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Abstract: Background: While testing healthcare workers (HCWs) for SARS-CoV-2 is important to
reduce transmission within healthcare settings, understanding the self-reported patterns of testing is
important for interpreting vaccine effectiveness and other COVID-19-related information. Objective:
Using longitudinal data from the COVID-19 Cohort Study, this study described trends in SARS-CoV-
2 testing among Canadian HCWs between June 2020 and November 2023. Methods: HCWs completed
an illness report for each instance of SARS-CoV-2 testing and episodes of symptoms compatible with
COVID-19 even if untested. Overall rates of testing were calculated along with rates stratified by
participating province, reason for testing, and COVID-19 vaccination status. Results: Rates of testing
for SARS-CoV-2 generally mirrored rates of hospitalization for COVID-19 among Canadians. Rates
of testing were highest during the Omicron BA.1 wave and varied by region, while vaccination status
did not impact rates. The most commonly reported reason for testing was for symptoms; testing for
known/possible exposure or routine reasons greatly decreased after the Omicron BA.1 wave. In
participants who were tested for episodes of symptomatic illness, the mean time to first test was 1.3
days. Reported retesting after an initial negative result remained low throughout the study period.
Conclusions: Understanding testing behaviours is important for public health decision-making
including the analysis and interpretation of case data and vaccine effectiveness studies. It can also
highlight possible missed case-finding opportunities in healthcare settings.

Keywords: COVID-19; healthcare workers; Canada; testing

Diagnostic testing for agents of infectious diseases such as severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) is imperative to facilitate timely treatment and improve prognosis and
to trigger transmission-limiting behaviours [1,2]. At the facility level, the suspicion or confirmation
of an infectious patient or healthcare worker (HCW) should prompt the implementation of enhanced
infection prevention and control measures intended to protect other patients and staff [3]. At the
population level, testing is a key element in population-based surveillance to inform public health
intervention planning [4]. For researchers, participant-level self-reports represent a useful data
collection method that can enhance formal reporting methods in the interpretation of findings [5].

There have been numerous changes in testing methods, access, and attitudes and behaviours for
SARS-CoV-2 testing in Canada. Eligibility and testing criteria, availability of tests, type of tests, and
reporting requirements have all changed over time [6]. At the beginning of the coronavirus disease
2019 (COVID-19) pandemic, testing was primarily completed using the polymerase chain reaction
(PCR) tests that were administered in designated facilities by trained individuals and processed in
the public health laboratory system [7]. Testing criteria were narrow and largely focused on
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individuals with symptoms compatible with COVID-19, a history of travel, or known exposure to a
confirmed case of COVID-19 [6]. By May 2020, supply chain issues eased and testing was expanded
[7]. By early 2022, rapid antigen tests (RATs) were widely deployed across Canada to enhance testing
capacity [8]. PCR tests were still available and recommended for people at high risk of serious
outcomes and for those working in high-risk institutions, such as acute care facilities [9-12]. While
there are benefits to increased availability and accessibility to testing, one drawback of RATs is the
decoupling from the public health reporting systems that hinders surveillance measures [13].

Observational study designs are commonly employed to evaluate real world vaccine
effectiveness [14]. As such, it is important to understand differences that may bias the results. Beyond
differences in barriers to testing and test accuracy, differences may occur in test-seeking behaviour,
such as between vaccinated and unvaccinated individuals [15-17]. It is therefore important to
understand the behaviours that lead to testing and to assess why and how often individuals seek
testing [18].

Studies investigating SARS-CoV-2 testing trends among underserved or avoidant populations
in Canada found lower rates of testing among individuals who identify as male [19-23], had lower
levels of education [21,23], or who live in rural areas [19] or areas with higher densities of visible
minority populations [23]. Conversely, higher rates of testing were noted in people with a known
exposure to COVID-19 [20] or who had symptoms of COVID-19 [21]. Several studies noted variations
or discrepant results in the effects by age, household income, and other social determinants of health,
as well as between Canadian provinces [19-23]. The differences between provinces may reflect the
influences of time and evolving provincial policies on testing behaviours. To the best of these authors’
knowledge, no studies have investigated the trends in SARS-CoV-2 testing in Canadian HCWs.

