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Background: Healthcare-associated coronavirus disease 2019 (COVID-19) has significant
implications for patients, their companions and healthcare workers (HCWs). Controlling
transmission in healthcare settings is critical to reduce deaths due to COVID-19.
Aim: To describe the epidemiology and characteristics of healthcare-associated COVID-19
outbreaks and outbreak-related cases.
Methods: The investigation data for each healthcare-associated outbreak that occurred
between 15th January 2020 and 31st July 2021 in Taiwan were analysed retrospectively.
Confirmed outbreak-associated cases were categorized as HCW cases, patient companion
cases or patient cases, and the characteristics of the confirmed cases were compared
between these categories.
Findings: In total, 54 healthcare-associated COVID-19 outbreaks including 512 confirmed
cases were reported. The median number of affected cases per outbreak was six [inter-
quartile range (IQR) 2e12], and the median outbreak duration was 12 days (IQR 4.3e17.0).
Only 5.7% and 0.2% of all confirmed cases were partially and fully vaccinated, respectively.
Most outbreaks (90%, 48/54) occurred in May and June 2021. HCW cases, companion cases
and patient cases accounted for 19.5%, 41.2% and 39.3% of the total cases. Patient cases
were significantly older (median age 72 years, IQR 61e83) and had higher 30-day all-cause
mortality (37.4%) than HCW cases (median age 41 years, IQR 28e58, 0%) and companion
cases (median age 52 years; IQR 42e62, 1%).
Conclusion: Healthcare-associated COVID-19 outbreaks have a critical impact on patients.
Nevertheless, two-thirds of cases in the healthcare-associated outbreaks in this study
comprised HCWs and companions. In order to effectively mitigate COVID-19 transmission
in healthcare settings, multi-pronged infection prevention and control measures should be
implemented and tailored for these three groups.
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emerged as a significant concern worldwide, accounting for up
to 40% of all confirmed cases of COVID-19 according to early
reports [1]. Healthcare-associated COVID-19 outbreaks pose
significant threats to both patients and healthcare workers
(HCWs) [2e5], and place enormous pressure on the daily
operation of healthcare systems. This underscores the impor-
tance of infection prevention and control (IPC) practices and
mitigation measures to prevent healthcare-associated out-
breaks and contain the spread of such outbreaks once they
emerge in healthcare settings. However, prevention of
healthcare-associated COVID-19 outbreaks is a unique chal-
lenge due to the infectivity of SARS-CoV-2 prior to the onset of
symptoms [5,6]. Multi-faceted infection prevention measures
should be implemented, such as symptom screening, universal
masking, maintaining physical distances, appropriate contact
tracing, quarantine practices and isolation of confirmed cases.

From the start of the pandemic in early 2020 until mid-May
2021, community transmission of COVID-19 remained at a very
low level in Taiwan, with 100 cumulative confirmed domestic
cases and three healthcare-associated COVID-19 outbreaks
reported [7e9]. Subsequently, community transmission
increased rapidly, and the Central Epidemic Command Centre
(CECC) raised the nationwide epidemic alert to level 2 on 11th

May 2021 and level 3 on 15th May 2021 [10]. Between 11th May
2021 and 31st July 2021, the cumulative number of confirmed
domestic cases increased to >14,000, mainly in metropolitan
areas in northern Taiwan, with the alpha variant representing
the major circulating strain [11]. Thereafter, the number of
healthcare-associated outbreaks increased concomitantly with
widespread community transmission. The aims of this study
were to describe the epidemiology of healthcare-associated
COVID-19 outbreaks in Taiwan; compare the characteristics of
infected HCWs, patients and their companions; and identify IPC
practices.

