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Abstract. COVID-19 in healthcare workers (HCWs) can result in nosocomial transmission, depletion in available
workforce, and enhanced community transmission. This article describes surveillance for COVID-19 in HCWs at a tertiary
healthcare facility, and documents the outcomes. A descriptive cross-sectional study of all HCWs identified from sur-
veillance for COVID-19 fromMarch 31 to August 31, 2020 was conducted. Healthcare workers were categorized as high
risk and low risk using an adapted WHO Risk Assessment tool. Nasopharyngeal and oropharyngeal swab specimens
obtained fromhigh-risk subjectswere tested by a reverse transcriptase PCRmethod. Datawere analyzedwith IBMSPSS
version 25.0 software (IBM SPSS Statistics for Windows, Version 25.0, Armonk, NY), and results were presented as
frequencies and percentages. The level of significance was set at P < 0.05. During 5months of surveillance, 1,466 HCWs
with amean age of 38.1 ± 9.7 yearswere identified as contacts. On risk assessment, 328 (22.4%)were adjudged high risk.
High risk was associated with increasing age (P < 0.001), male gender (P = 0.001), and nonclinical staff (P = 0.002).
Following testing, 78 (5.3%) in the high-risk category were confirmed to have COVID-19. There was no record of COVID-
19 in HCWs adjudged low risk. Forty-four (56.4%) cases were epidemiologically linked to the community, 20 (25.7%) to
patients, and 14 (17.9%) to another HCW. Surveillance and risk assessment are crucial to COVID-19 response in
healthcare facilities and revealedHCW infectionswith predominantly nonoccupational epidemiological links in this study.

INTRODUCTION

TheCOVID-19 pandemic has exerted immense pressure on
health systems worldwide saddling many with the enormous
task of dual-tracking health services by ensuring the provision
of regular care while simultaneously addressing COVID-19
case management.1,2 Administrators of healthcare facilities
are duty-bound to protect healthcare workers (HCWs) from
contracting thediseasebyensuringproper training in infection
prevention and control (IPC) and adequate supply of personal
protective equipment (PPE).3 Beyond the direct effects of ill-
health, failure to prevent COVID-19 in HCWs has other far-
reaching consequences. Infected health workers, if not
detected early and removed from the line of duty, serve as
potential agents of disease transmission to vulnerable pa-
tients within hospitals.4 Nosocomial spread may become par-
ticularly marked because of the high rates of asymptomatic/
presymptomatic transmission linked with COVID-19 and
presenteeism typically displayed by healthcare workers.4–6 In
addition, uncontrolled rates of HCW infection with the re-
sultant abstinence from work could result in overwhelming
manpower shortages that can cripple routine service delivery
and COVID-19 case management in healthcare facilities.1,7

Furthermore, infectedHCWscan transmit the disease to close
family contacts, other HCWs, and the community, thereby
worsening the pandemic.1,8

To protect HCWs and prevent secondary transmission
within hospitals and the community, it is imperative that
healthcare facilities implement clear strategies to identify,
support, and adequately manage exposed and infected
personnel.9,10 These strategies constitute facility-based dis-
ease surveillance, oneof theWHO’s eight core components of

IPC.11 Surveillance is the process of systematic collection,
collation, and analysis of data with prompt dissemination to
those who need to know, for relevant action to be taken. A
well-functioning disease surveillance system provides in-
formation for planning, implementation, monitoring, and
evaluation of public health intervention programmes.12

During the COVID-19 pandemic, various surveillance strategies
have been adopted to detect HCW infection including voluntary
ormandatory self-monitoring and reporting of symptomsamong
HCWs; institution of diagnostic testing for symptomatic HCWs
and periodic testing among frontline workers managing con-
firmed COVID-19 cases even when asymptomatic; and contact
tracing.1,4,10,13 Irrespective of the strategy used, defining the risk
of an HCW being infected with SARS-CoV-2 which causes
COVID-19 is often the first step in selecting themost appropriate
approach formonitoring and evaluation.10 Risk categories for in-
hospital exposures depend on the type of contact that has taken
place, whether PPE was used consistently and appropriately,
presence during aerosol-generating procedures, and level of
distancing from patients with COVID-19.10,14 Standardized pro-
tocols for risk assessment have been formulated by the WHO
and other national and international bodies to categorize HCWs
based on exposure to confirmed cases and to develop precise
recommendations based on the level of exposure.15–18 Tech-
nology in the form of real-time location systems and closed-
circuit television cameras in patient care areas can also aid the
execution of risk assessments, but this is capital-intensive and
unfeasible in resource-constrained settings.12,19

