
Original Article

Multipronged infection control strategy to achieve zero nosocomial
coronavirus disease 2019 (COVID-19) cases among Hong Kong
healthcare workers in the first 300 days of the pandemic

Vincent Chi-Chung Cheng MD1,2,a, Shuk-Ching Wong MNurs1,a, Danny Wah-Kun Tong PhD3,

Vivien Wai-Man Chuang FRCPath4, Jonathan Hon-Kwan Chen PhD2, Larry Lap-Yip Lee MBBS5,

Kelvin Kai-Wang To MD6, Ivan Fan-Ngai Hung MD7, Pak-Leung Ho MD6, Deacons Tai-Kong Yeung MBBS8,

Kin-Lai Chung MBBS4 and Kwok-Yung Yuen MD6

1Infection Control Team, Queen Mary Hospital, Hong Kong West Cluster, Hong Kong Special Administrative Region, China, 2Department of Microbiology, Queen
Mary Hospital, Hong Kong Special Administrative Region, China, 3Nursing Services Department, Cluster Services, Hospital Authority, Hong Kong Special
Administrative Region, China, 4Quality & Safety Division, Hospital Authority, Hong Kong Special Administrative Region, China, 5Department of Accident and
Emergency, Tin Shui Wai Hospital, New Territories West Cluster, Hong Kong Special Administrative Region, China, 6Department of Microbiology, Li Ka Shing
Faculty of Medicine, The University of Hong Kong, Hong Kong Special Administrative Region, China, 7Department of Medicine, Li Ka Shing Faculty of Medicine,
The University of Hong Kong, Hong Kong Special Administrative Region, China and 8Cluster Services, Hospital Authority, Hong Kong Special Administrative
Region, China

Abstract

Background: Nosocomial outbreaks leading to healthcare worker (HCW) infection and death have been increasingly reported during the
coronavirus disease 2019 (COVID-19) pandemic.

Objective: We implemented a strategy to reduce nosocomial acquisition.

Methods:We summarized our experience in implementing amultipronged infection control strategy in the first 300 days (December 31, 2019,
to October 25, 2020) of the COVID-19 pandemic under the governance of Hospital Authority in Hong Kong.

Results: Of 5,296 COVID-19 patients, 4,808 (90.8%) were diagnosed in the first pandemic wave (142 cases), second wave (896 cases), and third
wave (3,770 cases) in Hong Kong. With the exception of 1 patient who died before admission, all COVID-19 patients were admitted to the
public healthcare system for a total of 78,834 COVID-19 patient days. Themedian length of stay was 13 days (range, 1–128). Of 81,955HCWs,
38 HCWs (0.05%; 2 doctors and 11 nurses and 25 nonprofessional staff) acquired COVID-19. With the exception of 5 of 38 HCWs (13.2%)
infected by HCW-to-HCW transmission in the nonclinical settings, no HCW had documented transmission from COVID-19 patients in the
hospitals. The incidence of COVID-19 among HCWs was significantly lower than that of our general population (0.46 per 1,000 HCWs vs
0.71 per 1,000 population; P= .008). The incidence of COVID-19 among professional staff was significantly lower than that of nonprofessional
staff (0.30 vs 0.66 per 1,000 full-time equivalent; P = .022).

Conclusions: A hospital-based approach spared our healthcare service from being overloaded. With our multipronged infection control
strategy, no nosocomial COVID-19 in was identified among HCWs in the first 300 days of the COVID-19 pandemic in Hong Kong.

(Received 2 February 2021; accepted 9 March 2021)

The coronavirus disease 2019 (COVID-19) pandemic, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
is an unprecedented public health threat in the 21st century.
More than 98.2 million cases of COVID-19 have been confirmed,
with>2.1million deaths globally in 1 year.1 The overwhelming dis-
ease burden imposes a huge pressure on healthcare settings in both
developed and underdeveloped countries. Insufficient isolation

facilities and personal protective equipment (PPE) are major chal-
lenges to the healthcare system.2 Healthcare workers (HCWs) have
been reported to have at least 10 times increased risk for COVID-
19 compared with the general population.3 In the early phase of the
pandemic as of May 8, 2020, >150,000 HCW infections with 1,413
deaths occurred globally.4 Severe disease with complications devel-
oped in 5% of SARS-CoV-2–positive HCWs.5 By September 2,
2020, SARS-CoV-2 had infected nearly 570,000 HCWs with
>2,500 deaths in the Americas.6 Infection of HCWs and the asso-
ciated mortality have detrimental effects on healthcare service as
well as morale of frontline staff.7

