVID-19 infection.?
Internationally, the proportion of incidental COVID-19 hospitalisations
varies between 12% and 63%; however, there are no current data on
Australian COVID-19 hospitalisations, and this likely results in an
overestimation of the burden of severe disease in the community.>~

Furthermore, admissions for mild COVID-19 disease, perhaps due to
concerns for the risk of deterioration, continue to overwhelm hospital
resources.” Most COVID-19 hospitalisation studies do not include the
reason for admission or severity of disease on admission, which could,
in conjunction with other factors such as the use of antivirals and
vaccination status, be useful in determining which patients could be
treated at home.

In Victoria, Australia, COVID-19 inpatient numbers have varied, and
anecdotally, the proportion due to mild COVID-19 or with incidental
COVID-19 has risen. Identifying these patients and the reasons for
hospitalisation will enable targeted efforts to reduce avoidable
hospital admissions.

Methods

Monash Health is Victoria’s largest public health service, caring for
patients over the entire lifespan, with five major hospital sites, three
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Figure 1: Study flowchart.

(n=13,724)

In-patient admissions at Monash Health

l

Reviewed

(n=638)

Positive SARS-CoV-2 PCR result on admission

Excluded from analysis
(n=38)

l

I
v '

Included in analysis
(n=600)

Discharged from Transfers from another
emergency department Monash site
(n=34) (n=4)

A

‘Symptomatic COVID-19’ ‘Incidental COVID-19’
(n=375) (n=222)

Uncertain
(n=3)

emergency departments, and over 2000 beds at the time of
this study.

We undertook a retrospective observational study of all positive SARS-
CoV-2 polymerase chain reaction (PCR) results for hospital admissions
at Monash Health for the period 1° December 2022 to 30" January
2023, corresponding with a polyclonal Omicron-subvariant COVID-19
wave in Victoria.

The Monash Health business intelligence dashboard was used to
identify all in-patient admissions at Monash Health for the study
period. The Monash Health pathology database was used to identify
patients with a positive SARS-CoV-2 PCR on admission. We excluded
patients that were discharged from the emergency department and
patients transferred from other Monash Health sites.

We manually reviewed the electronic medical record (EMR) to confirm
eligibility, determine reason for admission, and collect demographic
and clinical information. We classified admissions as ‘symptomatic
COVID-19’if the patient had symptoms the treating team attributed to
COVID-19, and this was the primary reason for admission; ‘incidental
COVID-19’" if the patient returned a positive result for COVID-19 on
PCR but was admitted for an alternative medical, surgical, obstetric, or
psychiatric reason; and ‘uncertain’ if a determination as could not be
made. We examined all admissions to determine disease severity on
admission (mild, moderate, or severe) according to national
guidelines.” We identified the patient admission unit, their primary
language, country of birth, and if they had a general practitioner on
file by data linkage with the Monash Health in-patient database. We
determined vaccination status, including the number of COVID-19
vaccine doses received, using EMR and manual review of the
Transmission Response Epidemiology Victoria Information

System database. We examined hospital length of stay (LOS), whether
patients were aged-care-facility residents, prior antiviral use, and
mortality. Admissions with a date of death up to February 28, 2023,
were assessed via data linkage and EMR review.® Additionally, we
classified admissions for symptomatic COVID-19 by admission reason
to identify interventions that could enable patients to remain

at home.

Data were extracted from the Monash Health Patient Flow Manager
January 31, 2023. Data review, analysis, and verification were
conducted from February 1, 2023, to March 29, 2023. Data are
accurate as of March 29, 2023.

Statistical analysis

We performed a descriptive and statistical analysis of the data. We
described the clinical and demographic characteristics of patients
using proportions for categorical variables, and medians and
interquartile ranges (IQRs) for continuous variables where applicable,
and used R Studio 2023.06.0 Build 421 to conduct two sample t-tests
and Fisher exact tests to determine differences in means, odds ratios
(ORs), and p-values.

Results

During the study period, there were 13,724 inpatient admissions at
Monash Health, 638 of which had a positive SARS-CoV-2 PCR result on
admission. Of these, 38 were excluded as they did not meet
participant inclusion criteria for this study (34 were discharged from
the emergency department and 4 were transfers from another
Monash Health site). This left 600 (4.4% of all admissions) for further
analysis, 14 of which had more than one admission (Figure 1).