Methods

Study design and setting

Thiswas anationwide retrospectivepopulation-based cohort
study of all healthcare-associated COVID-19 outbreaks between
15th January 2020 and 31st July 2021 in Taiwanese hospitals,
including 25 medical centres, 82 regional hospitals and 366
community hospitals. COVID-19 has been classified as a notifi-
able disease in Taiwan since 15th January 2020. Healthcare
providers must report all suspected patients through the
National Infectious Disease Reporting System (NIDRS) within
24h, andcollect respiratory specimens for testingof SARS-CoV-2
by reverse transcription polymerase chain reaction (RT-PCR).
When a laboratory-confirmed case was identified in any hospi-
tal, public health departments, in collaboration with stake-
holders, conducted a case investigation and contact tracing in
accordance with the guidelines [7] established by the Taiwan
Centers for Disease Control (CDC). When a healthcare-
associated COVID-19 outbreak was identified in the initial
investigation, the hospital immediately launched the con-
tingency protocol according to the guidance [7] and under the
supervision of the public health department to contain trans-
mission within the hospital. Briefly, the contingency protocol
comprises multi-disciplinary detailed investigations and con-
tainment measures such as periodic surveillance testing of all
contact persons, closure of outbreak-affected units, isolation
and quarantine of confirmed cases and close contacts, and
environmental cleaning and disinfection. The end of a
healthcare-associated COVID-19 outbreak was declared by the
public healthdepartmentwhenno further confirmedcaseswere
identified for 14 days after the last confirmed case was isolated
or discharged from the unit. Finally, an outbreak investigation
report was completed by the public health department.

Ethics statement

The study protocol (No. TwCDCIRB109206) was reviewed and
approved by the institutional review board (IRB) of Taiwan
CDC. The IRB waived the requirement for informed consent due
to the retrospective nature of the study.

Definitions

A confirmed case was defined as an individual with a positive
RT-PCR test result for SARS-CoV-2. Confirmed cases were
categorized into three groups: HCWs; patient companions; and
patients who were seeking medical attention or hospitalized
for diseases other than COVID-19, according to their diagnostic
status. A healthcare-associated COVID-19 outbreak was
defined as two or more infections with a likely epidemiological
link, and the acquisition of at least one infection in the
healthcare setting was assumed by the investigation team. A
confirmed case was regarded as the primary case when the
case was suspected to be the one that initiated the chain of
healthcare-associated transmission. Other confirmed cases
involved in the healthcare-associated outbreak with epi-
demiological links were deemed as secondary cases. The
delayed period of identification for a symptomatic case was
defined as the duration between the date of symptom onset
and the date of the first positive RT-PCR test result. Thirty-day
all-cause mortality was defined as death occurring within 30
days after the date of symptom onset, or the date of the first
positive RT-PCR test result for asymptomatic patients. The
outbreak duration was defined as the duration between the
dates of the first positive RT-PCR test result in the primary case
and the date of the first positive RT-PCR test result of the last
confirmed case in the same outbreak. A person was deemed to
be fully vaccinated 14 days after completion of the full series of
a COVID-19 vaccine. A person was deemed to be partially
vaccinated 14 days after receiving the first dose of the COVID-
19 vaccine in a two-dose series.

Data collection

In this study, the demographics, characteristics and test
results of confirmed cases of COVID-19 were obtained from
NIDRS. Information regarding symptoms, occupation and
extent of the outbreaks was retrieved from the outbreak
investigation reports. The vaccination status of the confirmed
cases was acquired from the National Immunization Informa-
tion System [12]. The date of death was obtained from the
investigation report or by linking the unique identification
number of cases with the NIDRS, National Register of Deaths,
and National Health Insurance databases.

Statistical analysis

Categorical variables were compared using Chi-squared
test, and continuous variables were compared using
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parametric or non-parametric tests. Survival curves were
estimated using the KaplaneMeier method and compared with
the log-rank test. Both univariate and multi-variate analyses
were performed using the Cox regression model to determine
hazard ratios and 95% confidence intervals for 30-day all-cause
mortality. Statistical significance was set at P<0.05. Statistical
analyses were performed using R Version 4.1.0 (R Core Team, R
Foundation for Statistical Computing, Vienna, Austria).

