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a b s t r a c t 

Background: Asymptomatic severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infections are 

well documented. Healthcare workers (HCW) are at increased risk of infection due to occupational ex- 

posure to infected patients. We aim to determine the prevalence of SARS-CoV-2 antibodies among HCW 

who did not come to medical attention. 

Methods: We prospectively recruited 400 HCW from the National Public Health Laboratory and two 

COVID-19 designated public hospitals in Klang Valley, Malaysia between 13/4/2020 and 12/5/2020. Quota 

sampling was used to ensure representativeness of HCW involved in direct and indirect patient care. All 

participants answered a self-administered questionnaire and blood samples were taken to test for SARS- 

CoV-2 antibodies by surrogate virus neutralization test. 

Findings: The study population comprised 154 (38.5%) nurses, 103 (25.8%) medical doctors, 47 (11.8%) lab- 

oratory technologists and others (23.9%). A majority (68.9%) reported exposure to SARS-CoV-2 in the past 

month within their respective workplaces. Adherence to personal protection equipment (PPE) guidelines 

and hand hygiene were good, ranging from 91-100% compliance. None (95% CI: 0, 0.0095) of the par- 

ticipants had SARS-CoV-2 antibodies detected, despite 182 (45.5%) reporting some symptoms one month 

prior to study recruitment. One hundred and fifteen (29%) of participants claimed to have had contact 

with known COVID-19 persons outside of their workplace. 

Interpretation: Zero seroprevalence among HCW suggests a low incidence of undiagnosed COVID-19 in- 

fection in our healthcare setting during the first local wave of SARS-CoV-2 infection. The occupational 

risk of SARS-CoV-2 transmission within healthcare facilities can be prevented by adherence to infection 

control measures and appropriate use of PPE. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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esearch in context 

.1 Evidence before this study 

Healthcare workers (HCW) are at higher risk for COVID-19 in- 

ection. A recent meta-analysis of 49 studies estimated an over- 

ll seroprevalence rate of 8.7% SARS-CoV-2 antibodies among HCW. 

he seroprevalence was higher in North American (12.7%) and Eu- 

opean countries (8.5%) than in Asia (4%). Factors such as sex, eth- 

icity, profession, location of clinical work, contact with COVID-19 

atients, and personal protective equipment (PPE) usage are asso- 

iated with seroprevalence of SARS-CoV-2 antibodies among HCW. 

.2 Added value of this study 

We reported zero seroprevalence of anti-SARS-CoV-2 among 

CW working at facilities designated for the management of 

OVID-19 patients and specimens for COVID-19 testing. Doctors, 

urses and laboratory technologists had higher risk of SARS-CoV-2 

xposure at workplace but showed no seroconversion. Adherence 

o infection prevention and control measures (IPC) and PPE usage 

mong the HCW were good. 

.3 Implications of all the available evidence 

The risk of SARS-CoV-2 transmission within healthcare facilities 

an be mitigated with good adherence towards IPC and PPE usage. 

ntroduction 

On 25th January 2020, Malaysia had its first confirmed case of 

oronavirus disease 2019 (COVID-19) [1] , a disease caused by the 

evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [2] . 

nitially, confirmed cases were mainly imported and daily reported 

ases were low. Nevertheless, local transmission emerged, follow- 

ng a mass religious event that was held in Kuala Lumpur between 

ate February and early March 2020. This event was attended by an 

stimated 16,0 0 0 people from all over Asia, of whom 14,500 were 

alaysians [3] . The event led to massive spikes in local cases and 

xportation of cases to other countries. As of 14th October 2020, 

ver 17,0 0 0 COVID-19 cases and 167 deaths were reported, with 

n incidence of 55 per 10 0,0 0 0 Malaysian population. Klang Valley, 

hich comprises Selangor state, the Federal Territory (and capital) 

f Kuala Lumpur and the Federal Territory of Putrajaya, contributed 

bout one third of the national COVID-19 burden [4] . 

