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Background: The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is 2 to 3 times more
contagious than the Delta variant and poses a new challenge in containing transmission in community and health care settings.
Transmission in hospitals can cause nosocomial outbreak infections and affect patients and health care workers. This study describes
a coronavirus disease 2019 (COVID-19) outbreak in a medical ward. The purpose of the investigation was to determine the
transmission source of the outbreak, as well as the measures implemented to prevent and control it.

Methods: A cluster of SARS-CoV-2 infections that affected health care workers, inpatients, and caregivers was thoroughly researched
in a medical ward. There were several strict outbreak measures implemented in our hospital, and these measures controlled the
nosocomial COVID-19 outbreak in this study.

Results: Seven cases of SARS-CoV-2 infection were diagnosed within 2 days in the medical ward. The infection control team
declared a nosocomial outbreak of the COVID-19 Omicron variant. Several strict outbreak measures were implemented as follows: 1.
The medical ward was closed and cleaning and disinfection were performed. 2. All patients and caregivers with negative test results
were transferred to a spare COVID-19 isolation ward. 3. Relatives’ visits were not allowed, and no new patient was admitted during
the outbreak period. 4. Health care workers were retrained on wearing personal protective equipment and enhanced techniques and
practices of hand hygiene, social distancing, and self-monitoring of fever and respiratory symptoms.

Conclusion: This outbreak occurred in a non-COVID-19 ward during the COVID-19 Omicron variant phase of the pandemic. Our
strict outbreak measures halted and contained the nosocomial COVID-19 outbreak in 10 days. Future studies are needed to establish
a standard policy of COVID-19 outbreak measure implementation.
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Introduction

Since the first coronavirus disease 2019 (COVID-19) cases were reported in China in 2019, there have been 630 million
COVID-19 cases and 6.59 million deaths worldwide as of October 2022, and the overall mortality is approximately 1%."
The clinical characteristics of the COVID-19 pandemic are being impacted by the emergence of SARS-CoV-2 variants
with spike protein mutations. These variants could make it easier for viruses to spread and reduce the protection afforded
by neutralizing monoclonal antibodies and vaccination. In comparison to the SARS-CoV-2 alpha strain, the delta variant,
designated B.1.617.2, includes 23 mutations. The T19R, L452R, T478K, D614G, P681R, and d960N mutations in the
spike gene, along with deletions at locations 157 and 158, are present in this B.1.617.2 variation.” Three SARS-CoV-2
Omicron Subvariants BQ.1.1, BA.5, and BF.7 each have a unique neutralizing antibody escape as follows: 1.BQ.1.1
subvariants are primarily driven by the N460K mutation, with R346T and K444T mutations playing a less significant
role; 2.BA.5 reverse two mutations back to the original virus, Orf6 D61 and NSP4 1438, which replicate the virus by
negative regulation of proteins, enzymes and various other signals; 3.BF.7 underwent by its signature F486S mutation.
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and a reduction by the D1199N mutation to its fusogenicity and S processing, resulting in minimal overall change.>* In
November 2021, the Omicron variant was first detected in South Africa; this variant is highly transmissible and rapidly
spread worldwide. However, the Omicron variant is 2 to 3 times more contagious than the Delta variant and has reduced
clinical severity.

In January 2022, the first domestic Omicron case in Taiwan was confirmed. Then, the Central Epidemic Command
Center (CECC) adjusted the management measures for visitation control and screening strategies for patients, caregivers,
and health care workers (HCWs), which was a new challenge in containing transmission in community and health care
settings.” Furthermore, transmission in hospitals can cause nosocomial outbreak infections, affect vulnerable patients,
and suspend the HCW workforce.

In Taiwan, there were 547,054 new confirmed cases from May 15, 2022, to May 21, 2022, and 561,194 new
confirmed cases from May 22, 2022, to May 28, 2022. The variant was mostly an Omicron variant. During the period
from May 19 to May 28, 2022, we experienced a nosocomial outbreak among patients, caregivers and HCWs caused by
the COVID-19 Omicron variant in a medical ward of a tertiary teaching hospital in Taiwan. Hospital policies intended to
prevent nosocomial transmission episodes must take into account infection dynamics. This study describes a COVID-19
outbreak, and the purpose of the investigation was to determine the transmission source of the outbreak, as well as the
measures implemented to prevent and control it.

Methods

Hospital Overview and Study Setting

This study was conducted from May 19 to May 28, 2022, at Dalin Tzu Chi Hospital in Taiwan. A cluster of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections that affected HCWs, inpatients, and caregivers was
thoroughly researched in a medical ward.