Results

From 15th January 2020 to 31st July 2021, 26 of 495 hospitals
in Taiwan reported 54 healthcare-associated outbreaks of
COVID-19, among which 512 cases were confirmed. Considering
the dates of RT-PCR confirmation in chronological order, the
number of confirmed cases in Taiwan peaked in May 2021,
mainly in northern Taiwan. Among the 48 (90%) healthcare-
associated outbreaks that occurred in May and June 2021, 44
(92%) were reported by hospitals in northern Taiwan (Figure 1).
Multiple national infection control policies were established
and implemented in 2020 by CECC; however, in response to the
progressing COVID-19 epidemic in Taiwan in May 2021, further
infection control measures and policies were initiated, such as
universal testing for all newly admitted patients and their
companions, and periodic testing for HCWs working in high-risk
areas.

The 54 healthcare-associated outbreaks included 512 cases
of COVID-19, with a median of six cases [interquartile range
(IQR) 2e12] per outbreak. There were 13 (24.1%), 11 (20.4%)
and 30 (55.5%) outbreaks initiated by HCWs, companions and
patients, respectively. Outbreaks initiated by HCWs, com-
panions and patients were linked to 120 (23.4%, median 2, IQR
2.0e13.0), 88 (17.2%, median 5, IQR 4.5e10.5) and 304 (59.4%,
median 7.5, IQR 3.0e11.0) cases per outbreak, respectively.
The proportion of secondary cases categorized as HCWs in
outbreaks with HCW primary cases was 39.2% (42/107), which
was significantly higher than the proportion of HCW secondary
cases in outbreaks with companion (10.4%, 8/77) and patient
primary cases (13.5%, 37/274; P<0.001). The median duration
of outbreaks with patient primary cases was 12.0 days (IQR
4.3e17.0 days), which was longer than that of outbreaks with
companion (9.0 days, IQR 1.0e10.5) and HCW (2.0 days, IQR
1.0e5.0 days) primary cases; however, the difference was not
significant.

The median age of 512 patients in the outbreak-associated
cases was 59 years (IQR 45e71 years), and 334 (65.2%) were
female. The demographic characteristics of the confirmed
cases are shown in Table I. Among the 100 cases involving
HCWs, nurses accounted for 50%, followed by hospital support
staff (12%, all infected in the same outbreak) and cleaners
(11%). The median age was 72 years (IQR 61e83 years), 41 years
(IQR 28e58 years) and 52 years (IQR 42e62 years) among
patient cases, HCW cases and companion cases, respectively
(P<0.05). The proportions of females among HCW cases (72/
100, 72.0%) and companion cases (162/201, 80.6%) were sig-
nificantly higher than in patient cases (96/211, 45.5%). For 272
(53.1%) patients who had symptoms before a confirmed diag-
nosis, the median period of delayed identification was 1 day
(IQR 0e3 days).

Thirty-day all-cause mortality of patients was 37.4% (79/
211), which was significantly higher than that of HCWs (0%, 0/
100) and companions (1.0%, 2/201) (P<0.05). Thirty-day all-
cause mortality stratified by age showed that the mortality of
patients aged �80 years was 59.2% (42/71), which was sig-
nificantly higher than that of patients aged 65e79 years (22.1%,
25/113) and <65 years (5.5%, 18/328) (P<0.05) (Figure 2). The
multi-variable Cox regression analyses revealed that 30-day all-
cause mortality in healthcare-associated COVID-19 outbreaks
was significantly associated with age �80 years, classification
as a patient case, and female sex (Table II). Among 15,674
confirmed cases of COVID-19 and 787 deaths reported as of 31st

July 2021 in Taiwan [13], healthcare-associated outbreak cases
accounted for 3.3% of all confirmed cases and 10.3% of all
deaths.