Of the 600 patients positive for SARS-CoV-2 on admission, 375 (62.5%)
were admitted for symptomatic COVID-19, 222 (37.0%) were
considered admissions for an alternative medical, surgical, obstetric,
or psychiatric reason, where COVID-19 was an incidental finding, and
a further three (0.5%) were classified as uncertain (Figure 1). This
means there were 13,349 admissions during the study period that did
not have symptomatic COVID. Baseline characteristics for all patients
with symptomatic and incidental COVID-19 are provided in Table 1.
Patients admitted for symptomatic COVID-19 were 10 years older on
average than patients admitted with incidental COVID-19 ([95%
confidence interval {Cl}: 5.44, 14.57], p<0.001). There was a trend of
longer LOS in patients admitted for symptomatic COVID-19 than in
those with incidental COVID-19; however, this was not statistically
significant (7.6 vs 7.1 days, OR : 0.56, [95% Cl: -1.03, 2.14], p=0.491).

Of the 375 hospitalisations for symptomatic COVID-19, 226 (60.3%)
were admitted due to worsening symptoms or complications of
COVID-19 such as bacterial pneumonia, 88 (23.5%) were admitted for
comorbidities exacerbated by COVID-19 (chronic obstructive
pulmonary disease or cardiac complications (atrial fibrillation, heart
failure), 39 (10.4%) were admitted as they were unable to cope at
home for reasons such as carer stress or altered mental status, and 22
(5.9%) were admitted for observation due to having risk factors for



severe disease such as immunosuppression or young age. The
majority (223, 59.5%) of admissions for symptomatic COVID-19 were
for management of mild or moderate disease. The median LOS for all
hospitalisations for symptomatic COVID-19 was 4 days (IQR: 2-8),
increasing to 6 days for the management of severe disease (IQR:
3-10), and for admissions for exacerbations of comorbidities

(IQR: 3-7).

There were 41 (10.9%) children aged under 5 years admitted for
symptomatic COVID-19. The median LOS was 2 days (IQR: 1-3), and 31
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(75.6%) had mild symptoms (Table 1). The majority were admitted for
fluid management due to poor oral intake secondary.

Over half of the admissions in the study period were patients aged
over 70 years (312 admissions, 52.3%). Of the 228 patients aged over
70 admitted for symptomatic COVID-19, 142 (62.3%) presented with
worsening COVID-19 symptoms. Of these patients, only 36 (25.4%)
had commenced antiviral therapy prior to admission, half of whom
were prescribed molnupiravir. Only 88 of the patients aged over 70
admitted for symptomatic COVID-19 (38.6%) had received at least

Table 1: Baseline characteristics of Monash Health COVID-19 hospitalisations.

Characteristic
Hospitalisations, n (%)
Demographics, n (%)

Total (n = 600)

Sex, male
Age (years), median (IQR)
Age group: <5 years
Age group: >70 years
Primary language other than English," n (%)
Greek
Mandarin
Vietnamese
Dari
Sinhalese
Non-English-speaking country of birth,* n (%)
Greece
Sri Lanka
India
Vietnam

China (excludes special administrative regions and Taiwan)

Incidental COVID-19°
222 (37.0%)

Symptomatic COVID-19°
375 (62.5%)

213 (56.8%) 109 (49.1%)

Reason for admission for symptomatic COVID-19, n (%)

Worsening COVID-19 symptoms
Exacerbation of comorbidities
Unable to cope at home
Increased risk of more severe symptoms
COVID-19 disease severity, n (%)
Mild disease
Moderate disease
Severe disease
(ritical disease
Admitting units, n (%)
Medicine
Surgery
Obstetrics
Length of stay (days), median (IQR)
Deaths, n (%)

<5-year-olds (n =53) Hospitalisations, n (%)

75 (56-84) 60 (33-76)
41 (10.9%) 12 (5.4%)
228 (60.8%) 84 (37.8%)
81 (25.9%) 28 (12.6%)
18 (4.8%) 3 (1.4%)
12 (3.2%) 2 (0.9%)

8 (2.1%) 2 (0.9%)
4 (1.1%) 2 (0.9%)

3 (0.8%) 3 (1.4%)
175 (46.7%) 63 (28.4%)
23 (6.1%) 7 (3.2%)
14 (3.7%) 10 (4.5%)
11 (2.9%) 3 (1.4%)
10 (2.7%) 3 (1.4%)

9 (2.4%) 4 (1.8%)
226 (60.3%) N/A

88 (23.5%) N/A

39 (10.4%) N/A

22 (5.9%) N/A

175 (46.7%) 222 (100.0%)

48 (12.8%) 0

151 (40.3%) 0
1(0.3%) 0

330 (88.0%) 91 (41.0%)
4 (1.1%) 56 (25.2%)
3 (0.8%) 34 (15.3%)
428 37

26 (6.9%) 10 (4.5%)

