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Abstract
Background: COVID-19 has necessitated the implementation of innovative health care models in preparation for an influx of
patients. A virtual ward model delivers clinical care remotely to patients in isolation. We report on an Australian cohort of patients
with COVID-19 treated in a virtual ward.
Objective: The aim of this study was to describe and evaluate the safety and efficacy of a virtual ward model of care for an
Australian cohort of patients with COVID-19.
Methods: Retrospective clinical assessment was performed for 223 patients with confirmed COVID-19 treated in a virtual ward
in Brisbane, Australia, from March 25 to May 15, 2020. Statistical analysis was performed for variables associated with the length
of stay and hospitalization.
Results: Of 223 patients, 205 (92%) recovered without the need for escalation to hospital care. The median length of stay in
the virtual ward was 8 days (range 1-44 days). In total, 18 (8%) patients were referred to hospital, of which 6 (33.3%) were
discharged after assessment at the emergency department. Furthermore, 12 (5.4%) patients were admitted to hospital, of which
4 (33.3%) required supplemental oxygen and 2 (16.7%) required mechanical ventilation. No deaths were recorded. Factors
associated with escalation to hospital care were the following: hypertension (odds ratio [OR] 3.6, 95% CI 1.28-9.87; P=.01),
sputum production (OR 5.2, 95% CI 1.74-15.49; P=.001), and arthralgia (OR 3.8, 95% CI 1.21-11.71; P=.02) at illness onset and
a polymerase chain reaction cycle threshold of ≤20 on a diagnostic nasopharyngeal swab (OR 5.0, 95% CI 1.25-19.63; P=.02).
Conclusions: Our results suggest that a virtual ward model of care to treat patients with COVID-19 is safe and efficacious, and
only a small number of patients would potentially require escalation to hospital care. Further studies are required to validate this
model of care.
(J Med Internet Res 2021;23(2):e25518) doi: 10.2196/25518
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Introduction
On March 11, 2020, the World Health Organization declared
COVID-19, a respiratory infection due to SARS-CoV-2, as a
global pandemic [1]. A key consideration in this pandemic has
been the management of the rapid influx of patients with
COVID-19. The subsequent strain on health care systems has
acted as a catalyst for increasing the implementation of
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telemedicine [2]. Telemedicine refers to health care provision
through information technologies and telecommunication
systems [3]. A Cochrane review [4] concluded that telemedicine
can have equivalent outcomes to those of in-person care.
However, the implementation of novel telemedicine approaches
can be challenging, since adaptation of both staff and patients
is required. During COVID-19, telemedicine has been used to
triage, treat, and coordinate care provision to patients with
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COVID-19 to improve health care access, reduce disease
transmission, and optimize resource allocation [5-7]. A virtual
ward delivers hospital-level care to patients in the community
through telemedicine. Through the provision of timely
multidisciplinary care, virtual ward models have reduced
emergency department presentations and hospital admissions
[8,9]. These outcomes are desirable in a pandemic, where the
judicious use of limited health care resources is critical.
To provide care to patients safely and effectively through a
virtual care model, it is important to understand the clinical
course of COVID-19 [2]. Several meta-analyses of published
cohort studies have described the most common initial
symptoms of COVID-19, including cough and fatigue [10-12].
Common comorbidities identified in patients with confirmed
COVID-19 are hypertension (15.6%), diabetes (7.7%), and
cardiovascular disease (4.7%) [11]. The most common
laboratory abnormalities include an increased C-reactive protein
level (68.6%), lymphopenia (57.4%), and an increased lactate
dehydrogenase level (51.6%) [12]. The reported clinical
spectrum of COVID-19 is broad, ranging from asymptomatic
infection and mild upper respiratory tract illnesses to severe
pneumonia and critical multiorgan failure [13]. The current
literature suggests that approximately 80% of cases are mild
[13]. However, out of 44,500 cases of COVID-19 in China,
14% of patients experienced severe disease with hypoxia and
5% of critical cases experienced respiratory failure, shock, or
multiorgan dysfunction [13]. Mortality rates vary by region and
the data collection method. Initial studies in China have reported
mortality rates of 2.3%-3.6%, with a higher mortality associated
with a higher age or the presence of comorbidities [11-13]. This
emphasizes the potential for most patients with COVID-19 to
be treated in lower acuity settings with monitoring for disease
exacerbation.
Predictors of disease exacerbation during acute COVID-19 have
been proposed in early retrospective cohort studies on patients
with COVID-19 pneumonia or severe disease [14-18]. Baseline
characteristics such as increasing age, male sex, and
comorbidities confer a greater risk of severe disease and
mortality [14,17,19,20]. In particular, chronic lung disease,
cardiovascular disease, hypertension, diabetes mellitus, and
immunosuppression have been proposed as risk factors [21-23].
In severe disease, a higher incidence of dyspnea (approximately
67%) has been reported in those requiring admission to the
intensive care unit (ICU) [14,18]. Additionally, new-onset
dyspnea may reflect the development of COVID-19 pneumonia.
In cohort studies on COVID-19 pneumonia, the median time
to dyspnea onset has been reported as 5-8 days after initial
symptom onset [15,16]. Additionally, high body temperatures
(≤39°C) are associated with an increased likelihood of acute
respiratory distress syndrome (ARDS) [17]. The time to
deterioration is notable with a median of 8-12 days from illness
onset to ARDS and 10 days to ICU admission [14-16,19]. While
further data are needed, this second week of acute illness likely
represents a high-risk period for disease exacerbation, which
may bolster clinical decision making regarding hospitalization.
The aims of this study were as follows: (1) to describe the
clinical characteristics of an Australian cohort of patients with
COVID-19, (2) to evaluate the clinical care provided to this
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cohort through a virtual ward model, and (3) to identify any
possible predictors of deterioration.