A teaching hospital at the tertiary level, Dalin Tzu Chi Hospital has 59 beds in the intensive care unit and 600 beds for
acute care. In Taiwan’s Chiayi County, there are two COVID-19 screening and treatment hospitals. One of the two
COVID-19 screening and treatment hospitals is our hospital. During the Omicron phase of the pandemic, we set up two
COVID-19 isolation wards (ward 12B and ward 6B) with 92 COVID-19 general isolation beds. The COVID-19 isolation
ward consisted of 22 rooms with ventilation fan which can generate negative pressure in patient rooms: two rooms for
four patients, seven rooms for three patients, six rooms for two patients, and five single-patient rooms. The priority
COVID-19 inpatient ward was 12B, and the spare COVID-19 inpatient ward was 6B. There was one point of entry to the
COVID-19 isolation ward. The floor plan of the COVID-19 isolation ward is shown in Figure 1.

Our hospital offers outpatient and inpatient medical care for both general patients and COVID-19 patients. During the
Omicron epidemic, our hospital provided telemedicine services to individuals under home quarantine. The following
strategies were implemented to stop the spread of COVID-19 in our hospital prior to the outbreak: (1) Only two access
doors to the hospital buildings, including the entrance door to the emergency room, were left open. (2) Throughout
the day, just one car entrance was open. (3) A thermal infrared camera was used to measure the body temperatures of
visitors to the hospital which were monitored by HCWs. Thermal sensitivity is less than 0.04°C. For spot measurements,
the target is specified as the center of the forehead. The thermal infrared camera is set to a temperature of 38°C. All the
febrile hospital visitors were transferred to the emergency room for further evaluation and management. (4) The use of
surgical masks was required for everyone entering the hospital, and everyone’s hands had to be washed with 75% alcohol
for hand hygiene. (5) The number and time of inpatient caregivers and visitors were restricted.

Definitions

Individuals with a positive polymerase chain reaction (PCR) test for SARS-CoV-2 from a nasopharyngeal swab
sample were referred to as confirmed cases. Samples were processed and examined in our hospital’s microbiology
laboratory. A cluster was a group of more than two cases that were epidemiologically linked, such as patients who

shared a ward.
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Figure | The floor plan of the COVID-19 isolation ward.
Notes: The COVID-19 isolation ward consisted of 22 rooms: two rooms for four patients, seven rooms for three patients, six rooms for two patients, and five single-
patient rooms. There was one point of entry to the COVID-19 isolation ward.

Outbreak Measure Implementation

There was an outbreak of COVID-19 in the medical ward on May 19, 2022. The implementation of preventive measures
included the following: 1. Repeated PCR testing for SARS-CoV-2 and nasopharyngeal swab COVID-19 antigen (Ag)
rapid testing (Abbott Rapid Diagnostics Jena GmbH) of patients, caregivers, and HCWs linked to the ward; 2. Training
of HCWs on infection control and prevention measures; 3. Cleaning and disinfection of the COVID-19 isolation ward
with 10% NaClO solution at least three times daily; 4. No relatives’ visits; 5. No new patient admission during the
outbreak period; 6. Caregivers and HCWs who tested positive by PCR were quarantined at home depending upon the
severity of COVID-19 infection; 7. Inpatients with positive PCR tests were transferred to priority COVID-19 isolation
wards (12B); and 8. Closure of the affected ward and transfer of all negative PCR inpatients and caregivers to the spare
COVID-19 isolation ward (6B).