As HCW manage suspected and confirmed COVID-19 patients, 

hey are presumed to have higher risk for COVID-19 infection and, 

f infected, can possibly transmit the virus to vulnerable patients 

nd other co-workers. According to local management guidelines, 

ny HCW who presented with acute respiratory infection (sudden 

nset of respiratory infection with at least shortness of breath, 

ough or sore throat) with or without fever; and had history of 

ravel to or residence in a foreign country within 14 days prior to 

he onset of illness, close contact with a confirmed case of COVID- 

9 within 14 days before illness onset, or had attended any event 

ssociated with a known COVID-19 outbreak is considered as “pa- 

ient under investigation (PUI)”, who must undergo Occupational 

afety and Health team assessment in their respective healthcare 

acilities for further management. 

The spectrum of COVID-19 severity ranges from mild to critical. 

ccording to the Chinese Center for Disease Control and Preven- 

ion, about 80% of confirmed COVID-19 patients suffered mild dis- 

ase [5] . Asymptomatic COVID-19 infections are well documented, 

ut its proportion within total COVID-19 cases remains unclear 

 6 , 7 ]. Nevertheless, current evidence suggests that asymptomatic 
2 
nd pre-symptomatic COVID-19 individuals can transmit the in- 

ection to others [8] . Seroprevalence studies are useful to provide 

nformation on the proportion of people with past symptomatic 

r asymptomatic infection. We conducted a serology surveillance 

f SARS-CoV-2 antibodies among HCW at designated COVID-19 

ealthcare facilities for evidence of undetected infection in HCW 

ho did not come to medical attention as confirmed cases. 

ethods 

.1 Study setting 

A cross-sectional study of HCW from Kuala Lumpur Hospital, 

ungai Buloh Hospital and the National Public Health Laboratory 

NPHL) was conducted from April 13th to May 12th, 2020, cor- 

esponding to the post-peak period of first local wave of SARS- 

oV-2 infection in Malaysia. The study sites represent two of the 

hree public hospitals which were designated to manage confirmed 

OVID-19 patients in Klang Valley, Malaysia, with NPHL being a 

eferral laboratory for diagnostic reverse transcription polymerase 

hain reaction (RT-PCR) testing for suspected COVID-19 cases. The 

otal workforce at these facilities was about 10,0 0 0. 

.2 Study participants 

Participation in the study was voluntary. Healthcare workers 

ere invited by advertisement and/or internal announcement to 

articipate in the study. Those interested in the study were asked 

o contact the study team for an appointment. All participants 

ust have at least 30 workdays prior to study enrollment, and 

ere asymptomatic at the point of recruitment. HCW who were 

reviously confirmed with COVID-19 infection or listed as PUI for 

OVID-19 at the time of study recruitment were excluded from this 

tudy. This group of HCW would have been seen by Occupational 

afety and Health (OSH) team for further management. 

Quota sampling was applied to ensure the recruited study sam- 

les were representative of the HCW involved in provision of care 

or patients directly (e.g. doctors, nurses, assistant medical offi- 

ers, dentists, and dental surgery assistant), and indirectly (e.g. lab- 

ratory technologists, pharmacists, drivers, clerks and other non- 

linical staff). The ratio of HCW providing direct and indirect care 

as about 3:1. Therefore, the quota for HCW involved in direct care 

as set at 75% of the total sample size. 

.3 Data collection procedure 

Each HCW who consented to participate in this study was 

iven a self-administered questionnaire (Supplementary File 1) 

o capture sociodemographic characteristics, adherence with rec- 

mmended infection prevention and control (IPC) measures, his- 

ory of exposure to SARS-CoV-2 and clinical signs and symptoms 

n the past one month prior to study entry. The questionnaire 

as modified from the protocol “Assessment of potential risk fac- 

ors for 2019-novel coronavirus (2019-nCoV) infection among HCW 

n a healthcare setting”, published by World Health Organization 

WHO) [9] . For each participant, 5 mL of peripheral venous blood 

as collected for SARS-CoV-2 antibody serology testing. 

.4 Definitions and personal protection equipment (PPE) guidelines 

The history of close contact and prolonged face-to-face expo- 

ure with COVID-19 patients were captured in the questionnaire. 

lose contact was defined as contact between HCW and patient 

ithin one meter distance, with or without PPE. Prolonged face- 

o-face exposure was defined as face-to-face exposure within one 

eter distance which lasted at least 15 minutes. 
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Table 1 

Sociodemographics of Study Participants. 