The COVID-19 Cohort Study (CCS) collected data from HCWs between June 2020 and
November 2023, a period of many COVID-19-related scientific advances (e.g., vaccine development
and deployment) and policy and attitude changes [24]. These data provide a unique opportunity to
analyze testing patterns that would not be evident through traditional public health reporting.

This study sought to describe trends in SARS-CoV-2 testing among Canadian HCWs enrolled in
the CCS from June 2020 to November 2023. Specifically, the objective was to describe temporal trends
in rates of participant testing across geographic regions, vaccination status, and reasons for testing
and to describe testing patterns within episodes of illnesses with COVID-19 compatible symptoms.

Materials and Methods

Design and Participants

This study was conducted as part of the CCS, a 42-month prospective cohort study following a
group of HCWs working in acute care, rehabilitation, and complex care hospitals across four
Canadian provinces [25]. Recruitment occurred immediately following ethical approval at each site,
with staggered enrolment from June 2020 to June 2023. Recruitment commenced in Ontario in June
2020, followed by Alberta in March 2021, Nova Scotia in May 2021, and Quebec in June 2021 (see
Supplementary Figure S1). Recruitment, consent, and data collection were conducted electronically
due to COVID-19 restrictions on in-person research activities. Data were collected anonymously
using a secure online platform; collection ended on December 1, 2023 or upon participant withdrawal,
whichever occurred first.

Participants were eligible for inclusion in these analyses if they were 18 to 75 years of age at time
of enrolment and employed >20 hours per week by an acute care, rehabilitation, or complex care
hospital; or were a physician or nurse practitioner with hospital privileges and caring for ill patients
>8 hours per week; or worked in a medical office providing patient care for >20 hours per week.
Eligibility was restricted to participants who participated in the study for 230 days and completed at
least one baseline survey. Participants were eligible irrespective of their COVID-19 vaccination status
or history of COVID-19.
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Testing for SARS-CoV-2

As active case identification was imperative for many of the proposed analyses of the CCS,
efforts were made to ensure participants had access to SARS-CoV-2 testing throughout the study. At
the initiation of the study, PCR testing was available to both HCWs and the public [7]. RAT Kkits
became publicly available in December 2021 in Quebec, Nova Scotia and Alberta [26-28] and by
February 2022 in Ontario [29]. As of April 1, 2023, COVID-19 assessment centres in most provinces,
including Ontario, closed and RATs were no longer being distributed, but were available as long as
supplies lasted [30]. To encourage continued testing, RAT kits were distributed to study participants
starting in May 2023. Given the accessibility to testing throughout the study period, access and
barriers to testing were not examined.

Data Collection

Following consent, participants were asked to complete a baseline questionnaire that captured
demographic characteristics, health status, and practices in the workplace, household, and
community that may be associated with risk of respiratory infection. Vaccination self-reports
collected the dates COVID-19 vaccines were received and the vaccine product name; they also
included an option to indicate that no doses were [yet] received.

Participants were also asked to complete an illness report each time they were tested for SARS-
CoV-2, regardless of the test result or type of test, as well as each time they had symptoms of a
respiratory illness, even if they were not tested. Participants reported the dates of the SARS-CoV-2
test, test results, symptoms, and known/suspected exposures to people with COVID-19 prior to
becoming symptomatic or being tested, as applicable. Participants had the opportunity to provide
additional details as desired in an open-text question for general comments. For reports of
symptomatic illness without a reported symptom onset date, the date of SARS-CoV-2 test was
considered the symptom onset date (n=5). In June 2021, the illness report was revised to reduce
participant burden associated with daily reporting of ongoing symptomatic episodes; daily updates
for the duration of symptoms were condensed into a single report.

Data Preparation

Open text responses in the illness reports were reviewed for additional details about reasons for
testing and/or additional tests for which participants did not create individual reports. In instances
of additional tests, new reports were created if sufficient detail was provided (i.e., date and reason
for testing).