Methods
Study Design
A retrospective single-center clinical assessment was performed
for patients admitted to the Metro North Virtual Ward from
March 25 to May 15, 2020. This study was deemed at
low/negligible risk by the Royal Brisbane and Women’s
Hospital Human Research Ethics Committee. No formal power
calculations were performed, owing to the inclusion of all
patients meeting the study criteria.

Study Population
All patients admitted to the virtual ward during the specified
period were assessed in accordance with the following inclusion
criterion: a laboratory-confirmed diagnosis of COVID-19
through polymerase chain reaction (PCR) detection of
SARS-CoV-2 RNA on a diagnostic nasopharyngeal swab (NPS).
Patients were excluded if they had a preliminary positive or
inconclusive PCR result but a negative result on subsequent
confirmatory PCR testing. Patients were admitted to the virtual
ward from the community after notification of a positive PCR
result by the Metro North Public Health Unit, Herston, Australia,
or following hospital discharge, in cases of confirmed disease.

Virtual Care
Patients remained in out-of-hospital isolation during their virtual
ward admission with nursing observations obtained through
telephonic consultations. Virtual ward staff were located in a
secure dedicated hospital workspace with medical records
maintained in accordance with local hospital procedures and
protocols. Patients were risk-stratified by age, comorbidities,
and symptom burden to determine the frequency of telephonic
consultations: low-risk patients, once daily; high-risk patients,
twice daily. Observations were structured to monitor patient
symptoms and identify potential deterioration. During each
consultation, patients were asked to rate (on a scale of none,
mild, moderate, or severe) the following symptoms: shortness
of breath, cough, fatigue, sputum production, nausea/vomiting,
headache, myalgia, and sore throat. These symptoms were
numerically scored at each review. Patients’ general well-being,
social situation, and adherence to isolation were also assessed.
Clinical reviews were conducted by medical officers when the
following prespecified escalation criteria were met: (1) the
patient reported severe symptoms related to shortness of breath,
cough, or fatigue; (2) symptoms became more severe either on
1 observation of patients aged >65 years and having
comorbidities or over 2 observations in those without
comorbidities; or (3) any staff or patient concerns regarding
disease exacerbation. If required, hospital referral was arranged
for further assessment. All patients were reviewed by a medical
officer prior to discharge. Multidisciplinary care was provided,
with pharmacists ensuring patient access to medications and
social workers offering psychosocial support.
In accordance with the Communicable Diseases Network
Australia (CDNA) COVID-19 guidelines [24], patients were
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discharged and released from self-isolation on meeting the
following recovery criteria: (1) 10 days since symptom onset
and resolution of all symptoms of acute illness in the past 72
hours and (2) 10 days since hospital discharge and resolution
of all symptoms of acute illness in the past 72 hours, if
hospitalized for severe COVID-19.

descriptive and should not be used to infer definitive effects.
SPSS (version 26.0, IBM Corp) was used for the analyses.

