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The rapid growth of the coronavirus disease 2019 (COVID-19) pandemic, limited avail-
ability of personal protective equipment, and uncertainties regarding transmission modes
of severe acute respiratory syndrome coronavirus-2 have heightened concerns for the
safety of healthcare workers (HCWs). Systematic studies of occupational risks for COVID-
19 in the context of community risks are difficult and have only recently started to be
reported. Ongoing quality improvement studies in various locales and within many
affected healthcare institutions are needed. A template design for small-scale quality
improvement surveys is proposed. Such surveys have the potential for rapid imple-
mentation and completion, are cost-effective, impose little administrative or workforce
burden, can reveal occupational risks while taking community risks into account, and can
be repeated easily with short time intervals between repetitions. This article describes a
template design and proposes a survey instrument that is easily modifiable to fit the
particular needs of various healthcare institutions in the hope of beginning a collaborative
effort to refine the design and instrument. These methods, along with data management
and analytic techniques, can be widely useful and shared globally. The authors’ goal is to
facilitate quality improvement surveys aimed at reducing the risk of occupational infec-
tion of HCWs during the COVID-19 pandemic.
ª 2020 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction and background

A critical mission of infection control programmes in
healthcare institutions is to reduce the risk of occupationally
acquired infections among healthcare workers (HCWs). The
importance of this mission has increased along with the
Ltd. All rights reserved.
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magnitude of the coronavirus disease 2019 (COVID-19) pan-
demic. Massive surges in the numbers of hospitalized patients,
evolving understanding of the transmissibility of severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), limited
availability of personal protective equipment (PPE), and limi-
ted availability of diagnostic testing have contributed to con-
cerns about the inadequacies of institutional programmes for
the protection of HCWs’ health. This article proposes a tem-
plate design for quality improvement of infection control pro-
grammes in healthcare institutions in order to support the
efforts of these programmes to identify preventable HCW
exposures and implement remedial actions.

In the absence of effective vaccines or treatments for COVID-
19, protection of HCWs with consistent implementation of
infection control procedures is necessary. These may include, as
appropriate to the clinical situation, careful hand hygiene,
engineering controls (e.g. ventilation), administrative controls
(e.g. planned cohorting of patients), PPE (such as N95 face
masks, gloves, gowns, face shields and goggles) and ensuring
that patients wear facemasks. Large numbers of HCW infections
have been reported in many countries, and adequate protection
of HCWs has proven to be challenging, as reported in studies
from Italy, Spain and India [1e3]. Risk factors for incident SARS-
CoV-2 infection, reported in a preprint (not yet peer reviewed)
from the UK and the USA, found significantly elevated hazard
ratios among HCWs compared with the general public associated
with re-use of PPE, inadequate access to PPE and caring for
patients with COVID-19, even in the context of adequate access
to PPE [4]. A study of 41 HCWs in Singapore (85% wore surgical
masks, 15% wore N95 masks) who had close contact with a single
patient with COVID-19 during an endotracheal intubation
reported that none of the HCWs became infected as a result [5].
Newspaper reports of SARS-CoV-2 infections and COVID-19
deaths among HCWs underscore health concerns [6e8]. In
sum, while adequate PPE supplies and infection control guide-
lines are important, the quality of protection for HCWs has to be
monitored, and failures need rigorous and prompt investigation.

Quality improvement surveys to identify and reduce occu-
pational risks of SARS-CoV-2 infection among HCWs are war-
ranted. Potential risks of SARS-CoV-2 infection among HCWs
that must be considered in such surveys include risks from
patients, patients’ visitors (if these are permitted), other
HCWs, contaminated surfaces and PPE, and HCWs’ non-
occupational activities in the community, including commut-
ing between work and home. As SARS-CoV-2 may be trans-
missible by air, studies need to address the possibility of virus
dispersal over longer distances, and persistence in air over
greater periods of time, than if transmission was solely via
droplets. Persistence of the virus in places that lack adequate
ventilation must also be considered [9].

