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Testing is not an end in itself but is undertaken to inform the decisions needed to control the
virus responsible for COVID-19 while minimizing unintended consequences. Our argument,
summarized below, is that Canada should be testing a great deal more, as is the case in the
majority of countries that have been successfully controlling the virus. But increased testing
needs to be smart and targeted strategically because testing resources will never be unlimited,
nor are tests perfect.

e A testing strategy to control COVID-19 must be tailored to the particular infection
of the SARS-CoV-2 virus—the fact that transmission often occurs from
individuals who are contagious but who do not yet display symptoms or who have symptoms
so mild that they are unaware. Seeing no reason to isolate themselves, they move about and
potentially infect others.

e The focus of traditional testing for contagious disease is on those who do present with
symptoms, as well as on their close contacts. These individuals can be immediately isolated
pending confirmation of infection.

e In the case of COVID-19, that approach needs to be extended to quickly identify and isolate
the invisible spreaders and their contacts, an approach referred to as “test, trace, and isolate.”

e This requires a strategy for “surveillance” testing of groups that are at higher than average
risk of exposure to the virus or of transmitting it to particularly vulnerable individuals.

e Surveillance requires high volume testing and thus relies on testing technologies that are
convenient and inexpensive and that, in many cases, provide rapid results.

e Surveillance testing does not replace testing currently being used for diagnostic and related
purposes where the accuracy of the test is paramount. Highest accuracy relies on “PCR”
technology, regarded as the gold standard for detecting the virus that causes COVID-19.

e Surveillance testing, on the other hand, is complementary to diagnostic testing and requires
technologies or approaches that are simpler, quicker and cheaper but do not require quite the
diagnostic standard of accuracy.

e The strategy we propose would employ on the order of at least half a million tests per day
across Canada—more than seven times the current testing rate—and would be achieved by
significantly expanding existing PCR capacity, augmented for screening purposes with
“antigen” tests that, while less accurate, are inexpensive and deliver a result in minutes.

e The implementation of this strategy requires, in addition to procurement of much larger
testing resources, more widespread recognition by public health authorities of the need for
surveillance testing to complement existing diagnostic testing. Both are necessary for optimal
control of COVID-19.

The paper is structured as follows: first, a review of several technical aspects of tests intended to
detect an active infection by SARS-CoV-2; second, the purposes of testing, which we define as

! Short biographies of the authors will be found at the end of this document.



Diagnostic, Screening and Reassurance; and third, considerations relevant to a smart testing
strategy to accomplish these purposes.

1.1 The infection process

Infection by SARS-CoV-2 begins with transmission from an already infected person.

The dominant mode of transmission is by “droplet” spread enabled through prolonged close
contact with a contagious individual—e.g., within about 2m for at least 15 minutes. Droplets
containing the virus are expelled from the mouth (coughing or talking) or nose (sneezing) and
typically spread for a maximum radius of approximately two meters. The term droplet may be
confusing because a droplet in this context is not necessarily sufficiently large to be seen.
Talking, particularly in a loud voice, or singing, generates abundant droplets of sizes that are
normally invisible but which can contain the virus and enable it to be inhaled by a person close
by. That is why the risk of spread is particularly great in crowded and poorly ventilated indoor
environments where people are talking face to face, shouting or singing—e.g., bars, parties,
church services, assembly lines, and family and other congregate living spaces. Transmission via
droplet can be greatly reduced by physical distancing and mask-wearing.

The virus can also be spread within aerosols—tiny exhaled particles of less than about 5
micrometers in diameter that can remain in the air for long periods and drift far from the original
source, depending on air circulation. Although the evidence is not definitive, and there is a
divergence of expert opinion, the current majority view of scientists is that aerosol transmission
does occur but plays a much smaller role than droplet transmission. That risk can be further
reduced through use of masks and good ventilation of indoor spaces—e.g., as provided on
commercial airplanes.

There are other channels of transmission—notably when someone touches a surface on which
droplets containing the virus have landed, and then touches their mouth, nose or eyes thus giving
the virus access to specific types of tissues that it can invade. While there are laboratory-based
studies which suggest that the virus may be able to survive on surfaces for many days, clinical
and epidemiological evidence implies that it is not likely in real world settings. This type of
direct contact transmission is therefore believed to account for only a few percent of infections
and can be minimized by good hand hygiene.

The_contagious period of COVID-19 typically begins about two days after exposure to the virus
with the quantity of the exponentially growing virus peaking usually between days 5 and 7, then
declining to the point when the individual is no longer likely to be contagious by days 12-14.% It
is believed that the severity of the disease correlates with the patient’s viral load as does the
likelihood of infecting others. Although the quantitative evidence is mixed, it appears that up to
about 40% of infections may be spread by those without symptoms—either because their

2 The time between exposure to the virus and the appearance of symptoms is called the incubation period; whereas
the time during which an individual is contagious but not displaying symptoms is called the /atency period. For
COVID-19, the incubation period is typically 5 days or a little more, whereas latency begins usually about 2 days
after exposure and ends around day 5 for symptomatic individuals but may extend as long as day 14 in
asymptomatic cases. (There is considerable individual variation around the averages.) The prevalence of long
latency is what makes COVID-19 so hard to control.



symptoms have not yet emerged (pre-symptomatic), or because their symptoms are very mild or
apparently absent (asymptomatic).? Being unaware that they have the disease, these individuals
make no particular effort to isolate themselves. The prevalence of asymptomatic and pre-
symptomatic transmission is therefore what makes COVID-19 much more difficult to control
than previous coronavirus outbreaks like SARS and MERS that were effectively contained
because the virus was transmitted predominantly by symptomatic individuals that could be
readily identified and isolated. To control COVID-19 we need testing strategies geared to the
unique biological characteristics of SARS-CoV-2 transmission.