41 (77.4%) 12 (22.6%)

Reason for admission for symptomatic COVID-19, n (%)

Worsening COVID-19 symptoms

Exacerbation of comorbidities

Increased risk of more severe symptoms
COVID-19 disease severity, n (%)

Mild disease

Moderate disease

Severe disease
Length of stay (days), median (IQR)

29 (70.7%) N/A
5 (12.2%) N/A
7 (17.1%) N/A

31 (71.6%) 12 (100%)

3 (7.3%) 0
7 (17.1%) 0
2 15 (1-4.5)

(continued)
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Table 1. Continued

Characteristic

Hospitalisations, n (%)

Demographics, n (%)
Gender, Male

>70-year-olds (n = 313)

Primary language other than English
Non-English-speaking country of birth
Residential aged care facility resident

Incidental COVID-19
84 (37.8%)

Symptomatic COVID-19°
228 (60.8%)

Reason for admission for symptomatic COVID-19, n (%)

Worsening COVID-19 symptoms

Exacerbation of comorbidities

Unable to cope at home

Increased risk of more severe symptoms
COVID-19 disease severity, n (%)

Mild disease

Moderate disease

Severe disease
Length of stay (days), median (IQR)
Deaths, n (%)
COVID-19 vaccination and antivirals, n (%)

Three or fewer vaccination doses at diagnosis”

Did not receive antivirals prior to admission®

129 (56.6%) 49 (58.3%)
59 (25.9%) 19 (22.6%)
128 (56.1%) 42 (50.0%)
25 (11.0%) 12 (14.3%)
142 (62.3%) N/A
48 (21.1%) N/A
36 (15.8%) N/A
2 (0.9%) N/A

92 (40.4%) 84 (100%)

32 (14.0%) 0
104 (45.6%) 0
62 6513

23 (10.1%) 10 (4.5%)

118 (51.8%)
170 (74.6%)

33 (39.3%)
70 (83.3%)

Abbreviations: IQR = interquartile range.

“Hospitalised for symptomatic COVID-19: Admitted to hospital with a positive result for SARS-COV-2 on PCR with symptoms that the treating team

attributed to COVID-19.

PHospitalised with incidental COVID-19: Admitted to hospital with a positive result for SARS-COV-2, but for an alternative reason.

“Three admissions were classified as ‘Uncertain’ are not further described in this table.

9Primary language was unknown for 14 (3.7%) of admissions for symptomatic COVID-19 and 66 (29.7%) of admissions with incidental COVID-19.
€Country of birth was unknown for 15 (4.0%) of admissions for symptomatic COVID-19 and 67 (30.2%) of admissions with incidental COVID-19.
fVaccination status was unknown for 22 (9.6%) of admissions for symptomatic COVID-19 and 12 (14.3%) of admissions with incidental COVID-19.
9Antiviral prescription in community prior to admission was unknown for 3 (1.3%) of admissions for symptomatic COVID-19 and 5 (6.0%) of

admissions with incidental COVID-19.

four COVID-19 vaccine doses, noting vaccination status was unknown
for 22 (9.6%) admissions.

Primary language other than English and non-English-speaking
country of birth significantly increased the odds of having fewer than
three vaccination doses and not commencing antivirals prior to
admission for people aged 70 years and older admitted for
symptomatic COVID-19 (Table 2).

There were 36 deaths. In-hospital mortality was higher amongst
patients admitted for symptomatic COVID-19 than amongst those
admitted with incidental COVID-19 (26/375, 6.9% vs. 10/222, 4.5%).
However, the difference in odds of death between symptomatic and
incidental COVID-19 admissions was not statistically significant (OR:
1.46, [95% Cl: 0.57-3.72], p=0.51).

The majority of deaths in patients admitted for symptomatic COVID-
19 were in the 70 years and older age group (23, 88.5%). Of these, six
were administered antivirals in the community, two were prescribed
molnupiravir, and four were unable to specify which antiviral they had
received. Additionally, only six had received at least four COVID-19
vaccination doses. Admissions with severe disease were found to
significantly increase the odds of death in patients over 70 admitted
for symptomatic COVID-19 (OR: 4.98, 95% Cl: 1.78, 13.94, p=001).
Findings for admissions for worsening symptoms and having fewer
than three vaccination doses were not significant. Not having
antivirals prior to admission was not found to increase the risk of
death (Table 2). There were three additional adult deaths in those
aged under 70 years, two of whom had received fewer than four

vaccines and were not prescribed preadmission antivirals, including
one patient who had multiple comorbidities.