Risk factors for SARS-CoV-2 infection among HCWs are likely
to vary substantially among institutions and geographic areas.
As such, the authors considered that a widely useful design
should be developed for use by medical institutions as a tem-
plate, and that this template design could be easily refined and
improved cooperatively over time, while simultaneously being
adapted and customized for specific local situations.

In the context of varying rates of growth in the numbers of
cases of COVID-19 in different institutions and locales, the
following criteria are proposed for evaluation of quality
improvement study designs:
� potential for rapid implementation and completion;
� cost-effectiveness;
� minimization of administrative and manpower burden
required from stressed HCWs and healthcare institutions;

� effectiveness of and potential for revealing occupational
risks;

� ease of implementation and potential for repetition to
identify new risks over time, and ability to identify possible
slippage or inefficiency in management of known risks;

� ease of statistical analysis;
� ability to identify risks with modest-to-large odds ratios;
� ability to monitor risks associated with well-known trans-
mission routes over time; and

� ability to utilize small numbers of subjects to identify
novel, unexpected transmission routes.

Small-scale studies that require few incident cases are
proposed, because small studies can be repeated frequently
over time to identify newly emergent problems and the success
or failure of previous remediation efforts.
Proposed design

A template design for quality improvement caseecontrol
surveys of the risk of SARS-CoV-2 infection among HCWs is
proposed. The proposed design of a small-scale caseecontrol
study seems to be the right choice as it satisfies all of the cri-
teria listed above.
Assumptions regarding institutional resources
and cooperation

It is assumed that occupational health services and/or human
resource departments (OHS/HR) exist within each institution,
and the infection control office/officer and OHS/HR of the
institution are informed expeditiously of all documented or
presumed SARS-CoV-2 infections and are able to create a list of
HCWs who have ever had COVID-19. It is also assumed that OHS/
HR possess a list of all employees, and it is possible to con-
catenate the list of employees who have ever had COVID-19 with
the list of all employees to create a list of at-risk, probably
uninfected potential controls. It is assumed that adequate
measures are taken in the institution to protect privacy and
personal information, as required by law. It is assumed that the
investigators conducting the proposed quality improvement
studies are able to obtain support and cooperation from the
senior administrators (in their roles as gatekeepers), OHS/HR
and information services to permit conduct of the requisite
computerized matching of SARS-CoV-2-infected individuals
(obtained from OHS office) against a list of all employees
(obtained from HR). Finally, it is assumed that emails can be
transmitted to each potential subject without revealing to the
survey staff any names or other personal identifiers of the sub-
jects participating in the quality improvement survey.
Inclusion/exclusion criteria for cases and
controls

Cases in the quality improvement caseecontrol surveys are
HCWs with incident COVID-19, while controls are at-risk HCWs
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not known to have had COVID-19 at any time prior to enrolment
in the study. Inclusion criteria for cases are:

� employed by the institution and worked in one of the
institution’s buildings for at least 1 day per week during the
week prior to the presumed date of SARS-CoV-2 infection;
and

� infected with SARS-CoV-2 on the basis of clinical pre-
sentation or laboratory tests. Most cases will be incident
infections during the study period, but prevalent infections
at the time of study commencement would be accepted if
their likely date of infection was within 2 weeks of study
commencement.

Inclusion criteria for controls are:

� employed by the institution and worked in one of the
institution’s buildings for at least 1 day per week during the
week preceding the index case’s date of infection;

� free of physician diagnosis of COVID-19; and
� free of symptoms of COVID-19 or with a negative COVID-19
test (in the context of an institutional screening pro-
gramme) during the 2 weeks prior to study enrolment.

It is proposed that all employees who recently worked on-
site at the institution should be eligible for inclusion as cases
or controls, irrespective of whether their duties involved con-
tact with patients or soiled patient materials. Inclusion of
employees who had no contact with patients or soiled patient
materials will allow estimation of community risks and risks
associated with transmission through air ducts or within shared
common facilities (e.g. elevators, dining halls, hallways,
restrooms).

