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Abstract

To estimate the hospital attack rate of coronavirus disease 2019 (COVID-19) and the stratified basic
reproduction number (R) of its causative agent severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in a hospital setting in Taiwan. A total of 138 healthcare workers (HCWs) in a hospital who were
exposed to COVID-19 within a patient household (January 14 to March 7, 2020) were divided into two groups,
based on their exposure level. All HCWs received throat swab SARS-CoV-2 RT-PCR detection twice. Routine
infection control policies included environmental disinfection, use of personal protective equipment (PPE),
and hand hygiene per Taiwan Centers for Disease Control guideline. The estimated attack rate and the R,
were calculated. Compared with the “low-risk” exposure group, the “high-risk” exposure group was less likely
to have used partial PPE, and more likely to have had contact time >1 hour, performed “aerosol-production”
tasks, and developed symptoms during quarantine. None of the HCWs in either group acquired COVID-19.
Al HCWSs wore surgical masks and performed routine environmental disinfection. Estimated R, was 1.46 and
0 for household and HCW models, respectively, implying that the index patient did not transmit COVID-19.
Using masks may help prevent hospital-acquired COVID-19. (J Intern Med Taiwan 2021; 32: 32-39)
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Introduction

During the 2003 severe acute respiratory syn-
drome (SARS) epidemic in Taiwan, 137 medical
staff were infected and 26 deaths were recorded at
Hoping Hospital in Taipei city'. In the aftermath
of this outbreak, the Taiwan Centers for Disease

Control (TCDC) created guidelines on airborne

infection control within hospitals, which included
the use of masks? and procedures on hand washing
and environmental cleaning®. The three signifi-
cant changes that were suggested by the TCDC are
as follows: 1. use of different types of face masks
such as surgical masks at the outpatient department
(OPD) and N95 face masks during medical treat-

ments with high-risk aerosol production; 2. fre-
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quent hand washing including five indications for
handwashing, rules for handwashing equipment in
the intensive care units, general wards, and open
departments of the hospital; and 3. 1:10 dilution of
household bleach solution containing 5% sodium
hypochlorite was suggested as environmental clean-
ing disinfectants.

Toward the end of 2019, another coronavirus
epidemic occurred; this one was caused by a novel
coronavirus named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) or “2019 novel
coronavirus (2019-nCoV), causing the pandemic
“coronavirus disease 2019” or “COVID-19” named
by the World Health Organization. The risk of hos-
pital-acquired infection became a major concern
worldwide?, bringing mortality rates among hospital
staff to public attention. The risk of hospital-acquired
COVID-19 infection is relatively high owing to the
added transmission risk within households’. We
present a household cluster with COVID-19 con-
firmed by testing of a throat swab sample using
real-time reverse transcription polymerase chain
reaction (RT-PCR) in February 2020. All household
contacts of the index patient and the 138 healthcare
workers (HCWs) who met with them were identified
and quarantined. This study aimed to estimate the
stratified basic reproduction number (R) of SARS-
CoV-2 in a hospital setting, which represents the
risk of hospital-acquired transmission. Further, the
study of the rate of infection and R, in a hospital that
followed the guidelines set by the TCDC would aid
in identifying methods to prevent hospital-acquired
transmission of SARS-CoV-2.

Patients and methods

A six-household cluster with COVID-19 and
in-hospital contacts have been reported in Taiwan
to date®. All contact history within a single hospital
was investigated. The index case was an older adult
male with pneumonia, admitted to the general ward

on February 9, 2020. He had no history of over-

seas travel. He was intubated and transferred to the
intensive care unit (ICU) 7 days later. Because of
progressive pneumonia of unknown cause, he was
tested for SARS-CoV-2 using RT-PCR, which was
confirmed positive on February 22. His family and
caregiver were examined immediately. All COVID-
19 patients were quarantined according to infection
control guidelines. Overall, this household cluster
included an index case, five infected members, and
four uninfected members, yielding a household
attack rate of 55.6% (5/9).

We tested the HCWs who encountered these
patients for possible SARS-CoV-2 transmission
between January 14 and March 7, 2020. During
this period, these five infected family members
visited our hospital to take care of the patient. In
total, 138 HCWs who had contact with these six
infected patients’ households were included in this
study. The HCWs who had contact with the other
four uninfected members were not tested due to
the low risk of SARS-CoV-2 transmission. Clini-
cal tasks included those associated with high-risk
of aerosol production such as bronchoscopy, nebu-
lizer inhalation, endotracheal tube intubation pro-
cedures, sputum suctioning, and pan endoscopy.
Other routine clinical tasks included lumbar punc-
ture, electroencephalography, computed tomogra-
phy, portable chest radiography, administration of
intravenous injections and medications, outpatient
examinations, patient body care, daily environmen-
tal cleaning, and hair styling. The dates on which
the HCWs encountered the patients are recorded in
Figure 1.