In Hong Kong, we experienced a disastrous SARS outbreak in
2003, leading to 1,755 infections with 299 deaths8; among these,
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386 HCWs were infected and 8 died as a result of nosocomial
acquisition of SARS-CoV-1. Since the outbreak of community-
acquired pneumonia in Wuhan, Hubei province, was officially
announced on December 31, 2019 (day 1), 9 our priority has been
to ensure the safety of our HCWs during the COVID-19 pandemic.
To achieve zero nosocomial COVID-19 cases among HCWs, we
implemented a multipronged infection control strategy to minimize
the risk of nosocomial COVID-19 in Hong Kong. A hospital-based
approach was adopted in which symptomatic and asymptomatic
COVID-19 patients were managed in airborne infection isolation
rooms (AIIRs) in hospitals under the governance of Hospital
Authority, and these patients were subsequently diverted to the com-
munity isolation facility (CIF) and the community treatment facility
(CTF), also under the management of the Hospital Authority.10

Methods

Multipronged infection control strategy

All newly diagnosed COVID-19 patients were managed inside
AIIRs in hospitals or were diverted to the CIF and CTF under
the governance of the Hospital Authority. Laboratory diagnosis
of COVID-19 is based on reverse transcription-polymerase chain
reaction (RT-PCR) of SARS-CoV-2 in a clinical specimen
(Supplementary File 1 online). A multipronged infection control
strategy was implemented to prevent nosocomial transmission
of SARS-CoV-2. In addition to the enforcement of hand hygiene
and environmental cleaning, it included the following specific
components: (1) stepwise enhancement of laboratory surveillance
for early isolation of COVID-19 patients in AIIRs; (2) proactive
screening for high-risk groups in the quarantine camp; (3) daily
monitoring of the utilization of AIIRs; (4) temporary test centers,
as well as the CIF and CTF, to relieve overcrowding in hospitals; (5)
universal masking for HCWs and patients; (6) directly observed
donning and doffing among HCWs; (7) prudent use of PPE in per-
forming aerosol-generating procedures (AGPs); (8) special din-
ning arrangements for HCWs in hospitals; (9) fewer visitors in
hospitals; and (10) just-in-time infection control education to
the HCWs, including simulation training.

Simulation training to augment infection control practices

Simulation methodology was adopted for practices and drills to
control the spread of SARS-CoV-2. The simulation training raised
HCW awareness of the importance of building the competency of
their entire team with better handling of COVID-19 patients. The
training focused on the performance of high-risk procedures such
as resuscitation and transportation of COVID-19 patients. Each 3-
hour training session included a 45-minute lecture, scenario-based
simulation in practice, and a debriefing session.

Outbreak investigation of nosocomial transmission
of SARS-CoV-2

When COVID-19 patients were diagnosed in the non-AIIRs in
hospitals, an infection control team performed an outbreak inves-
tigation and contact tracing for HCWs and hospitalized patients
who met the criteria of close contact. For HCWs, a close contact
was defined as one who carried out AGPs for the confirmed case
without wearing appropriate PPE including surgical respirator,
cap, face shield, isolation gown, and gloves. For patients, a close
contact was defined as having face-to-face contact for>15 minutes
or staying in the same cubicle for >2 hours with the confirmed
case, regardless of whether surgical masks were worn.

Analysis of HCWs with COVID-19

Soon after the first imported case of COVID-19 was officially
reported on January 23, 2020 (day 24), an electronic system of noti-
fication of infectious disease was activated for HCWs to report
their illnesses, such as fever with or without any respiratory symp-
toms. A diagnostic test for SARS-CoV-2 by RT-PCR was offered to
any symptomatic HCWs and to anyone classified as close contact
with a confirmed case. Repeated testing was performed according
to clinical assessment if the result of the first RT-PCR was negative
for SARS-CoV-2. SARS-CoV-2 testing was also offered if a con-
firmed community case was living in the same residential building
as our HCWs. For HCWs confirmed with COVID-19, epidemio-
logical investigation was conducted by the infection control team
to determine whether the HCW cases were hospital-acquired
COVID-19 (HAC) or community-acquired COVID-19 (CAC).
HACwas reported if the HCWhad inappropriate PPE or any lapse
in infection control procedures when caring for a confirmed case in
the 14 days prior to symptom onset. Undetermined status was
reported if the HCW had cared for COVID-19 cases with appro-
priate PPE in the 14 days prior to symptom onset and had no
known source of infection in the community. CAC was reported
if the HCW had a history of travel to areas with community trans-
mission of COVID-19 or if the HCW was exposed to a person with
COVID-19, such as householdmembers of a family with a COVID-
19 case, or if the HCW had had contact with staff confirmed with
COVID-19 in the nonclinical setting and without appropriate PPE
during patient care in the 14 days prior to symptom onset. The inci-
dence ofHCW infection per 1,000 full-time equivalent (FTE) among
professional staff (ie, doctors, nurses, and allied health staff) and
nonprofessional staff in the hospitals was analyzed. The FTEs of pro-
fessional and nonprofessional staff were obtained from the Hospital
Authority Annual Report 2019–2020.11

Statistical analysis

The χ2 exact test was used to compare independent categorical
variables between groups. A P value of <.05 was considered sta-
tistically significant.