The proposed study design can be considered a nested case-
control study, with the underlying, dynamic cohort being all
employees in the institution. To increase statistical precision,
three to four or more potential controls per case will be
selected at random from the list of potential at-risk controls.
Controls will be selected at random from employees who have
remained COVID-19-free up to the date of each case’s enrol-
ment. Temporal matching of control to case questionnaire
responses will be attempted by sending invitations to index
cases and their matched controls on the same dates. Date
matching will control for possibly important, unmeasured
determinants of the risk of infection that may have varied
strongly by date, such as local prevalence of individuals shed-
ding SARS-CoV-2, local policies and access to PPE, community
access to and use of face masks, and access to SARS-CoV-2
diagnostic tests.

It is estimated that two-thirds of potential controls would
participate, and thus the power estimates (see below) are
based on two-to-one matching of controls to cases (assuming
invitations are sent to three controls per case). Institutions
that elect to invite four or more controls for each case may
achieve greater precision, including more precise estimates of
odds ratios.

Solicitation of participation

Cases and controls will be sent e-mail invitations to partic-
ipate in the caseecontrol study at the time when OHS/HR
learns of the index, incident case infection. E-mails will include
a short explanation of the study and a link to an online survey
created with a suitable database platform, such as the REDCap
data management program which is widely available in US
healthcare institutions [10]. The e-mail invitation will provide
the following options: refuse participation; accept partic-
ipation; or, if the subject’s health is poor, request to postpone
participation. The first paragraph of the survey instrument will
contain information usually found in an informed consent form
appropriate for a quality improvement survey. The survey
questionnaire will be self-administered by most respondents on
either a computer or smartphone. Surrogate respondents will
not be interviewed when subjects are too ill to respond
themselves as it is not expected that surrogates would have the
knowledge and insights needed to provide accurate answers. It
is suggested that cases whose health improves should be
allowed to participate when they are well enough, if they wish
to do so. Survey responses will be anonymous; names, tele-
phone numbers, e-mail addresses and internet protocol
addresses will not be recorded.

Risk factors to assess

The present authors have developed a sample ques-
tionnaire, building on questionnaires of the World Health
Organization [11] and a questionnaire used to investigate the
SARS epidemic in Toronto, Canada in 2003 [12]. When creating
the questionnaire, the intention was to keep it brief in recog-
nition of the many other burdens that HCWs are facing during
the present epidemic. In pilot testing, the questionnaire has
taken approximately 20 min to complete.

The proposed questionnaire gathers information on demo-
graphics (job category, age, sex, race, ethnicity, number of
people sharing residence, and number of children sharing res-
idence), and occupational and community risk factors for
infection with SARS-CoV-2. In addition, open-ended questions
are included, asking how the index case thinks he/she became
infected, why the controls think they have remained unin-
fected, and observations of risky behaviours among colleagues.
The open-ended questions may provide ameans to discover risk
behaviours or situations that were not previously considered to
be important, or were not suspected to be associated with
meaningful risk.

Several examples of risk factors that can be explored with
the proposed questionnaire are:

� occupation;
� storing a used face mask in a paper bag followed by re-use;
� age;
� years of experience in current job;
� months of experience in the COVID-19 infection control
environment;

� close quarter (<2 m) exposures for >10 min to asympto-
matic co-workers who are not wearing face coverings;

� close quarter exposure to a patient talking without wearing
a mask; and

� failure to wear a mask in hallways outside patients’ rooms.

In developing the proposed questionnaire, a challenge was
identification of the relevant time span of behaviours that may
have caused infection with SARS-CoV-2. Behaviours may
change after symptom onset. Symptoms have been reported to
appear anywhere from 4 to 14 days after infection. It is
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estimated that 0e6 days may pass between onset of symptoms
and employee evaluation by the OHS, at which time an invi-
tation to participate in the survey will be e-mailed to the
potential case. Therefore, the questionnaire asks for average
behaviours in the 7-day period from 4 to 11 days prior to either
onset of symptoms or (for those who experienced no symp-
toms) sample donation resulting in the subject’s first positive
COVID-19 test result. Controls are asked for average behaviours
in the period 7e14 days prior to interview. Investigators
adopting this template study design can modify the template
questionnaire to fit local epidemic conditions.