Discussion

To the best of the authors’ knowledge, this is the first
nationwide report of the demographics, characteristics and
extent of healthcare-associated COVID-19 outbreaks in Taiwan.
The majority of healthcare-associated COVID-19 outbreaks
were identified in northern Taiwan, which was the epicentre of
community transmission during the study period [10]. The wide
spread of COVID-19 community transmission could increase
presymptomatic or asymptomatic infections among HCWs and
patients, and consequently lead to outbreaks of healthcare-
associated COVID-19 [14]. The proportion of healthcare-
associated COVID-19 in Taiwan was lower than that reported
in previous studies [1,15], but the results of studies conducted
in different countries and during different time periods might
not be directly comparable. In addition, only cases attributed
to healthcare-associated outbreaks were included in this study.
Nevertheless, there were several advantages of Taiwanese
hospitals responding to healthcare-associated COVID-19,
including a lengthy period without community transmission of
SARS-CoV-2 in 2020, increased experience and knowledge
regarding the transmission of SARS-CoV-2 and containment of
healthcare-associated infections acquired from other coun-
tries, and a longer period for preparedness for healthcare
resources given the late peak of the COVID-19 epidemic in
Taiwan.

The impacts of healthcare-associated COVID-19 on the
prognosis of patients were significantly more critical than those
for HCWs and companions, especially in wards caring for vul-
nerable groups [15,16]. Thirty-day all-cause mortality of the
patients in this study was approximately 40%, which is similar to
rates reported in other studies [2,3]. Aging is a known risk
factor for death in patients with COVID-19 [15,17]. In a previous
cohort study, patients with SARS-CoV-2 infection aged �75
years without other risk factors were at four-fold higher risk of
death compared with patients aged <65 years [17]. Although
the underlying conditions of the confirmed cases were not
assessed in this study, it can be anticipated that 30-day all-
cause mortality in patient cases was higher than that in HCW
cases or companion cases, considering the more advanced ages
of the patients. Therefore, implementation of appropriate
infection control measures to prevent COVID-19 outbreaks in
hospitals is of utmost importance [2].

The exact reason for the higher proportions of symptoms
present among HCWs at diagnosis is unclear, but work-related
stress [18] and vigilance and knowledge for recognizing
COVID-19 symptoms early may partially explain this phenom-
enon. Therefore, during the management of a healthcare-
associated COVID-19 outbreak, clear and easily
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Figure 1. Healthcare-associated coronavirus disease 2019 (COVID-19) outbreaks by category and diagnosis month. (a) Epi curve of
healthcare-associated COVID-19 outbreaks by month of primary case diagnosis and (b) number of healthcare-associated COVID-19 out-
breaks by category and month of primary case diagnosis in Taiwan from 15th January 2020 to 31st July 2021. Each bar represents a single
outbreak. (Left) Thirteen healthcare-associated outbreaks with healthcare workers (HCWs) as the primary cases. (Middle) Eleven
healthcare-associated outbreaks with companions as the primary cases. (Right) Thirty healthcare-associated outbreaks with patients as
the primary cases.
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understandable educational messages and instructions should
be delivered to close contacts of companions and patients to
raise their awareness of COVID-19 symptoms, and prompt them
to report their symptoms early.

Although it was not significant and was probably related to
the lower outbreak numbers in this study, there was a trend
observed in outbreaks initiated by patients in that they
involved a broader extent, with more cases and longer dura-
tions, than outbreaks initiated by HCWs or companions. This
might be attributed to the frequent movement of patients
between units for various medical and non-medical reasons. In
addition, given the advanced age and increased vulnerability to
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Figure 2. KaplaneMeier survival curves for 30-day all-cause mortality of cases of coronavirus disease 2019 (COVID-19) in healthcare-
associated outbreaks in Taiwan from 15th January 2020 to 31st July 2021. (a) Categories and (b) age groups of confirmed cases. HCW,
healthcare worker.
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severe infection in patient cases, higher viral loads and longer
viral shedding durations may occur in patient cases [19], which
could reasonably facilitate the spread of SARS-CoV-2 in hospi-
tals. Nevertheless, HCWs and companions are usually the
interface between hospitals and the community, and could
play a role in initiating outbreaks when there is significant
transmission in the community, which accounted for approx-
imately 60% of outbreaks in this study. In Taiwanese hospitals,
almost all hospitalized patients had companions with them
24 h/day to provide assistance in daily activities and emotional
support [20]. These companions may flow in more extensive
areas in hospitals than inpatients due to their relatively good
health status. Hence, IPC strategies should include measures
tailored for all three groups to reduce the transmission of SARS-
CoV-2 in healthcare settings.