Low and middle-income regions have been disproportion-
ately affectedby theglobal shortages inmedical consumables
and equipment occasioned by the COVID-19 pandemic.20

This has worsened the inherent gaps in response capacity,
IPC, PPE availability, and HCW number, which characterizes
African healthcare settings.21 Healthcare worker vulnerability
to COVID-19 in these settings is projected to be great and has
the potential to drive nosocomial infection rates, worsening
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the pandemic.21 The need for surveillance specifically tar-
geted at identifying infected HCWs can therefore not be
overemphasized. Despite this, there remains a paucity of in-
formation on facility-based surveillance activities for COVID-
19 in HCWs in the African, and specifically, Nigerian context.
This study aimed to describe surveillance for COVID-19 in-
fections in HCWs and the outcome of these activities in a
tertiary hospital in Edo state, Southern Nigeria.

MATERIALS AND METHODS

Study area. This descriptive cross-sectional study was
conducted in the University of Benin Teaching Hospital (UBTH),
Benin City, Edo state, in Southern Nigeria. This 860-bed facility
renders promotive, preventive, curative, and rehabilitative ser-
vices in various departments, including internal medicine, sur-
gery, pediatrics,mental health, community health, obstetrics and
gynecology, radiology, ear, nose and throat, anesthesiology,
ophthalmology, family medicine, and dentistry.22,23 The UBTH
currently has a staff strength of 4,220.
TheUBTH is one of the three public hospitals designated as

an isolation facility for the management of COVID-19 patients
by the Edo state government. The isolation infrastructure in
the hospital is composed of a 24-bed isolation ward, an 18-
bed isolation annex for asymptomatic andmild cases, a 2-bed
level III intensive care unit dedicated to COVID-19 patients,
and an 18-bed holding bay for suspected COVID-19 cases.
The UBTH also houses one of three molecular testing labo-
ratories in the state accredited by the Nigeria CDC (NCDC) for
diagnosis of COVID-19 by real-time reverse transcriptase
PCR. The first two COVID-19 cases in the facility were recor-
ded on March 31, 2020.24

Before theCOVID-19pandemic, themanagement instituted
a hospital-wide IPC education campaign on standard pre-
cautions through its IPC committee. Handwashing and waste
management facilities were upgraded, and water, a major
determinant for sanitation especially in resource-limited set-
tings, was made available at all times. At the start of the
pandemic in Nigeria, the management constituted a COVID-
19 response team comprising seven pillars, namely, central
co-ordination and research, logistics, communication, case
management, diagnostic, screening and triage, and IPC/
surveillance. These pillars had specific terms of reference
aimedat overseeing the response toCOVID-19 in the hospital.
A risk stratification toolwasadapted to identify vulnerable staff
who were re-deployed to nonclinical areas or asked to work
from home.23 In addition to increasing the purchase and
availability of facemasks, gloves, and eye goggles (necessary
for standard precautions and transmission based precau-
tions), relevant hospital departments embarked on the local
production of plastic aprons, coveralls, and face shields. Also,
information education andcommunication posters onCOVID-
19 were placed at strategic locations, and advisories were
regularly communicated to staff. A “No face mask No entry”
policy was subsequently adopted to mitigate the spread of
COVID-19 within the facility.24

Study population. A total population study of all HCWs
identified through passive/syndromic and active surveillance
within the hospital between March 31 and August 31, 2020
was conducted. An HCWwas defined as any member of staff
in the healthcare facility involved in the provision of care for a
COVID-19 patient, including those who have been present in

the same area as the patient and those who may not have
provided direct care to the patient but who have had contact
with the patient’s body fluids, potentially contaminated items
or environmental surfaces. This included healthcare profes-
sionals, allied health workers, and auxiliary health workers
such as cleaning and laundry personnel, X-ray physicians and
technicians, clerks, phlebotomists, respiratory therapists,
nutritionists, social workers, physical therapists, laboratory
personnel, cleaners, admission/reception clerks, patient
transporters, and catering staff.25