1.2 Testing for SARS-CoV-2

There are several types of test—both in use and in development—that detect active infection
with SARS-CoV-2. Our focus here will be on these tests and their appropriate use in strategies to
minimize the risk of spread.* Following is a brief outline of the relevant characteristics of the
principal tests currently used to detect active infection.

The PCR Test—This test, considered to be the gold-standard, uses what is called the polymerase
chain reaction (PCR). This process amplifies, to a detectable amount, the virus’s genetic material
(RNA) in a sample that is typically obtained through a nasopharyngeal swab. Less invasive
methods include a throat swab or back-of-nose swab. Although generally collected by a
healthcare professional, procedures for self-collection, including of nasal/oral swabs and saliva
samples, are now becoming more widely available. Self-collection has the potential to
significantly increase the convenience and decrease the cost of PCR testing although with some
extra risk that samples will not be collected properly.

PCR tests require analysis primarily in central, specialized labs with trained personnel and
rigorous protocols for quality assurance, tracking and communication of results.

Although PCR tests are the most accurate currently available, their disadvantage is the
complexity and cost of overall administration and the time to produce a result—typically 12 to
24 hours, provided there is little backlog. The total time from sample collection to reported result
includes the time to transmit the patient sample from the test location to the central lab; the lab
process itself (typically 6 to 12 hours, of which the RNA amplification and read-out takes about
3.5 hours); and finally the time to have the result logged and reported. Thus the accuracy of lab-
based PCR testing comes at a cost of time, convenience and resources, and capacity can be
limited by shortages of materials, personnel or budget. Across the country combinations of
public health, hospital and private labs provide the services, often working with different

3 There is a continuum in the severity of symptoms. Symptoms may be so mild that the individual ignores them. The
label “asymptomatic” usually includes such very mild cases. The share of transmission by asymptomatic carriers is
less than their share of all those infected because asymptomatic cases are almost certainly less contagious than those
that clearly present symptoms. On the other hand, for pre-symptomatic cases, the peak contagiousness appears to be
shortly before, to a few days after, symptoms develop.

4 Testing for an active infection needs to be distinguished from a test to determine if an individual had previously
contracted COVID-19 but has since recovered. The latter test, called a serologic test, detects antibodies to the virus
in a small blood sample. It is sometimes suggested that serologic testing can be used to determine immunity to
SARS-CoV-2 but there is not sufficient evidence to date to correlate presence of antibodies with degree (or
existence) of immunity.



methods, equipment and information systems. This diversity of approaches decreases the
efficiency of PCR testing, reduces timeliness, and increases costs and inconvenience. As many
labs are using equipment that require specific proprietary test kits, they are often also limited in
capacity because of supply chain challenges. (Approaches to improving efficiency, timeliness,
and expense of PCR tests are discussed later.)

Rapid Tests—The ideal alternative to the standard PCR test would be a much quicker test,
preferably simpler to process and less expensive. There are several such tests in use and in
advanced development. Some require lab processing, while the majority can be processed at the
point of care (“PoC”).

The most commonly deployed PoC test for COVID-19 in Canada is the GeneXpert from
Cepheid Inc. which must be administered by a trained technician and delivers a result within
about 45 minutes. The GeneXpert is useful in locations remote from a central PCR lab but it is
not designed for high-volume testing. Health Canada has recently authorized a second PoC test,
the ID NOW from Abbott Laboratories. The federal government has ordered almost 8 million of
these test-kits and 3,800 of the toaster-size devices in which samples are analyzed. The ID NOW
delivers a result within less than 15 minutes and is easy to use, although a trained healthcare
worker must conduct the test. Both the GeneXpert and ID NOW detect viral RNA but do not
amplify it to the same extent as the standard lab-based PCR analyzers and thus the gain in speed
and simplicity comes at some cost of lower detection sensitivity.>

A promising type of rapid PoC test is an antigen test which detects the presence of viral proteins
(antigens) in a biological sample such as saliva or tissue swabbed from the nasal cavity. These
tests are typically cheap; might be self-administered at home; and return results in minutes, but
do not yet approach the accuracy of PCR. So far four antigen tests for SARS-CoV-2 have
received an Emergency Use Authorization (EUA) from the U.S. Food and Drug Administration,
but only one has recently received similar approval from Health Canada.

Finally, at the leading edge of viral testing technology are genome sequencing tests which detect
the RNA of SARS-CoV-2 from respiratory specimens utilizing next generation sequencing
technology. The FDA has so far granted an EUA for at least one such test, but none have been
approved in Canada. This technology is likely too immature to play a significant role during the
COVID-19 pandemic but may be a revolutionary testing tool for use in future outbreaks of viral
diseases that will inevitably occur.

1.3 The interpretation of test results

No test for the virus can be perfectly accurate for the following principal reasons:

o FEvery test has a characteristic lower limit of detection that depends on the amount of virus in
the sample. In the case of COVID-19, even a PCR test is unlikely to detect the virus during
the first couple of days post-infection.