As mentioned above, the quality improvement survey and
the present template protocol could be mounted on a journal’s
or academic institution’s website, and opened for refinement
and use by health institutions and investigators. The template
questionnaire is included in the appendix (see online supple-
mentary material); it can be modified by investigators based on
local institutional needs.
Repeated conduct

The proposed caseecontrol approach is designed to use very
limited numbers of participants to provide rapid estimates of
potentially strong associations that could quickly identify the
most important targets for improved measures of infection
control. At the same time, it is designed to minimize time
requirements of administrators, clinicians, allied health
employees and support staff, all of whom may be overworked
during the local peak of the epidemic. It is expected that risks
may change as community and hospital prevalence rates of
infectious status change, stores of PPE increase or decrease,
guidelines for preventive measures change, and workload and
prevalence rates of other contributing risk factors change. The
proposed approach can be conducted repeatedly during the
pandemic. However, in later stages of the pandemic, the sur-
vey tool can be adapted accordingly. If major non-compliance
issues and unexpected routes of exposures for HCWs have been
corrected, cases of infection will become isolated rare events.
At that time, investigators may want to strive for better
matching of times of exposure relative to the presumed dates
of infection of index cases.

Data analyses for the proposed template study can be con-
ducted using classical categorical techniques and conditional
logistic regression or Cox regression for nested caseecontrol
studies.
Qualitative data and free-text responses

It is proposed that open-ended questions on how partic-
ipants believe they became infected, why they believe they
have remained uninfected, and risky situations or behaviours
they have observed should be included in the survey form.
These responses could provide the basis for interventions, even
in the absence of corresponding data from a comparison group,
as would be required for statistical analysis. Behaviours or
situations may pose risks that are obvious enough that they
should be remediated without a need for a demonstrated,
significant association with infection, much as it has long been
recognized that some measures for the prevention of adverse
health outcomes do not require clinical trials [13]. Responses
to the open-ended questions may also provide insights that
could be used to modify the survey form in the future.
Sample size

In the situation of 20 HCW infections and a control group of
40 uninfected controls, the study could detect odds ratios�5.0
for a risk factor present in 20% of controls at an alpha level of
significance of 0.05 and power of 80% [14]. A retrospective
study of HCWs involved with patients requiring intubation
during the 2003 SARS-CoV epidemic in Toronto found several
risk factors with odds ratios >5 [6]. The detected risk factors
that are easily addressed would be corrected even if their odds
ratios (estimating the strengths of association) had wide con-
fidence intervals due to small sample sizes. The aim of this
survey and data analysis is rapid identification of strong effects
of possibly preventable exposures so remediation can begin
promptly. Larger sample sizes could be accrued in large insti-
tutions. Analyses using small numbers of participants, however,
might be preferable because they could be repeated within a
healthcare system every few weeks, depending on numbers of
new cases, to capture changing risks. In addition, small sample
size investigations can generate useful data and hypotheses to
be used to design more comprehensive research.
Ethical considerations

The clinical, practical or administrative uses for these
measurements are intended to improve the delivery of health
care. The study’s purpose and design meet the criteria for
quality improvement surveys, and so, in the USA, can reason-
ably be interpreted not to fall under US Department of Health
and Human Services’ regulations for the protection of human
subjects in research (45 CFR Part 46) [15]. As such, the study
could be implemented in most US institutions without the need
for review or approval by an institutional review board (IRB). If
an investigative team wished to view the study as research (i.e.
a systematic investigation designed to develop or contribute to
generalizable knowledge), IRB review would be required but
this can typically be done swiftly during the pandemic. Regu-
latory requirements will differ by country. The World Health
Organization has posted advice on ethical standards for
research and development during the COVID-19 epidemic [16].
Limitations

Possible limitations of the proposed quality improvement
studies include:

� odds ratios will be biased towards the null if many controls
are, in fact, infected with SARS-CoV-2, but are asympto-
matic or in the early stages of the disease when antigens
and antibodies may be undetectable; and

� participation rates, especially among controls, may be low
if COVID-19 patient loads are high, emotional and physical
exhaustion are common, and HCWs are being asked to
participate in numerous other studies. However, it is
anticipated that HCWs would be interested in the study,
and it is not considered that the findings will be biased
substantially due to poor participation.