Events of interest, i.e. rate of testing for SARS-CoV-2 and episodic testing trends for symptomatic
illness, were calculated using four-week periods starting on June 16, 2020, the date of the first
submission of an illness report. Participants’ times at risk were calculated for each four-week window
accounting for leaves, changes of workplace, or withdrawals.

Responses to variables asking about symptoms, recent exposure to person(s) with COVID-19,
and stated reason for testing were reviewed alongside open text responses to categorize reason for
testing into the following three categories: 1) symptomatic, with or without known or suspected
COVID-19 exposure; 2) known or suspected exposure in the absence of symptoms; and 3) routine
testing, defined as testing with no reported symptoms and no known exposure (e.g., travel, social
events, non-outbreak-related screening, or fitness to work assessments). Testing for symptoms
included any of the following: new or worsening cough, new shortness of breath, chest pain (pressure
or heaviness), feeling feverish, chills, or shivering, a fever of >37.6° Celsius, feeling generally unwell,
new onset of abnormal tiredness, confusion, new onset of generalized muscle aches or pains, new
onset of joint pain, ear ache or infection, unusual headaches, sinus pain, sore or scratchy throat, new
onset of a loss of appetite, nausea and/or vomiting, diarrhea, new onset of a loss in taste or smell.
These liberal criteria were used because infection with SARS-CoV-2 has been associated with a wide
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range of symptoms [31,32], and because testing was initially recommended for the presence of any
symptom for HCWs [33].

An episode of symptomatic illness was defined as a report of new onset of any symptom(s) in a
previously asymptomatic individual, starting from the reported symptom onset date. Any reports
with symptoms within a +14-day window were considered one episode of symptomatic illness; this
period was extended when a participant reported ongoing symptoms without resolution. The
denominator for analyses included all symptomatic illness reports, whether or not they were tested
for SARS-CoV-2.

Participants were assigned the vaccination status they reported as of 10 days before the first day
of each four-week period (to account for time to mount an immune response). Categories were 1)
never vaccinated or one dose of a two-dose vaccine received, 2) most recent dose (excluding first dose
of a two dose primary series) received <6 months prior, 3) most recent dose (as above) received >6
but <12 months prior, and 4) most recent dose (as above) received >12 months prior.

Statistical Analyses

Rate of SARS-CoV-2 Testing

Outcomes were dichotomized (tested versus not tested for SARS-CoV-2) for each four-week
period of participation. Calculations per 1000 person-days at risk were made for overall rates of
testing as well as rates by reason for testing, province, and vaccination status; data from 76
participants were excluded from the vaccination status analysis due to missing data. Participant tests
were eligible only once per four-week period for the rates of overall, by province, and vaccination
status testing. Rates of testing by reason could include more than one test per participant per four-
week period if participants were tested for different reasons within the period; 11 tests were excluded
from this analysis due to missing data. Poisson confidence intervals at the 95% level were calculated
for graphs [34].

Results are displayed alongside Canadian data of hospitalization rates for COVID-19 [35] with
a nine-day lag to incorporate time from symptom onset to hospitalization [36]. Hospitalization rates
were used since they were less biased than case counts; case counts became increasingly unreliable
after changes to testing eligibility in December 2021 [35].

Testing Based on Symptom Profile

Given the importance of rapid identification of infectious individuals to help reduce
transmission, the time to first tests among HCWs with episodes of symptomatic illness were
calculated using the mean and median times between symptom onset and first reported test for
SARS-CoV-2; a cut-off of seven days from symptom onset was used to classify the participant as
having been tested within the episode. Symptom onset was considered day zero, the succeeding day
as day one, and so forth.

Episodes of symptomatic illness were then assigned to a four-week period (as described above)
based on symptom onset date. Following the recommended timeline for retesting of 48 hours [when
using RATs] by the U.S. Food and Drug Administration in 2022 [37] and by the Public Health Agency
of Canada in 2023 [38], episodes of symptomatic illness that were initially tested within two days of
symptom onset and reported a negative result were reviewed for a subsequently reported test(s)
within two days following the negative test.

Data editing and graphs were conducted using Microsoft® Excel® [39]. All analyses were
conducted using Stata/SE 18.5 software [40].