3 The accuracy of the GeneXpert appears to be only slightly less than lab-based PCR and is generally considered to
be greater than that of ID NOW; however the latter is less expensive, more compact and faster. Another new
technology, loop-mediated isothermal amplification (LAMP), can be implemented at PoC and appears to be at least
as accurate as PCR. All testing technologies have a role to play, depending on the objective.



e Error that is inherent to the particular testing technology employed. PCR tests are the most
accurate due to their biological properties combined with the capability to detect very small
amounts of the virus. But PCR may also detect residual fragments of viral RNA long after
the individual is no longer contagious, thus leading to a form of “false positive.”

e Improper collection or handling of the sample to be tested or clerical errors in reporting the
results. These sources of error can be reduced with care and training, but never completely
eliminated in the real world.

The inherent accuracy of a diagnostic test is characterized by two numbers—sensitivity and
specificity. The sensitivity of a test is the likelihood that it will register a positive result if the
virus is actually present, while specificity is the likelihood that the test will register a negative
result if the virus is not present. Both parameters are usually expressed as percentages. The
sensitivity and specificity will be higher under controlled lab conditions than in use in the field.
Under realistic conditions the sensitivity of PCR tests ranges between about 70% and 95%
whereas specificity is much higher, usually approaching 100%. Antigen tests are less sensitive
than PCR—estimates vary greatly—but appear to have comparably high specificity although
specificity may be reduced by the presence of contaminating proteins.

The proportion of negative test results that are false negatives—or of positive results that are
false positives—depends not only on the sensitivity and specificity of a particular type of test,
but also crucially on the current prevalence of active infection in the population being tested. For
example: if there were absolutely no infection in the tested population, every positive result (due
to less than perfect specificity) would be a false positive, whereas at the opposite extreme, where
everyone is infected, every positive result would be a true positive. More generally, as the
prevalence of infection in the tested population increases, the proportion of false positives
declines. The proportion of false negatives changes in the opposite direction. When the
prevalence of infection is low, the proportion of false negatives—as a fraction of all negative
results—is low. For example, if no one in a population is infected, there are no false negatives.
But as prevalence increases, so does the percentage of negative results that are false (Table 1)°.
In the top row of the table the prevalence of the virus ranges from 1/100™ of one percent (.0001)
of the tested population to 50% (0.5). The entries in the table are the expected percentages of
false results (negative or positive) over the typical range of test sensitivity and specificity.

Summarizing—As can be seen in Table 1 below, when the prevalence of infection is low in the
tested population, even a test with fairly poor sensitivity will not miss a high proportion of those
infected. But unless the test has very high specificity, it will generate a lot of false positives.
Fortunately, both PCR tests and antigen tests have inherently high specificity. When the virus is
believed to be common in the tested population, high test sensitivity is needed to avoid an
unacceptable proportion of false negatives.

¢ The percentages of false negatives and positives are functions of a test’s sensitivity and specificity combined with
the estimated proportion of the test population that is infected. The percentages can be calculated from known or
estimated probabilities using Bayes Theorem.




Table 1 Fraction of the Tested Population
Prevalence of virus 0.0001 0.01 0.1 0.5
A. Test Sensitivity Probability of a False Negative
(Specificity = 99%)
70% 0.003% 0.3% 3.3% 23.3%
90% 0.001% 0.1% 1.1% 9.2%
95% 0.001% 0.05% 0.6% 4.8%
B. Test Specificity Probability of a False Positive
(Sensitivity = 90%)
95% 99.8% 84.6% 33.3% 5.3%
99% 99.1% 52.4% 9.1% 1.1%
99.9% 91.7% 9.9% 1.0% 0.1%

The proportion of currently infected persons in the entire Canadian population is still very low
despite the recent increase in confirmed cases. For example, at a national rate of 2,000 confirmed
cases per day, and assuming that the true infection incidence might be three times the confirmed
number, only about 0.2% of the population would be carrying an active, and potentially
contagious, infection during any two-week period. Nevertheless, the proportion of positives that
are false will be very high at such low prevalence of the virus. Of course, testing is usually
undertaken in circumstances where there is reason to believe that the persons being tested have a
higher than average likelihood of being infected—e.g., symptoms are present, the individual has
been in contact with an infected person, or is involved in activity believed to be higher risk. In
these situations, it is important to use tests that have high sensitivity in order to reduce the
proportion of false negatives.

The actual sensitivity and specificity of a test in the “field” depends on the stage of the subject’s
infection when the test is administered. This is illustrated schematically in the following chart
that compares the hypothetical performance of a PCR and an antigen test relative to the time
interval when the subject is likely to be contagious.
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This chart is intended only to illustrate certain concepts. While based on various estimates in the
current literature, it does not represent actual data which, moreover, varies substantially from
case to case. The curve traces the typical course of viral quantity during the progression of
COVID-19 from initial infection (Day 0) to resolution, typically in about two weeks. The
contagious period usually begins between Days 2 and 3—two to three days before the typical
onset of symptoms—and is believed to last for about 10 days. A PCR test usually (1) will return a
negative result within 1-2 days after infection but before the individual is contagious (dotted blue
line to the left), (i1) will almost always return a positive result during the contagious period, but
(111) will continue to register positive for days or possibly weeks after viable virus has declined to
a level where the individual is no longer contagious (dotted blue line to the right). That is
because PCR will detect fragments of viral RNA even after live virus has been eliminated—e.g.
well beyond Days 14-16 in the schematic chart. A positive result after Day 12 in the chart would
in effect be a false positive. The antigen tests developed so far have a significantly higher limit of
detection than PCR and thus may: (i) miss roughly the first 3 days of infection, including an
initial part of the contagious phase (dotted green line to the left), (i1) detect the virus for the next
7-8 days, covering perhaps 80% of the contagious interval, but (iii) may miss a day or so at the
end of the contagious phase (dotted green line to the right.) For antigen tests evaluated so far, it
is advised that they be used only within 7 days from onset of symptoms. This of course would
not be applicable in asymptomatic cases, whereas it is likely that an antigen test could detect
infection during some portion of the contagious period although definitive evidence is lacking as
to the probability of detection in such cases.