Results

Multipronged infection control strategy

Of 5,296 COVID-19 patients, 4,808 (90.8%) were diagnosed in the
first wave (142 cases), the second wave (896 cases), and the third
wave (3,770 cases), with an overall incidence of 0.71 per 1,000 pop-
ulation in the first 300 days in Hong Kong (Supplementary Fig. 1
online).12,13 The median age was 43 years (range, 1 month–100
years) and 2,665 (50.3%) were female. With the exception of
1 patient who died before admission, all patients confirmed with
COVID-19 were admitted to our public healthcare system. The
median length of stay was 13 days (range, 1–128), with a total
of 78,834 COVID-19 patient days.

Learning from the previous SARS epidemic, protecting HCWs
from COVID-19 was the consensus priority in our healthcare set-
tings from the date when the outbreak of community-acquired
pneumonia in Wuhan, Hubei Province was announced
(December 31, 2019).14 With the implementation of a multi-
pronged infection control strategy, we extended our infection con-
trol preparedness beyond the hospitals for early recognition and
isolation of COVID-19 patients in Hong Kong. In the community,
a quarantine center was set up for the close contacts of confirmed
cases or returning travelers from high-risk regions or countries.
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A team of hospital staff composed of infection control profession-
als, nurses, and phlebotomists attended the quarantine center to
collect nasopharyngeal swabs serially for early diagnosis of
COVID-19 among 469 Hong Kong residents being evacuated from
Hubei province, China, by 4 charter flights on days 65 and 66.15 A
temporary test center was also set up at the Hong Kong
International Airport for rapid diagnosis of COVID-19 among
inbound travelers.16 In the hospitals, active surveillance evolved from
testing patients with clinical and epidemiological characteristics of
COVID-19 initially to universal admission screening on day 254.
In total, 8 tiers of enhanced laboratory surveillance were performed
step by step (Table 1). A cumulative number of 1.3million specimens
for SARS-CoV-2were tested usingRT-PCR from January toOctober
2020 in the public healthcare setting in Hong Kong, with an average
of 3,600 specimens tested per month (Fig. 1) and an average of 250
test performed per confirmed COVID-19 case.

As the COVID-19 patients were isolated in AIIRs, the utiliza-
tion of AIIR beds and rooms in the hospitals was monitored daily
from the second wave onward (Fig. 2). The CIF and CTF were acti-
vated from July 24, 2020 (day 207) to September 18, 2020 (day
263),10 with 918 patients diverting to the CIF (243 patients) and
CTF (675 patients) respectively, which admitted 918 (33.4%) of
2,747 COVID-19 patients during that period.

We adopted contact, droplet, and airborne precautions to care
for the suspected and confirmed COVID-19 patients in the AIIRs
with appropriate PPE, which included surgical respirator, cap, face
shield, isolation gown, and gloves, as previously described.17

Directly observed donning and doffing with a buddy system
among HCWs was introduced in the hospitals, the CIF, and the
CTF, in addition to standard infection control training.10,16 The
infection control team demonstrated and audited the appropriate
use of PPE. Prudent use of PPE during AGPs was promoted to

extend the use of N95 surgical respirators and face shields during
serial patient encounters unless the N95 surgical respirator or face
shield was damaged or soiled.18,19 Hand hygiene was enforced, and
staff also changed their gloves and gowns between patients.
Subsequently, an alternative source of surgical respirator (a locally
manufactured surgical respirator that was a European conformity
certified nanofiber bactericidal surgical personal protective device)
was introduced to relieve the shortage of N95 surgical respirators.

Universal masking was adopted, and the compliance of wearing
surgical mask among HCWs was reported to be 100% in the clini-
cal areas.20 Infection control measures were enforced for HCWs
during activities without masks, such as meals. In the hospital can-
teen and pantry, chairs and tables were arranged in a unidirectional
setting with partitions separating the tables and at least 1 m apart.
Alcohol-based hand rub and disinfectant wipes were provided for
staff use in the dining areas in the hospitals. Talking and interac-
tion without surgical masks among HCWs were discouraged.
Visitation to hospitalized patients was not allowed except for com-
passionate reasons, such as for terminally ill or peripartum
patients, to reduce the risk of COVID-19 transmission from the
community. A regular staff forum was held, and infection control
teaching material with 52 updates were uploaded to the Hospital
Authority website in the first 300 days of the COVID-19 pandemic.