Results

According to CECC strategies, all patients and caregivers had negative PCR tests for SARS-CoV-2 at the time of
admission. On May 19, 2022, in the medical ward, a caregiver had fever and sore throat, the nasopharyngeal swab
COVID-19 Ag rapid test was positive, and the SARS-CoV-2 PCR test confirmed that the caregiver had SARS-CoV-2
infection (Case 1). On the same day, nasopharyngeal swab PCR tests for SARS-CoV-2 were performed for 29 people,
including patients, caregivers, cleaners, nurses, doctors, and other HCWs who were associated with the same room. One
nurse, one student nurse, and one caregiver tested positive by PCR for SARS-CoV-2, and they were quarantined at home
for seven days (Cases 2, 3, and 4).
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The next day, screening SARS-CoV-2 PCR tests for all inpatients, caregivers, and HCWs who were associated with
the medical ward were performed in the morning. One patient (Case 5) and two caregivers (Cases 6 and 7) had positive
PCR test results for SARS-CoV-2. In the afternoon, the infection control team convened an epidemic prevention meeting
and declared a nosocomial outbreak of the COVID-19. First, we closed the medical ward and initiated cleaning and
disinfection. Second, to prevent incubation period transmission of asymptomatic and negative individuals, all patients
and caregivers with negative test results were transferred to a spare COVID-19 isolation ward. Seven days of quarantine
and isolation were initiated. Patients and caregivers had to wear surgical masks in the COVID-19 isolation ward all day
except when eating. Visits by relatives were not allowed, and no new patient was admitted during the outbreak period. To
prevent caregivers from contracting SARS-CoV-2 in the community, all civilian goods and three meals a day were
supplied by the hospital. HCWs were retrained on wearing personal protective equipment (PPE), including an N95 mask,
disposable cap, face shield, isolation gown, and gloves, enhanced techniques and practices of hand hygiene, cleaning and
decontamination, social distancing, and self-monitoring of fever and respiratory symptoms. If an HCW had a positive
PCR test for SARS-CoV-2, the HCW was suspended and quarantined at home for seven days until symptoms were
alleviated and a negative PCR test for SARS-CoV-2 was obtained. Before entering the nurses’ station, HCWs had to don
an N95 mask and disposable cap. Before entering the COVID-19 isolation ward, HCWs had to don N95 masks,
disposable caps, face shields, isolation gowns, gloves, etc. Before leaving the COVID-19 isolation ward, HCWs had
to clean their shoes and doff the face shield, isolation gown and gloves. HCWs were expected to dine in dedicated eating
spaces (meeting room), seated at least 2 meters apart at tables with impermeable plastic partitions. HCWs were also
encouraged not to attend social gatherings and to dine together after leaving work.

Seven days were devoted to the screening of all patients, caregivers, and HCWs. We performed nasopharyngeal swab
PCR tests for SARS-CoV-2 on the 1st, 4th, and 7th days and nasopharyngeal Ag rapid testing on the 2nd, 3rd, 5th, and
6th days. Finally, on May 28, the nasopharyngeal PCR test results of all patients, caregivers, and HCWs were negative.
There were no cases of severe infection or mortality. Quarantine and isolation were unnecessary. All patients and
caregivers were transferred back to the medical ward for further therapy. The nosocomial outbreak was halted and
contained in 10 days.

Discussion

The increase in the number of Omicron variant cases is a global issue. The literature has reported hospital COVID-19
outbreaks in different countries. It is difficult to prevent nosocomial outbreaks with the rapid spread of the COVID-19
Omicron variant in clinical situations, although many robust control and prevention transmission measures were
practiced for the COVID-19 outbreak. The incubation period for COVID-19 lasts between 1 and 14 days.® The estimated
median incubation duration is approximately 5 days.”® Asymptomatic transmission of COVID-19 has also been
documented.”'" Therefore, on the day of admission, most hospitals perform universal SARS-CoV-2 PCR screening
for inpatients and caregivers; the incubation period may have contributed to the negative results in our study. Notably,
a negative SARS-CoV-2 PCR test at the time of admission and careful monitoring during the admission period are
needed.

There was a nosocomial outbreak in a 16-room hematology ward in Korea. The outbreak occurred in a multipatient
room with a shared bathroom. Six inpatients and three patient caregivers were infected. An airflow simulation demon-
strated that the outbreak was triggered by presymptomatic transmission and facilitated by possible aerosol transmission
from a shared bathroom to an adjacent room. The outbreak was controlled in 12 days in the study.'? In India,
a nosocomial outbreak in an overwhelmed and overcrowded trauma ward was described. The team misplaced the first
index positive result for 3 days. Twenty-five patients and 9 HCWs were infected, and there were no deaths. Most cases
were identified around the corridor. The outbreak was controlled in 25 days in the study.'> A nosocomial outbreak in
a medical ward in the United Kingdom was reported, and six patients and 23 HCWs were infected. Nine HCWs had
direct exposure to the index patient who was possibly preinfected with SARS-CoV-2 within 3 days before admission.
Three HCWs reported caring for patients without the use of proper PPE and close contact between HCWs while working
and resting at a crowded main ward desk and in small break rooms. The outbreak was controlled within 38 days in the
study.'* Another nosocomial outbreak occurred in a university hospital in Korea, where 2924 individuals were tested
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following 14 health care-associated COVID-19 cases. The hospital was closed for two weeks with inpatient isolation.
The positivity rate was 0.1%, and no more HCWs contracted the illness. The outbreak was controlled in 17 days in the
study.'” In Japan, there was a nosocomial outbreak in two general wards. Forty-two individual (30 HCWs and 12
patients) infections were confirmed. Among HCWs, transmission was thought to be associated with the use of a small
break room and conference room without the use of masks. The outbreak was controlled within 27 days in the study.'®
Another nosocomial outbreak caused by the Omicron variant occurred in the head and neck surgery ward. Fourteen
patients and 12 HCWs were infected. Droplet and contact transmission may have been caused by sputum suction without
proper PPE. The outbreak was controlled in 19 days in the study.'” It is crucial that hospitals establish efficient infection
prevention and control measures to prevent further transmission, including cohort isolation, detailed evaluation of close
contacts, universal screening, use of proper PPE, hand hygiene, social distancing, cleaning, and disinfection of the ward
environment, etc. It is essential to break the transmission chain to terminate a nosocomial outbreak.