Sociodemographic characteristics Result ( N = 400) 

Age in years, mean ( ±SD) 34.9 (7.8) 

Sex, n (%) 

Female 297 (74.3) 

Male 103 (25.8) 

Ethnicity, n (%) 

Malay 291 (72.8) 

Indian 62 (15.5) 

Chinese 29 (7.3) 

Others 18 (4.5) 

Professional category, n (%) 

Nurse 154 (38.5) 

Doctor 103 (25.8) 

Laboratory technologist 47 (11.8) 

Assistant medical officer 39 (9.8) 

Health attendant 32 (8.0) 

Others a 25 (6.3) 

a Includes 7 drivers, 3 clerks, 3 assistant food technolo- 

gists, 2 dentists, 2 physiotherapists, 2 speech therapists, 2 

dental surgeon assistants, 1 entomologist, 1 research offi- 

cer, 1 science officer and 1 pharmacist. 
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According to local guidelines published in March 2020, use of 

PE should be guided by risk assessment concerning anticipated 

ontact during routine patient care. For in-patient facilities, HCW 

re required to wear full PPE which includes an N95 mask, an iso- 

ation gown, gloves, eye protection and a head cover when pro- 

iding care to PUI or confirmed COVID-19 patients who are intu- 

ated, or those who are not intubated but unable to wear a sur- 

ical mask. For patients who can wear a surgical mask, HCW may 

pt for a surgical mask instead of an N95 mask. Full PPE should 

e worn when collecting oropharyngeal or nasopharyngeal swabs. 

ore comprehensive local PPE guidance in different settings can 

e found in Supplementary File 2. The HCW are also required to 

ear surgical masks when they are unable to maintain a physical 

istance of one meter from other individuals, or in prolonged con- 

act with other co-workers (e.g. meetings, workshop, prayer room, 

tc), or present in clinical area although not treating PUI or con- 

rmed COVID-19 patients. [10] 

.5 SARS-CoV-2 antibodies serological test 

Total circulating neutralizing antibodies against SARS-CoV-2 

ere tested by using the cPass SARS-CoV-2 Surrogate Virus Neu- 

ralization Test (sVNT) kit, according to the manufacturer’s instruc- 

ions (GenScript Biotech, USA) [11] . This test is based on antibody- 

ediated blockage of virus-host interaction between the receptor 

inding domain of the viral spike glycoprotein and the angiotensin 

onverting enzyme-2 receptor protein. It has shown sensitivity of 

1.3–100% and specificity of 100% in samples collected more than 

4 days after onset of illness [ 12 , 13 ], performed well in compar-

son with other established assays [14] , and is capable of distin- 

uishing antibody responses to other known human coronaviruses 

13] . To confirm assay performance in our laboratory, the test was 

rst performed on 35 serum samples collected more than 16 days 

fter onset of illness from recovered patients with PCR-confirmed 

ARS-CoV-2 infection, and 27 archived serum samples from pa- 

ients with suspected dengue in July 2019, well before the pan- 

emic emerged [15] . These samples were collected in University 

alaya Medical Centre, Kuala Lumpur. 

.6 Sample size and statistical analysis 

In order to assess the seroprevalence of SARS-CoV-2 antibody 

mong HCW, with a precision of 5% and a 95% confidence interval, 

nd assuming that the prevalence was 50%, with a finite popula- 

ion, we estimated we would need 383 HCW. With the uncertainty 

bout seroprevalence of antibodies against SARS-CoV-2 among the 

CW, we used 50% as the prevalence to provide the most conser- 

ative sample size. 

The analysis was carried out using Statistical Package for the 

ocial Sciences (SPSS) version 26.0 (IBM, USA). Categorical vari- 

bles were expressed in frequency and percentage. As for continu- 

us variables, mean and standard deviation were used. Seropreva- 

ence of SARS-CoV-2 antibodies was calculated as a proportion, and 

onfidence intervals were calculated using Wilson score interval. 