In our hospital, routine infection control poli-
cies included environmental disinfection, use of
personal protective equipment (PPE), and hand
hygiene per TCDC and the United States Centers
for Disease Control and Prevention (CDC) guide-
lines®’. Routine hospital infection control poli-
cies in our hospital are as follows. Environmental

cleaning and disinfection procedures were per-



34 W. L. Su, I. S. Tzeng, M. C. Yang, S. J. Lin, P. S. Wu, and Y. C. Chao

25
20
72]
B 15
G
o
— 10
2
5
o L , , I
SN ONXVOHOO T NMT M ONOODO O N M ! ONOOOO YN MSE NN ONO®ODO N
A A A 2 A A e 2 o VAR e VAo VAR o VAR o VA A VAR o VAR 0 VAR O VAR e R 0 /PN RN Y RN B R e e T A e A e A e A VR e
/A R B B B N N N N N D B B S B e S B - B S B RS B RN B B B BN BN B BN BN AN AN N e |
§S§S§S§S5§5§5555555585§8555PeePeEIITIIISTZZZZ
e e e T T e R e T e R T e T T Lo LW L

Figure 1. Daily number of contacts in a hospital located in a city of Taiwan (January to February 2020)
The X axis shows the dates from January 14 when a member of one household cluster came in
contact with healthcare workers (HCWs) at the outpatient department to February 22 when the index
patient tested positive for severe acute respiratory coronavirus 2 (SARS-CoV-2) using reverse tran-

scription polymerase chain reaction (RT-PCR).

The Y axis shows the number of HCWs who encountered this family cluster. The index patient
was intubated on February 16, a day that recorded the highest number of contacted HCWs in the
general ward. The number of contacted HCWs came down after February 19 when the index patient
was quarantined in a negative pressure intensive care unit.

formed consistently with 1:10 dilution of household
bleach solution, containing 5% sodium hypochlo-
rite. Disinfection by wiping high-touch surfaces or
immersion of any object contaminated by a large
amount of body fluid was performed once a day
in the general wards, and twice a day in the inten-
sive care units. PPE used by HCWs included face-
masks, isolation gowns, and gloves. When HCWs
performed aerosol-generating procedures, such as
sputum suction or endotracheal tube intubation, the
use of N95 respirators and disposable face shields
was suggested. Additionally, HCWs were educated
on practicing hand hygiene using an alcohol-based
hand sanitizer, containing 70% ethanol or isopropa-
nol. If their hands were visibly soiled, washing with
water and an antiseptic agent was preferred. Empha-

sis was laid on scrubbing hands for an optimal dura-

tion at all available opportunities. We also provided
all HCWs with job-specific education and training,
emphasizing the correct method of putting on and
removing PPE. Both the guidelines of the TCDC
and the United States CDC are similar except that
of the TCDC suggested handwashing of at least 40
seconds compared to the US CDC of 20 seconds.
Also, the US CDC suggested the use of respirators
or N95 face masks for the airway protection during
high-risk work contrary to the TCDC guideline on
using only N95. We followed the guidelines of the
TCDC first.

This retrospective observational study was
approved by the institutional review board of our
hospital (09-X-035 and 09-X-041) and conducted
in accordance with the principles of the amended

Declaration of Helsinki. The institutional review
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board waived the requirement for informed consent
because the study was retrospective and the data
were anonymized.

Data on demographic and clinical charac-
teristics, contact history, PPE use, clinical symp-
toms (including rhinorrhea, cough with or without
phlegm, sore throat, dyspnea, dysosmia, abnormal
taste, and diarrhea), and throat swab SARS-CoV-2
RT-PCR test results were collected, as previous
descriptions?.