Data Collection

A total of 223 patients with a median age of 45 (range 14-78)
years (female n=118, 52.9%) were assessed in this study (Table
1). This included 2 patients aged <18 years. Almost half (n=100,
44.8%) of the patients had a comorbidity, with hypertension
(n=38, 17%) and asthma (n=24, 10.8%) being the most common
manifestations. A total of 178 (79.8%) cases were
epidemiologically linked to overseas travel (Figure 1), the most
common destinations being the United Kingdom (n=68, 38%)
and the United States (n=30, 17%). Furthermore, 16 (7.2%)
patients had traveled on cruise ships. The most common
COVID-19 symptoms upon presentation were cough (n=163,
73.1%), fever (n=117, 52.5%), and headache (n=103, 46.2%).
Prior to virtual ward admission, 100 (44.8%) patients were
assessed by a medical practitioner, either in person or through
telemedicine, 21 (9.4%) had undergone chest radiography, and
22 (9.9%) had received laboratory blood tests. Initial diagnostic
PCR detected SARS-CoV-2 RNA at a median cycle threshold
(Ct) of 23.88.

Data on patient demographics, epidemiological history,
comorbidities, medication history, COVID-19 symptoms,
clinical reviews, pathology results, hospital assessment, and
treatment outcomes were collected from existing medical
records.

Data Analysis
We expressed descriptive statistics as number (%) values for
categorical data and median or mean (range) values for
continuous variables. We performed Pearson χ2 tests to explore
the risk factors among patients requiring hospital referral and
those with a virtual ward stay >7 days. We used Fisher exact
tests when event counts were <5. Missing data were not imputed
in the analyses. Furthermore, we calculated odds ratio (OR) and
corresponding 95% CI values. All tests were two-sided, with a
P value <.05 considered significant. Data were not adjusted for
multiple testing; hence, findings should be considered to be
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Table 1. Baseline characteristics of the study population (N=223).
Characteristics

All patients

Patients not referred to
hospital (n=205)

Patients referred to
hospital (n=18)

Median age, years (range)

45.0 (14-78)

42.0 (14-78)

54.0 (23-71)

Female sex, n (%)

118 (52.9)

108 (52.7)

10 (55.6)

High riska, n (%)

63 (28.3)

54 (26.3)

9 (50)

Overseas travel

178 (79.8)

167 (81.5)

11 (61.1)

Contact with a confirmed case

47 (21.1)

43 (21)

4 (22.2)

Locally acquired

43 (19.3)

35 (17.1)

8 (44.4)

Unknown

3 (1.3)

3 (1.5)

0 (0)

Any

100 (44.8)

87 (42.4)

13 (72.2)

Hypertension

38 (17)

31 (15.1)

7 (38.9)

Asthma

24 (10.8)

23 (11.2)

1 (5.6)

Diabetes mellitus

13 (5.8)

12 (5.9)

1 (5.6)

Immunosuppressionb

6 (2.7)

5 (2.4)

1 (5.6)

Chronic obstructive pulmonary disease

3 (1.3)

3 (1.5)

0 (0)

25 (11.2)

19 (9.3)

6 (33.3)

Cough

163 (73.1)

149 (72.7)

14 (77.8)

Fever

117 (52.5)

104 (50.7)

13 (72.2)

Headache

103 (46.2)

97 (47.3)

6 (33.3)

Sore throat

97 (43.5)

90 (43.9)

7 (38.9)

Fatigue

84 (37.7)

74 (36.1)

10 (55.6)

Rhinorrhea

82 (36.8)

76 (37.1)

6 (33.3)

Myalgia

78 (35)

70 (34.1)

8 (44.4)

Shortness of breath

52 (23.3)

46 (22.4)

6 (33.3)

Nausea/vomiting

37 (16.6)

33 (16.1)

4 (22.2)

Diarrhea

37 (16.6)

35 (17.1)

2 (11.1)

Anosmia

36 (16.1)

35 (17.1)

1 (5.6)

Ageusia

30 (13.5)

27 (13.2)

3 (16.7)

Sputum

24 (10.8)

18 (8.8)

6 (33.3)

Arthralgia

24 (10.8)

19 (9.3)

5 (27.8)

Chest tightness

20 (9)

17 (8.3)

3 (16.7)

Initial assessment by a medical practitioner, n (%)

100 (44.8)

90 (43.9)

10 (55.6)

Initially admitted to hospital prior to virtual ward admission, n (%)

32 (14.3)

29 (14.1)

3 (16.7)

Median time from symptom onset to initial nasopharyngeal swab (n=177),
days (range)

4 (0-23)

4 (0-23)

1 (0-5)

Median cycle threshold of polymerase chain reaction analysis of initial nasopharyngeal swabs (n=135) (range)

23.88 (11-36)

24.00 (11-36)

18.04 (14.6-33)

Chest radiography, n (%)

21 (9.4)

20 (9.8)

1 (5.6)

Blood tests, n (%)

22 (9.9)

21 (10.3)

2 (11.1)

Transmission source, n (%)

Comorbidities, n (%)

Medication (angiotensin-converting enzyme inhibitors angiotensin II receptor
blockers, total 135), n (%)
Initial symptoms at onset, n (%)

Initial presentation
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a

High risk was defined as age 65-85 years with any comorbidity or age 49-65 years with chronic lung disease, cardiovascular disease, immunosuppression,
diabetes, or hypertension.
b

Immunosuppression was defined as patients taking immunosuppressive medication or having a primary immunodeficiency.