Results and Discussion

Of the 2793 HCWs enrolled in the CCS, 2535 (90.8%) were eligible for inclusion in this analysis
(81 did not complete a baseline report, 177 participated for <30 days). The median age of those
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included was 40 years at enrolment, 2162 (85.3%) identified themselves as female, and 1538 (60.7%)
participants worked in Ontario. See Table 1 for complete demographic details. A timeline of
recruitment and active participation of HCWs included in these analyses is provided in Figure 1.

Table 1. Characteristics of Canadian healthcare workers at enrolment; COVID-19 Cohort Study (June 2020-
November 2023), Number (percent) unless otherwise noted.

Characteristic Participants

N =2535
Age in years, median (95% CI) 40 (39, 41)
Gender
Female 2162 (85.3)
Male 364 (14.4)
Other 9(0.4)
Occupation
Nurse/nurse practitioner/midwife 833 (32.9)
Physician/physician assistant 273 (10.8)
Other regulated health worker? 741 (29.2)
Other? 688 (27.1)
Province
Ontario 1538 (60.7)
Alberta 460 (18.1)
Nova Scotia 226 (8.9)
Quebec 311 (12.3)

CI: confidence interval. ! Respiratory therapist, laboratory technician, physical therapist, occupational therapist,
imaging technician/technologist, pharmacist, pharmacy technician, psychologist, social worker. 2Food service,

ward clerk, administration, healthcare aids, housekeeper, porter, research, other clinical support.
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Figure 1. Person-days of participation, by province; eligible Canadian healthcare workers in the COVID-19
Cohort Study, June 2020-November 2023.

Rate of SARS-CoV-2 Testing

Rates of testing for SARS-CoV-2 fluctuated over the 3.5 years of data collection, as seen in Figure
2. Of note, the study began in June 2020, subsequent to increased access to testing for SARS-CoV-2
[7]. Rates of testing peaked at 11.9 participants tested at least once per 1000 person-days during the
Omicron BA.1 wave, considerably higher than the 2.1 per 1000 person-days reported during the
summer of 2023. Differences in rates may have been driven by changes in guidelines and policies,
burden of community transmission of COVID-19 and other respiratory illnesses, as well as
perceptions about individual susceptibility to SARS-CoV-2 and severity of COVID-19 [18,41-43].
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Figure 2. Rates of testing for SARS-CoV-2 by Canadian healthcare workers participating in the COVID-19 Cohort
Study, June 2020-November 2023 and rates of hospital admission for COVID-19 in Canada. CI: confidence
interval; Blue: Rate of testing for SARS-CoV-2 per 1000 person-days within each 4-week period; Blue
dashed lines: 95% confidence interval for rate of testing; Green: Weekly rate of hospitalizations for
COVID-19 per 100,000 Canadians (all ages).

Using the rates of hospitalization as a proxy for community transmission, the largest divergence
between rates of HCW participant testing and rates of COVID-19 related hospitalization occurred
early in the study, from June to December 2020 (see Figure 2). As shown in Figure 3, rates of testing
for routine purposes (no symptoms and no known exposures to known/suspected cases) were similar
to rates of testing due to symptoms and due to exposure to a case until the start of the Omicron waves,
but declined in importance thereafter. This is likely because testing was used to enhance case finding
and to reduce transmission of COVID-19 in healthcare settings prior to the availability of COVID-19
vaccines in Canada; vaccines were initially available in December 2020, but with very limited supply
for several months [44,45]. Routine testing of HCWs was promoted in 2020 as a tactic to reduce
occupational spread from atypical, mild, or asymptomatic cases of COVID-19 [46,47]. Routine testing
was implemented for international travel [48], staff and visitors in long-term care homes [49], or
(infrequently) as an alternative to vaccination in mandated settings [50].

