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Abstract

Objective: To identify the effectiveness of a personnel protection strategy in protection of healthcare workers
from SARS-CoV-2 infection.
Design: During the COVID-19 pandemic, 943 healthcare staff sent from Guangzhou to Wuhan to care for
patients with suspected/confirmed COVID-19 received infection precaution training before their mission and
were equipped with Level 2/3 personal protective equipment (PPE), in accordance with guidelines from the
National Health Commission of China. We conducted a serological survey on the cumulative attack rate of
SARS-CoV-2 among the healthcare workers sent to Wuhan and compared the seropositive rate to that in local
healthcare workers from Wuhan and Jingzhou.
Results: Serial tests for SARS-CoV-2 RNA and tests for SARS-CoV-2 immunoglobulin M and G after the 6-8 week
mission revealed a zero cumulative attack rate. Among the local healthcare workers in Wuhan and Jingzhou of
Hubei Province, 2.5% (113 out of 4495) and 0.32% (10 out of 3091) had RT-PCR confirmed COVID-19, respectively.
The seropositivity for SARS-CoV-2 antibodies (IgG, IgM, or both IgG/IgM positive) was 3.4% (53 out of 1571) in
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local healthcare workers from Wuhan with Level 2/3 PPE working in isolation areas and 5.4% (126 out of 2336)
in healthcare staff with Level 1 PPE working in non-isolation medical areas, respectively.
Conclusions and relevance: Our study confirmed that adequate training/PPE can protect medical personnel
against SARS-CoV-2.

Key words: COVID-19; healthcare workers; personal protective equipment (PPE)

Introduction

The novel coronavirus SARS-CoV-2, associate disease,
COVID-19, has evolved as a major pandemic in less than
three months because of the highly infectious nature
of the virus and the current intensive social interac-
tion which favors transmission of the virus. Such an
explosive pandemic has created unprecedented stress
on the healthcare system globally. Protecting healthcare
workers is critical for functioning of the system and
to prevent the workers serving as a vector for disease
transmission.

Although China is a major supplier of personal pro-
tective equipment (PPE), the impact of COVID-19 ini-
tially created a critical shortage of PPE.1 The National
Health Commission of China has previously issued tech-
nical guidance for prevention of airborne transmission
diseases in healthcare facilities with three hierarchical
levels of personal protection in 2017, which were fur-
ther updated for prevention of the spread of COVID-19 in
February 2020.2,3 A Chinese expert panel also reported a
consensus on personal protection in medical institutions
during the COVID-19 epidemic.4

The efficacy of such measures, however, was never
tested in a real pandemic situation until COVID-19.
During the pandemic, the sudden surge in demand
for healthcare called for unprecedented initiatives.
China was building new temporary hospitals within
10 days and a large number of healthcare work-
ers were called to Wuhan. Here, we describe the
logistics behind some of the personnel efforts and
whether or not the personnel protection strategy was
effective.

Methods
Study design and participants

We enrolled a total of 8529 healthcare workers, includ-
ing medical teams aiding Hubei, local healthcare work-
ers in Wuhan and Jingzhou of Hubei Province. Employees
in the participating hospitals, including those without
direct patient care responsibilities, were invited to take
a serological test for antibodies against SARS-CoV-2 and
to submit a self-report of gender, age, division, occupa-
tion, history of confirmed COVID-19, and history of work-
ing in the isolation area for COVID-19 management . The
serologic survey was performed between 20 March and
15 April 2020. The Medical Ethics Committee of Nanfang
Hospital approved the study and all participants signed
the consent form.

Classification of working area

Healthcare workers were classified into three groups
according to their working areas during the epidemic.
Members of medical teams aiding Hubei as well as
local healthcare workers who had a self-reported his-
tory of working in the isolation medical area for COVID-
19 management were classified as working in the iso-
lation medical area. Healthcare workers who did not
work in the isolation medical area but were directly
involved in patient care (physicians, nurses, and techni-
cal staff) or those potentially exposed to infectious mate-
rials (sanitary workers, staff in the laundry/disinfection
facilities) were classified as working in the non-isolation
medical area. Healthcare workers without direct patient
care responsibility nor exposure to infectious mate-
rial under the hospital settings (clerical staff or exec-
utives) were classified as working in the non-medical
area.

Determination of PPE level

Use of PPE for the healthcare workers was determined
by their working area according to the protection guide-
lines issued by the National Health Commission of China
(Table 1). In brief, Level 1 protection is required for health-
care workers working in routine or emergency patient
care. PPE for Level 1 protection includes disposable caps,
surgical masks, white coats, and hand hygiene. N95/FFP
(filtering facepiece, FFP), isolation gowns, and dispos-
able gloves are used when necessary. Level 2 protec-
tion is required for healthcare workers who need to
enter the isolation medical areas where patients with
suspected or confirmed infection are managed. In addi-
tion to PPE for Level 1 protection, goggles and full-
face shields, long sleeved, fluid repellent gowns, and
shoe covers are used. For healthcare workers engaged
in aerosol-generating procedures or management of bio-
samples from patients with infection, Level 3 protec-
tion, including full face shields, eye protection, FFP
masks, gloves, and fluid repellent sleeved gowns, is
required. Positive pressure helmets can be used when
necessary.