Figure 1. Cases epidemiologically linked to overseas or interstate travel (n=178). *Others: Argentina, Cuba, Egypt, Hong Kong, Indonesia, Japan,
Myanmar, Norway, the Philippines, Singapore, South Africa, Sweden, Turkey, and the United Arab Emirates.

Virtual Ward Outcomes
Of the 223 patients in the virtual ward, 205 (92%) were
discharged after clinical recovery without escalation to hospital
care (Table 2). The median virtual ward admission length was
8 days (range 1-44 days). The median time to clinical recovery
was 16 days (range 10-52 days). A total of 18 (8.1%) patients
were referred for in-person hospital assessment (Table 3), of
which 6 (33.3%) were assessed at the emergency department
and discharged back to the virtual ward after review. The
http://www.jmir.org/2021/2/e25518/
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remaining 12 (66.7%) patients were admitted to an in-patient
ward, of which 2 (16.7%) were admitted to the ICU and required
mechanical ventilation (Table 3). The average length of hospital
stay was 3.5 days (range 1-15 days) when admission to the ICU
was not required. We recorded no mortality upon discharging
the 223 patients assessed in this study.
Several factors were associated with a length of virtual ward
stay >7 days. These included having any comorbidity (OR 2.0,
95% CI 1.15-3.40; P=.01), being classified as high risk on
J Med Internet Res 2021 | vol. 23 | iss. 2 | e25518 | p. 5
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admission (OR 2.2, 95% CI 1.16-4.00; P=.02), or being
hospitalized prior to virtual ward admission (OR 2.6, 95% CI
1.10-5.99; P=.03). Initial COVID-19 symptoms of cough (OR
2.2, 95% CI 1.22-4.10; P=.008), fevers or night sweats (OR
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2.2, 95% CI 1.26-3.70; P=.005), and diarrhea (OR 2.3, 95% CI
1.06-5.07; P=.03) were also associated with a length of virtual
ward stay >7 days.

Table 2. Virtual ward patient outcomes (N=223).
Outcome

Patients

Median length of stay, days (range)

8.0 (1-44)

Median time to clinical recoverya, days (range)

16 (10-52)

Discharged without complication, n (%)

205 (91.9)

Requiring hospital assessment, n (%)

18 (8.1)

Admitted to the in-patient ward, n (%)

12 (5.4)

Mean length of in-patient hospitalization, if admission to the intensive care unit was not requireda, days (range)

3.5 (1-15)

Admitted to the intensive care unit, n (%)

2 (0.9)

Mortality, n (%)

0 (0)

a

Time from symptom onset to clinical recovery in accordance with the Communicable Diseases Network Australia guidelines (at least 10 days since
symptom onset and 72 hours of being asymptomatic).
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Table 3. Clinical characteristics of patients requiring hospital care upon admission to the virtual ward (N=18).
Characteristics

Hospitalized patients

Median age, years (range)

54 (23-71)

Female sex, n (%)

10 (55.6)

High riska, n (%)

9 (50)

Median day of illness upon referral to hospital, days (range)

8.50 (3-20)

Previous medical review on initial presentation, n (%)

10 (55.6)

Initial median polymerase chain reaction cycle threshold on diagnostic nasopharyngeal swab tests, n (range)

18.04 (14.61-33)

Primary reason for referral, n (%)
Shortness of breath

10 (55.6)

New or ongoing fevers

4 (22.2)

Chest pain or chest tightness

3 (16.7)

Hospital assessment on presentation
Median oxygen saturation (n=13), % of ambient air (range)

96 (88-100)

Median heart rate (n=10), beats per minute (range)

80 (57-105)

Median respiratory rate (n=9), breaths per minute (range)

19 (16-28)

Fever (>37.5°C; n=11), n (%)

4 (22.2)

Chest auscultation findings (n=15), n (%)
Clear

9 (60)

Unilateral crackles

2 (13.3)

Bilateral crackles

4 (26.7)

Chest radiograph performed on presentation (n=15), n (%)
No acute abnormality

8 (53.3)

Unilateral consolidation

2 (13.3)