Overall rates of testing in this HCW population were generally lower in 2021 than in 2020. This
may be attributed to increasing COVID-19 vaccination coverage [51]. A 2021 Health Canada report
[52] credited the reduction in test-seeking after the introduction of vaccines to a lower perception of
risk from COVID-19, testing/pandemic fatigue, and/or the social cost of a positive result outweighing
the benefit of being tested at the individual level. As shown in Figure 4, however, there is no
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discernable difference in rates of testing based on vaccination status in this sample of HCWs, with
the notable exception of a spike in testing among recent recipients of vaccines in early 2021. This may
reflect symptomatic testing due to vaccine side effects. This occurred prior to the implementation of
policies in the spring of 2021 in Ontario, where the majority of our participants resided, that made
exceptions for testing HCWs who had mild symptoms (headache, fatigue, muscle ache/joint pain)
within 48 hours after vaccination unless COVID-19 was suspected for some other reason [53]. In
contrast to our findings, Glasziou et al. [16] found that fully vaccinated adult participants in Australia
were twice as likely as unvaccinated ones to report intentions to be tested if they awoke with a sore
throat in late 2021. Alternatively, Kuitunen et al., [17] who surveyed the general public in Finland,
found that those who had received three doses of vaccine against COVID-19 by January 2022 had the
lowest testing rate, while those who were unvaccinated had the highest rate. These discrepant
findings illustrate the need to understand each population’s testing behaviours. Further, it has been
suggested that symptomatic individuals may have attributed their symptoms to respiratory illnesses
other than COVID-19 and therefore did not seek testing for this reason [41]; however, this last point
was not stratified by vaccination status, which may be noteworthy given the change in symptom
profile/burden associated with COVID-19 illness in vaccinated individuals [31,54].

The social cost of a positive result on testing for SARS-CoV-2 is difficult to interpret [52] and was
affected by policies on paid sick leave across Canada during the COVID-19 pandemic. The federal
Canada Recovery Sickness Benefit, that supported individuals without access to paid sick leave, was
in effect from September 2020 to May 2022 [55]. Provincial governments also implemented or
modified existing paid sick leave policies, resulting in a variety of policies across the country [56]
precluding us from making inferences on how paid sick leave may have been associated with changes
in testing behaviours in this cohort.

A sharp increase in rates of testing coincided with the waves caused by the Omicron BA.1 and
BA.2 variants in late 2021 through June 2022. As shown in Figure 3, participants reported that the
reason for testing during this period was largely for symptoms compatible with COVID-19. The
increase in the overall rate of testing (Figure 2) mirrors the increase in rates of hospital admission for
COVID-19. This suggests that increasing community transmission does impact testing behaviours for
people with symptoms. Similar to our results, Brankston et al. [57] reported that precautionary
behaviours (avoiding close contact and indoor gatherings) among Canadian adults increased in the
context of increasing COVID-19 incidence in 2020.

This period (late 2021/early 2022) also marked a dramatic shift in eligibility for PCR testing, that
was restricted to high-risk individuals and settings, along with increasing availability of RATs to the
general public [43,58,59]. An Australian study found increased test-seeking was associated with the
increased availability of RATs [18]. Although RATs became the most commonly reported type of test
used among those reporting positive results across Canada in January 2022 [59], a significant and
sustained increase in testing was not noted in this study of HCW. This may be because the HCW
population remained eligible for PCR testing for many months after it was made more restrictive for
the general public [9-12]. However, it may also be related, in part, to under-reporting of testing with
RATs, ostensibly those with negative results, by study participants.

COVID-19 does not have a discernable seasonal pattern of infection [60] and although there is
some variability in rates of testing by season, the patterns are not consistent. This was expected in
2020/2021 when nonpharmaceutical interventions to stop the spread of COVID-19 caused an
“effective absence” of the annual seasonal respiratory virus epidemic in Canada [61]. A delayed
return of influenza circulation within the community was observed in the spring of the 2021-2022
season in Canada coinciding with the easing of transmission-limiting interventions, with pre-
pandemic-like influenza circulation patterns returning in the 2022-2023 season [62,63].-Seasonal
endemic co-circulation of multiple respiratory viruses in the winter months lends support for the
utility of testing symptomatic HCWs for multiple pathogens using point-of-care multiplex tests in
periods of high community transmission of respiratory pathogens [64]. In the meantime, rates of
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testing due to the presence of symptoms will likely be inflated during periods of co-circulating
respiratory viruses making it necessary to consider these data in analyses.