Simulation training to augment infection control practices

During the initial phase of the COVID-19 outbreak, 5 sessions of
simulation training “train-the-trainer (TTT) phase” were organ-
ized at a designated training center on January 24, 2020 (day
25), day 30, day 31, day 32, and February 13, 2020 (day 45). In total,
117 HCW participants from 7 hospital networks joined the TTT
phase from medicine (26%), intensive care unit (23%), accidental
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Fig. 1. Number of specimens tested for SARS-CoV-2 by reverse transcription-polymerase chain reaction (RT-PCR) in the public healthcare system in Hong Kong
(January–October 2020).
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and emergency department (17%), infection control teams (6%),
and other clinical specialties (28%). Another 12 sessions of simu-
lation training, “in-situ phase,” were arranged from February 18,
2020 (day 50) to March 23, 2020 (day 84). In-situ phase training
was assigned for 12 groups comprising of ~30 HCWs per group
from different clinical specialties of the same hospital. Of 387
HCWs trained in the in-situ phase, the ratio of senior to junior staff
was 1:1. Two sets of posttraining evaluation forms were prepared
for HCWs participating in the TTT and in-situ phases, and their
feedback was satisfactory (Supplementary File 2 online). Those
who had attended the simulation training further shared their
knowledge and skills with other HCWs.

Outbreak investigation of nosocomial transmission
of SARS-CoV-2

Among 5,296 patients diagnosed in the first 300 days of COVID-19
pandemic, 20 patients (0.4%) with initially unrecognized COVID-
19 status were admitted to the non-AIIR of the hospitals. Eleven
weremen and 9 were women; theirmedian age was 63 years (range,
4–92). Of these 20 COVID-19 patients, 10 (50.0%) stayed in medi-
cal wards and 5 (25.0%) attended accidental and emergency
department or stayed in the emergency medicine ward
(Table 2). Of the 10 patients (50.0%) staying in non-AIIRs for
≥2 days, the median stay was 6 days (range, 2–26 days).
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Fig. 2. Occupancy rate of airborne
infection isolation (AIIR) bed and
AIIR room in the public hospital ser-
vices during the COVID-19 pandemic.

Table 1. Tiers of Enhanced Laboratory Surveillance for COVID-19 Patients in Hong Konga

Tier Target Patient Groups

1. Patients fulfilling reporting criteria by Centre for Health Protection, HKSARb

2. Pneumonia patients (irrespective of travelling history) requiring intensive care, or occurring in clusters, or who are healthcare workers

3. Hospitalized patients who presented with pneumonia or influenza-like symptoms, gastrointestinal symptoms, shortness of breath, or recent onset
of loss of smell or taste

4. Outpatients at AED or GOPC of public healthcare service who presented with influenza-like symptoms, gastrointestinal symptoms, shortness of
breath, or recent onset of loss of smell or taste

5. All hospitalized and outpatients from private healthcare service

6. All asymptomatic inbound travelersc

7. Miscellaneous group with high-risk of exposure in the community as indicated by Centre for Health Protection, HKSARd

8. Universal admission screening for asymptomatic patientse

Note. AED, accident and emergency department; GOPC, general outpatient clinic; HKSAR, Hong Kong Special Administrative Region, China.
aRespiratory specimens, such as nasopharyngeal swab, nasopharyngeal aspirate, and sputum, are used as screening specimen. Collection of deep throat saliva is considered as an alternative
screening specimen if patient can spit the sample.
bThe evolving reporting criteria by Centre for Health Protection, HKSAR was illustrated in our previous publication.17 Briefly, the reporting criteria include a combination of clinical (fever, acute
respiratory illness, or pneumonia) and epidemiological criteria (travelling to the affected geographic areas within 14 days before onset of symptoms or with close contact to a confirmed
COVID-19 patient.
cAn extra specimen container would be given to asymptomatic inbound travelers for collection of deep throat saliva on day 12 of the 14-d quarantine since April 20, 2020.
dSuch as staff working at the Hong Kong International Airport, residential care homes for the elderly, residential care homes for personswith disabilities, and frontlineworkers of bus companies,
or other persons regarded as high-risk of exposure during outbreak investigation in the community.
eIn effect from September 9, 2020, onward.
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Table 2. Exposure of Patients With Coronavirus Disease 2019 (COVID-19) in the Non–Airborne Infection Isolation Room (AIIR) of Hospitals During the First 300 Days of the COVID-19 Pandemic (December 31, 2019 to October
25, 2020) in Hong Kong

Case
No.