Patients were also classified by the admitting unit. General Medicine
was the most common admitting unit overall, responsible for 302
(80.5%) admissions for symptomatic COVID-19 and 70 (31.5%)
admissions with incidental COVID-19. The next most common units
for admissions with incidental COVID-19 were surgery (64, 23.8%) and
obstetrics (34, 15.3%).

There were 37 obstetric admissions overall, with 34 admitted with
incidental COVID-19. Two of the patients admitted for symptomatic
COVID-19 were considered mild infections, both had received two
COVID-19 vaccinations, and one had severe disease and had received
three COVID-19 vaccinations.

Discussion

This is the first Australian descriptive study characterising the
attributions of COVID-19 hospitalisations. We found that 4.4% of all
admissions meeting our inclusion criteria in the study period had a
positive COVID-19 PCR. Over a third of COVID-19 hospitalisations were
incidental diagnoses on admission. This is consistent with
international studies that have found that an increasing proportion of
COVID-19 hospitalisations are incidental, suggesting that
hospitalisation data may over-estimate the current burden of severe
COVID-19 disease in the community and under-estimate the benefit
of vaccination in preventing hospitalisation.>° Additionally, we
found that almost half of admissions for symptomatic COVID-19 were
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Table 2: Odds ratios for vaccination, antivirals, admissions for severe disease and for worsening symptom and deaths for Monash Health hospitalisations for symptomatid

COVID-19 in persons aged 70 years and older.
Outcome

Less than four COVID-19 vaccination doses at diagnosis
Antivirals not administered in community prior to admission
Admitted with severe or critical COVID-19 disease

Reason for admission was for worsening COVID-19 symptoms

Deaths

Explanatory variable

Primary language other than English

Non-English-speaking country of birth other than Australia
Primary language other than English

Non-English-speaking country of birth other than Australia
Less than four vaccination doses at diagnosis

Antivirals not administered prior to admission

Less than four vaccination doses at diagnosis

Antivirals not administered prior to admission

Admitted with severe or critical COVID-19 disease

Reason for admission was for worsening COVID-19 symptoms

Less than four vaccination doses at diagnosis

Antivirals not administered prior to admission

Outcome’ OR"  95% (I P’

Yes (n, %)  No (n, %)

46, 39.0% 8, 9.1% 6.39 2.83, 1444 <0.001
80, 68.4% 38, 43.2% 284 16, 5.05 <0.001
52, 30.6% 7, 12.7% 3.02 1.28, 7.12 0.008
104, 61.5% 23, 41.8% 223 1.20, 413 0.012
54, 56.8% 64, 57.7% 0.97 0.56, 1.68 1.000
74, 72.5% 96, 78.0% 0.74 0.40, 1.37 0.354
78, 61.9% 40, 50.0% 162 092, 2.86 0.112
104, 74.3% 66, 77.6% 0.83 0.44, 1.57 0.633
18, 78.3% 86, 42.0% 498 1.78, 13.94  0.001
17, 73.9% 125, 61.0% 1.81 0.69, 4.79 0.263
16, 72.7% 102, 55.4% 214 0.80, 5.72 0171

16, 72.7% 154, 75.9% 0.8 031,229 0.795

?Exluding unknown values.

POR: odds ratio.

Cl: confidence interval.

9p: p-value derived using the Fisher exact test that OR = 1.

for management of mild infection. The national guidelines focus on
respiratory symptoms to define severity and may therefore not
account for other moderate—severe presentations (such as
dehydration secondary to COVID-19).” This is an area that emergency
departments and medical teams should explore at their own health
services in an effort to reduce unnecessary hospitalisation.

Reviewing reasons for symptomatic COVID-19 admission has
identified several opportunities for intervention. Only a quarter of
patients aged over 70 years who were admitted for worsening
symptoms had received antivirals in the community prior to
presentation. It is also worth noting that almost half of these patients
were prescribed molnupiravir, which is no longer recommended for
routine use, given recent evidence has shown it ineffective at
reducing rates of COVID-19-associated hospitalisations.”'® In the
setting of the most recent polyclonal Omicron subvariant wave,
nirmatrelvir-ritonavir and remdesivir are alternative antivirals that
substantially decrease rates of hospitalisations associated with COVID-
19 when administered in the community.''"'? There are, however,
considerable medical and logistical barriers to using both agents in
the community—drug—drug interactions for nirmatrelvir-ritonavir and
intravenous administration for remdesivir. Optimising awareness of
and access to antivirals in primary care may be a key way to reduce
hospitalisations.