Bilateral consolidation

2 (13.3)

Blood tests performed on presentation (n=16), n (%)
Elevated lactate dehydrogenase (n=15)

9 (60)

Elevated C-reactive protein (n=6)

5 (83.3)

Lymphopenia (n=16)

4 (25)

Outcome, n (%)
Assessed at the emergency department and discharged

6 (33.3)

Admitted to the in-patient ward

12 (66.7)

Prescribed antibiotics

8 (44.4)

Required supplemental oxygen upon admission

4 (22)

Admitted to the intensive care unit

2 (11.1)

Received mechanical ventilation

2 (11.1)

Mortality

0 (0)

Complications, n (%)
Liver function derangement (n=16)

6 (37.5)

Respiratory failure

3 (16.7)

Acute kidney injury (n=13)

3 (23.1)

a

High risk was defined as age 65-85 years with any comorbidity or age 49-65 years with chronic lung disease, cardiovascular disease, immunosuppression,
diabetes, or hypertension.
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Hospitalized Patients
In total, 18 patients with a median age of 54 (range 23-71) years
(females: n=10 [55.6%]; high-risk: n=9 [50%]) were assessed
in hospital upon virtual ward admission (Table 3). Referral to
hospital occurred at a median of 8.5 days (range 3-20 days)
since COVID-19 onset. Furthermore, 8 (43.9%) patients were
reviewed by a medical officer prior to their virtual ward
admission. Among 10 (55%) patients, the most common reason
for care escalation was worsening, ongoing, or new-onset
dyspnea. In addition, 4 (22%) patients were referred to hospital
owing to new or ongoing fever, 3 (17%) for further clinical
assessment of chest pain or chest tightness (Table 3), and the
remaining 4 (23%) owing to a high symptom burden, functional
decline with worsening fatigue, presyncopal symptoms, or
suspected bacterial superinfection.
On hospital presentation, 4 (22%) patients had fever, and 4
(22%) had hypoxia and required supplemental oxygen on or
shortly after presentation. Of the 18 patients presenting to
hospital, 16 (88.9%) most commonly had an elevated lactate
dehydrogenase level, liver function derangement, an elevated
C-reactive protein level, or lymphopenia on blood tests.
Furthermore, 15 (83.3%) patients underwent chest radiography,
of which 4 (26.7%) had features of consolidation. Clinically,
bacterial pneumonia was suspected in 7 (38.9%) hospitalized
patients, and 8 (44.4%) patients were treated with antibiotics.
Complications identified during hospitalization included
respiratory failure in 3 (16.7%) patients, acute kidney injury in
3 (23.1%) patients, and liver function derangement in 6 (37.5%)
patients. Moreover, 2 (11.1%) patients required admission to
the ICU for mechanical ventilation.
Several possible predictors of deterioration associated with
escalation of care were identified, including the presence of
hypertension (OR 3.6, 95% CI 1.28-9.87; P=.01), sputum
production at symptom onset (OR 5.2, 95% CI 1.74-15.49;
P=.001), arthralgia at onset (OR 3.8, 95% CI 1.21-11.71;
P=.02), and an PCR Ct for SARS-CoV-2 RNA of ≤20 on
diagnostic NPS (OR 5.0, 95% CI 1.25-19.63; P=.02).