Infection prevention and control/surveillance activities.
The IPC/surveillance pillar consisted of a head and team
members from the facility’s IPC committeewith specific terms of
reference including conducting surveillance for COVID-19 in
HCWs. The team liaised with the communications pillar to en-
courage staff to self-assess for symptoms of COVID-19 and re-
port suchsymptoms.Coreactivities included line-listing, contact
tracing, performing risk assessments of exposed staff, and de-
termining epidemiological links. Reporting of exposure to cases
of COVID-19 outside the workplace was also encouraged, and
riskassessmentwasalsoconducted for thesestaff. In addition, a
line of communication was established with the diagnostic pillar
to promptly notify the IPC/surveillance pillar of all laboratory-
confirmedcasesofCOVID-19 inhospitalizedpatientsandHCWs
within the facility.
Data collection. The tool for data collection was an in-

terviewer administered NCDC COVID-19 contact tracing
form.26 Risk assessment was conducted using a tool adapted
from theWHO risk assessment andmanagement of exposure
of health care workers in the context of COVID-19: interim
guidance.15 This tool is used by healthcare facilities that have
either admitted or cared for COVID-19 patients and is com-
pleted for all health workers who have been exposed to a
confirmed COVID-19 patient. It enabled the assessment of
HCWactivities performed onCOVID-19 patients in healthcare
facilities, adherence to IPC procedures during healthcare in-
teractions, and adherence to IPC measures when performing
aerosol-generating procedures (e.g., tracheal intubation,
nebulizer treatment, open airway suctioning, collection of
sputum, tracheotomy, bronchoscopy, and cardiopulmonary
resuscitation). Responses were assessed on a Likert scale,
with choices “always, as recommended,” “most of the time,”
“occasionally,” and “rarely.” Healthcare workers who did not
respond “always, as recommended”were categorized as high
risk.15 Documentation was carried out by surveillance team
members, who served as research assistants for the purpose
of this study.
All HCWs who were adjudged high risk were tested, re-

gardless of whether or not they were symptomatic. Naso-
pharyngeal and oropharyngeal swabs were collected from
HCWs in the high-risk category for diagnostic testing for
SARS-CoV-2 by real-time RT-PCR at the molecular virology
laboratory. Testing was conducted on day 5–7 following last
contactwith theCOVID-19case to ensure ahigh yield. Results
were fed back to the team for collation and appropriate action.
Data analysis. Data were entered into IBM SPSS version

25.0 and analyzed. The statistical measures for the quantita-
tive analysis were means with SDs for continuous variables,
and absolute numbers with percentage frequencies for cate-
gorical variables. The level of significance was set at P < 0.05
for all statistical associations. Frequency tables were used to
present the results.

FACILITY-BASED SURVEILLANCE ACTIVITIES FOR COVID-19 INFECTION 1035



Ethical considerations. Ethical approval was obtained
from the Ethics and Research Committee of the UBTH.

RESULT

During the 5-month surveillance period, a total of 1,466
HCWs, representing 34.7%of the total workforce in theUBTH
(N=4,220), reported symptomsorwere exposed toCOVID-19
infection. Their sociodemographic characteristics are shown
in Table 1. The mean age of the HCWs was 38.1 ± 9.7 years,
and 1,080 (73.7%) were in the 20- to 39-year age-group.
Healthcareworkers aged 60 years andoldermade up the least
proportion of HCWs exposed at six (0.4%). Eight hundred
thirty-two of the exposed HCWs (56.8%) were female
(Table 1). A higher proportion of HCWs exposed (741, 50.5%)
were doctors, and over half (783, 53.4%) resided in Egor Local
Government Area of Edo state (Table 1).
Following risk assessment for COVID-19, 328 (22.4%)

HCWswere adjudged to be high risk. With increasing age, the
proportion of high-risk contacts amongHCWs increased,with
the age-group > 60 years having the highest proportion (5,
83.3%) of high risk for COVID-19. The association between
age and risk assessment for COVID-19 was statistically sig-
nificant (P < 0.001). Moremale HCWs (173, 27.3%) were in the
high-risk category. The association between gender and risk
assessment for COVID-19 infection was also statistically
significant (P < 0.001). A higher proportion of HCWs in the
high-risk category were in the “other” staff category (laundry
personnel, X-ray technicians, phlebotomists, nutritionists,
social workers, physical therapists, laboratory personnel,
cleaners, porters, and catering staff), whereas the least pro-
portion five (12.2%) were paramedics. The association be-
tween profession of HCWs and risk assessment was statistically
significant (P = 0.002) (Table 2).
Seventy-eightHCWs in the high-risk groupwerepositive for