The reported rates of testing after exposure to someone with COVID-19 but prior to exhibiting
symptoms was generally lower than rates of testing due to being symptomatic (Figure 3). The rates
of testing due to an exposure generally mirrored those for symptomatic testing (and hospitalization)
but steadily declined, relative to symptomatic testing, following the wave caused by the Omicron
BA.1 variant. This may have been, in part, due to changes in recommendations for HCWs, and a need
to re-evaluate case and contact management procedures [65]. During 2020, enhanced case and contact
management in Ontario included advising close contacts of cases to seek testing [66]. At the start of
the Omicron BA.1 wave in December 2021, when increased community transmission and demand
for testing outpaced the capacity of COVID-19 assessment centres [43], guidelines for testing were
changed to include only symptomatic individuals with a higher risk of severe illness and/or
symptomatic individuals working in high-risk settings, including acute care facilities [9-12].
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Figure 3. Rates of testing for SARS-CoV-2 by reason for testing, Canadian healthcare workers participating in
the COVID-19 Cohort Study, June 2020-November 2023. Rates are per 1000 person-days, for each four-
week period.
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Figure 4. Rates of testing for SARS-CoV-2 by vaccination status, Canadian healthcare workers participating in
the COVID-19 Cohort Study, June 2020-November 2023. Rates are per 1000 person-days, for each four-
week period.

Rate of SARS-CoV-2 Testing by Province

HCWs in Ontario, Quebec, and Alberta reported similar rates of testing and although Nova
Scotia followed similar trends in peaks in rates of testing to the other three provinces, the rates were
consistently higher (Figure 5). Although there are differences in population size, density and
demographics amongst the provinces, there were also differences in terms of their approach to the
COVID-19 pandemic [67] that is under the legislative responsibility of the provinces and territories
in Canada [68]. During the pandemic, the Atlantic provinces (Nova Scotia, New Brunswick, Prince
Edward Island, Newfoundland and Labrador) had a relatively successful proactive and coordinated
containment strategy whereby they assertively traced and isolated cases and increased travel
restrictions [67,69]. Transmission rates remained low and the province was able to avoid province-
wide lockdowns [67]. In comparison, Ontario, Quebec, and Alberta experienced prolonged periods
of lockdown and comparatively higher mortality rates [67]. Nova Scotia also implemented a “circuit
breaker”, a period of increased testing and restrictions in response to an increase in cases of COVID-
19 in April 2021 [67]. This explains the initial peak in the rate of testing when Nova Scotian
participants first enrolled in the study. Note that the relatively smaller number of participants in
Alberta, Nova Scotia, and Quebec (see Figure 1) make the results more reactive to increased testing
during outbreaks or periodic mass screening within the participating hospitals.
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Figure 5. Rates of testing for SARS-CoV-2 by province, Canadian healthcare workers participating in the COVID-
19 Cohort Study, June 2020-November 2023. Rates per 1000 person-days participation within each four-
week period.

Timing of Test Taking
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Recalling that a symptomatic illness was defined as illness with any of the above-listed
symptoms, there were 5880 reports of symptomatic illness. Of the episodes that were tested within 7
days of symptom onset (n=4984 or 84.8%), the median number of days to the first test was 1, with a
mean of 1.3 days (95% confidence interval 1.3, 1.4); 29.5% of episodes were tested on the day of
symptom onset. Early in the pandemic, it was acknowledged that people working in healthcare
settings may face an increased risk of exposure to SARS-CoV-2 given the likelihood of contact with
individuals ill with COVID-19 [70] and that HCWSs could initiate or amplify the spread of COVID-19
in healthcare settings [71,72]. Our finding, that Canadian HCWs sought testing for SARS-CoV-2 upon
recognition of symptoms suggests they were cognizant of the risks associated with their employment
and were responsive to actions intended to protect patients and families. Gamble et al. [73] reported
similar findings in their study of critical care nurses in Canada in 2020/2021. However, within our
study, 741 episodes (13%) received their first test three to seven days after symptom onset and
another 15% of episodes were not tested within seven days of symptom onset highlighting that
potential transmission was possible for many HCWs. Further study into the attitudes and risk factors
associated with delayed or missed testing is warranted.