Discussion
Principal Findings
This retrospective study describes the characteristics and clinical
course of an Australian cohort of patients with COVID-19
treated in a newly established virtual ward. To our knowledge,
this is the first study to evaluate a community virtual ward model
for patients with COVID-19 and the largest clinical assessment
of patients with COVID-19 in Australia to date.
Epidemiologically, most cases were attributed to overseas travel,
particularly to the United Kingdom, the United States, or cruise
ships, consistent with a previous report from Australia [24]. In
this cohort, cough, fever, and headache were the most common
symptoms; however, their frequencies differed from those
reported in a meta-analysis of hospitalized patients in China
[10], thus potentially reflecting a lower disease severity in our
cohort or reporting certain differences; our cohort recorded a
higher incidence of sore throat (43.5% vs 11.6%) and rhinorrhea
(36.8% vs 7.3%) and a lower incidence of chest tightness (9%
http://www.jmir.org/2021/2/e25518/
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vs 22.9%) and sputum expectoration (10.8% vs 23.7%) than
those reported in the meta-analysis in China [10]. Approximately
half of our patients had comorbidities, most commonly including
hypertension (n=38, 17%) and asthma (n=24, 10.8%),
comparable with a previous report [11].
Our results suggest that a virtual ward model is safe for patients
with COVID-19. Overall, 205 (92%) patients recovered without
escalation to hospital care. Furthermore, 18 (8.1%) patients
required hospital assessment, of which only 12 (5.4%) were
admitted to hospital and 2 (0.9%) were admitted to the ICU.
This reflects a lower severity of COVID-19 in our cohort (0.9%)
compared to that reported previously (5%) [15]. The mortality
rate of 0 (0%) in our cohort is consistent with the low nationwide
mortality rate of 1.3% in Australia [24], at the time of writing.
The median virtual ward admission length was 8 days (range
1-44 days) with a median time to clinical recovery of 16 days
(range 10-52 days). This discrepancy may be potentially
attributed to returning overseas travelers who acquired the
infection abroad. In the context of comorbidity and prior
COVID-19–related hospitalization, higher-risk patients stayed
longer in the virtual ward. These findings suggest that a virtual
model of care can potentially preserve in-patient capacity and
resources in hospitals and reduce the risk of disease transmission
and hospital-acquired sequelae. Although most of our patients
had mild illness, regular monitoring and supportive care may
have reduced hospital presentations.
Timely identification of disease exacerbation is imperative for
safe virtual care. Several studies have reported high diagnostic
agreement between virtual and in-person consultations [25,26].
However, clinicians have cited concerns regarding telephonic
consultations, primarily owing to the lack of physical
examination [27]. COVID-19 has provided an opportunity to
introduce a range of telemedicine approaches to the medical
staff, owing to the necessity to deliver safe patient care during
a pandemic. Remote assessment of dyspnea, the most common
reason for hospital referral in our study, has been challenging
during COVID-19 [28]. A difficulty in ruling out urgency upon
telephonic consultations may have resulted in a lower threshold
for hospital referral in our study, with one-third of
hospital-referred patients subsequently discharged after
in-person assessment [26]. Our virtual ward model was simple
without monitoring equipment beyond household thermometers.
Enhanced assessment capabilities through real-time
telemonitoring may reduce diagnostic uncertainty [29].
Our hospital-referred patients had a higher median age of 54
(range 14-78) years, being referred to hospital at a median of
8.5 days (range 3-20 days) into their illness. Preexisting
hypertension, a proposed risk factor for severe COVID-19, was
associated with a 3.6-fold increase in hospitalization rates. Initial
symptoms of sputum production and arthralgia were associated
with hospital referral, which have not been previously reported.
Patients with a PCR Ct for SARS-CoV-2 RNA of ≤20 on
diagnostic NPS were 5-fold more likely to be referred to
hospital. Although a lower Ct indicates a higher RNA sample
quantity, the implication of this value for disease progression
is unclear. Further studies are required to validate these findings.
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The 2 (0.9%) patients admitted to the ICU had risk factors
associated with severe COVID-19 [14]. These 2 men aged >60
years, with preexisting hypertension, presented disease
exacerbation on day 10 of their illness and hence required ICU
admission and ventilatory support; this is consistent with the
reported median of 8-12 days to progression to ARDS and 10
days to ICU admission for patients with severe COVID-19
[14-16,19]. The pathogenesis of this late decline remains
unclear; however, pathological hyperinflammation seems likely
[30].

Limitations
The limitations of this study include its observational design
and retrospective data collection, which resulted in missing data

Ferry et al
across several variables reported herein. Few patients in our
cohort had severe COVID-19. There may have been an
ascertainment bias as patients with more severe COVID-19 may
have been directly admitted to hospital for the duration of their
illness, bypassing the virtual ward.

Conclusions
To our knowledge, this is the largest cohort study of COVID-19
patients in Australia to be described to date and the first to
evaluate a virtual ward model of care. This study provides
evidence regarding the safety and feasibility of a virtual ward
setting to treat patients with COVID-19. Further studies are
needed to identify the early predictors of COVID-19
exacerbation and to validate this health care model.

Acknowledgments
We acknowledge all the staff involved in the design, implementation, and delivery of care at the Metro North Virtual Ward. We
thank the Metro North Emergency Operations Centre, executive staff, and the Metro North Public Health Unit involved in the
COVID-19 response.

Authors' Contributions
OF, EM, and OS collected and analyzed the data and drafted the manuscript. GW and CB contributed to data interpretation and
critically revised the manuscript. All authors designed the study, critiqued the manuscript, and approved the final version for
submission.

Conflicts of Interest
None declared.

References
1.
2.
3.

4.

5.
6.
7.

8.

9.
10.
11.