Date of
Reporting/
Investigationa

Sex/
Age

Hospital
Networkb

Source of
Infectionc Placement of Patient Before Confirmation of COVID-19d

No. of Close
Contacts

No. of Secondary
Case(s)gHCWse Patientsf

1 Jan 25/Jan 23 F/62 Network G CAC Positively pressured trauma room with door open in AED (Jan 23) 1 11 0

2 Feb 3/Feb 2 F/64 Network C CAC Staying in medical ward (Feb 1–Feb 3) for fever, productive cough, and dyspneah 7 10 0

3 Apr 4/Apr 3 M/92 Network G HAC Staying in medical ward (Mar 10–Apr 1) before readmission for fever & pneumonia (Apr 3) 1 74 0

4 Jul 14/Jul 12 F/92 Network C CAC Staying medical ward with collection of NPS (Jul 12) 1 9 2 patientsi

5 Jul 20/Jul 19 M/54 Network A CAC Staying in surgical ward (Jul 13–Jul 19) for acute appendicitis; later noticed COVID-19 in 2
family members

0 10 1 patientj

6 Jul 23/Jul 22 F/46 Network F CAC Staying in medical ward for fever & peritonitis (Jul 15–Jul 21); later noticed COVID-19 in
family member

0 11 0

7 Aug 2/Aug 1 M/87 Network E Uncertain Referring from RCHE; staying in medical ward (Jul 23–Aug 1) with fever & respiratory
deterioration

20 24 0

8 Aug 4/Aug 3 M/81 Network C HAC Staying in medical ward (Jul 22–Jul 29); readmitted (Aug 3) with fever and confirmed
COVID-19

0 7 1 patientk

9 Aug 5/Aug 4 M/69 Network A HAC Staying in surveillance ward (Jul 30) & medical ward (Jul 31–Aug 4) 0 9 3 patientsl

10 Aug 7/Aug 6 F/62 Network D CAC Staying in EMW (Aug 6–Aug 7) 0 5 0

11 Aug 8/Aug 7 M/44 Network E CAC Staying in medical ward (Aug 6–Aug 7) 3 11 0

12 Aug 9/Aug 8 M/70 Network C CAC Staying in surgical ward (Aug 5–Aug 8) 0 8 1 patientm

13 Aug 10/Aug 9 M/62 Network D CAC Staying in EMW (Aug 9) 0 5 0

14 Aug 18/Aug 17 M/64 Network E CAC Staying in surgical ward (Aug 15–Aug 17) 0 6 0

15 Aug 23/Aug 22 F/44 Network A CAC m Staying in medical ward (Jul 27–Aug 22) 0 52 0

16 Aug 24/Aug 23 F/84 Network G CAC Attending AED for shortness of breath requiring high-flow oxygen (Aug 23) 4 0 0

17 Aug 30/Aug 29 F/31 Network G CAC Staying in medical ward (Aug 29) 0 10 0

18 Aug 31/Aug 30 M/64 Network G CAC Attending AED for fever, shortness of breath requiring high-flow oxygen (Aug 30) 2 0 0

19 Sep 5/Sep 4 F/25 Network G CAC Staying in obstetric ward (Sep 4) 1 0 0

20 Sep 22/Sep 21 M/4 Network G CAC Staying in pediatric ward (Sep 18) 1 10 0

Note. AED, accidental and emergency department; CAC, community-acquired COVID-19; DTS, deep throat saliva; EMW, emergency medicine ward; HAC, hospital-acquired COVID-19; HCWs, healthcare workers; NA, not applicable; NPS, nasopharyngeal swab.
aThe information is retrieved from the press release to staff and public by the Hospital Authority.
bThere are 7 hospital networks under the governance of Hospital Authority, Hong Kong. All 6 of 7 hospital networks, except network B, had patients with COVID-19 in the non-airborne infection isolation room (AIIR) in the hospitals during the first 300 days of
the COVID-19 pandemic.
cEpidemiological investigation was performed to determine the source of infection.
dHospitalized patient will be transferred to airborne infection isolation room once COVID-19 is diagnosed.
eClose contact of healthcare worker is defined as those who had cared for the confirmed case without appropriate personal protective equipment for the procedures.
fClose contact of patient is defined as patients who had face-to-face contact for >15 min with the confirmed case, regardless of wearing of surgical masks, or patients who had stayed in the same cubicle for >2 h of the confirmed case, regardless of wearing
of surgical masks.
gSecondary case of COVID-19 is defined as those close contacts who are positive for SARS-CoV-2 in the screening or clinical specimen by reverse transcription-polymerase chain reaction within the quarantine period of 14 d.
hThe epidemiological investigation was reported previously.39
iOf 9 close contacts, there were 2 secondary cases. The first was a 77-year-old female patient diagnosed with COVID-19 on July 13, 2020. As this patient was transferred to another cubicle, another 5 patients were classified as close contacts. Another was a
64-year-old female patient who was diagnosed on July 14, 2020.
jOf 10 close contacts, a 41-year-old male patient who presented with fever and was diagnosed with COVID-19 on July 19, 2020.
kOf 8 close contacts, a 75-year-old male patient had fever and cough and confirmed with COVID-19 on August 9, 2020.
lOf 9 close contacts, three male patients, aged 64, 70, and 78 years were confirmed with COVID-19 during the quarantine period.
mOf 7 close contacts, a 54-year-old male patient was diagnosed with COVID-19 during the quarantine period.
nThe concerned patient was one of the household contacts of a male patient earlier confirmed to have COVID-19.
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Furthermore, 5 cases of nosocomial transmission of COVID-19
originated from 20 patients with initially unrecognized COVID-19
status. Of 272 patients classified as close contacts, 8 (2.9%) had
COVID-19. Of 41 HCWs classified as close contacts, none acquired
COVID-19, which was confirmed by negative testing throughout the
quarantine period.

