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Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) that causes

coronavirus disease 2019 (COVID-19) is highly contagious, with a potential to cause large

nosocomial outbreaks in the hospital setting. We report the advance deployment of

comprehensive, multi-level infection control measures in a 3,700-bed large hospital to

prevent nosocomial outbreaks of COVID-19 during the pandemic.

Methods: We implemented a series of dynamic infection control policies during the

pandemic. A confirmed COVID-19 case was defined by positive real-time reverse

transcriptaseepolymerase chain reaction (RT-PCR) assay. All healthcare worker (HCW)

having symptoms or close contact with the confirmed case received the RT-PCR test.

Results: A total of 5,722 patients were tested in our hospital from January to May 2020.

Twenty-five patients were confirmed COVID-19, including two inpatients. A cluster of 4

HCWs with COVID-19 associated with the 2nd inpatient was identified in the early stage of

epidemic. Our enhanced traffic control bundling, mask wearing, hand hygiene and
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At a glance commentary

Scientific background on the subject

COVID-19 has placed a large burden o

healthcare providers worldwide. Sev

outbreaks of COVID-19 have been rep

pandemic. Patients with existing disea

hospitals are at a higher risk of COV

morbidity and mortality.

What this study adds to the field

The present study demonstrated a

work, executing a comprehensive, dy

control measures within a large hos

ciently mitigate COVID-19 nosocomia

maintain the core function of the hosp
environmental cleaning were reinforced after the outbreak. All other confirmed cases were

identified at our outdoor quarantine station or epidemic clinic afterwards, and the results

of testing for 146 symptomatic HCWs were all negative.

Conclusions: Integrated teamwork, advance deployment of infection control measures and

efficient diagnostic testing and response protected HCW and facilities from large SARS-

CoV-2 outbreaks and preserved the capacity and function of the health care system dur-

ing the pandemic.
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and started regular meetings every other day since January 3,
oronavirus disease 2019 (COVID-19) caused by severe Acute

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was first

reported in Wuhan, China in late December 2019. On March

11, 2020, the World Health Organization declared COVID-19 a

global pandemic. SARS-CoV-2 can spread efficiently in

humans, with a basic reproductive number of 2.2e2.5, as

determined in Wuhan, suggesting high transmissibility [1,2].

Large outbreaks of SARS-CoV-2 infection in the community

setting have been reported [3]. However, previous experience

of an outbreak of MERS-CoV infection in Korea, where one

single patient infected many others in an overcrowded hos-

pital setting, raised the concerns about potential occurrence

of large outbreaks in the hospital settings [4]. Furthermore,

patients with existing diseases admitted in hospitals as well

as health care workers are particularly vulnerable to SARS-

CoV-2 infection and at a high risk for COVID-19-associated

morbidity and mortality [5]. We herein report the prepared-

ness of a large hospital in Taiwan to respond to the COVID-19

threat whilemaintaining core functions of health care during

the pandemic.
Methods

Early stage preparedness

Chang Gung Memorial Hospital (CGMH) has, step-by-step,

established a multi-disciplinary COVID-19 response team
2020, soon after the pneumonia outbreak in Wuhan [Fig. 1].

We immediately proceeded to disseminate the epidemic and

disease information to all staff and arrange personal protec-

tive equipment (PPE) rehearsal for the front-line medical

personnel. We instituted the standards of PPE requirement,

infection control measures and environmental cleansing for

clinical care and transportation of confirmed or suspected

COVID-19 patients in the hospital. The logistics department

prepared a negative pressure room expansion plan and

ventilator allocation for large-scale community outbreak,

checked the storage and consumption of important medical

supplies, including PPE and alcohol sanitizer.