.7 Ethics approval and consent to participate 

This study was registered under National Medical Research Reg- 

ster (NMRR-20-575-54382) and approved by the Medical Research 

thics Committee, Ministry of Health Malaysia. Written consent 

as taken from all study participants. Retrospective testing of 

nonymized samples in University Malaya Medical Centre was ap- 

roved by the hospital’s medical ethics committee (no. 2017116- 

794), and does not require informed consent. 
3 
.8 Consent for publication 

During the process of consent taking, all participants were in- 

ormed regarding the need of publishing the results. All partici- 

ants’ personal information were anonymized during the write up, 

nd none of them will be identified when the findings of this study 

re published. 

ole of funding source 

The study was mainly funded by own institutional budget. 

aboratory testing was part-funded by the Fundamental Research 

rant Scheme (FRGS) (grant no. FRGS/1/2020/SKKM0/UM/02/5) 

rom the Ministry of Education, Malaysia, awarded to Yoke Fun 

han and I-Ching Sam. The funders did not have any role in the 

tudy design, data collection, data analysis, interpretation and re- 

ort writing. 

esults 

.1 Baseline characteristics 

A total of 400 HCW from the National Public Health Laboratory 

 N = 38), Kuala Lumpur Hospital ( N = 201) and Sungai Buloh Hospi-

al ( N = 161) were recruited for this study. The three departments 

ith the most participants were the medical (32.3%), emergency 

17.5%) and pathology departments (13.5%) (Supplementary File 3, 

able 1 ). This cohort consisted of 154 (38.5%) nurses, 103 (25.8%) 

edical doctors, 47 (11.8%) laboratory technologists and other pro- 

essions ( Table 1 ). The mean age was 34.9 ± 7.8 years old, with

emale predominance (74.3%). 

Although all HCW were asymptomatic upon study recruitment, 

early half of the HCW ( n = 182, 45.5%) reported some symptoms 

ithin the month prior to the study period. Fifteen (3.75%) of 

hem reported fever ( ≥38 ◦C). Among 135 (33.8%) HCW who re- 

orted respiratory symptoms, only 12 (8.9%) were associated with 

ever. The most commonly reported respiratory symptoms were 

ore throat (70.4%), followed by runny nose (43%), cough (40.7%) 

nd breathlessness (8.1%). Other reported symptoms in the past 

onth included headache (16.5%), fatigue (13.3%), myalgia (8.5%), 

iarrhea (5.5%), arthralgia (5.3%), nausea/vomiting/anorexia (4.3%), 

ashes (2%) and conjunctivitis (1.3%). Overall, 66 (16.5%) HCW 

ad symptoms fulfilling the WHO clinical criteria for suspected 

OVID-19 [16] . 
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Table 2 

Adherence of healthcare workers to personal protection equipment usage. 

Type of Exposure at Workplace Total Adherence to PPE a , n (%) 

Prolonged face-to-face exposure with infected patients 137 134 (97.8) 

Handled / contact with body fluids of infected patients 196 196 (100.0) 

Involved in aerosol generating procedures 73 72 (98.6) 

Contact with contaminated objects 166 163 (98.2) 

Contact with contaminated surfaces 198 192 (97.0) 

a PPE = Personal protection equipment 

Fig. 1. Setting of Exposure to SARS-CoV-2. AMO: Assistant medical officer; Lab 

Tech: Laboratory technologist. 
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Fig. 2. Type of SARS-CoV-2 Exposure at Workplace. AGPs: Aerosol generating pro- 

cedures; AMO: Assistant medical officer; Lab Tech: Laboratory technologist. 
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.2 Exposure history to SARS-CoV-2 

Overall, 115 of HCW claimed contact with known COVID-19 

ases outside of their workplace in the month prior to study en- 

ollment. Among them, 81 (70.4%) reported the contact as more 

han 14 days prior to study entry, while five (4.3%) did not specify 

he period. 

The majority (68.9%) of participants had potential exposure to 

ARS-CoV-2 at their workplace, within the month prior to study 

ntry ( Fig. 1 ). The source of exposure at the workplace included 

ontact with COVID-19 patients and their bodily fluids, as well as 

ontaminated objects and surfaces. Doctors and nurses were found 

o have the highest exposure risk when compared to other profes- 

ionals, ranging from 45–65% and 51–76%, respectively. Laboratory 

echnologists who were not involved in provision of care directly, 

ad contact with patients’ body fluids most of the time. Less than 

ne-fifth (18.3%) of the HCW reported to be involved in aerosol 

enerating procedures ( Fig. 2 and Supplementary File 3, Table 2 ). 