Analysis of HCWs with COVID-19

During the first 300 days of the COVID-19 pandemic, 446 HCWs
reported sick to the electronic system of notification of infectious
disease, and 38 HCWs had COVID-19 (Fig. 3). The incidence of
COVID-19 among HCWs was significantly lower than that of gen-
eral population in Hong Kong (0.46 per 1,000 HCWs vs 0.71 per
1,000 population; P = .008). Of 38 HCWs, 5 (13.2%) were asymp-
tomatic (9 men and 29 women). The median age was 42 years
(range, 23–65). With the exception of 1 nurse with undetermined
COVID-19 acquisition, and 5 nonprofessional staff acquired the
infection from nonclinical settings (office, dinning place, and dor-
mitory room), another 32 HCWs acquired COVID-19 from the
community. None of the HCWs had documented transmission
of SARS-CoV-2 from COVID-19 patients in the clinical setting,
despite 78,834 COVID-19 patient days. Of the 38 infected
HCWs, 13 were professional staff (2 doctors, 11 nurses) and 25
were nonprofessional staff (2 cleaning, 8 clerical, 4 patient care as-
sistant, 10 supporting, and 1 security staff) (Table 3). The incidence
of COVID-19 among professional staff was 0.30 per 1,000 FTE,
which was significantly lower than that of nonprofessional staff
(0.66 per 1,000 FTE; P = .022). Also, 34 HCWs were infected with

SARS-CoV-2 in the third wave. The number of infected HCWs per
1,000 FTE was significantly higher in the third wave than in the
first and second waves combined (0.41 vs 0.05; P < .001). In total,
112HCWswere classified as close contacts of infected HCWs, with
an average of 3 close contacts per index HCW, and 5 (4.5%) of
these developed COVID-19 during the quarantine period.

Discussion

With the increasing number of nosocomial transmissions and out-
breaks of COVID-19,21 our multipronged infection control strat-
egy successfully prevented the nosocomial acquisition of SARS-
CoV-2 among HCWs during patient care in the first 300 days
of the COVID-19 pandemic in Hong Kong, despite 78,834
COVID-19 patient days. In our multipronged infection control
strategy, we advocated liberal testing for early isolation of all sus-
pected and confirmed cases in the public hospitals,17 the CIF, and
the CTF.10 This strategy contrasts with the policies of many
Western countries where SARS-CoV-2 testing may not be readily
accessible and most COVID-19 patients with mild-to-moderate
disease have been managed at home22,23 to protect the healthcare
service from overloading and to reduce the risk of HCW infection
due to fatigue with lapses in infection control procedures or
depletion of PPE. Hong Kong did the exact opposite. Our hospi-
tal-based HCWs even proactively went to quarantine centers15,24

and airports16 to collect specimens for testing with a short turn-
around time of 4–8 hours to minimize community transmission.
Paradoxically, our heavily hospital-based approach spared our
healthcare service from being overloaded.