Measures to stop viral transmission from community to
hospital

We started a detailed triage at the emergency room (ER) and

all the hospital entrances. The triage included infrared

thermal camera scanning for fever, respiratory symptom

querying and collecting personal histories of travel, occu-

pation, contacts, and clusters (TOCC). Patients, families,

visitors, and healthcare workers (HCW) were asked to wear

surgical mask and complete hand disinfection before

entering the hospital. A relevant travel history was crucial in

the beginning of this epidemic, and about 80% of Taiwan's
confirmed COVID-19 cases were imported. Taiwan govern-

ment integrated the citizens' immigration database with the

National Health Insurance (NHI) database since January 27,

2020, and all visitors' travel histories can be accessed by

reading their NHI cards.

Visitors with travel history to the endemic areas within 14

days would not be allowed to enter the hospital. Any patients

presenting with fever or respiratory symptoms as well as

having a relevant travel history would be routed to our

epidemic clinic or outdoor quarantine station at the emer-

gency room based on the severity of their symptoms. The

epidemic clinic was located at the corner of one hospital

building. It is separated from other outpatient clinics and had

an independent entrance and air-conditioning. In response to

the increasing cases and local clusters in community, we

applied a strict visitor restriction for hospitalized patients and

opened our outdoor drive-through pharmacy on February 29,

2020.

Measures to prevent nosocomial spread of COVID-19

We adopted the concept of enhanced traffic control bundling

(eTCB), and distributed patients with community-acquired

pneumonia requiring hospitalization to different zones of

https://doi.org/10.1016/j.bj.2021.10.009
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Fig. 1 The number of tested cases and number of confirmed COVID-19 cases in CGMH, and key national and hospital infection

control measures deployed along the different stages of the epidemic in Taiwan. Abbreviations used: ER: emergency room;

HCW: health care worker; TOCC: travel, occupation, contacts, cluster; SOP: standard operation procedure; PPE: personal

protective equipment.

b i om e d i c a l j o u rn a l 4 4 ( 2 0 2 1 ) S 8eS 1 4S10
the hospital by their risk stratification [6]. Patients with typical

symptoms fulfilling the diagnostic definition of notifiable

disease COVID-19 by Taiwan Centers for Disease Control

(Taiwan CDC) would be admitted to negative pressure room in

the isolation ward (red zone). The quarantine ward (yellow

zone) housed suspected patients with atypical manifesta-

tions. There were independent routes and designated eleva-

tors for patient transportation from emergency room to the

red/yellow zones. HCWs wore standard PPE (N95 respirator,

glove, water resistant gown and facial shield) prior to entering

red/yellow zones. Patients could be transferred to general

ward (green zone) if COVID-19 were excluded by negative RT-

PCR and after an assessment by infectious disease (ID)

specialists.

The Department of Information Technology developed an

active hospital-wide inpatient fever surveillance system.With

the assistance from the real-time fever dashboard, our ID

specialists can timely identify the febrile patients in his

responsible ward and evaluate the possibility of COVID-19. All

physicians can also contact the responsible ID specialist for

inpatients with pneumonia un-responding to initial treat-

ment. If COVID-19 is suspected by our expert team,

comprising pulmonologists and ID specialists, patients will be

transferred to the quarantine ward (yellow zone) where a

diagnostic RT-PCR will be performed.

To prevent amassive staff knockout by SARS-CoV-2 during

the nosocomial outbreak, we subdivided our staff into

different groups in every clinical unit. Every group worked at
different area or station and used different offices to prevent

prolonged contact or interaction. We postponed or canceled

non-urgent surgeries and procedures, reduced inpatient ser-

vices to keep a sufficient manpower. We also requested all

staff members to report their body temperature and respira-

tory symptoms, if any, daily through the hospital information

system or staff health surveillance app. Staff would be

requested to stop working immediately as soon as they

developed fever or any respiratory or systemic symptoms.

Hospital staff with symptomswould be asked to take two real-

time reverse transcriptaseepolymerase chain reaction (RT-

PCR) tests, at least 24 h apart, before they were allowed to go

back to work after improvement of the symptoms. We

continuously trained and supervised sanitors to enhance

adequate environmental cleansing and widely set up alcohol

dispensers at every checkpoint to mitigate the possibility of

fomite transmission.