Additionally, less than 40% of patients aged 70 and above who were
admitted for symptomatic COVID-19 had received four or more doses
of a COVID-19 vaccine. Although our data on vaccination status were
incomplete, this percentage is low enough to reiterate the

importance of maximising vaccine-booster uptake in the community.
It has been well established that COVID-19 vaccinations are effective
against the Omicron subvariants in reducing rates of hospitalisation

and severity of disease.'>'*

Communities without English as their first language are highlighted
here as a group needing better access to both vaccination and
antiviral medication. Barriers to both include reduced health literacy,
mistrust of authority, concerns about vaccine and anti-viral safety, and
lack of reliable culturally appropriate information.'>'® People who
speak a language other than English at home, or were born in a non-

English-speaking country, were found to be more likely to access
information about COVID-19 from social media or friends and family,
rather than news and government sources.'” This is more likely to be
inaccurate or irrelevant to the Australian context and may reduce
exposure to information about vaccine and anti-viral access in
Australia. In acknowledgement of this, there have been consistent
efforts to engage culturally and linguistically diverse communities in
the COVID-19 response; however, mortality from COVID-19 was still
found to be 2.5 times higher for people born overseas than for those
born in Australia.'®'® We also noted that the most represented non-
English-speaking country of birth in our cohort, Greece, is only the
ninth most common in the South East Melbourne region, based on
2021 Census data.”® This suggests that there are certain communities
that are over-represented in COVID-19 hospitalisations, highlighting a
role for targeted public health messaging to these populations. Future
studies should explore this discrepancy further.

In this era of limited hospital resources, finding means to

increase community care and reduce hospital admissions is
paramount. In Victoria, the COVID Positive Pathways program was
introduced to provide support for individuals at home with COVID-
19.2" Telemonitoring for patients with pulse oximetry can enable
patients to recover in the comfort of their homes while still being
observed for signs of deterioration.”” This program required
individuals to complete an online survey for allocation to the
program or have a general practitioner contact the program.?’ This
may be challenging for some patients due to language barriers,
limited access to technology, or low digital literacy. Internationally,
this has also been trialled successfully on patients with severe
COVID-19 still requiring low-flow nasal oxygen therapy, who were
discharged home with supplemental home oxygen and a pulse
oximeter whilst being monitored via daily questionnaires and
physician consultations.”>** This may reduce the use of personal
protective equipment, staff and patient exposures, and lower
costs of medical care.*>?° As Australia moves to a new post-
pandemic model of care, programs such as COVID pathways are
dissolving, and new ways are required to enable this home care to
continue.
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Some patients were admitted for symptomatic but mild COVID-19
because of a perceived risk of developing severe disease, and others
were admitted for monitoring purposes whilst receiving remdesivir.
They were discharged shortly after if no deterioration occurred, with a
median LOS of two days. As many of these individuals only had mild
symptoms, they may potentially be redirected to hospital-at-home
satellite clinics that administer intravenous remdesivir as a safe
alternative to hospitalisation.”®

Patients who were unable to cope at home, often due to functional
decline or generalised weakness secondary to COVID-19, accounted
for almost one in 10 of admissions for symptomatic COVID-19. These
patients cannot be safely managed at home but do not require the
acute medical care a hospital provides, signifying a fundamental need
for an alternative short-term subacute care facility for these patients.

This study has some limitations; it was a single-centre study with a
small sample size, conducted over a two-month period, so it may not
be representative of other centres. However, Monash Health is
Victoria's largest public health service, and the findings from this
study should prompt further investigation into the characteristics of
Australian COVID-19 hospitalisations at other services. As this is a
retrospective study, there may be information bias as the study was
limited by the quality of documentation on the EMR and missing data
may have influenced classification of severity. For instance,
discrepancies were noted between classifications made by clinicians
compared and the criteria in national guidelines. Additionally,
vaccination data were incomplete, meaning that we were unable to
fully investigate its effect on reducing disease severity or length of
hospitalisation.

Conclusion

During the last Omicron subvariant wave, we found that over one-
third of Monash COVID-19 admissions were incidental. Additionally,
almost half of admissions for symptomatic COVID-19 were due to mild
infection. This suggests that hospitalisation data may over-estimate
the current burden of severe COVID-19 disease in the community.
Reviewing the admission reasons for COVID-19 hospitalisations has
identified several opportunities for intervention. Optimising access to
antivirals and vaccination uptake at a primary care level, with a focus
on people from culturally linguistically diverse backgrounds, as well as
community supports to allow patients with mild infection to remain at
home, may reduce the impact of COVID-19 on hospital resources.
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