Fig. 3. Healthcare workers with COVID-19 in Hong Kong (day 1–300 of the COVID-19 pandemic). Note. The date represented reporting date of healthcare worker
infection serving in the public hospitals and clinics. The source of COVID-19 acquisition was illustrated by different colors.
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Table 3. Diagnosis of Coronavirus Disease 2019 (COVID-19) Among Healthcare Workers During the First 300 Days of the COVID-19 Pandemic (December 31, 2019 to October 25, 2020) in Hong Konga

Case No.
Date of Reporting/
Symptom Onsetb Sex/Age Hospital Networkc Rank/Epidemiological Analysis of Exposured

No. of Close
Contacts (HCWs)e

1 Mar 16/nil F/41 Network A Doctor (medicine)/CAC with travel history 0

2 Mar 27/nil F/31 Network E Nurse (neurosurgery)/CAC with travel history 0

3 Apr 3/nil M/24 Network G Nurse (medicine)/CAC with travel history 0

4 Apr 8/Apr 3 F/57 Network F Cleaning staff/CAC with no patient care in clinic 8

5 Jul 14/Jul 13 F/65 Network F Cleaning staff/CAC with confirmed family member 0

6 Jul 16/Jul 9 F/56 Network C Supporting staff/CAC with no patient care in hospital 0

7 Jul 16/Jul 13 M/45 Network C Supporting staff/CAC with no patient care in hospital 0

8 Jul 18/Jul 15 F/42 Network G Clerical staff/CAC with no patient care in hospital 33f

9 Jul 18/nil F/30 Network G Clerical staff/workplace outbreak in non-clinical setting due to case no. 8 NAg

10 Jul 18/Jul 17 F/41 Network G Clerical staff/workplace outbreak in non-clinical setting due to case no. 8 NAg

11 Jul 20/Jul 19 F/45 Network G Supporting staff/workplace outbreak in non-clinical setting due to case no. 8 NAg

12 Jul 25/Jul 21 F/51 Network D Supporting staff/CAC with no patient care in hospital 0

13 Jul 28/Jul 25 F/58 Network F Nurse (medicine)/CAC with confirmed family member 0

14 Jul 27/Jul 23 F/63 Network A Security staff/CAC with no patient care in hospital 0

15 Jul 28/Jul 26 M/34 Network G Nurse (psychiatry)/CAC with confirmed family member 0

16 Jul 29/Jul 24 F/53 Network E PCA/CAC with no contact of confirmed case in hospital 21h

17 Jul 30/Jul 27 F/50 Network G PCA/workplace outbreak in non-clinical setting due to case no. 16 NAg

18 Jul 30/Jul 27 F/48 Network G PCA/CAC with no contact of confirmed case in hospital 0

19 Jul 30/Jul 29 F/50 Network G PCA/workplace outbreak in non-clinical setting due to case no. 16 NAg

20 Aug 1/Jul 31 F/45 Network B Clerical staff/CAC with no patient care in hospital 4

21 Aug 2/Jul 31 M/24 Network E Doctor (medicine)/CAC with confirmed family member 3

(Continued)
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Table 3. (Continued )

Case No.
Date of Reporting/
Symptom Onsetb Sex/Age Hospital Networkc Rank/Epidemiological Analysis of Exposured