Rolling updates on coronavirus disease (COVID-19). World Health Organization. 2020 Jul 31. URL: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/events-as-they-happen [accessed 2020-06-04]
Webster P. Virtual health care in the era of COVID-19. Lancet 2020 Apr 11;395(10231):1180-1181 [FREE Full text] [doi:
10.1016/S0140-6736(20)30818-7] [Medline: 32278374]
Weinstein RS, Lopez AM, Joseph BA, Erps KA, Holcomb M, Barker GP, et al. Telemedicine, telehealth, and mobile health
applications that work: opportunities and barriers. Am J Med 2014 Mar;127(3):183-187. [doi: 10.1016/j.amjmed.2013.09.032]
[Medline: 24384059]
Flodgren G, Rachas A, Farmer A, Inzitari M, Shepperd S. Interactive telemedicine: effects on professional practice and
health care outcomes. Cochrane Database Syst Rev 2015 Sep 07(9):CD002098 [FREE Full text] [doi:
10.1002/14651858.CD002098.pub2] [Medline: 26343551]
Khairat S, Meng C, Xu Y, Edson B, Gianforcaro R. Interpreting COVID-19 and Virtual Care Trends: Cohort Study. JMIR
Public Health Surveill 2020 Apr 15;6(2):e18811 [FREE Full text] [doi: 10.2196/18811] [Medline: 32252023]
Rockwell KL, Gilroy AS. Incorporating telemedicine as part of COVID-19 outbreak response systems. Am J Manag Care
2020 Apr;26(4):147-148 [FREE Full text] [doi: 10.37765/ajmc.2020.42784] [Medline: 32270980]
Lam PW, Sehgal P, Andany N, Mubareka S, Simor AE, Ozaldin O, et al. A virtual care program for outpatients diagnosed
with COVID-19: a feasibility study. CMAJ Open 2020;8(2):E407-E413 [FREE Full text] [doi: 10.9778/cmajo.20200069]
[Medline: 32447283]
Lewis C, Moore Z, Doyle F, Martin A, Patton D, Nugent L. A community virtual ward model to support older persons with
complex health care and social care needs. Clin Interv Aging 2017;12:985-993 [FREE Full text] [doi: 10.2147/CIA.S130876]
[Medline: 28721026]
Jones J, Carroll A. Hospital admission avoidance through the introduction of a virtual ward. Br J Community Nurs 2014
Jul;19(7):330-334. [doi: 10.12968/bjcn.2014.19.7.330] [Medline: 25039341]
Correction: Clinicopathological characteristics of 8697 patients with COVID-19 in China: a meta-analysis. Fam Med
Community Health 2020 May;8(2) [FREE Full text] [doi: 10.1136/fmch-2020-000406corr1] [Medline: 32448784]
Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q, et al. Prevalence and severity of corona virus disease 2019 (COVID-19): A
systematic review and meta-analysis. J Clin Virol 2020 Jun;127:104371 [FREE Full text] [doi: 10.1016/j.jcv.2020.104371]
[Medline: 32315817]

http://www.jmir.org/2021/2/e25518/

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 2 | e25518 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.
29.
30.