Qualitative Responses to Reasons for Being Tested

Many study participants volunteered their reason for not being tested, however, they were not
solicited so are not necessarily representative. The most common reason symptomatic participants
used for not being tested was that they attributed their symptoms to post-vaccination side effects. As
one participant stated, “I'm pretty sure the symptoms I experienced were merely a side effect of the booster
shot.”. Several participants said that they monitored their symptoms post-vaccination, specifically
onset relative to time of vaccination, what the symptoms were and their duration, and factored this
into their judgement about whether or not a test was necessary. One HCW noted that they had
“diarrhea, vomiting, loss of smell...all side effects of the booster”. While some studies and case reports
reported the presence of post-vaccination olfactory and gustatory disorders [74,75], these symptoms
were rare and worthy of further investigation.

Other reasons for not being tested for SARS-CoV-2 included receiving an alternative diagnosis
from a medical professional “Was diagnosed with strep throat”; assuming the illness was another
infectious agent “My son got flu from daycare and we all got it”; “I have a cold. (No fever, chills) I just need
a good night'’s sleep.”; other ill family members or contacts had tested negative for COVID-19 “My
children had been tested the week before due to cold symptoms and they were negative.”; testing was not
recommended/required by their Occupational Health team “Felt overly fatigued for 5 days - missed one
day of work. Was not required to get Covid tested”; “Occupational Health did not recommend I get swabbed
for COVID.”; symptoms were due to environmental exposures such as allergies or poor air quality
“Coughing due to smoky conditions from forest fires.”; lingering side effects from a previous COVID-19
infection “Still lingering symptoms from my covid infection - seems to get better and then worse and back and
forth”; not having access to COVID-19 tests, which was quoted infrequently, “During holidays. I had
no COVID test with me”; and assuming they were COVID-19 positive given their symptoms and a
close contact exposure “Only work from home so did not PCR. Spouse was positive on RAT”. Future studies
that elicit reasons for not being tested will also aid in our understanding and may aid in the
development of targeted interventions to increase uptake of diagnostic testing when indicated.

Some of the reasons, particular those with self-diagnosis of other viral illnesses, present missed
opportunities for testing for SARS-CoV-2 and the potential for spread of COVID-19 within the
healthcare facility if proper precautions were not followed. The ongoing challenge with many
respiratory [and other] illnesses is that people can present with a wide variety of symptoms or can
be asymptomatic [31,32]. It is therefore important that other layers of protection are implemented to
reduce the risks of transmission from unidentified sources. Vaccination and universal masking have
the dual benefit of protecting the HCW from infection and reducing the risk of forward transmission
[76-78]. Many healthcare settings across Canada have or are moving towards making vaccination for
several vaccine-preventable diseases (e.g., influenza, measles) a condition of employment [77].
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Healthcare settings are also encouraged to consider universal masking policies for HCWs during
times of increased community transmission of respiratory pathogens to reduce transmission within
their facilities [79].

Retesting After a Negative Result

Testing too early or too late in the illness process may reduce test sensitivity [80]. This is further
complicated by lower viral loads in vaccinated and previously infected individuals [81,82] along with
a delay in peak viral loads with the Omicron variant [83], for example. As such, if people tested only
once, and not at the optimal time, cases of COVID-19 may have been missed.

As shown in Figure 6, the overall rate of re-testing after an initial negative test for symptomatic
reports was low; it was <14% throughout the duration of data collection. Low rates of re-testing early
in the pandemic were likely because repeat testing was not generally recommended when tested by
PCR [9-12]. At this time, evidence suggested that repeat testing would not provide enough benefit to
outweigh the burden it would have placed on the laboratory system [10]. It is also likely that study
participants under-reported repeat tests within one episode of illness due to the burden of doing so
on the online reporting system.