Case definition

Patients were confirmed SARS-CoV-2 infection by positive

result of RT-PCR assay from a nasopharyngeal or oropharyn-

geal sample. RNA was extracted from nasopharyngeal or

oropharyngeal swabs of patients suspected of having SARS-

CoV-2 infection, and then RT-PCR assay was conducted to

amplify and test three target genes, including RNA-dependent

RNA polymerase gene (RdRp), envelope protein gene and

nucleocapsid protein gene [7].

https://doi.org/10.1016/j.bj.2021.10.009
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Healthcare associated infection

The case definitions of healthcare associated infection (HAI)

and healthcare associated bloodstream infection (HABSI) are

according to the healthcare associated infection surveillance

definition by Taiwan CDC [8]. The incidence density of HAI/

HABSI was determined as overall HAI/HABSI cases per 1000

patient-days.

Statistical analysis

Repeated measures analysis of variance (ANOVA) was

applied to analyze the difference of HAI/HABSI incidence

between the study period (Jan, 2020 ~ Dec, 2020) and one year

before (Jan, 2019 ~ Dec, 2019). A P value < 0.05 was considered

statistically significant. All statistical calculations were per-

formed by standard programs of the Statistical Package for

the Social Sciences for Windows, version 18.0 (SPSS, Inc.,

Chicago, IL, USA).
Results

Deployment of infection control measures and numbers of
confirmed cases

CGMH at Linkou is a 3700-bed tertiary medical center in

northern Taiwan. We started our ER outdoor quarantine sta-

tion since the identification of the first case of COVID-19 on

January 21, 2020 in Taiwan and this strategy was applied to all

hospital entrances on January 29. Our HCWs and patient also

followed our national policy, wearing mask in hospital since

late January. A total of 5722 patientswere tested for SARS-CoV-

2 in our hospital during the studyperiod betweenDecember 31,

2019 and May 31, 2020. Twenty-five patients were confirmed

COVID-19, including two inpatients at the time of diagnosis

[Fig. 1]. Our first inpatient was a case of community-acquired

pneumonia, and COVID-19 was diagnosed on Feb 17, 2020,

two weeks after her hospitalization. On hundred fifty-four

HCWs having close contact with the patient were tested, and

all showed negative results in RT-PCR. However, four of our

HCWs (three nurses and one sanitor) were infected in a noso-

comial outbreak associated with the second inpatient diag-

nosed on Feb 26, 2020. This patient, who had no abnormal

TOCC, was not diagnosed until she developed a pneumonia 10

days after admission. We did a thorough investigation for the

outbreak and its association with the first inpatient. The first

and second inpatients were hospitalized with five days apart,

and they were admitted into two different departments in two

different buildings respectively. During the hospitalization, the

two patients did not receive examination or treatment in the

same space at the same time. The medical staff who take care

of them are also in different groups. The four infected HCWs

didn't having contact with the first inpatient. Based on the

investigation result, we believed the second inpatient is a case

of community acquired COVID-19, and she was asymptomatic

upon admission [9]. Responding to the outbreak, we imple-

mented a more rigorous visitor restriction and opened an

outdoor pharmacy to reduce the people flow in hospital. We

universally requested our staff and patients to wear surgical
masks and enhance hand hygiene, the outbreak ward was

closed after a complete environmental cleaning. All clerk,

intern, post-graduate year residents were all prohibited from

taking care of patient in the isolation/quarantine ward. Our

eTCB was reinforced by widely testing SARS-CoV-2 and

isolating or quarantining all patients with respiratory or sys-

temic symptoms or pulmonary infiltrates found on chest films.

After global pandemic was declared in March 2020, all the

confirmed cases were identified at our outdoor quarantine

station or epidemic clinic, and the results of PCR testing for 146

symptomatic HCWs in CGMH were all negative.