HCWs were categorized into different risk
groups with help from physician from TCDC. At
that time, the policy of 14-day isolation at home
was decided for the “high-risk” exposure group.
The “low-risk” exposure group comprised HCWs
who had worn suitable PPE during contact with
infected patients, whereas the ‘“high-risk” expo-
sure group comprised HCWs who had contact with
infected patients, particularly during high-risk pro-
cedures such as those involving aerosol production,
without suitable PPE. PPE use was divided into four
categories: “no protection,” referred to HCWs who
did not wear masks; “partial protection,” those who
wore masks but did not use other PPE; “general pro-
tection,” those who wore surgical masks and other
PPE, such as gloves, or who washed their hands;
and “standard protection,” those who wore N95
masks and other PPE such as gloves or a waterproof
gown. Medical treatment, delivered to the patients,
was divided into three categories: the “aerosol pro-
duction” group referred to those involved in aero-
sol-generating procedures such as bronchoscopy,
nebulizer inhalation, and sputum suctioning; the
“ward close contact” referred to nursing care in a
general ward in close daily contact for >15 minutes;
and the “OPD short contact,” to contact with patients
for <15 minutes, including OPD visits or for health
education.

No cases of infection in HCWs were detected.
The basic reproductive number (R,) was calculated

for comparisons between different groups. The R,

may be influenced by virus infectivity and use of
personal airway protection.

Previous studies have shown that populations
differ in the observed attack rates. Using Cheng’s
data from Taiwan®, we calculated the R,, which
represents the average number of secondary cases
associated with exposure to the index case within
a population®. Calculations were performed using a
standard implicit equation, which relates the attack
rate to R, as ar=l-exp(-R,*ar). This formula was
previously used by Haw!?.

Continuous data were expressed as mean =+
standard deviation. Categorical data were expressed
as frequencies and percentages. The occupational
characteristics were compared using the Student’s
t-test for high- and low-risk exposure groups. The
Fisher’s exact test was used for comparing 2 x 2 cat-
egorical variables. P<0.05 was considered to indi-

cate statistical significance.

Results

Participants’ clinical and demographic charac-
teristics, PPE use, and clinical outcomes were com-
pared between high- and low-risk groups (Table 1).
There were significant between-group differences
in contact status. Moreover, the high-risk group had
a lower rate of PPE use, including partial, general,
and standard PPE use (p=0.001) than the low-risk
group. All of the HCWs who were exposed to nine
household members at least, wore masks. The high-
risk group was also more likely to have contact time
>1 hour than the low-risk group, with rates studied
for > 1 hour, < 1 hour, and < 15 minutes (p=0.001).
The high-risk group was more likely to engage in
aerosol-production tasks, close ward contact, and
OPD short contact (p<0.001) than the low-risk
group. The symptoms (including rhinorrhea, sore
throat, or cough) during quarantine were signifi-
cantly higher in the high-risk group than in the low-
risk group (p=0.018). Nevertheless, there were no
cases of hospital-acquired COVID-19 among HCWs
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Table 1. Characteristics, personal protection equipment use, and clinical outcomes of medical team members in contact
with COVID-19 patients

Exposure H_igh-risk Li)w-risk p-value Hollsehold
n=70 (%) n=68 (%) n=9 (%)
Characteristics
Sex (Female) 52 (74.3) 41 (60.3) 0.058 6 (66.7)
Age (years) 32.18+9.50 33.56+9.51 0.407 37.33£22.6
Work duration 0.293
<I year 9(12.9) 14 (20.6) NA
1-5 years 38 (54.3) 27 (39.7)
6-10 years 15(21.4) 15 (22.1)
11-15 years 8 (11.4) 12 (17.6)
Occupation 0.237
Doctor 11 (15.7) 14 (20.6) NA
Nurse 39 (55.7) 31 (45.6)
Paramedic 14 (20.0) 17 (25.0)
Cleaning staff 6 (8.6) 6 (8.8)
Flu vaccination 55 (78.6) 46 (67.6) 0.104 3(33.3)
Contact characteristics
PPE 0.001*
No mask 0 0 9 (100)
Partial (mask only) 27 (38.6) 46 (67.6) 0
General (mask with other) 36 (51.4) 14 (20.6) 0
Standard (N95 with other) 7 (10.0) 8 (11.8) 0
Contact time 0.001*
>1 hour 12 (17.1) 0(0) 9 (100)
<1 hour 21 (30.0) 21 (30.9) 0
<15 minutes 37 (52.9) 47 (69.1) 0
Medical services for patients <0.001*
Aerosol production 36 (51.4) 4(5.9) NA
Ward closed contact 30 (42.9) 46 (67.6)
OPD short contact 4(5.7) 18 (26.5)
Clinical outcomes
Symptoms during quarantine 8(11.4) 1(1.5) 0.018* 3(33.3)
SARS-CoV-2 RT-PCR positive 0 0 NA 5(55.6)

“With other PPE” refers to gloves or a waterproof gown.
Paramedics included clinical operation technicians (n=5), respiratory therapist (n=9), radiology technician (n=11), medical secretary
(n=2), social worker (n=1), nutritionist (n=1), nutritionist trainee (n=1), medical hairdresser (n=1); 2-by-2 variables are examined
with the Fisher’s exact test; two continuous variable groups were compared using the independent t test. Mean + SD: means with

standard deviation.