Table I

Outline of proposed study

1) Decide that a quality improvement study is warranted due to concern that current institutional protection against SARS-CoV-2
infections among HCWs may be inadequate

2) Organize study and adapt to local situation:
a) Negotiate a working collaboration that includes the infection control service, occupational health office and/or human

resources, a biostatistician, an epidemiologist, union or other representatives of labour, and information technology. If local
experts are not available, seek collaborators elsewhere

b) Identify computing, server and database resources including regularly updated lists of employees and COVID-19-infected
employees

c) Obtain collaboration from occupational health office and/or human resources
d) Adapt template study design to local situation; modify/translate the questionnaire as needed; create a letter of invitation to

subjects and fine-tune the introductory, motivating text of the questionnaire to optimize local participation
e) Program the computer- and smartphone-administered questionnaires using REDCap, SurveyMonkey or a similar programa

f) Pilot test the instruments on at least four subjects with at least two pilots in each administration modality (computer,
smartphone). If the study is repeated at a later time, the pilot test may be omitted if the questionnaire has not been
altered greatly from the previously used versions

g) Revise study materials in light of pilot testinga

h) Assign responsibility for: (1) identification of cases and controls; (2) distribution of invitations to potential participants; (3)
regular monitoring of incoming data; and (4) institutional ethics committee liaison if required

i) Set start date for study

3) Conduct study
a) Identify, through occupational health office, all incident cases (based on tests or symptoms) and two to four controls per case.

Controls should be selected by random sampling from a list of all employees who are not known to have acquired SARS-CoV-2
infection to date. Inmost institutions, this listmaybecreated froma list of all employees (obtained fromhuman resources) and a list
of individuals known to have hadCOVID-19 (obtained from the occupational health office). As some individualsmay have had COVID-
19 without informing the occupational health office, the questionnaire asks respondents to self-report their COVID-19 status. For
simplicity and for possible insights into the magnitude of unrecognized COVID-19 in the institution, completion of the full ques-
tionnaire is allowed by individuals who were invited to participate as controls but who do not qualify as controls because of prior
COVID-19 disease. An individual initially identified as a potential control who turns out, based on questionnaire responses, to meet
the inclusion criteria as a case should be re-classified as a case. Three or more controls then should be matched to that case.

b) Send invitations to participate to each set of cases and controls as they are identified
c) Monitor incoming data weekly or more often to spot obvious risks, especially in free-text responses
d) At each monitoring data inspection, ask ‘Have respondents identified obvious risks requiring immediate investigation?’
e) If risks are identified from any individual questionnaire or group of questionnaires, especially from free-text responses,

promptly inform infection control office and other responsible officials of findings, needs for further investigation, and
recommendations

f) Continue accruing data until planned number of subjects is obtained
g) Analyse and interpret data in light of current state of information on SARS-CoV-2 transmission
h) Interpret data to decide if risky behaviours or conditions, or failures of infection control have been identified. Statistical

significance may not be necessary. Inform infection control office and other responsible institutional officials promptly of
any urgent problems identified, needs (if any) for further investigation, and recommendations for remediation

i) Irrespective of the content of the findings, prepare and distribute a summary quality improvement report to the infection
control office, institutional officials and worker representatives. Prepare a non-technical version of the report for dis-
tribution to all employees in the healthcare institution

4) Consider repeating the study
a) If repeated conduct is desired, consider revising the questionnaire and procedures as necessary
b) If repeated conduct is deemed unnecessary or unhelpful, store data and study manual of procedure for possible future use