Laboratory measurements

Serum samples were collected at local hospitals. All sam-
ples were inactivated at 56 ◦C for 30 min and stored at
−20 ◦C before testing. The antibodies against SARS-CoV-
2 were measured at local hospitals using one of the com-
mercialized assay kits approved by the National Medical
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Products Administration of China. According to the man-
ufacturers, the sensitivity of the assay kits ranged from
87.3% to 94.3%, and the specificity from 99.5% to 100%.

Statistical analysis

The seropositive rate of the healthcare workers was
expressed as a percentage and the corresponding
confidence interval was calculated from binomial
probabilities using Wilson’s method. For health-
care workers working in the non-isolation medical
area, seropositive rates stratified by region and divi-
sion were also estimated, and the top five divisions
ranked by the lower boundary of the estimate were
listed.

Results
Study population

We conducted a serological survey on the cumulative
attack rate of SARS-CoV-2 in 8529 healthcare work-
ers in Hubei Province, of which 943 were sent from
Guangzhou to Wuhan to care for patients with sus-
pected/confirmed COVID-19; 4495 were local healthcare
workers from Wuhan, the epicenter in China, and 3091
were from Jingzhou of Hubei Province, a city 200 km west
of Wuhan. Among the healthcare workers, 71% were
female and the median age was 33 years (Table 2).

Seropositive rate in healthcare workers

All 943 healthcare workers from Guangzhou who were
sent to assist Wuhan to combat COVID-19, tested nega-
tive for all four reverse transcription polymerase chain
reaction (RT-PCR) performed on days 1, 2, 7, and 14. All
also tested seronegative for both IgG and IgM for SARS-
CoV-2 (10–11 days after they had contact with COVID-19
patients/contacts) (Table 2).

In contrast, among the local healthcare workers in
Wuhan and Jingzhou of Hubei Province, 2.5% (113 out of
4495) and 0.32% (10 out of 3091) had RT-PCR confirmed
COVID-19, respectively. The seropositivity for SARS-CoV-
2 antibodies (IgG, IgM, or both IgG/IgM positive) was
3.4% (53/1571) in local healthcare workers from Wuhan
with Level 2/3 PPE working in isolation areas and 5.4%
(126/2336) in healthcare staff with Level 1 PPE working in
non-isolation medical areas, respectively (Table 3). Sim-
ilar analysis for the Jingzhou healthcare workers identi-
fied seropositivity of 0.3% for those working in the iso-
lation area with Level 2/3 PPE and 1.6% for those work-
ing in the non-isolation areas with Level 1 PPE. Note that
for those staff who did not provide direct medical ser-
vices (including sanitary workers, laundry/disinfection
staff, elevator operators), 4.4% of the Wuhan healthcare
workers and 1.0% of the Jingzhou area were antibody-
seropositive, respectively (Table 3). For Wuhan, the top
five divisions with the highest estimated cumulative
attack rate based on antibody-seropositivity were the
hemodialysis unit (12/96, 12.5%), emergency department

(6/40, 15%), endoscopy area (9/80, 11.3%), surgery depart-
ment (40/586, 6.8%), and sanitary department (12/154,
7.8%) (Table 4).

Discussion

To the best of our knowledge, this is the largest serologi-
cal survey on the accumulative rate of SARS-CoV-2 infec-
tion and the effectiveness of PPE use in healthcare work-
ers. The healthcare staff sent from Guangzhou to Wuhan
received infection precaution training before their mis-
sion and were equipped with Level 2/3 PPE. Serial tests for
SARS-CoV-2 RNA and tests for SARS-CoV-2 immunoglob-
ulin M and G after the 6–8 week mission revealed a zero
cumulative attack rate, confirming that adequate train-
ing/PPE can protect medical personnel against SARS-
CoV-2.

Table 3 summarizes the guideline issued by the
National Health Commission of China for personal pro-
tection in medical institutions during COVID-19.2,3 Note
that this guideline was mainly designed for airborne
transmitted pathogens and attention was focused on
aerosol and contact transmission. Also note that Level
3 differs from Level 2 with the addition of an isolation
gown on top of the disposable coverall and potential use
of a positive pressure helmet. In the Wuhan situation,
positive pressure helmets were generally not used.