1.4 The trade-off between accuracy and speed

Clearly the PCR test is more accurate (i.e. sensitive) than available antigen tests. But what
matters for control of spread is the sensitivity during the contagious period. In this regard the
difference between PCR and antigen is probably less than the sensitivities measured under lab
conditions would suggest. The antigen test requires a lot more virus to trigger a positive result,
but in the first several days of the infection the viral load is growing very rapidly, thus shrinking
the time interval between the possibility of first detection via PCR and via antigen. Moreover,
beyond the time when the individual is no longer contagious (beyond Day 12 in the schematic
chart) the antigen test is actually more reliable than PCR since the latter may still return a
positive result because it is detecting fragments of non-viable virus. For practical purposes this
amounts to a false positive. While false negatives are more costly in epidemiological terms—
thus putting a premium on sensitivity—false positives are damaging in economic terms since
they require isolation pending confirmation and consume resources for re-testing. Minimizing
these costs depends on tests of high specificity.

In contact tracing and follow-up testing—which is the key to controlling spread—the challenge
is to identify the contacts of a potentially contagious individual and to convince them to be
tested. It is obviously important to do so very quickly so that, if they test positive, they can be
1solated before exposing many others. This puts a premium on quick turnaround of test results. In
view of the need for speed, and the potentially large number of contacts per infected person, a
rapid testing capacity is ideal. The availability of a quick turnaround test also makes it more
likely that contacts will agree to be tested and self-quarantine pending the result, which for an
antigen test is only several minutes. Modelling studies suggest that use of a rapid test may be
more effective in limiting spread of infection than a slower PCR despite the latter’s superior
accuracy. The foregoing considerations have informed Health Canada’s interim guidance
regarding the prospective use of antigen tests.

2.1 The purposes of testing for active infection

We identify three principal purposes for testing—Diagnostic, Screening and Reassurance.

Diagnostic—The first purpose is to test individuals who (a) present symptoms related to
COVID-19, or (b) have had recent close contact with a person that is known or suspected of
being infected. The primary objective of clinical diagnostic testing is accuracy—thus the
virtually exclusive use of PCR technology in this circumstance.

Screening— The second principal purpose is to test individuals who may be at some risk of
being carriers of the virus in order to identify contagious individuals that do not display overt
symptoms. The objective is to identify and contain these “invisible” carriers before they infect
others. Screening testing would not be random, but rather focused on settings, activities, and
persons that are believed to be higher risk—e.g., travellers from areas with relatively high
infection rates; healthcare environments and other situations where there is frequent contact with
vulnerable individuals; residents of homeless shelters and other congregate living arrangements;
schools, universities and other work situations, such as meat-packing plants, where extended



close contact is unavoidable. Screening testing needs to be an integral part of a national strategy
together with the prevailing testing for diagnostic purposes. Screening should not be regarded as
optional.

Reassurance—This third purpose refers to testing individuals who have no symptoms and where
there is little or no reason to believe that they may be contagious. There is no sharp dividing line
between screening and reassurance testing but it is conceptually convenient to divide the very
broad spectrum of risk into two qualitative categories. Some testing can be justified simply to
reassure the public that COVID-19 is being kept under control. Greater confidence is clearly
needed before life can return to something approaching normal. For example, reassurance testing
might be undertaken by certain employers to reduce workplace anxiety; or where individuals
request a test for peace of mind; or by international travellers to meet the pre-departure
requirements of destination countries. In most cases the cost of reassurance testing should be
borne by those requesting it although some subsidization may be appropriate depending on need.
It could be provided by private organizations or by the public testing system if spare capacity
were available. Reassurance testing could use rapid, inexpensive point-of-care (PoC) technology
thereby reducing cost and increasing convenience in a situation where the PCR standard of
accuracy is not required. In fact, reassurance testing could in some cases provide a trial
environment for new test technologies.

There is a distinct fourth category—Surveillance testing—which is undertaken to monitor a
population or community for a level of infection or to characterize the incidence and prevalence
of a disease. The aggregated information is made available to public health authorities and not to
individuals. Examples would be serologic testing of a population to determine the past course of
an epidemic; aggregated results of screening and reassurance tests to track the incidence of
infection in real time; or testing a community waste water source for presence of SARS-CoV-2.
Testing for presence of the virus in sewage can play an important role in the early detection of
cases in a population in a demarcated facility like a university residence, long-term care home,
factory, prison, homeless shelter or a school. The detection of the virus would be a signal to
perform screening testing of the individuals that contributed to the common source of sewage.