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID, coronavirus disease 2019; HCWs, healthcare workers.
a It is the authors’ hope that a central repository can be created for questionnaires from different institutions in various languages used in quality

improvement studies of SARS-CoV-2 infection control in healthcare institutions and non-healthcare institutions, such as labour unions of essential
workers, meatpacking houses and warehouses. This repository could include code for computer and smartphone administration of questionnaires,
manuals of procedure, reports of findings, and reports of experiences with remediation programs.
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Quality improvement studies such as those proposed can
reduce SARS-CoV-2 infection of HCWs, thereby protecting the
general population from the risks associated with loss of HCWs
due to illness and death. The payoffs for the public will be at
least two-fold: first, in the greater availability of HCWs needed
by the public during the pandemic; and second, in the lessened
chance of HCWs unknowingly spreading disease to patients, co-
workers and community contacts in the absence of high-quality



No

Identify computing, server and database resources and obtain collaboration with
occupational health/human resources    

Are local experts
available (biostatistics,

epidemiology,
infection control)?  

Adapt template study design to local situation; modify/translate the questionnaire as needed.
Assign responsibility for: (1) identification of cases and controls; (2) distribution of invitations to potential

participants; (3) regular monitoring of incoming data; and (4) institutional ethics committee liaison if required    

Concern about institutional transmission of
COVID-19 among HCWs   

Yes 

Identify external
collaborators  

Set start date for study, after which all incident cases (based on tests
or symptoms) and two to four controls/case are sent invitations  

Monitor incoming data (especially free-text responses) at least weekly to
spot obvious risks, especially in free-text responses 

At each monitoring
data inspection, ask
‘Have respondents

identified obvious risks
requiring immediate

investigation?’

Promptly inform infection control office and
responsible officials of findings, needs for

further investigation, and recommendations

No 

Yes

Analyse and interpret data in light of current
evidence on SARS-CoV-2 transmission 

Promptly inform infection control office
and responsible officials of study

findings, needs for further investigation,
and recommendations 

Is additional
study needed

(e.g. suspected
ongoing

preventable
transmission)?

Store data and study manuals of
procedures for possible future use.

Report findings and
recommendations to institutional
infection control office or officer
for possible QI action for better

protection of HCWs    

No

Revise questionnaire
and procedures as

necessary   

Continue accruing data until planned
number of subjects is accrued  

Repeat the QI study

Figure 1. Flowchart of proposed quality improvement study. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID-19,
coronavirus disease 2019; HCWs, healthcare workers; QI, quality improvement.

M. Marmor et al. / Journal of Hospital Infection 105 (2020) 710e716 715



M. Marmor et al. / Journal of Hospital Infection 105 (2020) 710e716716
protection of HCWs. With modifications, the template study
design and questionnaire proposed here could be applied to
other industries, such as meatpacking, warehousing or transit,
where risky conditions or behaviours appear to be resulting in
excess cases of SARS-CoV-2 infection.

Summary

The proposed study design scores well on the criteria for
template designs. Steps to be followed in conducting the study
have been suggested, both in outline (Table I) and flowchart
formats (Figure 1). The design can be implemented rapidly and
the study completed promptly if the rate of SARS-CoV-2
infection is high, particularly in institutions with large num-
bers of employees. Participation rates and the rapidity of
implementation will be enhanced by the anonymous nature of
the surveys and the quality improvement purpose of the study,
obviating the need for delays associated with submission to
IRBs unless research teams choose to view the investigations as
research projects. Financial resources required would be
modest, as the standardized survey can be developed using
REDCap or a similar platform and made available as open
source code, subjects will do their own data entry, and data
analysis will use simple categorical or logistic regression
methods. Administrative burdens will be limited to time
incurred by collaborating individuals in OHS/HR. The studies
will have adequate power to reveal strong occupational risks,
should they exist, may point towards risks with elevated but
imprecisely estimated odds ratios, and qualitative, free-text
responses may identify previously unrealized but dangerous
situations where immediate remediation may be required.
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