Healthcare workers in Wuhan city and the nearby
Jingzhou city (around 200 km away from Wuhan, both
are in Hubei Province) were updated regularly on the lat-
est recommendations for their protection. The challenge
in analysis of data from this group was that these health-
care workers could acquire the virus via patients/staff in
the hospital but also through community transmission
when not at work.

For healthcare workers coming from outside Hubei
Province whose primary role was to engage in direct
patient care and clinical management patients with sus-
pected or confirmed COVID-19, an additional strategy
was adopted for protection. For this study, our aim was
to evaluate the clinical outcomes of this group. First,
these workers were recruited, debriefed on the situation
in Wuhan, and written consent was obtained from them
to participate as part of a medical team in the major hos-
pitals in Wuhan to assist in combating the epidemic. Sec-
ond, they were given personal protection training and as
all would be summoned to care for patients with sus-
pected/confirmed COVID-19, they were all provided with
Level 2 or 3 protection (but no positive pressure helmets).
Third, it was arranged for all the workers to stay in des-
ignated hotels in which only medical staff were accom-
modated, and all were informed to practice social dis-
tancing, limit their exposure to the local community, and
wear face masks whenever possible. Finally, there was
also a medical team to monitor the mental status of
these healthcare workers.

With the epidemic under control around 6–8 weeks
after their deployment, the healthcare workers from out-
side Hubei underwent the following procedures before
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Table 2. Seropositive rates among healthcare workers from different regions.

Regions Total, N Median age, year Male, % RT-PCR positive, N Seropositive, N
Seropositive

rate, % (95% CI)

Hubei Province
Wuhan 4495 33 30.1 113 205 4.6 (4.0, 5.2)
Jingzhoua 3091 35 28.9 10 41 1.3 (1.0, 1.8)

Medical team aiding Hubei 943 33 38.0 0 0 0.0 (0.0, 0.4)

aA city 200 km from Wuhan.

Table 3. Seropositive rates for IgG/IgM against SARS-CoV-2 among healthcare workers and the level of PPE used.

Working area PPE levela Wuhan, Hubei Province Jingzhoud, Hubei Province
Medical team from Guangzhou
City coming to support Wuhan

Total Positive
Positive rate,

% (95% CI) Total Positive
Positive rate,

% (95% CI) Total Positive
Positive rate,

% (95% CI)

Isolation medical areab 2 or 3 1571 53 3.4 (2.6, 4.4) 301 1 0.3 (0.0, 1.9) 943 0 0.0 (0.0, 0.4)
Non-isolation medical
areac

1 2336 126 5.4 (4.5, 6.4) 2168 34 1.6 (1.1, 2.2)

Non-medical area 0 588 26 4.4 (3.0, 6.4) 622 6 1.0 (0.4, 2.1)

aPPE level was determined by the working area and protection guidance issued by the National Health Commission of China.
bWith confirmed or suspected COVID-19 patients.
cWithout confirmed or suspected COVID-19 patients.
dJingzhou city is approximately 200 km away from Wuhan city and both cities are in Hubei Province.

Table 4. Top five divisions with the highest estimated cumulative attack rate based on antibody-seropositivity rate.a, b

Division Total, N Seropositive, N Seropositive rate, % (95% CI)

Wuhan, Hubei
Hemodialysis 96 12 12.5 (7.3, 20.6)
Emergency room 40 6 15.0 (7.1, 29.1)
Endoscopy 80 9 11.3 (6.0, 20.0)
Surgery department 586 40 6.8 (5.1, 9.2)
Sanitary departmentc 154 12 7.8 (4.5, 13.1)
Jingzhou, Hubei
Sanitary departmentc 204 5 2.5 (1.1, 5.6)
Surgery department 538 10 1.9 (1.0, 3.4)
Oncology 86 2 2.3 (0.6, 8.1)
Cardiology 91 2 2.2 (0.6, 7.7)
Ophthalmology/otorhinolaryngology 99 2 2.0 (0.6, 7.1)

aRanked by the lower boundary of estimated seropositive rate.
bOnly including healthcare workers in non-isolation medical area.
cIncluding sanitary workers, staff in laundry/disinfection facilities.

heading home: around 4–5 days prior to leaving Wuhan,
they stopped working in the hospitals, ceased patient
contact, and participated in a debriefing period, both
to receive information on the next phase but also to
give their input on how to improve the system. They
were requested to wear face masks whenever possi-
ble. There were 943 healthcare workers sent to sup-
port Wuhan from hospitals located in Guangzhou. When
they came back to Guangzhou (on 20 March 2020), they
were required to undergo 14 days of quarantine. They
all had SARS-CoV-2 nucleic acid RT-PCR tests performed
four times (upon arrival, and on day 2, day 7, and
day 14) and serology for SARS-CoV-2 immunoglobulin
(IgG and IgM) performed on day 6 (or 10 days after
they stopped seeing patients or working in hospital in
Wuhan). These results were then compared with data

from local healthcare workers from Wuhan and Jingzhou
of Hubei Province. All RT-PCR and serology tests were
performed in government-approved laboratories using
protocols approved by the Chinese FDA as previously
described.5