We test for a contagious virus to assist decision-making—to initiate treatment; to isolate or
quarantine; to interact cautiously with others, or occasionally to throw caution to the wind.
Because no test is infallible, the results should always be contextualized. Does the tested
individual present symptoms? Is the disease locally prevalent? Has the individual been in close
contact with persons known or suspected to be contagious? In any of these circumstances a
negative test result should not be taken at face value. The choice of testing frequency and the
type of test to be employed will also depend critically on context and particularly, as noted above
and quantified in Table 1, on the expected prevalence of the virus in the population being tested
and thus the relative importance of the test’s sensitivity and its specificity.

The consequences of a false test result must be interpreted in the light of the “cost” of the error.
For example, the consequences of a false negative result—missing a contagious person—when
testing a worker in a long-term care home, or a resident in a congregate living setting, would be
very serious owing either to vulnerability in the first case or the high risk of spreading the virus
in the second. On the other hand, a false positive is costly for a worker who has to be quarantined
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pending further evaluation as well as for the public health system that has to allocate resources to
correct a false result.

Faced with the urgency created by COVID-19, the technology of testing has rapidly advanced to
the point where tests that are much faster, cheaper and more convenient than traditional PCR are
now becoming available. Meanwhile, the convenience and cost of PCR is also improving—e.g.
through the use of saliva sampling instead of swabs, pooling of several samples in situations
where the incidence of the virus is low, and use of high-throughput technology. These
efficiencies, combined with higher demand, have created a new opportunity for dedicated
COVID-19 PCR labs to extend and complement the capacity of the public system in Canada.

Antigen tests—because they are simple, very rapid and inexpensive—have the potential to
massively expand testing capacity beyond applications to clinical diagnosis and contact tracing.
This class of test increases the feasibility of regularly screening target groups that are of greater
risk of spreading the disease or where the consequences of spread are particularly high. The new
generation of antigen tests could be deployed cost-efficiently at very high volume with back-up
by PCR in situations where reliable confirmation is required. However, at present, the
characteristics of these tests in broad testing of asymptomatic populations requires further
examination.

3.1 Fundamentals of a testing strategy

Table 2 below illustrates the type of strategy that might be employed to vastly expand testing to
screen a variety of target groups to identify pre-symptomatic and asymptomatic individuals. The
strategy relies on separating the choice of appropriate test into situations that require: (a) an
accurate test despite it being slower and more costly, or (b) a rapid, inexpensive test but at some
sacrifice of accuracy. The former situation presently calls for the traditional PCR test although
cheaper and quicker tests, with accuracy comparable to PCR, are becoming available.
Meanwhile; high throughput PCR with sample pooling has the potential in many circumstances
to meet the speed and low-cost thresholds for mass screening and “reassurance” testing.

These considerations imply that the test selection decision needs to be focused on the
requirements of the test, and not on the technology of the test per se. For that reason we label the
test choices in Table 2 below as ACC for “accurate” despite being relatively slow and
expensive—today’s standard PCR—and RNX for “rapid and not expensive” despite being
relatively less accurate. The latter would include antigen tests. It is likely that as technology
advances some variants of PCR become “RNX” while antigen or other cheap rapid tests become
sufficiently “ACC” for the purpose. The test sequences in Table 2 are intended only to be
illustrative. The actual decisions would depend on specific factors to be evaluated in context.’
Implicit in the table is the assumption that RNX tests will be approved in Canada and available
in quantity. As antigen tests are deployed globally at high volume it is likely that shortages will
develop, making proactive procurement a priority.

7 For screening and reassurance purposes tests must be administered in very high volume as can be done with PCR
and antigen testing. There are other situations where point-of-care administration is the over-riding factor. In these
cases the ID NOW and GeneXpert are valuable since both are rapid (especially ID NOW) and quite accurate
(especially GeneXpert) but neither scales to very high volume.



Table 2

TARGET POPULATION

Symptomatic persons

(Test immediately)
Contact Tracing
(a) Close contacts

(Test ASAP)
(b) Casual contacts

(Test ASAP)
Travellers to Canada
(a) Higher risk origin

(Test on entry)
(b) Lower risk origin

(Test on entry)
Cross-border truckers
(Tested every crossing)
Workplaces
(a) Close freq. contact
(Tested regularly:e.g. /wk)
(b) Casual contact
(Tested regularly:e.g. /mo)
Congregate living
(a) High risk or vulnerable
(Tested regularly:e.g. /wk)
(b) Low prevalence of virus
(Tested regularly:e.g. /mo)
Students & Teachers
(a) No significant risk
(Occasional testing)
(b) Identified risk
(Frequent testing)

1st
TEST

ACC

ACC

RNX

ACC

RNX

RNX

RNX

RNX

ACC

RNX

RNX

ACC

RESULT

Pos
Neg

Pos
Neg
Pos
Neg

Pos
Neg
Pos
Neg
Pos
Neg

Pos
Neg
Pos
Neg

Pos
Neg
Pos
Neg

Pos
Neg
Pos
Neg

EXAMPLES OF TESTING STRATEGIES FOR VARIOUS TARGET POPULATIONS

IMMEDIATE COURSE OF ACTION

Isolate and treat
Isolate and 2nd ACC to confirm

Isolate and treat

Isolate and 2nd ACC to confirm

Isolate and ACC to confirm

Quarantine pending 2nd RNX (release if negative)

Isolate and PCR to confirm

Quarantine pending 2nd RNX (release if negative)
Quarantine pending 2nd RNX (release if negative)
Release

Isolate and 2nd RNX (if negative, 3rd RNX)
Release

Isolate and ACC to confirm

Release

Quarantine pending 2nd RNX (release if negative)
Release

Isolate and ACC to confirm

Release

Quarantine pending 2nd RNX (release if negative)
Release

Quarantine pending 2nd RNX (release if negative)
Release

Isolate and ACC to confirm

Release

11

Note: The type of test is labelled “ACC” indicating a test of high accuracy like PCR; or “RNX” indicating a test that
is rapid and not expensive, like an antigen test or some implementations of PCR.