.3 Adherence to infection prevention and control measures 

Generally, adherence of the study participants to infection pre- 

ention and control (IPC) measures was satisfactory. High com- 

liance with PPE usage ( ≥97%) were reported by HCW who had 
4 
rolonged face-to-face exposure with COVID-19 infected patients, 

nvolvement in aerosol generating procedures, and contact with 

nfected patients’ body fluids, contaminated objects and surfaces 

 Table 2 ). Among them, the level of compliance towards hand hy- 

iene was satisfactory ( Table 3 ). 

When the analysis was stratified by professional categories, 

urses reported good compliance to hand washing across all com- 

onents, ranging from 94% to 98% (Supplementary File 3, Table 3 ). 

omparatively, doctors and assistant medical officers had poorer 

and hygiene compliance ( < 90%) after direct contact with contam- 

nated objects and surfaces. 

.4 Seroprevalence of total antibodies against SARS-CoV-2 

The sVNT was found to detect antibodies in all 35 samples from 

onvalescent COVID-19 cases, and did not detect antibodies in any 

f the 27 pre-pandemic samples. None of the study participants 

ad SARS-CoV-2 antibodies detected (95% confidence interval (CI): 

, 0.0095). 
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Table 3 

Level of compliance with hand hygiene among healthcare workers. 

Hand 

hygiene Total 

Level of Compliance, n (%) 

Always Most of the time Occasionally Rarely 

After close contact with infected patients 201 187 (93.0) 12 (6.0) 1 (0.5) 1 (0.5) 

After handling / contact with body fluids of infected patients 196 188 (95.9) 6 (3.1) 1 (0.5) 1 (0.5) 

After contact with contaminated objects a 166 157 (95.2) 8 (4.8) 0 (0.0) (0.0) 

After contact with contaminated surfaces b 198 180 (90.9) 12 (6.1) 3 (1.5) 1 (0.5) 

a 1 respondent did not answer this question 
b 2 respondents did not answer this question 

Fig. 3. Number of New Cases in Malaysia . Adopted from Daily COVID-19 case trends and Rt (first and second wave) 22 January – 31 August 2020, Malaysia , by Ministry of 

Health Malaysia, 2020. [19] . 
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iscussion 

In Malaysia, the first local wave of SARS-CoV-2 transmission 

tarted at the end of February and peaked in mid-March to mid- 

pril 2020 ( Fig. 3 ) [17] . During this period, both medical resources

nd healthcare workers around the country were redirected to 

ombat the disease. Healthcare staff from various hospitals of dif- 

erent departments were deployed to manage suspected and con- 

rmed COVID-19 patients in designated healthcare facilities. This 

tudy was conducted during the post-peak period, focusing on 

CW with no known prior SARS-CoV-2 infection and who were 

symptomatic at the point of study recruitment. The testing strate- 

ies during the study period for HCW in Malaysia healthcare facil- 

ties targeted those who were symptomatic. According to Ng, O.T. 

t al, symptom-based polymerase chain reaction testing strategy 

issed 62% of positive SARS-CoV-2 cases [18] . We were interested 

o know if HCW could have been infected by SARS-CoV-2 but did 

ot come to medical attention. If there was a high proportion, a 

hange in the policy of HCW testing and also local infection con- 

rol guidelines would become necessary. 

Prior to this serology surveillance, there were 29 confirmed 

OVID-19 cases and 1436 PUI cases among HCW in the healthcare 

acilities included in this study. Our finding of zero seroprevalence 

uggests that there is a low rate of undetected COVID-19 infection 

mong our HCW. Another Malaysian study of 310 HCW at a non- 

OVID designated healthcare facility in Sarawak showed a sero- 

revalence rate of 4.5%, using a rapid antibody test kit. However, 

he authors reported that two study subjects with faint IgM posi- 

ive results were false positives [20] . The sVNT used in our study 
5 
s likely to have a higher specificity than a rapid antibody test kit, 

hus reducing the risk of false positives [21] . Besides, we hypothe- 

ized HCW from designated COVID-19 hospitals would have a bet- 

er perception of the potential risk of infection involved due to 

igher occupational exposure, which would lead to better adher- 

nce to IPC measures and reduce the transmission risk within the 

acility itself. 