Abbreviations: COVID-19: coronavirus disease; NA: Not applicable; OPD: outpatient department; PPE: personal protective
equipment; SARS-CoV-2 RT-PCR, severe acute respiratory coronavirus 2 reverse transcription polymerase chain reaction.

* p<0.05.
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in either group.

At a single hospital, the overall attack rate
was higher than that observed throughout Taiwan;
however, this difference was not significant (3.4%
vs. 1.5%, p=0.168) (Table 2). In household compari-
sons, the single hospital attack rate was higher than
that in Taiwan (55.6% vs. 4.6%, p<0.001). In com-
parisons of HCWs, the single hospital attack rate
was zero, without significant differences in Taiwan
(0 vs. 0.8%, p=0.597). In Taiwan, the risk of infec-
tion among HCWs was 0.8% (0.18-1.55%), and the
estimated R, was 1.00. Conversely, in this single hos-
pital, the attack rate was 0 (95% CI, —8.34 to 8.34).

Discussion

Six members of a single household were either
admitted to or visited our hospital without any
HCWs getting infected with COVID-19. These find-
ings contrast with Taiwan’s experience 17 years ago
when SARS infected 668 people, resulting in 181
deaths (mortality rate 27%)'. The sudden and rapid
transmission of SARS-CoV in the 2003 coronavi-
rus epidemic was Taiwan’s first encounter with this
kind of a pathogen. An estimated 137 HCWs were
infected, with 26 deaths recorded in one hospital'.
Masks, hand washing, and environmental disinfec-
tion were useful in preventing nosocomial infec-
tion?>!, Since then, donning of masks and PPE

along with hand washing have become a standard

part of anti-infection procedures, as outlined in the
TCDC guidelines. Adherence to the guidelines may
help prevent outbreaks (Table 1); especially, masks
may prevent immediate infection. In reality, before
the accidental finding of the index case, the HCWs
did not wear suitable PPE that adhered with the
guidelines, and only 68 individuals were defined as
having low-risk exposure.

Detailed examinations and therapy for criti-
cal patients with pneumonia of unknown cause may
increase the risk of HCWs contracting COVID-19.
A high rate of upper respiratory infection symptoms
during quarantine periods of high-risk HCW, work
stress and high-risk contacts were confirmed among
hospital staff during the COVID-19 pandemic in
Taiwan.

The use of masks by medical staff in high-
and low-risk groups prevented infection spread.
However, this study has some limitations including
recall bias regarding the use of PPE, especially since
this is a retrospective investigation. Another limi-
tation was that no antibody was detected in HCWs
such that the possibility of false-negative results
cannot be excluded completely. Nevertheless, unlike
most of Taiwan (Table 2), where the estimated R,
value was 1, the estimated R, value in our hospital
was 0, indicating that the outbreak was contained.
Adherence to guidelines on infection prevention

might account for this finding.

Table 2. Attack rate and estimated basic reproduction number (R,) in different populations in Taiwan

Exposure Case/contact p-value AR % 95% CI Estimated R,

In single hospital 5/147 0.1682 34 0.47 t0 6.33 1.01
Household 5/9 <0.001° 55.6 22.5to 87.5 1.46
Healthcare worker 0/138 0.597¢ 0 —8.34 to 8.34 0

In Taiwan 13/848 1.5 0.71 t0 2.36 1.00
Household 7/151 4.6 1.28 to 7.99 1.02
Healthcare worker 6/697 0.8 0.18 to 1.55 1.00

* Overall attack rate comparisons between “in single hospital” and “in Taiwan” setting.

® Household attack rate comparisons between “in single hospital” and “in Taiwan™ setting.

¢ Healthcare worker attack rate comparisons between “in single hospital” and “in Taiwan” setting.

Abbreviations: AR: attack rate; CI: confidence interval; Ry: basic reproduction number. Fisher’s exact test is used for comparisons

of categorical variables in attack rate.
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Conclusion

Use of masks might help prevent nosocomial
infection transmission of SARS-CoV-2. The R;=0
in HCWs of a single hospital exposed to 1.46 in
household. Further study is needed to compare rates
of infection spread between different hospitals fol-

lowing different protection guidelines.
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