3.2 Is universal testing feasible, or desirable?

More testing is generally preferred to less, provided the capacity exists to give priority to
diagnosis and contract tracing. This raises the question as to whether the goal should be to test
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every Canadian as frequently possible. To address this question hypothetically, imagine an ideal
situation in which there is a test for SARS-CoV-2 that costs a dollar; can be self-administered at
home; and that yields a result in less than 15 minutes.® A COVID test could then become part of
everyone’s morning routine just like brushing your teeth and washing your face.

Suppose for illustration that the test had 75% sensitivity and 97% specificity. Should (almost)
every Canadian use it every day, or perhaps every third day, or once a week?’ The answer will
depend on the incidence of true and false results. That in turn will depend, not only on the
inherent sensitivity and specificity of the test, but also critically on the prevalence of active
infection in the overall Canadian population. Currently about 2,000 new cases of COVID-19 are
being confirmed every day, and perhaps as many as twice that number are being infected but are
not tested—e.g., because they have no symptoms—implying as many as 6,000 new infections
per day. If we assume that a person might be contagious for about 10 days, then on a given day
there will likely be about 40,000 contagious people circulating in society—i.e. those infected
today and on the previous nine days, less the 2,000 per day who have been identified and
isolated. At the end of Day 1 of universal testing, a test of 75% sensitivity will have identified
three-quarters of contagious people but missed 25%, or 10,000 individuals in this example. Then
on Day 2, three-quarters of those false negatives will be identified and quarantined but a quarter
will remain undetected plus a quarter of the new infections that day. As the days pass the
universal testing procedure soon reduces the tofal/ number of contagious individuals in the
population to about 8,000, assuming the number of daily new infections remains constant at
6,000.!° In fact the number of new infections would decline rapidly under this testing regime and
could only be sustained by a steady flow of contagious entrants to the country. In short, a
universal testing regime could quickly squelch the epidemic even if the test were of low
sensitivity.

But there is a significant downside. Universal testing would generate enormous numbers of false
positive results. With only a few thousand contagious individuals throughout the country on a
given day, more than 37 million Canadians would be virus-free. Yet about three in a hundred—
more than 1.1 million individuals—would (falsely) test positive using a test that has 97%
specificity. Those individuals would have to quarantine for at least a day or two pending one or
two subsequent negative tests to provide sufficient confidence they were not contagious. This
would overwhelm confirmatory testing capacity and would be an enormous disruption to
millions of Canadians and their employers. And since more than 99% of positive results would
actually be false, many individuals would begin to disregard the results in view of the cost or
inconvenience of a day or two in quarantine.'!

8 There are already antigen tests (analogous to a home pregnancy test) that approach these parameters, but at
considerable sacrifice of sensitivity, particularly when symptoms are not present.

% To keep the speculation simple, we assume daily use. But even weekly use would generate a daily average of 5.3
million tests—about 70 times the current testing rate in Canada.

10 The number of contagious individuals—assuming that an individual remains contagious for 10 days—quickly
approaches an equilibrium, N =NO x (1- (1-Sn)*10)/Sn, where NO is the number of daily new infections (assumed
constant for this calculation) and Sn is the sensitivity of the test (0.75 in the example)

! Using the numbers in the example—if about 8,000 were contagious on a given day in a population of more than
37 million, there would on average be about 993 false positives for every 1,000 positive test results.
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It is completely unrealistic to contemplate daily or even weekly testing of all Canadians because
nowhere near 37 million daily (or weekly) rapid PoC tests are likely to be available within
planning horizons. For example, the US has contracted with Abbott Labs to eventually deliver
150 million antigen tests, but this would satisfy only four days of universal testing in Canada.
Nevertheless, cheap and rapid tests can make an essential contribution to pandemic control
provided a balance can be struck between (a) the benefit of detecting more asymptomatic and
pre-symptomatic cases, and (b) the cost of very large numbers of false positives in situations
where the prevalence of the virus is low.

3.3 Testing at Least Half a Million Canadians Every Day

What might be a practical strategy for testing much greater numbers of Canadians than at present
so as to better control the spread of COVID-19 during the many months before an effective
vaccine is available and widely administered? Development and implementation of such a
strategy will also yield lessons for the control of future epidemics.

Currently, Canada is conducting about 75 thousand PCR tests per day with confirmed infections
averaging 2.5%-3.0% of the total. If capacity were to be raised to 200,000 per day—a stated goal
of the Public Health Agency of Canada—there would be considerable excess capability beyond
the priority need for clinical diagnosis and contact tracing unless the current surge in infections
fails to be brought under control. The question remains as to how much capacity might be
needed to undertake the robust screening and reassurance testing that is necessary: (a) to control
COVID-19 in view of its frequent asymptomatic and pre-symptomatic transmission; and (b) to
create the public confidence that is needed to resume greater economic and social activity such
as in-person schooling?