The impact of nosocomial outbreaks can be detrimental to vulnerable and comorbid inpatients, and mortality may be
linked to advanced age and comorbidities. In Spain, a COVID-19 nosocomial outbreak occurred in a hematology ward
with twenty-two COVID-19 cases (12 HCWs and 10 inpatients). Five inpatients presented moderate to serious disease
and died, and one HCW required ICU admission. Measures controlled the outbreak in 33 days in that study.'® Another
nephrology ward experienced 10 inpatient and five HCW infections, and five inpatients died. Positive individuals were
moved to an isolation ward for COVID-19. Furthermore, a 14-day quarantine was implemented in the nephrology ward
and enhanced twice-weekly infection control, disinfection, and cleaning training for all HCWs were performed. The
outbreak was contained in 2 weeks.'” A COVID-19 outbreak in a gastrointestinal ward involved 15 patients and 3
HCWs. COVID-19 caused the deaths of four inpatients. The sequencing of the whole genomes of 12 patient strains and 1
HCW strain revealed an unexpected degree of complexity. Five different strains of SARS-CoV-2 were found. The
outbreak was controlled in 27 days in the study.” In France, a 40-bed geriatric ward reported COVID-19 nosocomial
infections; 36 patients and 31 HCWs were infected, and 12 patients died. The ward was separated into COVID-19 and
non-COVID-19 areas, and there were no more multipatient rooms. Both patients and HCWs underwent screening every
five days. The outbreak was controlled in 62 days in the study.?’ Fortunately, we succeeded in preventing further
transmission and infection among other patients, caregivers, HCWs and hospital units. There were no cases of severe
infection or mortality in our medical ward outbreak. This finding may be related to full vaccination, early detection,
quarantine and isolation, HCW retraining and enhanced skills in the specific treatment and care of COVID-19 patients.
On May 28, the PCR tests were negative for all inpatients, caregivers and HCWs. The nosocomial outbreak was halted
and contained in 10 days, and there was no further nosocomial outbreak for 2 months. There were three important
outbreak measures that were different among outbreak measures in the literature. 1. We transferred all negative SARS-
CoV-2 inpatients and caregivers to the spare COVID-19 isolation ward for 7 days of strict isolation. We provided SARS-
CoV-2-free areas for patients, caregivers and HCWs. 2. To prevent caregivers from contracting SARS-CoV-2 in the
community, all caregivers were also quarantined for 7 days. We blocked all possible pathways of new SARS-CoV-2
infection. 3. All HCWs closely monitored their health and watched for new SARS-CoV-2 symptoms. Therefore, these
measures controlled the outbreak in only 10 days in this study.

Limitations

This report had several limitations. First, statistical analysis was not performed due to the small sample size. We did not
obtain genotype data or perform airflow simulations due to equipment limitations. Despite these limitations, our unique
experience regarding the control of the outbreak may provide crucial information that could be useful to other health care
facilities.

Conclusions

This outbreak occurred in a non-COVID-19 ward during the COVID-19 Omicron variant phase of the pandemic. This
outbreak’s source of transmission was caregiver who became infected with SARS-CoV-2 in the community. Our strict
implementation of outbreak measures halted and contained the nosocomial COVID-19 outbreak quickly. The imple-
mentation of outbreak measures and screening policies has varied in different countries, and the cost-effectiveness is
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unknown. Future studies are needed to establish a standard policy for COVID-19 outbreak measure implementation. We
hope our experience will improve measures and reduce the risk of nosocomial COVID-19 outbreaks.
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