A similar study in China reported zero serological response 

mong 420 HCW who were deployed to Wuhan during this pan- 

emic [22] . The study coupled with our finding suggest that ap- 

ropriate PPE usage protects HCW from contracting the infection. 

n contrast, a study of 316 employees in a German tertiary hospi- 

al showed that 1.6% were seropositive for antibody against SARS- 

oV-2 [23] . Alserehi, H.A. et al conducted a serosurvey of SARS- 

oV-2 antibody among 12,621 HCW across 85 hospitals in the 

ingdom of Saudi Arabia and found the seroprevalence to be 2.4% 

24] . Likewise, a cohort study in Denmark identified 1163/27,292 

4.04%) seropositive HCW [25] . In Kyoto, seroprevalence of SARS- 

oV-2 antibody among HCW were reported to be as high as 5.4% 

26] . A similar seroprevalence rate was reported by Self, W.H. 

t al., whereby 194 out of 3,248 (6%) HCW in 13 academic med- 

cal centers in the United States were reported to have antibody 

vidence of previous COVID-19 infection [27] . In a tertiary hospi- 

al in Barcelona, 45 (9.3%) out of 578 HCW were seropositive for 

ntibody against SARS-CoV-2 [28] . In the greater New York City, 

ll Northwell HCW were offered free SARS-CoV-2 antibody test- 

ng. The results showed 5523 of 40,329 (13.7%) were seropositive 

29] . An even higher seropositivity rate was observed in a large 

cute care hospital in Sweden, where 410/2149 (19.1%) HCW tested 
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eropositive for IgG antibodies [30] . This is in line with a meta- 

nalysis of 49 studies which concluded the seroprevalence of SARS- 

oV-2 antibodies among HCW is higher in North America (12.7%), 

urope (8.5%), and Africa (8.2%) than in Asia (4%) [31] . We postu- 

ate the discrepancy between our study and others could be multi- 

actorial. Firstly, Malaysia had a relatively low COVID-19 incidence 

ate when compared to these countries during the study period. 

s of 15th June 2020, the cumulative incidence of COVID-19 in 

hese countries were about 8 to 25 times higher than Malaysia, ex- 

ept Japan which had a lower incidence [32] . HCW seroprevalence 

ay correlate with wider community circulation [ 33 , 34 ]. Secondly, 

he transmission dynamics of COVID-19 infection could be associ- 

ted with the disease severity [35-37] . According to a Malaysian 

bservational study of 5889 confirmed COVID-19 cases diagnosed 

etween February and May 2020, nearly half of the cases were 

symptomatic upon admission. Only 3.3% of the patients were ever 

dmitted to intensive care units throughout the course of hospital- 

zation [38] . Thirdly, the variation of participants’ eligibility crite- 

ia between the studies may also contribute to the discrepancy. 

tudies from United States and Spain included HCW who were 

nfected with SARS-CoV-2 previously [ 27 , 28 ]. Besides, the testing 

ethod was not standardized across all studies. Any differences 

etween the performances of each testing method can also affect 

he seroprevalence result. Additionally, there was a delay in re- 

ponse towards this pandemic in some countries. Unpreparedness 

n handling the surge of patients may result in severe shortage of 

he PPE, which may contribute to a higher SARS-CoV-2 infection 

ate among the HCW [39] . Moreover, the variation in PPE guide- 

ines may also explain the difference of HCW seroprevalence be- 

ween these countries. High seroprevalence of SARS-CoV-2 anti- 

odies among HCW had been reported across various healthcare 

acilities in the United Kingdom, ranging between 6% and 45% [40- 

5] . Some organizations and literature suggested PPE guidelines 

ecommended by the Public Health England (PHE) are insufficient 

o protect the HCW from SARS-CoV-2 infection [ 44 , 46-50 ]. Accord- 

ng to the PHE’s PPE guidelines, respirator masks and disposable 

urgical gowns are not necessary when dealing with suspected 

r confirmed COVID-19 patients, except when performing selected 

erosol-generating procedures or working in ‘high risk acute care 

reas’ such as intensive care unit, wards with non-invasive ven- 

ilation, gastrointestinal endoscopy, etc. [51] . This guidance is dif- 

erent from Malaysia’s standards, whereby respirator/surgical mask 

nd isolation gown (fluid-repellent long-sleeved gown) are recom- 

ended for HCW who manage suspected and confirmed COVID-19 

atients [10] . 