To illustrate the latter objective, consider international travel for business or tourism or other
personal reasons. In 2019, there were more than 88 million crossings into Canada or 243,000 per
day on average—37% of which were international and 63% were returning residents. Of the
total, 4.5 million crossings were by commercial trucks entering from the US. In the month of
June this year, the daily average number of all entrants was only 11,600, a reduction of more
than 95% from a year earlier. (Trucking volume, which is dominated by the carriage of essential
goods, was little changed from June 2019.) The decimation of international travel represents an
enormous social and economic cost to Canada which could be substantially reduced if border
restrictions, and particularly the two-week quarantine, were relaxed.!? But to do so safely—
particularly as long as COVID-19 is rampant in the United States—will require testing of
entrants according to an assessment of the risk they pose. Assume for purposes of illustration that
cross-border travel volumes were to resume to 75% of the 2019 average; that half of all arrivals
were judged to be lower risk and tested once for reassurance; and that half were considered
higher risk—e.g., because they are coming from an area of currently high infection—and tested
twice for screening. The testing requirement under these assumptions would average about
270,000 per day. This hypothetical example, dealing with only one segment of the target
population for screening/reassurance testing, illustrates the magnitude of additional capacity
required, and also the payoff in economic and social terms if it were to be implemented.

12 For example, in 2018 (the latest year for which national data is available) there were 21 million tourist entrants to
Canada. Since the border closure there have been virtually none.
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Groups other than international travellers should also be subject to screening and/or reassurance
testing as part of an integrated strategy to control COVID-19 within Canada. Table 3 below
presents a very rough estimate of potential testing requirements drawing on approximate
numbers of individuals in situations that merit testing—e.g., entrants to Canada, healthcare
workers, residents and employees in long-term care facilities, students and their teachers,
employees in a broad range of roles that require regular contact with the public (e.g., in retail,
travel and hospitality), individuals in certain congregate settings known to be higher risk, and
employees throughout the rest of the economy who may be tested for reassurance purposes. The

numbers in the various target groups in the table are based on reliable sources but should be
interpreted as order-of-magnitude estimates—refer to text following the table.'3

Table 3 INDICATIVE ESTIMATES OF AVERAGE DAILY TESTING REQUIREMENTS
DIAGNOSTIC TESTING Ave Tests/Day COMMENT
('000)
Current testing rate 75 Trending higher
SCREENING TESTING Numb. in group Ave. test freq. Ave Tests/Day
('000) ('000)

Higher risk traveller trips 33,000 2 tests/entrant 180 50% of entrants (@ 75% of 2019)

(incoming trips/yr)
Can-US trucking trips 4,500 1 test/entry 12 Ave 86,000 entries/week

(incoming trips/yr)
Hospital workers 760 1 test/month 25 Includes patient-facing and administrative
(acute care hospitals)
Long-term care residents 550 1 test/month 18 Frequency dependent on local conditions
Long-term care 430 1 test/month 14 Frequency dependent on local conditions
employees
K-12 students; 6,000 4 tests/school 90 Daily average over only Sept-June (270
employees yr. days)
Univ. & College students 2,000 4 tests/school 35 Daily average over only Sept-May (225

yr. days)
Essential employees 2,600 1 test/month 87 Frequency dependent on local conditions
Congregate Settings 400 1 test/2 wks 28 e.g., Prisons, shelters, agri-food workers
TOTAL SCREENING 490
REASSURANCE TESTING Cost covered by private funds
Lower risk travellers 33,000 1 test/entrant 90 50% of entrants (@ 75% of 2019)
(incoming trips)

Other Employment 11,000 4 tests/yr 120 Notional estimate only
(excludes self-employed)

13 The target numbers for hospital and long-term care workers and residents; for K-12 students and employees of the

school system; and for the “essential employee” category are based on careful estimates in the October 5 CMAJ

paper on an active testing of groups at increased risk. That paper did not include testing of travellers. Adding these

to their estimates of numbers to be screened yields a total close to the 490 thousand in Table 3.
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The 3™ column in Table 3 (“average test frequency”) is very roughly indicative of potential test
frequency averaged across the target group.'* The actual frequency would vary significantly
around the assumed average depending on local circumstances. For example, it is assumed in the
table that the 760,000 persons employed in acute care hospitals, would on average be tested once
a month thus generating about 25,000 tests per day. But the testing frequency might be much
higher, at least for a time, if the facility were treating an elevated level of infection. This might
be offset by less than monthly testing in hospitals in areas of very low incidence of COVID-19.
Similar considerations apply to the other categories in the table. Specifically, because
concentrated outbreaks (“super-spreader” events) are common with COVID-19, it would be
effective to comprehensively test all those in the community, facility, or group associated with
the outbreak. Use of an inexpensive rapid test greatly increases the feasibility of such limited
population mass testing.

It is emphasized that Table 3 is intended only to illustrate potential requirements for Screening
and Reassurance testing. (Canada’s current testing rate of roughly 75,000 per day is classified
entirely as Diagnostic in the table, although many of these tests may actually belong more
appropriately to the Screening category depending on the particular access protocols in various
Provinces.) To meet the priority testing purposes of diagnosis and screening would, under the
assumptions in Table 3, require national capacity on the order of at least 565,000 tests per day.
Roughly 85% would likely be allocated to screening unless there were to be a severe outbreak, in
which case the diagnostic requirements could increase significantly. But in that circumstance,
cross-border travel would be severely curtailed, thus sharply reducing a particularly large
generator of screening tests.

