
SURVEILLANCE

CCDR • May/June 2021 • Vol. 47 No. 5/6Page 243 

Population surveillance approach to detect and 
respond to new clusters of COVID-19
Erin E Rees1*, Rachel Rodin2, Nicholas H Ogden1

Abstract

Background: To maintain control of the coronavirus disease 2019 (COVID-19) epidemic as 
lockdowns are lifted, it will be crucial to enhance alternative public health measures. For 
surveillance, it will be necessary to detect a high proportion of any new cases quickly so that 
they can be isolated, and people who have been exposed to them traced and quarantined. 
Here we introduce a mathematical approach that can be used to determine how many samples 
need to be collected per unit area and unit time to detect new clusters of COVID-19 cases at a 
stage early enough to control an outbreak.

Methods: We present a sample size determination method that uses a relative weighted 
approach. Given the contribution of COVID-19 test results from sub-populations to detect the 
disease at a threshold prevalence level to control the outbreak to 1) determine if the expected 
number of weekly samples provided from current healthcare-based surveillance for respiratory 
virus infections may provide a sample size that is already adequate to detect new clusters of 
COVID-19 and, if not, 2) to determine how many additional weekly samples were needed from 
volunteer sampling.

Results: In a demonstration of our method at the weekly and Canadian provincial and territorial 
(P/T) levels, we found that only the more populous P/T have sufficient testing numbers 
from healthcare visits for respiratory illness to detect COVID-19 at our target prevalence 
level—assumed to be high enough to identify and control new clusters. Furthermore, detection 
of COVID-19 is most efficient (fewer samples required) when surveillance focuses on healthcare 
symptomatic testing demand. In the volunteer populations: the higher the contact rates; the 
higher the expected prevalence level; and the fewer the samples were needed to detect 
COVID-19 at a predetermined threshold level.

Conclusion: This study introduces a targeted surveillance strategy, combining both passive and 
active surveillance samples, to determine how many samples to collect per unit area and unit 
time to detect new clusters of COVID-19 cases. The goal of this strategy is to allow for early 
enough detection to control an outbreak.
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Introduction

As with many countries around the world, Canada has 
implemented lockdowns to control the transmission of the 
virus that causes the coronavirus disease 2019 (COVID-19): 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Common lockdowns include travel restrictions and closure of 
social gathering locations such as restaurants, bars and other 
indoor entertainment venues. The decision to lift, reduce or 
stop lockdown measures is multi-criterial with social, economic 
and health considerations and decisions about the extent and 

timing of the lockdowns controlled at the federal, municipal 
and provincial and territorial (P/T) levels. At the most simplistic 
level, lockdowns can be relaxed at a defined prevalence level; 
a strategy used by Germany during their process of lifting 
lockdowns after the first wave of COVID-19 cases (1). To maintain 
control of the epidemic as lockdowns are lifted, it is crucial to 
enhance alternative public health measures (contact tracing, 
quarantining). Specifically, we need to detect a high proportion 
of new cases quickly so that they can be isolated, and people 
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who have been exposed to or been in contact with these cases 
must be traced and quarantined. If there is insufficient capacity 
to test and trace, then resurgence of the epidemic that may 
overwhelm healthcare capacity is likely (2,3).

The ability to detect disease in a population depends on the 
type of surveillance strategy and the required number of samples 
to test. In large populations (i.e. greater than 1,000) a standard 
approach assumes random sampling from individuals that have 
equal risk of testing positive for the disease (4). However, if 
information is known about characteristics contributing to the 
probability of testing positive, then a targeted approach can be 
used to optimize sample size determination by weighing samples 
in their ability to detect given their characteristics (5).