Numerous studies have stressed the critical importance of strict 

dherence to IPC measures to prevent patient-to-HCW infections 

 23 , 27 , 52-56 ], but few have investigated HCW compliance with

PC measures. Interestingly, Barrett et al. did not find any signifi- 

ant association between usage of PPE and COVID-19 infection rate 

mong the HCW in United States [57] . However, our findings of 

igh adherence to infection control guidelines and zero seropreva- 

ence of SARS-CoV-2 antibody in HCWs suggested strict infection 

ontrol and PPE usage may reduce the risk of SARS-CoV-2 trans- 

ission within healthcare facilities. This is further supported by 

everal studies that concluded PPE shortages and reuse of PPE are 

he main contributors of high COVID-19 transmission risk among 

he HCW [ 27 , 58 ]. 

In terms of the history of SARS-CoV-2 exposure, more than 

 quarter of participants claimed to have contact with a known 

OVID-19 case outside of their workplace. The participants may 

ssume any contact with infected co-workers within the hospital 

ompound (i.e. pantry, praying area, etc.), but outside of ward as 

 form of contact beyond workplace. On the other hand, we ob- 

erved a connection between professional categories and history 

f SARS-CoV-2 exposure at the workplace. This study found that 
6 
octors and nurses have more exposure to SARS-CoV-2 through all 

ypes of contact, from patients to respiratory droplets, objects and 

urfaces. This was in line with the nature of their work, which in- 

olves direct provision of care to patients. Laboratory technologists 

hose main job scope is to process patient specimens were found 

o have contact with patients’ body fluids most of the time. 

As of early May 2020, 359 HCW from Malaysian MOH had been 

iagnosed with COVID-19. Of these, 73% had acquired COVID-19 

rom the community, including from coworkers who were infected 

n the community, 19% had acquired the virus from patients, and 

he remaining 8% were still under investigation [59] . Public fear 

f hospitals and HCW remains high. Many countries observed that 

atients have avoided seeking medical care for other health prob- 

ems during this pandemic, thus resulting in late presentation with 

dverse outcomes [60-63] . Stigmatization and abuse of HCW have 

lso been reported [64-67] . A study from Spain in March 2020 ob- 

erved no difference in the COVID-19 infection rate of HCW by pro- 

essional categories and risk of exposure in respective work depart- 

ents. [34] Other studies in Spain [28] , Italy [54] and Netherlands 

68] also suggested the risk to a HCW of contracting COVID-19 in- 

ection in a healthcare facility is minimal. Although our study was 

nable to fully rule out additional risks of COVID-19 infection in 

 healthcare facility, zero seroprevalence of SARS-CoV-2 antibody 

mong our study subjects should reassure the public that the pos- 

ibility of any infected HCW who did not come to medical atten- 

ion is very low. 

SARS-CoV-2-specific IgM and IgG antibodies start to appear dur- 

ng the first week of illness, and peak between two to three weeks 

69] . After taking into consideration the timeline of seroconversion, 

erostatus of the HCW in this study most likely reflects COVID- 

9 transmission in Malaysia between middle of March and April 

020. This period corresponds to the second wave of COVID-19 

utbreak in Malaysia following the mass religious event held in 

uala Lumpur [70] , with a doubling time of confirmed COVID-19 

ases ranging from two to 110 days [71] . Folgueira et al. found 

 close link between the driving forces of transmission in the 

ommunity and HCW infection, which suggested that the rates of 

ARS-CoV-2 infection among HCW could be an indicator of trans- 

ission dynamics in the community [34] . If we adopt a similar 

rinciple, this study shows that the proportion of the general pub- 

ic in Malaysia infected as of mid-March to April could be very 

ow, and PPE for HCW could have helped in preventing nosocomial 

ransmission. This also signifies Malaysia’s successful public health 

ffort s at that time in combating this pandemic via extensive con- 

act tracing and early admission of confirmed COVID-19 cases for 

solation and close monitoring. 