COVID-19 presents considerable challenges for infection
control. Due to the significant infectivity of SARS-CoV-2 prior to
the onset of symptoms, isolating infected persons once symp-
toms are recognized is not sufficient to prevent transmission
[5,21,22]. In this study, 46.9% of patients were asymptomatic at
the time of their first positive RT-PCR test result for COVID-19.
In a cohort study conducted in England [23], 43.1% of patients



Table I

Demographic characteristics of coronavirus 2019 cases in healthcare-associated outbreaks in Taiwan from 15th January 2020 to 31st July
2021

Cases Total (N¼512)

HCWs (N¼100) Companions (N¼201) Patients (N¼211)

Age 41 (28e58) 52 (42e62) 72 (61e83) 59 (45e71)
Sex, female 72 (72.0) 162 (80.6) 100 (47.4) 334 (65.2)
Symptom statusa, asymptomatic 36 (36.0) 108 (53.7) 96 (45.5) 240 (46.9)
Delayed period of identificationb 1.0 (0.0e4.0) 1.0 (0.0e2.0) 1.0 (0.0e3.0) 1.0 (0.0e3.0)
30-day all-cause mortality 0 (0) 2 (1.0) 79 (37.4) 81 (15.8)
Hospital type
Medical centre 50 (50.0) 97 (48.3) 78 (37.0) 225 (43.9)
Regional hospital 46 (46.0) 98 (48.8) 118 (55.9) 262 (51.2)
Community hospital 4 (4.0) 6 (3.0) 15 (7.1) 25 (4.9)
COVID-19 vaccine statusc

Fully vaccinated 1 (1.0) 0 (0.0) 0 (0.0) 1 (0.2)
Partially vaccinated 14 (14.0) 12 (6.0) 3 (1.4) 29 (5.7)
Unvaccinated 85 (85.0) 189 (94.0) 208 (98.6) 482 (94.1)

COVID-19, coronavirus disease 2019; HCW, healthcare worker.
Values are presented as median (interquartile range) or N (%).
a Symptom status at the time of reverse transcription polymerase chain reaction (RT-PCR) test.
b Duration from the date of symptom onset to the date of the first positive RT-PCR result.
c A person was deemed to be fully vaccinated 14 days after the completion of the COVID-19 vaccination series, or partially vaccinated 14 days after

receiving the first dose of a COVID-19 vaccine in a two-dose series.

Table II

Multi-variable analyses for 30-day all-cause mortality of coronavirus disease 2019 cases in healthcare-associated outbreaks in Taiwan from
15th January 2020 to 31st July 2021

N Deceased (%) Crude HR Adjusted HRa

HR (95% CI) P-value HR (95% CI) P-value

Hospital type
Medical centre 225 36 (16.0) Reference Reference
Regional hospital 262 39 (14.9) 0.93 (0.59e1.46) 0.75 0.70 (0.44e1.12) 0.13
Community hospital 25 6 (24.0) 1.59 (0.67e3.76) 0.30 1.12 (0.45e2.81) 0.81
Type of case
Worker/companion 301 2 (0.7) Reference Reference
Patient 211 79 (37.4) 70.25 (17.26e285.9) <0.001 50.05 (11.74e213.44) <0.001
Age (years)
<65 328 18 (5.5) Reference Reference
65e79 113 21 (18.6) 3.68 (1.96e6.90) <0.001 1.36 (0.71e2.60) 0.35
�80 71 42 (59.2) 16.34 (9.38e28.46) <0.001 3.93 (2.21e7.01) <0.001
Sex
Male 178 31 (17.4) Reference Reference
Female 334 50 (15.0) 0.85 (0.54e1.33) 0.47 1.92 (1.21e3.06) 0.005