In Canada there are currently two main strategies for 
collecting samples in COVID-19 surveillance: 1) healthcare 
visits and hospital admissions for respiratory illness (health 
care symptomatic testing demand); and 2) at-risk populations 
such as essential workers concerned that they may have been 
exposed to infection (6–8). However, these methods may not 
yield a sample size sufficiently large enough to detect new 
clusters of transmission at a time early enough (i.e. when 
infection prevalence in the community is low) to ensure that 
there is sufficient public health capacity to trace and quarantine 
contacts to control transmission. To achieve a sufficient sample 
size, a sampling strategy that tests volunteers may be required. 
This would likely capture more asymptomatic cases than when 
sampling those seeking health care; nevertheless, the value of 
including the volunteer population sampling would be twofold: 
first, to improve early warning by testing more broadly in the 
community and thus increase the probability of detecting new 
clusters; and second, to trigger a public health response at a 
determined level of prevalence in the population at which control 
of the outbreak is possible without the need to re-implement 
widespread lockdowns.

Targeted surveillance strategies can be used to efficiently sample 
from a population, which contains sub-populations having 
different probabilities of being infected, when the goal is early 
detection of disease at a given prevalence level (9,10). This 
approach requires weighing samples given their probability of 
detection and thus requires information on characteristics that 
relate to probability of a positive test result. This information 
includes factors affecting exposure and information on the 
frequency of these factors within the population, such as the 
proportion of people in each exposure category (11).

The probability of a positive test result may also include factors 
that are inherent to data from passive surveillance (12). The two 
main strategies for collecting COVID-19 samples in Canada are 
passive in the sense that people tested have decided to visit 
a health centre because they have developed symptoms or 
are at-risk individuals concerned about exposure. In contrast, 
a volunteer testing strategy is active surveillance in the sense 
of seeking out people to test. Other studies discuss strategies 

for accounting for under-ascertainment bias when not all 
diseased individuals present for health care, in the context of 
incorporating both passive and active surveillance data (12–14).

At the onset of an emerging disease, there may be insufficient 
information to account for challenges to using data from passive 
surveillance. The goal of this intervention study is to introduce 
a targeted surveillance strategy, combining both passive and 
active surveillance samples, and that uses minimal information 
for determining how many samples to collect per unit area and 
unit time to detect new clusters of COVID-19 cases—at a stage 
early enough to allow case isolation, contact tracing and contact 
quarantine—to control an outbreak.

Methods

To determine the need for volunteer sampling, the first step is 
to determine if the expected number of samples obtained from 
healthcare-based surveillance for respiratory virus infections 
provide a sample size that is already adequate to detect new 
clusters of COVID-19 at the desired threshold prevalence of 
infection in the general population for the time frame of interest. 
If the sample size is found to be inadequate, the second step is 
to determine how many additional weekly samples are needed 
from volunteers to detect new clusters of COVID-19 at the 
desired threshold prevalence in the general population.

We used a relative weighted approach, in which the expected 
prevalence level in a particular section of the population defines 
the weight that sample would have in detecting COVID-19 at 
p0. The approach assumes random sampling from within the 
sampling group. Every sample receives weight points given 
the expected prevalence in their population group. Sample 
collection continues until enough points have been reached to 
detect COVID-19 at p0. We demonstrated our method at the P/T 
and weekly levels, though this approach can be adjusted to other 
regional units or time frames.

Step 1: Determine if enough samples are 
obtained from symptomatic patients in 
healthcare settings

Pre-COVID-19 in Canada, testing for respiratory viruses was 
targeted to inpatients, as well as institutional and outbreak 
settings, where it would have the most impact on clinical 
care (15). However, COVID-19 testing is now recommended 
for all symptomatic individuals in Canada (16). Here, data on 
pre-COVID-19 healthcare visits for people with symptoms of 
respiratory infections are used to determine the expected 
number of weekly healthcare visits at which testing for COVID-19 
could take place.

For pre-COVID-19 pandemic healthcare visit data, we needed 
to choose a recent time period during which there was no other 
pandemic underway. During the H1N1 influenza pandemic in 
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2009–2010, there were obviously more healthcare visits for 
viral infection symptoms than in most years. We assumed that 
if COVID-19 is being controlled at an acceptable level of risk, 
that the expected number of visits will conform to healthcare 
visits in years other those in which the H1N1 influenza pandemic 
occurred. Therefore, we used the mean annual number of 
reported visits for the non-pandemic time period of 2016 
to 2018 as the mean annual expected healthcare visits for 
Canada (n=13,310,000) (Table 1; Canadian Institute for Health 
Information, unpublished analysis for Public Health Agency of 
Canada, 2020). The expected number of weekly healthcare visits 
per P/T, E, can then be calculated as a function of the population 
size of the P/T and time unit:

Equation 1:

To determine if E is sufficient to detect COVID-19 as early as 
possible at an acceptable level of risk it is necessary to define 
the threshold prevalence level, p0, in the general population to 
detect and control the eruption of new cases. For reference, 
Germany used a level at p0 = 0.05% during their process of 
lifting lockdown (1). This level corresponds to a 7-day period 
prevalence of 50/100,000. Here we investigate a more cautious 
value of p0 = 0.025% to correspond to a 7-day period prevalence 
of 25/100,000.

Healthcare visits for people with symptoms of respiratory 
infections are expected to have a higher probability of infection 
than asymptomatic people. We assume a 0.64% prevalence 
in the healthcare visits population to be a realistic value that 
can occur when COVID-19 is acceptably controlled and there 
is a relaxation of public health measures. This value is in the 
lower range of weekly mean percent positivity reported in 
the Canadian Network for Public Health Intelligence (CNPHI) 
System for Analysis of Laboratory Tests (SALT) for the month of 
May 2020, completing the spring period when maximal public 
health measures were in place in Canada. Then the weight of 
contribution of samples from sample group i, here being the 

healthcare visits population, with a prevalence of p, to detect 
COVID-19 at p0, during the time frame of interest t, is:

Equation 2:

This weight is then used to translate weekly number of 
healthcare visits E into the number of weight points that go 
towards detecting COVID-19:

Equation 3:

The result, wp(healthcare, t), is then compared with the number 
of samples needed to detect at least one positive case of 
COVID-19, d(i, t), in the healthcare visits population using a 
standard sample size calculation (4):

Equation 4:

for an α = 0.95 being the confidence of detecting at least 
one positive case of COVID-19 at a minimum detection threshold 
p = p(healthcare, t), and f = 0.79 being the test sensitivity 
for samples from symptomatic people (17). Sample size will 
increase with increasing levels of α. Typical values range from 
0.95 to 0.99, and as more information becomes available, it 
may become evident that higher levels are needed to detect 
community transmission early enough to control the outbreak. If 
wp(i, t) < d(healthcare, t), then more samples from members of 
the public not visiting healthcare are needed to detect at least 
one positive case of COVID-19 at p0.

Step 2: Determine how many additional 
weekly samples are needed from volunteers

If there are not enough healthcare visit samples, a second step 
is used to calculate how many additional samples are needed 
from the general population for early detection during the 
time frame of interest t. Equation 4 is used again, but this time 
from the perspective of using volunteer sampling to detect 
COVID-19 at p0, meaning that in Equation 4, p = p0. Furthermore, 
volunteers are mostly asymptomatic, so we define a lower test 
sensitivity f = 0.70 for asymptomatic people (18,19). The result, 
d(volunteer, t) is then used to calculate the number of additional 
tests needed from volunteers given sampling effort from the 
healthcare visits, E, as:

Equation 5:

To optimize sample collection from volunteers, we apply the 
relative weighted approach to target sampling by probability 
of testing positive. Selection of volunteer groups depends 
on knowledge of and data availability for characteristics 

 P/T population size
Canadian populaton size 52 weeks×

Canadian annual number of visitsE =

Table 1: Estimated annual number of ambulatory care 
visits and admissions for respiratory illness during a 
non-pandemic time period, Canada, 2016–2018

Type of visit Number of visits

Hospital admissions 220,000a

Emergency department visits 1,900,000a

Primary healthcare visits 11,000,000a

Number of residents in long-term care 
homesb 190,000

TOTAL 13,310,000
a Canadian Institute for Health Information (CIHI). Annual number, average of FY 2016–2018
b Canadian Institute for Health Information, 2020; refers to publicly funded/subsidized long-term 
care homes

w(i, t) = p(i, t)/p0 

wp(i, t) = E
w(i, t) 