It is impossible in advance to estimate, even approximately, the likely demand for Reassurance
testing. There have been examples in Ontario of people paying up to $400 for privately provided
at-home testing. Clearly there is demand for reassurance testing but the volume will depend on
the cost and availability of tests and on the perceived benefit in terms of worker and customer
confidence and the peace of mind of individuals. Moreover reassurance testing is, by definition,
of relatively less importance in a strategy to control the spread of COVID-19. We will not
comment further on reassurance testing other than to point out that to optimize cost and
convenience, it should primarily employ cheap and rapid (“RNX”) technology, and that the cost
should be covered largely with private funds.

A rate of 565,000 tests per day for diagnostic and screening purposes would equate to testing
approximately 1.5% of Canada’s population on average every day. A study sponsored by the
Rockefeller Foundation called for a testing program in the US that would require 4.3 million
tests per day.'> On an equivalent per capita basis, the Rockefeller proposal would equate to
almost 500,000 tests per day in Canada. This provides some further credence for the estimate in
Table 3 and suggests that it is in the “ball park” regarding the total daily estimate despite
substantial uncertainty as to allocation of the tests among various at-risk groups.

14 Refer to https://www.cmaj.ca/content/192/40/E1146 for estimates of average test frequencies for several groups in
Table 3.

15 Currently the US is conducting about 950,000 tests daily. The additional 3.3 million daily tests proposed in the
Rockefeller study, as well as some proportion of the current test allocation, would be largely for screening purposes.
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3.4 Scaling-up Canada’s testing capacity

The first priority for testing is clearly for diagnostic purposes, including contact tracing and
associated testing. The federal Safe Restart program has earmarked $4.3 billion for the Provinces
and Territories to support these purposes. That amount of incremental funding should be
sufficient to cover 565,000 screening and diagnostic tests per day provided PCR tests are
complemented with the new generation of rapid, inexpensive tests. Assume, for illustration, that
200,000 tests per day use the standard PCR technology—i.e. diagnostic tests, confirmatory tests,
and some screening—and that 365,000 per day employ a more rapid, less expensive technology
which would include, in addition to antigen tests, PCR tests optimized for cost-efficiency. What
would be the approximate cost of the testing strategy outlined in Table 3?

An exceptionally well-documented recent study in the CMAJ estimated that the average all-in
per test cost for screening with standard PCR technology was almost $120. However, by
employing several efficiency measures—notably using saliva samples and pooling four samples
at a time, among other techniques—it was estimated that the cost per test could be reduced by
more than 40% to about $65. As for the cost of antigen testing, the US government has
contracted for 150 million new antigen tests from Abbott Labs at US $5 per test. The
Government of Canada has recently approved the Abbot Panbio antigen test and secured delivery
of 8.5 million tests by year end, with an option to acquire a further 20 million in 2021. The cost
has not been disclosed. Meanwhile, models exist for building highly efficient PCR labs that
provide the ability to deliver mass testing at a contract cost that is becoming comparable to other
rapid tests. This would be almost cost-competitive with antigen testing, with the advantage of
higher sensitivity, although considerably longer turn-around time—e.g., 12-24 hours versus 15
minutes. There will nevertheless be many situations where a test-to-result time of 12-24 hours is
quite acceptable, particularly to achieve higher sensitivity. The antigen and “efficient PCR”
technologies are therefore complementary approaches to screening.

Returning to the diagnostic and screening testing volume of 565,000 per day estimated in Table
3, assume that: (i) 200,000 tests are performed in existing public sector labs at an average cost of
$70 per test (for personnel, materials, and transportation), and (ii) 365,000 tests—some
combination of antigen tests and the proposed private sector PCR network—are performed for an
average cost of $20 per test.'® The total monthly cost would be about $650 million of which
perhaps two-thirds (covering tests performed in existing PCR labs) is already funded by the Safe
Restart program. The cost of the proposed testing strategy needs to be assessed in the context of
the alternative if COVID-19 were not controlled as efficiently as possible—i.e. cost of lost
economic output; of lost years of life; of longer-term impacts on the mental and physical health
of those infected. Larry Summers (a world-renowned economist and former US Treasury
Secretary) and David Cutler have roughly estimated that the mass testing approach laid out in the
Rockefeller Foundation study would produce a benefit-to-cost ratio of approximately 30 to 1.

16 These per test costs are only illustrative to provide an order-of-magnitude estimate of the cost of providing
565,000 tests per day. Cost can be expected to fall in the face of massive global scale economies and technical
improvements.
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In Canada, the key missing piece in the testing strategy advocated in this paper is the availability
of very large numbers of cheap and rapid tests. The federal contract with Abbott Labs for antigen
tests, as well as for a supply of ID NOW devices and test kits, is a good start. This should be
complemented through support for the initial capital required to establish not-for-profit PCR labs
to complement the rapid PoC technologies so as to achieve the large testing volumes required for
Surveillance and Reassurance. Health Canada should accelerate approval of at least the rapid
PoC tests that have already received the initial green light in those countries that have high-
quality regulatory procedures. These tests, administered at scale and backed up by PCR, are
essential tools to deal with the unique feature of SARS-CoV-2 spread—its pre-symptomatic and
asymptomatic transmission.
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