COVID-19 infection following testing, representing 5.3% (n =

1,466) of HCWs identified by surveillance, 1.8% (N = 4,220) of
all workers in the facility, and 20.4% (n = 383) of COVID-19
diagnosesmade in the facilitywithin the same reporting frame.
Table 3 shows the sociodemographic characteristics of in-
fected HCWs. Their mean age was 34.6 ± 11.0 years, with 52
(66.7%) in the 20- to 39-year age-group, and 41 (52.6%) were
male. Forty-five (57.7%) were doctors, a higher proportion of
whom (25, 32.1%) were resident doctors. There was no travel
history in 77 (98.7%) of infected HCWs. Attack rates among
the various cadres were 3.2% in nurses, 6.1% in doctors,
7.3% in health assistants, 9.8% in paramedics, and 12.3% in
others. Table 4 shows surveillance activities and epidemio-
logical link of disease exposure of the infected workers. Al-
though 33 (42.3%) were identified through active surveillance
activities, 42 (53.9%) HCWs voluntarily self-reported symp-
toms of COVID-19. Epidemiological link of disease exposure
of the infectedworkers revealed that 44 (56.4%)were linked to
the community, 20 (25.7%) were linked to patients, and 14
(17.9%) were linked to other HCWs in the facility. Figure 1
depicts the weekly number of new cases of COVID-19 in
HCWs in the UBTH from March 31, 2020 to August 31, 2020,
with the highest number of newcases (12) recorded in the 13th
week.

DISCUSSION

Surveillance is thecontinuousscrutiny foroccurrenceofdisease
and health-related events through systematic collection, analysis,
and interpretation of data closely integrated with the timely dis-
semination of these data to enable prompt intervention.27,28 In the
UBTH, passive/syndromic (self-reporting) and active (monitoring,
outbreak investigation, and contact tracing) surveillance ap-
proaches were combined with risk assessment to identify HCWs
at high risk of contracting COVID-19, followed by diagnostic
testing of high-risk subjects at the on-site molecular virology lab-
oratory to confirm thosewhowere actually infected. The outcome
of surveillance activities during the 5-month period was the de-
tection of 78 cases of COVID-19 in HCWs, which represented
1.8% of the total workforce, 5.3% of those identified by surveil-
lance, and20.4%ofallCOVID-19casesdiagnosed in thehospital.
Epidemiological links topatients, otherHCWs,andhouseholdand
community contacts were also established.
Although concerns about COVID-19 infections in HCWs

largely centered on shortages in the supply of PPE and oc-
cupational exposure to confirmed patients in the early days of
the pandemic, studies have increasingly emphasized other
routes of transmission.29–33 Less than 30%of infections in the
index studywere epidemiologically linked to patient care.With
proper use of PPE and good adherence to IPC measures, the
risk of SARS-CoV-2 infection of HCWs caring for COVID-19
patients is expected to be low.10 Accordingly, the hospital
management went to great lengths to secure PPE for staff
during the period to the extent of venturing into indigenous
production of gowns, face masks, and face shields to com-
plement supply. In addition, the IPC/surveillance pillar
provided health education on standard precautions and ap-
propriate use of PPE to all cadres of staff. The fact that no
HCW infection was detected among the staff manning the
COVID-19 isolation ward may imply strict compliance with
PPE use and IPC measures in that section of the facility.
Interestingly, an epidemiological link with ongoing com-

munity transmission was established in more than half of

TABLE 1
Sociodemographic characteristics of healthcare workers exposed to
COVID-19

Variable Frequency (n = 1,466) Percent

Age (years)
20–39 1,080 73.7
40–59 380 25.9
³ 60 6 0.4

Gender of HCWs
Male 634 43.2
Female 832 56.8

Cadre of HCWs
Doctors 741 50.5
Nurses 564 38.5
Paramedic 41 2.8
Health assistants 55 3.8
Administrative staff 22 1.5
Others* 43 2.9