CI, confidence interval; HR, hazard ratio.
a Multi-variable mixed-effects Cox regression was adjusted for hospital type, date of diagnosis confirmation, type of case, age group and sex.
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infected with the alpha variant, which was the major circu-
lating SARS-CoV-2 variant during the study period in the present
study [11], were asymptomatic at the time of specimen col-
lection. Testing asymptomatic people with potential exposure
has been proposed as a measure to contain healthcare-
associated COVID-19 outbreaks [2,21], in addition to basic
infection control practices, such as universal source control,
adequate hand hygiene and physical distancing. From 16th May
2021, CECC implemented several testing strategies, including
universal testing for all newly admitted patients and their
companions, and periodic testing for HCWs working in high-risk
areas, such as emergency departments, intensive care units
and designated COVID-19 units. Although healthcare-
associated COVID-19 outbreaks decreased in July 2021, the
level of community transmission also declined at the same time
[24], which could have led to the downward trend of
healthcare-associated outbreaks [14]. Although it is acknowl-
edged that it is impossible to attribute the subsiding COVID-19
epidemic to a specific intervention, which could be the effect
of multi-pronged measures implemented concomitantly, the
strategies of universal screening for newly admitted patients
and companions, and periodic testing for HCWs working in
hospital areas of high-risk COVID-19 transmission may play a
role in the prevention of nosocomial COVID-19 transmission.
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Outbreaks initiated by HCWs involved a higher proportion of
HCW secondary cases. Universal masking for source control in
hospitals was implemented in early 2020 in Taiwan, and HCWs
typically wear personal protective equipment appropriately
during patient care. Nevertheless, the breakdown of universal
masking for HCWs could occur in workrooms and dining areas
during other non-medical activities or mealtimes, and ade-
quate physical distancing might not be maintained [4,25].
Therefore, although HCWs are in contact with many suspected
patients daily, HCW-to-HCW transmission can be a potential
amplifying factor in COVID-19 outbreaks in healthcare settings,
and may even outweigh the risks incurred through patient
contact in some cases [17]. Hence, hospital IPC teams should
address this issue by developing measures to maintain physical
distance among HCWs in situations where continuous facemask
wearing is difficult to maintain, such as providing well-
ventilated dedicated spaces for eating meals and staggered
break times [4,25,26].

This study had several limitations. First, given the high
incidence of community transmission in May and June 2021 in
Taiwan, the number of healthcare-associated infections may
have been overestimated because participants with
healthcare-associated infections with symptom onset within 14
days after admission could have had community-acquired
infections. In addition, as contact tracing was difficult during
the spread of the epidemic in the community, it was difficult to
determine the source of infection or clarify the transmission
chain. Second, individual causes of death were not assessed,
but it is reasonable to assume that COVID-19 was the cause of
death for those who died within 30 days after diagnosis was
confirmed.

In conclusion, patients in healthcare settings are the most
vulnerable group to healthcare-associated COVID-19 out-
breaks; if infected, they have a poor prognosis and may con-
tribute to broader extended outbreaks. Nevertheless, HCWs
and companions accounted for two-thirds of the cases in the
healthcare-associated COVID-19 outbreaks in this study.
Therefore, multi-pronged IPC practices tailored for these three
groups should be a priority, including universal testing and
adapted physical distancing measures for HCWs, patients and
their companions, in order to prevent healthcare-associated
COVID-19 outbreaks.
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