This study identifies two important points. First, prior
training on use of Level 2/3 PPE, in conjunction with stan-
dard infection control practice, was very effective in pro-
tecting healthcare personnel from SARS-CoV-2 infection
even though they were in direct contact with patients
and were actively involved in management of patients
with confirmed/suspected COVID-19. This is in striking
contrast to previous observations that PPE did not effec-
tively protect healthcare workers from infection during
the 2003 SARS outbreak.6,7 One possible explanation is
that the previous SARS incidence had created a high alert
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and that current adherence to the personal protection
protocol makes the difference.

The second point was the relatively high seropositive
rate for SARS-CoV-2 antibodies among the local health-
care workers with Level 1 protection and those work-
ing in the non-medical area with no PPE. It is worth
re-examining the need for additional training and PPE
support for healthcare staff working in non-isolation
medical areas, and even non-medical areas with an epi-
demic of an airborne highly infectious pathogen, espe-
cially if PPE supply is not limited.

One potential limitation of this study was that enroll-
ment of subjects for this study was based on volun-
tary participation (apart from the 943 medical staff from
Guangzhou which was mandatory), thus there might
be potential bias in the volunteering participants being
more eager to observe the rules. Even with this limita-
tion, the personnel protection strategy, coupled together
with appropriate coaching and practice, was shown to
protect the healthcare personnel sent from Guangzhou
to Wuhan with zero cumulative attack rate in this SARS-
CoV-2 epidemic. However, there is room for improvement
in terms of staff with Level 1 protection working in non-
isolated areas and staff in non-medical areas. These data
provide a framework to assist other countries that are
still in the midst of combating this pandemic, and could
be used to prepare for future epidemics/pandemics.

Conclusions

Our study confirmed that adequate training and PPE can
protect medical personnel against SARS-CoV-2 infection.

Author contributions

S.N., G.Y.W., K.Z. contributed to the study design,
data analysis, and interpretation. J.Y-N.L helped with
the data analysis and preparation of the manuscript.
K.Z. and F.F.H. contributed to the study design, data
analysis, and writing of the manuscript. All authors
reviewed and approved the final version of the
manuscript.

Acknowledgements

This work is supported by the Clinical Innova-
tion Research Program of Guangzhou Regenerative
Medicine and Health Guangdong Laboratory (Grants No.
2018GZR0201003 and 2020GZR110306001), the National
Innovation Team Program (Grant No. 81521003), Recruit-
ment Program of Leading Talent in Guangdong Province
(Grant No. 2016LJ06Y375), and a Macao FDCT (Grant No.
0035/2020/A).

Conflict of interest statement

None declared.

References
1. Livingston E, Desai A, Berkwits M. Sourcing personal protec-

tive equipment during the COVID-19 pandemic. JAMA 2020.
doi:10.1001/jama.2020.5317. Epub ahead of print.

2. National Health Commission of the People’s Republic of
China. Norms for Hospital Infection Prevention and Con-
trol of Airborne Diseases: WS/T 511–2016. Clin J Infect Control
2017;16:490–92. doi:10.3969/j.issn.1671-9638.2017.05.023.

3. National Health Commission of the People’s Republic of
China. Notice on Printing and Distributing the Technical
Guidelines for the Protection of Medical Staff during the New
Coronary Pneumonia Outbreak (Trial): No. [2020]155, 21 Febru-
ary 2020.

4. Li C, Huang X, Cai M, et al. Expert consensus on personal pro-
tection in different regional posts of medical institutions dur-
ing COVID-19 epidemic period. Clin J Infect Control 2020;19:199–
213. doi:10.12138/j.issn.1671-9638.20206155.

5. Xu X, Sun J, Nie S, et al. Seroprevalence of Immunoglobulin M
and G Antibodies Against SARS-CoV-2 in China. Nat Med 2020.
doi:10.1038/s41591-020-0949-6. Epub ahead of print.

6. Chen WQ, Ling WH, Lu CY, et al. Which preventive measures
might protect health care workers from SARS? BMC Public
Health 2009;9:81. doi:10.12138/j.issn.1671-9638.20206155.

7. Shigayeva A, Green K, Raboud JM, et al. Factors associ-
ated with critical-care healthcare workers’ adherence to rec-
ommended barrier precautions during the Toronto severe
acute respiratory syndrome outbreak. Infect Control Hosp Epi-
demiol 2007;28:1275–83. doi:10.12138/j.issn.1671-9638.20206
155.

D
ow

nloaded from
 https://academ

ic.oup.com
/pcm

/article/3/3/169/5873824 by Pao Yue Kong Library user on 01 D
ecem

ber 2021