Local government area of residence of
HCWs

Egor 783 53.4
Ovia north east 297 20.3
Oredo 286 19.5
Ikpoba-Okha 87 5.9
Uhunmwonde 13 0.9

HCWs = healthcare workers.
* Others include cleaning and laundry personnel, X-ray technicians, phlebotomists,

nutritionists, social workers, physical therapists, laboratory personnel, cleaners, porters,
and catering staff.
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infected HCWs. Furthermore, the epidemic curve of HCW in-
fection closely mirrored the general epidemic curve in the
state. Zheng et al.29 made similar observations in a study of
HCW infections in a London teaching hospital, and several
other studies in countries such as the Netherlands, Australia,
and the United States have documented links betweenCOVID-
19 in HCWs and ongoing community transmission.30–32 The
consensus on the dominant role played by community trans-
missionbuttresses the fact thatHCWs facedual risk of infection
during a pandemic, calls formore emphasis on protecting them
through education and provision of services that prevent undue
exposure in the community.
Transmission of COVID-19 from one HCW to other HCWs is

another understated mode of infection in HCWs.33 In this study, it
accounted for close to one in five cases detected. Although

physical meetings were halted as part of hospital policy during the
pandemic,physical distancingmaynot havebeen fully observed in
office spaces and duringmeals where close contact can bemade
with colleagues.10 In a case–control study in Turkey, besides in-
appropriate use of PPE while caring for patients, significant risk
factors for infection inHCWs includedstaying in the samepersonal
break roomwithan infectedHCWwithoutamedicalmask formore
than 15minutes, consuming food within 1 m of an infected HCW,
and failure to keep a safe distance from an infected HCW.34 In a
retrospective account from Spain, systematic use of face masks,
prohibitionof sharedmeals, and institutionofphysical distancing in
the refectory were followed by a decline in the number of HCW
infections.33 The observation of HCW-to-HCW infections in the
UBTH necessitated an advisory from management reiterating the
mandatory use of facemasks by HCWs in all areas of the hospital
including administrative offices. Many offices and departments
likewiseadoptedsignagethatprecludedentrywithouta facemask.
Early screening, testing, and isolation of infected HCWs in

the UBTH helped achieve the primary target of preventing the
spread of COVID-19 to patients and other HCWs. The benefits
of surveillance however did not end there. Being able to di-
rectly measure what goes on in a population, surveillance is
useful both for measuring the need for interventions and for
directly measuring the effects of interventions.35 Thus, be-
sides identifying infected HCWs and reducing the occurrence
of nosocomial spread by ensuring that they stayed away from
work, the results of surveillance and risk assessment in the
facility helped identify gaps in attitude and practice of IPC and
PPE use among staff. This led to focused behavioral change

TABLE 2
Sociodemographic characteristics and risk assessment category for COVID-19

Variable

Risk assessment category (n = 1,466)

Test statistics P-valueHigh (n = 328) Frequency (%) Low (n = 1,138) Frequency (%)

Age (years)
20–39 214 (19.8) 866 (80.2) – –

40–59 109 (28.7) 271 (71.3) χ2 = 25.622 P < 0.001
³ 60 5 (83.3) 1 (16.7) – –

Gender
Male 173 (27.3) 461 (72.7) χ2 = 15.527 P = 0.001
Female 155 (18.6) 677 (81.4) – –

Occupational groups of healthcare
workers

Doctors 182 (24.6) 559 (75.4) χ2 = 19.294 P = 0.002
Nurses 104 (18.4) 460 (81.6) – –

Others* 17 (39.5) 26 (60.5) – –

Health assistants 12 (21.8) 43 (78.2) – –

Administrative staff 8 (36.4) 14 (63.6) – –

Paramedics 5 (12.2) 36 (87.8) – –

* Others include cleaning and laundry personnel, X-ray technicians, phlebotomists, nutritionists, social workers, physical therapists, laboratory personnel, cleaners, porters, and catering staff.