The percentage of staff daily respiratory symptom and

body temperature report was 75.3% at the beginning of

implementation and continued to exceed 90% since March

2020 [Fig. 2A]. Our hospital 75% alcohol consumption during

study period was remarkable higher than the same period in

2019, with a peak level in global pandemic March 2020. The

average of monthly alcohol consumption during study period

is 3208 L, which was 155% of our average 2069 L in 2019

[Fig. 2B].

Healthcare associated infection

The whole hospital HAI incidence density had a monthly

average 2.66 ± 0.18 per 1000 patient-days in 2019 and

2.88 ± 0.36 per 1000 patient-days in 2020 (p¼ 0.151). And HABSI

incidence density was 1.37 ± 0.16 in 2019 and 1.48 ± 0.2 in 2020

(p ¼ 0.223) [Fig. 3A]. Although there was no statistical signifi-

cance noted between the two study periods, a small HAI peak

(Mar, 2020 to May, 2020) was observed after our hospital

COVID-19 cluster in Feb, 2020. The increasing peak probably

was related to our reduction of inpatient services and

cancelation of non-urgent medical services. Our hospital

inpatient services had approximately 25% reduction in this 3-

month period (monthly average patient-days: 76,013 in 2019

and 57,310 during Mar 2020 ~ May, 2020).

The HAI and HABSI in the intensive care unit (ICU) were

also had no difference between the two periods (HAI:

7.37 ± 1.22 in 2019, 7.45 ± 0.7 in 2020, p ¼ 0.833; HABSI:

3.59 ± 0.73 in 2019, 3.75 ± 0.65 in 2020, p ¼ 0.554) [Fig. 3B].
Discussion

The high transmissibility before symptom onset and effi-

ciency of human to human transmission of SARS-CoV-2 sug-

gest that it is more difficult to contain the virus in the hospital

setting than other respiratory viruses. There was no differ-

ence in the infection rates of HCW that can be related to the

exposure risk of working areas in a study inMadrid, Spain [10].

The non-first-line HCWs had a higher infection rate than first-

line HCWs in a large hospital in Wuhan, China [11]. A single

unsuspected case of SARS-CoV-2 led to 6 major clusters

involving 5 hospital wards and an outside nursing home and

dialysis unit, with infection ultimately confirmed among 80

staff members and 39 patients, 15 of whom died [12].

Insufficient protective measures and lack of alert to the

disease could have put non-first-line HCWs at a higher risk for

the infection. The nosocomial outbreak of our four HCWs

associated with the second inpatient developed in the general

https://doi.org/10.1016/j.bj.2021.10.009
https://doi.org/10.1016/j.bj.2021.10.009


Fig. 3 The monthly incidence density (cases per 1000 patient-days) of healthcare associated infection, healthcare associated

blood stream infection and patient-days during Jan, 2019 to Dec, 2020. (A) Whole hospital (B) Intensive Care Unit. Abbreviations

used: HAI: healthcare associated infection; HBSI: healthcare associated bloodstream infection.

Fig. 2 Autonomous health management by healthcare workers and consumption of alcohol per month during the pandemic. (A)

The percentage of staff daily body temperature and health status report. (B) The monthly hospital alcohol consumption (liters),

January 2019 to May 2020.
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medicine ward. These findings highlighted the importance of

advance deployment of infection control measures, and strict

adherence to PPE protocol for all hospital staff. Wearing sur-

gical masks and hand hygiene may decrease in transmission

between patients and HCWs and among HCWs. Decreased

hand hygiene compliance was more frequent on the outbreak

ward in a quasi-experimental cluster-control outbreak evalu-

ation in New York city hospital [13]. Universal masking of

HCWs and patients in hospital was associated with a signifi-

cantly lower rate of SARS-CoV-2 positivity among HCWs [14].