No. of Close
Contacts (HCWs)e

22 Aug 4/Jul 30 F/40 Network G Clerical staff/CAC with no patient care in hospital 0

23 Aug 6/Jul 25 F/35 Network C Supporting staff/CAC with no patient care in hospital 0

24 Aug 7/Jul 28 F/64 Network C Supporting staff/CAC with no patient care in hospital 0

25 Aug 7/Jul 28 F/49 Network E Supporting staff/CAC with confirmed family member 0

26 Aug 8/Aug 4 F/23 Network G Nurse (AED)/CAC with no contact of confirmed case in hospitali 6

27 Aug 8/nil F/33 Network C Clerical staff/CAC with confirmed family member 0

28 Aug 10/Aug 6 F/31 Network E Nurse (medicine)/CAC with no contact of confirmed case in hospitali 5

29 Aug 11/Aug 6 M/44 Network C Nurse (surgery)/undetermined status with caring of confirmed caseij 0

30 Aug 12/Aug 9 M/34 Network D Nurse (psychiatry)/CAC with no contact of confirmed case in hospitali 5

31 Aug 12/Aug 9 F/27 Network A Nurse (medicine)/CAC with no contact of confirmed case in hospitali 13

32 Aug 14/Aug 11 F/56 Network E Supporting staff/CAC with confirmed family member 0

33 Aug 14/Aug 12 F/33 Network C Nurse (extended care)/CAC with confirmed family member 3

34 Aug 23/Aug 19 M/24 Network D Clerical staff/CAC with no patient care in hospital 0

35 Aug 25/Aug 21 F/46 Network E Supporting staff/CAC with no patient care in hospital 3

36 Aug 25/Aug 21 F/60 Network E Supporting staff/CAC with no patient care in hospital 2

37 Aug 27/Aug 25 F/32 Network C Clerical staff/CAC with confirmed family member 0

38 Oct 1/Sep 28 M/25 Network C Nurse (medicine)/CAC with no contact of confirmed case in hospitali 6

Note. AED, accidental and emergency department; CAC, community-acquired COVID-19; GOPC, general outpatient clinic; PCA, patient care assistant; HCW, healthcare worker.
aThe healthcare workers are serving in the public hospitals and clinics.
bSymptom onset is described as nil if the staff had asymptomatic COVID-19.
cThere are 7 hospital networks under the governance of Hospital Authority, Hong Kong. The incidence rates of healthcare workers infection per 100 COVID-19 patients managed in different hospital network were as follows: network A (0.48), network B (0.24),
network C (1.38), network D (0.43), network E (1.35), network F (0.44), and network G (1.35).
dEpidemiological investigation was performed to determine the exposure from householdmembers, healthcare workers in hospitals, patients with retrospective diagnosis of COVID-19 in non–airborne infection isolation room, and caring confirmed COVID-19
patients in airborne infection isolation room in the previous 14 d.
eAs universal masking was implemented in the hospitals during COVID-19 pandemic, and appropriate personal protective equipment wasworn during patient care procedure in the epidemiological investigation, no patient was defined as a close contact from
the infected healthcare workers. Close contact among healthcare worker is defined as those who had face-to-face interaction without wearing surgical masks for >15 min such as dining inside or outside hospitals. During the quarantine period of 14 d, and
followed by medical surveillance of another 14 d, there was no secondary case of COVID-19 among the close contacts.
fOf 33 close contacts in the office, 2 clerical and 1 supporting staff (case nos. 9–11) were diagnosed to have COVID-19 during the quarantine period.
gCOVID-19 was diagnosed in the quarantine facility.
hOf 21 close contacts in the office, 2 patient care assistants (case nos. 17 and 19) were diagnosed to have COVID-19 during the quarantine period.
iWearing appropriate personal protective equipment at work.
jWithout performing high-risk procedures such as aerosol-generating procedures.
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When all of the confirmed COVID-19 patients were isolated,
appropriate use of PPE became the most important parameter
to prevent HCW infection, as illustrated in a recent analysis.25

We adopted directly observed donning and doffing, a buddy
system to enhance the compliance of appropriate use of PPE, espe-
cially when caring for a suspected or confirmed case of COVID-19,
not only in hospitals but also in CIF and CTF.10 The CIF and CTF
diverted one-third of COVID-19 patients to relieve overcrowding
in hospitals, which may have reduced the risk to HCWs. Universal
masking was mandated in the hospitals,20 associated with the
enforcement of hand hygiene,26 environmental hygiene,27 and
standard precautions during the COVID-19 pandemic. These
measures may explain why none of 41 HCWs classified as close
contacts after caring for unrecognized cases acquired COVID-19.

Infection control training is associated with decreased infec-
tion risk of COVID-19,25 which markedly contributed to our
zero nosocomial acquisition of SARS-CoV-2 among HCWs.
In Hong Kong, infection control training has been regularly
provided to HCWs working in the hospitals, the CIF, and the
CTF, along with PPE training, especially for those caring for
COVID-19 patients.10,17 Simulation training was organized with
particular focus on infection control in the high-risk proce-
dures, such as resuscitation and patient transfers, in the early
phase of the COVID-19 pandemic. In fact, simulation training
has been increasingly applied in different clinical specialties for
COVID-19 prepardedness.28,29 Simulation exercises have
proven to be an effective strategy to increase self-efficacy, to
decrease anxiety for HCWs, and to build interprofessional
teamwork in response to infectious diseases.30

Stringent infection control measures protected HCWs from
SARS-CoV-2 in the clinical setting, but HCWs may have acquired
SARS-CoV-2 from a nonclinical source, similar to theNetherlands,
where most infected HCWs acquired SARS-CoV-2 in the commu-
nity.31 However, our HCWs had a significantly lower incidence of
COVID-19 than the general population, in contrast with reports
that patient-facing HCWs had higher odds of a positive test32

and a 3-fold increased risk of admission with COVID-19.33

With our intense infection control training, our HCWs were
more alert and vigilant in both hospital and community settings.
However, the alertness of our nonprofessional staff was lower than
that of the professional staff, resulting in HCW-to-HCW transmis-
sion in nonclinical settings when they were dining together or stay-
ing in the dormitory without masks. Activities without masks
increased the risk of COVID-19 outbreaks.34,35 The short-range
airborne route may dominate exposure to SARS-CoV-2 during
close contact,36 especially in poorly ventilated indoor or dining
places.37 Therefore, we enforced social distancing in the hospital
canteen and pantry.

With the emergence of mutant strains of COVID-19 with
higher transmissibility and antibody or vaccine resistance,38 the
risk of HCW infection will further increase. We will continue
our multipronged infection control strategy to minimize the risk
of nosocomial acquisition of SARS-CoV-2 among our HCWs.
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