An increase in re-testing following a negative test occurred towards the end of the Delta period,
coinciding with the availability of RATs. While RATs improved access to testing, the difference in
sensitivity and specificity of the tests must be considered. The U.S. Food and Drug Administration
recommended repeat testing after 48 hours following a negative result on a RAT due to lower
sensitivity compared with a PCR test [37,84]. In addition, Frediani ef al. [83] found low estimates of
sensitivity of RATs on the first day of symptoms (30-60%) from samples collected from symptomatic
individuals, with sensitivity peaking on day four of symptoms (80-93%), which is consistent with a
delayed peak viral load observed during the Omicron and recombinant variant waves of the
pandemic. It is important that these limitations are accounted for when interpreting surveillance,
research, and diagnostic data. It is also important to consider these limitations when using RATSs to
investigate infection with SARS-CoV-2 among HCWs; procedures may include requiring a second
negative test result 48 hours after the first or if the HCW must work, wearing a tight-fitting respirator
or mask and modifying work duties to enhance physical distancing [85].
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Figure 6. Rates of re-testing for SARS-CoV-2 following an initial negative test result, Canadian healthcare
workers participating in the COVID-19 Cohort Study, June 2020-November 2023. Percentage of participants
within each four-week period.
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Study Strengths and Limitations

This data was collected over a 3.5 year period and four Canadian provinces enabling comparison
across time and place, including the potential temporal influences of public policy and scientific
advancements such as the introduction of the RAT and of COVID-19 vaccines. It enabled
investigation of temporality, including whether symptom onset preceded SARS-CoV-2 testing, more
sufficiently than many surveillance programs and retrospective studies. Further, our study captures
multiple occupations within the healthcare environment that may acquire or transmit SARS-CoV-2
within their workplace, providing a more complete picture than those that only capture clinical roles.
The online reporting platform and questionnaire also allowed for more in-depth investigation into
episodes of illness.

Given that information and events were self-reported, there was likely under-reporting of
illnesses and/or testing, as competing priorities related to responding to the COVID-19 pandemic
would have made frequent reporting especially burdensome. Under-reporting was likely even more
pronounced for negative tests as was found in an analysis of public testing behaviours conducted in
the United Kingdom [86]. To reduce the effect of under-reporting, testing within each four-week
period was used for these analyses under the assumption that participants would be less likely to
report subsequent tests within the same episode or to report subsequent illnesses within a short
period. Social desirability bias may have also contributed to under-reporting as it was possible that
symptomatic participants who were not tested did not submit an illness report. The use of
anonymized surveys was used in an attempted to reduce this bias, however, it was not possible to
reduce the burden of completing reports.

This study relied on voluntary participation making it unlikely that participants were
representative of all HCWs in Canada. In addition, other studies report selection bias as health-
conscious individuals were more likely to participate in studies [87] and that may inflate the observed
rates of testing for SARS-CoV-2 among HCWSs. The dynamic nature of participation in the CCS also
increases the possibility of differences among participants over time that could potentially bias rates
of testing if participants who were more or less likely to test were also more or less likely to continue
their participation in the study. The rolling enrolment by province may reduce the generalizability of
our findings in 2020 and early 2021, before all four participating provinces were enrolled. Finally,
participating hospitals were located in large metropolitan areas so findings may not be generalizable
to healthcare facilities in smaller jurisdictions.

Conclusions

Testing for SARS-CoV-2 within the Canadian HCW study population fluctuated over the 3.5
years of data collection with rates generally following the rates of hospitalization for COVID-19 in
Canada, a proxy for rates of infection. The spread of the Omicron variant signalled a shift in the way
Canadian governments dealt with the COVID-19 pandemic and there was a shift in the patterns of
testing at this point. As such, monitoring and understanding the effects of internal (e.g., HCWs ability
to recognize COVID-19 symptoms, attitudes towards testing or perceived risks of testing), and
external (e.g. testing eligibility and availability) influences on testing rates and behaviours over time
is important for interpreting data for vaccine effectiveness studies and surveillance information that
impacts public health decision-making. It can also highlight instances of missed case-finding
opportunities that can drive transmission in healthcare settings.
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