Our early universal masking policy coupled with hand hygiene

might play an important role in mitigating the nosocomial

outbreak. Although the first inpatient was diagnosed after two

weeks hospitalization, there was no nosocomial transmission

of virus. And the outbreak associated with our second inpa-

tient was soon contained within the first generation of trans-

mission. The transmission and its associated impact were

mitigated, compared to the spread of nosocomial Middle East

respiratory syndrome and severe acute respiratory syndrome
(SARS) that usually involved four to five generation of trans-

mission in the healthcare setting in previous reports [15].

Approximately one-fifth of individuals withmild COVID-19

were asymptomatic at admission [16], and potential viral

transmission fromasymptomatic patients andHCWsmayalso

play a role in nosocomial outbreak [11]. Maintaining a low

threshold for suspicion of infection and early detection for

symptomatic staff and patient during hospitalization can help

to early identify source of the infection. Our daily staff's health
and temperature report and inpatient real-time fever surveil-

lance systemtimely identify the symptomatic individuals such

that rapid response can be initiated. A universal testing of

patients upon admission has been implemented in a high

CVOID-19 prevalence area to screen asymptomatic patients,

determinehospital infectioncontrol practices, andalsoprotect

the whole health care teams [17]. The benefit of universal PCR

test to screen asymptomatic patients on admission should be

evaluated according to the community prevalence, testing re-

sources and the vulnerability of the patients or residents.

https://doi.org/10.1016/j.bj.2021.10.009
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The complete vaccination with authorized SARS-CoV-2

mRNA vaccines is highly effective at preventing symptom-

atic COVID-19 among HCWs in United States [18]. Coupling

with consistent infection control practices, a prompt reduc-

tion of COVID-19 infection in HCWs is observed even prior to

the completion of the second vaccine dose [19]. In addition to

adherence to recommended infection control and prevention

practices, a critical component of controlling the COVID-19

pandemic and protecting HCP is ensuring high coverage

with safe and effective COVID-19 vaccines.

Two clusters of infections in HCWs occurred in the

neurosurgery ward of a Wuhan hospital in the early stage of

the epidemic in China [20]. Similar to our situation, the two

outbreaks were associated with two un-identified index in-

patients. Such observation again highlighted the necessity of

early deployment of patient traffic control according to their

risk stratification. This traffic control bundle policy combined

with hand disinfection at checkpoints has been shown to

effectively minimize nosocomial SARS infection in HCWs ac-

cording to a report from Taiwan before [21]. In order to

maintain amore sufficient workforce, we postponed unurgent

surgeries and procedures, reduced 20% inpatient services

during this period. The burnout of clinical staff may result in

inadequate hand hygiene practices and lapses in other

infection control procedures. In a previous study, reducing the

workload of nursing staff is a promising strategy to help

control HAI in acute care facilities [22].

Hand hygiene with alcohol-based hand rub is widely used

around the world as one of themost effective, simple and low-

cost procedures against COVID-19 cross-transmission [23].

Good hand hygiene programs are also dependent on systemic

components of the healthcare facility, including access to

supplies, how nurses are organized and trained [24]. The hand

hygiene education and audit of HCWs are our regular activities

every year. Our alcohol consumption had a remarkable 155%

increaseduring the pandemic, indicating ahigher awareness of

hand washing in staff and patients. It is also well known that

improving hand hygiene compliance among HCWs reduces

HAIs in hospital settings [25]. There was no obvious change in

our major infection control and bundle care policies for the

prevention of HAI during this period. The impact of alcohol

consumption and hand hygiene on nosocomial infection was

not observed in out hospital, where the hand hygiene adher-

ence and compliance rate all reaching 95% in recent years. A

small increasing of whole hospital HAI was observed during

Mar, 2020 toMay, 2020 due to 25% reduction inhospital patient-

daysand inpatients’medical conditionsduring thesameperiod

were generallymore severe that requiring urgentmedical care.

In conclusion, the study demonstrated that practically

executing a comprehensive, dynamic infection control policy

to stop viral transmission from the community and further

spread within a large hospital could efficiently prevent or

mitigate COVID-19 nosocomial outbreak, while maintain the

capacity and core function of the hospital.
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