Ferry et al

Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T, et al. Clinical characteristics of coronavirus disease 2019 (COVID-19)
in China: A systematic review and meta-analysis. J Infect 2020 Jun;80(6):656-665 [FREE Full text] [doi:
10.1016/j.jinf.2020.03.041] [Medline: 32283155]
Wu Z, McGoogan J. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak
in China: Summary of a Report of 72 314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 2020
Apr 07;323(13):1239-1242. [doi: 10.1001/jama.2020.2648] [Medline: 32091533]
Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med 2020 May;8(5):475-481
[FREE Full text] [doi: 10.1016/S2213-2600(20)30079-5] [Medline: 32105632]
Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020 Mar 17;323(11):1061-1069 [FREE Full text] [doi:
10.1001/jama.2020.1585] [Medline: 32031570]
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 2020 Feb 15;395(10223):497-506 [FREE Full text] [doi: 10.1016/S0140-6736(20)30183-5] [Medline:
31986264]
Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors Associated With Acute Respiratory Distress Syndrome and
Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med 2020 Jul
01;180(7):934-943 [FREE Full text] [doi: 10.1001/jamainternmed.2020.0994] [Medline: 32167524]
Wang Y, Lu X, Li Y, Chen H, Chen T, Su N, et al. Clinical Course and Outcomes of 344 Intensive Care Patients with
COVID-19. Am J Respir Crit Care Med 2020 Jun 01;201(11):1430-1434 [FREE Full text] [doi:
10.1164/rccm.202003-0736LE] [Medline: 32267160]
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020 Mar 28;395(10229):1054-1062 [FREE Full text]
[doi: 10.1016/S0140-6736(20)30566-3] [Medline: 32171076]
Richardson S, Hirsch J, Narasimhan M, Crawford JM, McGinn T, Davidson KW, the Northwell COVID-19 Research
Consortium, et al. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With
COVID-19 in the New York City Area. JAMA 2020 May 26;323(20):2052-2059 [FREE Full text] [doi:
10.1001/jama.2020.6775] [Medline: 32320003]
Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi A, et al. COVID-19 and Cardiovascular Disease.
Circulation 2020 May 19;141(20):1648-1655. [doi: 10.1161/circulationaha.120.046941]
Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in SARS-CoV-2 infection: a nationwide analysis
in China. Lancet Oncol 2020 Mar;21(3):335-337 [FREE Full text] [doi: 10.1016/S1470-2045(20)30096-6] [Medline:
32066541]
Minotti C, Tirelli F, Barbieri E, Giaquinto C, Donà D. How is immunosuppressive status affecting children and adults in
SARS-CoV-2 infection? A systematic review. J Infect 2020 Jul;81(1):e61-e66 [FREE Full text] [doi:
10.1016/j.jinf.2020.04.026] [Medline: 32335173]
Coronavirus Disease 2019 (COVID-19): CDNA National Guidelines for Public Health Units. Australian Government:
Department of Health. 2021 Jan 29. URL: https://www1.health.gov.au/internet/main/publishing.nsf/Content/
cdna-song-novel-coronavirus.htm [accessed 2020-05-13]
Martin-Khan M, Wootton R, Whited J, Gray LC. A systematic review of studies concerning observer agreement during
medical specialist diagnosis using videoconferencing. J Telemed Telecare 2011;17(7):350-357. [doi: 10.1258/jtt.2011.101113]
[Medline: 21983223]
Wheeler SQ, Greenberg ME, Mahlmeister L, Wolfe N. Safety of clinical and non-clinical decision makers in telephone
triage: a narrative review. J Telemed Telecare 2015 Sep;21(6):305-322. [doi: 10.1177/1357633X15571650] [Medline:
25761468]
McKinstry B, Watson P, Pinnock H, Heaney D, Sheikh A. Telephone consulting in primary care: a triangulated qualitative
study of patients and providers. Br J Gen Pract 2009 Jun;59(563):e209-e218 [FREE Full text] [doi: 10.3399/bjgp09X420941]
[Medline: 19520019]
Greenhalgh T, Koh G, Car J. Covid-19: a remote assessment in primary care. BMJ 2020 Mar 25;368:m1182. [doi:
10.1136/bmj.m1182] [Medline: 32213507]
Angelucci A, Aliverti A. Telemonitoring systems for respiratory patients: technological aspects. Pulmonology
2020;26(4):221-232 [FREE Full text] [doi: 10.1016/j.pulmoe.2019.11.006] [Medline: 31932232]
Merad M, Martin JC. Author Correction: Pathological inflammation in patients with COVID-19: a key role for monocytes
and macrophages. Nat Rev Immunol 2020 Jul;20(7):448 [FREE Full text] [doi: 10.1038/s41577-020-0353-y] [Medline:
32488203]

Abbreviations
ARDS: acute respiratory distress syndrome
http://www.jmir.org/2021/2/e25518/

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 2 | e25518 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Ferry et al

CDNA: Communicable Diseases Network Australia
Ct: cycle threshold
ICU: intensive care unit
NPS: nasopharyngeal swab
OR: odds ratio
PCR: polymerase chain reaction

Edited by G Eysenbach; submitted 04.11.20; peer-reviewed by P Yellowlees, X He, A Ugargol; comments to author 05.12.20; revised
version received 23.12.20; accepted 10.01.21; published 10.02.21
Please cite as:
Ferry OR, Moloney EC, Spratt OT, Whiting GFM, Bennett CJ
A Virtual Ward Model of Care for Patients With COVID-19: Retrospective Single-Center Clinical Study
J Med Internet Res 2021;23(2):e25518
URL: http://www.jmir.org/2021/2/e25518/
doi: 10.2196/25518
PMID: 33529157

©Olivia R Ferry, Emma C Moloney, Owen T Spratt, Gerald F M Whiting, Cameron J Bennett. Originally published in the Journal
of Medical Internet Research (http://www.jmir.org), 10.02.2021. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this
copyright and license information must be included.

http://www.jmir.org/2021/2/e25518/

XSL• FO
RenderX

J Med Internet Res 2021 | vol. 23 | iss. 2 | e25518 | p. 11
(page number not for citation purposes)