This study has several limitations. Firstly, the study was lim- 

ted to selected healthcare facilities, so its findings may not be 

eneralizable to HCW in other workplaces, especially non-COVID 

esignated healthcare facilities. Secondly, we acknowledge the ex- 

stence of selection bias. Participation in the study was voluntary 

nd all participants were sampled by a non-probabilistic sampling 

ethod. HCW who refused to participate or were not sampled 

ight be seropositive for antibody against SARS-CoV-2. Besides, 

xclusion of the symptomatic cases at the point of study recruit- 

ent may underestimate the seroprevalence among HCW. Thirdly, 

e did not capture the dates of onset for HCW who reported 

ymptoms in the month prior to study enrolment. Therefore, test- 

ng for SARS-CoV-2 antibody in a single sample may potentially 

iss any SARS-CoV-2 infected HCW yet to seroconvert. Neverthe- 

ess, all symptomatic HCW were required to report their symp- 

oms to the OSH team for exposure risk assessment and further 

anagement. At that period of time, all symptomatic HCW with 

igh-risk exposure (i.e. HCW’s eyes, nose, or mouth were exposed 

hile performing or present during aerosol-generating procedures 

r during which respiratory secretions are likely to be poorly con- 
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rolled) were swabbed and excluded from work for at least seven 

ays. As for those with medium-risk (i.e. HCW’s mucous mem- 

ranes or hands were exposed during prolonged close contact with 

 COVID-19 patient) and low-risk exposures (i.e. inconsistencies in 

dherence to PPE while in close contact with a COVID-19 patient), 

hey were swabbed and excluded from work for at least three 

ays. They were not allowed to return to work until the resolution 

f fever with improvement in respiratory symptoms and/or tested 

egative for at least two consecutive swab specimens collected 48 

ours apart. Since all symptomatic participants had recovered dur- 

ng study recruitment, they were at least 3–14 days after symptom 

nset. Fourthly, as with other serological assays, the sVNT used in 

his study has only been validated in convalescent COVID-19 pa- 

ients and healthy controls, and not yet in asymptomatic individu- 

ls. It has shown sensitivity of 91.3–100% and specificity of 100% in 

amples collected more than 14 days after onset of illness [ 12 , 13 ],

nd performed well in comparison with other established assays 

14] . SARS-CoV-2 neutralizing antibody levels are positively corre- 

ated with disease severity [ 72 , 73 ]. As none of our HCW reported

evere symptoms, the likelihood of false negative results cannot be 

xcluded from this study. Fifth, not all infected individuals mount 

 detectable antibody responses against SARS-CoV-2. Furthermore, 

nly one assay was used for the serological test in this study, al- 

hough this measured responses to the receptor-binding domain of 

he spike protein, which is an important immunogenic target. Test- 

ng with other assays could have different results. Additionally, as 

he information of possible COVID-19 exposure and adherence to 

PC measures were obtained via a self-administered questionnaire, 

e were unable to check if the subjects’ responses were true (e.g. 

hether actual reported case contact had COVID-19 is unknown). 

astly, we also recognize that the small sample size of this study 

ay underestimate the magnitude of undiagnosed COVID-19 infec- 

ion among the HCW. 

onclusion 

This study suggests a low incidence of undetected COVID-19 in- 

ection among HCW who did not come to medical attention as 

onfirmed cases during the first local wave of SARS-CoV-2 infec- 

ion, even at facilities designated to handle COVID-19 patients and 

pecimens for suspected cases. The local testing strategies during 

he study period were adequate to capture the SARS-CoV-2 infec- 

ion burden among the HCW at that time. Although the low inci- 

ence of undiagnosed COVID-19 infection among the HCW could 

e attributable to the low transmission dynamics in the commu- 

ity during the study period, this study suggests the role of ad- 

erence to IPC measures and appropriate PPE usage in preventing 

ARS-CoV-2 transmission within healthcare facilities. 
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