TABLE 3
Sociodemographic characteristics of infected healthcare workers

Variable Frequency (n = 78) Percent

Age (years)
20–39 52 66.7
40–59 26 33.3
³ 60 0 0.0

Mean ± SD = 34.6 ± 11.0
Sex
Male 41 52.6
Female 37 47.4

Occupational groups of healthcare
workers

Doctors
House officers 16 20.5
Resident doctors 25 32.1
Consultants 4 5.1

Nurse 18 23.1
Paramedics 4 5.1
Health assistant 3 3.9
Radiographer 2 2.6
Laboratory scientist 2 2.6
Admin staff 1 1.3
Pharmacist 1 1.3
Technician 1 1.3
Physiotherapist 1 1.3

Travel history
Yes 1 1.3
No 77 98.7

TABLE 4
Mode of surveillance and epidemiological links among COVID-19–

infected healthcare workers
Variable Frequency (n = 78) Percent

Surveillance activities
Passive/syndromic 42 53.9
Active 33 42.3
Family contact 3 3.8

Epidemiological link
Community exposure 42 53.9
Patient 21 26.9
Other healthcare workers 15 19.2
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communication and health educational activities among tar-
geted staff by the IPC/surveillance team. For instance, al-
though a higher proportion of HCW infections occurred in
doctors and nurses, attack rates in these cadres were less
than those in health assistants and paramedics. On closer
scrutiny, it became clear that health assistants possibly
complied poorly with IPC although a cluster of infections
among paramedics was linked with their communal living ar-
rangements. The health talks in these two groups differed
substantially emphasizing rational and appropriate PPE use
duringwork for the formerandharpingonsocialdistancinganduse
of face masks even when with colleagues to the latter. Healthcare
workers were also educated on the need to adopt community
mitigation strategies when outside the workplace as the tendency
to acquire the infection from household and community contacts
was high across all cadres. By stratifying staff exposed as low risk,
they were able to return to work promptly with symptommonitor-
ing, thereby preventing manpower shortages. In testament to the
effectiveness of efficiently deployed risk assessment tools, no
HCWs stratified as low risk camedownwith symptomsofCOVID-
19. Finally, the targeted deployment of testing resources to the
high-risk category helped conserve resources including sampling
swabs and transport medium as well as PCR test kits. Risk as-
sessment and monitoring also provided reassurance for worried
staff and engendered trust in the workplace as employees were
convinced ofmanagement’s concern for their welfare. This led to a
boost in morale and employee satisfaction.
Despite the intensive surveillance activities,HCW infection in the

UBTHmaystill havebeenunderestimated foranumberof reasons.
First, some symptomatic HCWs, especially the mildly symptom-
atic,mayhavedeliberately refused to report symptomsandaccess
testingbecauseof fear or stigma. For instance, the lower incidence
of HCW infection in nonclinical staff categories in the UBTH could
be due to a particularly low rate of self-reporting among this group.
The very low rate of infection among nonclinical staff in this study
contrasts sharply with findings from other studies which show
substantial rate of infection in HCWs performing jobs that did not
involvedirect patient care; in some instances, nodifference in rates
wasdiscerniblebetween frontlinestaff suchasnurses,doctorsand

allied healthcare professionals, and nonclinical staff including cler-
ical, administrative and information technology staff.33,36 Second,
reporting bias in HCWs being assessed may have compromised
the accuracy of risk assessment. However, part of the risk as-
sessment strategywas to corroborate the account from theHCWs
under investigation with accounts from other colleagues on the
team and those present at the scene of exposure. Finally, there is
the possibility of falsely negative RT-PCR result if the test is con-
ducted too early. To minimize the impact of this, asymptomatic
HCWs who had a negative result were asked to report the devel-
opment of symptomswithin 14daysof taking the test, andnoneof
themdevelopedsymptoms. In the long run, the trueextentofHCW
infectionmayonlybemadeapparentwhensurveillancestudiesare
undertaken using reliable serological assays.
In conclusion, outcomes of surveillance in the index facility

have revealed that while occupational exposure constituted a
risk to HCWs, they were more at risk of contracting COVID-19
from colleagues in the workplace, family, and other members
of the community. Thus, risk communication was compre-
hensive and encouraged IPC and other protective behaviors
both within and outside the work environment. The study
showed that building capacity for surveillance is a worthwhile
investment as healthcare facilities must incorporate HCW in-
fection surveillance in their response plan for infectious dis-
ease pandemics.
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