d(i, t) = –ln (1 – α)
p x f 

a(t) = d(volunteer, t) – E
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influencing the probability for testing positive to COVID-19. In 
demonstration of our method, we defined volunteer groups by 
level of contact rates according to occupation data (unpublished 
data from the Centre for Labour Market Information, Statistics 
Canada at the request of the Public Health Agency of Canada. 
2020), though other data characteristics could also be used (e.g. 
travel history, age group). The premise is that targeting sampling 
to higher risk groups reduces the overall sample size needed 
to detect COVID-19. Here we create three plausible volunteer 
populations whose expected infection prevalence differ 
according to the number of contacts (low, medium and high 
numbers of contacts) they have with other people (co-workers 
or other members of the public) each day according to their 
occupation. For this example, we use a prevalence for the 
medium contact of 0.04%. This is the mean prevalence observed 
in Alberta for asymptomatic people who were not close 
contacts or part of outbreak investigations during a period from 
February 14 to July 5, 2020 (unpublished data from Government 
of Alberta, 2020). We assume the low and high contact group 
prevalence levels are then twice and half, respectively, of the 
medium contact group.

The prevalence from sample group i is used to calculate their 
weight of contribution, w(i, t), towards detecting COVID-19 at p0 
using Equation 2. Then, the number of tests needed from each 
volunteer population, in addition to E, needed to detect at least 
one positive case of COVID-19 at p0 given w(i, t) is calculated as:

Equation 6:

The value of v(i, t) is the total number of samples to test if 
sampling exclusively from that group. The final consideration is 
to calculate the optimum number of sample-tests needed from 
all volunteer sample groups given the probability of sampling 
from their populations. Data from the March 2020 Labour Force 
Survey (20) and the O*Net occupational database (unpublished 
data from the Centre for Labour Market Information, Statistics 
Canada at the request of the Public Health Agency of Canada. 
2020) define the proportion of Canadians having jobs with low, 
medium and high contact rates, proportion(i), as 0.112, 0.392, 
and 0.494, respectively. Thus, the probability of a sample-test 
coming from volunteer sampling group i, in a P/T at t, given they 
are not part of E is:

Equation 7:

where λ is the probability of not being in the healthcare visits 
population: 1 – E/P/T population size. Therefore, the total 
number of sample-tests needed from all volunteer populations in 
a P/T at t to detect at least one positive cases of COVID-19 at p0 

is:

Equation 8:

Where i is the volunteer sampling group and J is the total number 
of sampling groups.

This method depends on population size given the calculation 
of E. To assess the sensitivity of population size we also show 
results for Z(t) when p0 = 0.05% to compare the proportion 
of population that must be surveyed when p0 = 0.05% and 
p0 = 0.025%.

Results

Here we present results for sample size determined at the 
provincial level and weekly levels. For all P/T, we assumed the 
same prevalence levels for the sampling groups. Considering 
only the weight of contribution to detect COVID-19 at p0 given 
assumed prevalence of the sampling groups, samples from the 
healthcare visits population are at least eight times to result in a 
positive COVID-19 test result (i.e. 25.6/3.20) (Table 2).

As is inherent with the calculation, P/T with higher populations 
will have a higher number of expected healthcare visits, E. 
Given the high weight of contribution from this population to 
detect COVID-19 at p0, larger populations will require fewer 
additional, if any, samples for early detection. If the goal is to 
detect COVID-19 at p0 at the P/T level during the time frame 
of interest t, then only British Columbia, Alberta, Ontario and 
Québec would have a sufficient number of healthcare visit 
samples (Table 3). This assumes visits for respiratory illness at the 
assumed prevalence levels when maximal public health measures 
were in place from mid-March until just before the period of their 
relaxation in May 2020.

In step 2, it can be seen that low contact rate sample groups 
require model samples for early detection (Table 4). In 
calculation of the optimum number of additional samples 

Table 2: Prevalence levels and weights of the volunteer 
sample groups in comparison with the healthcare visits 
population with low, l, medium, m, and high, h, contact 
rates

Sample groups, 
i

Prevalence, 
p(i, t)

Weight, 
w(i, t)

Healthcare visits 0.64 25.6

Volunteers with high 
contact rates 0.08 3.20

Volunteers with medium 
contact rates 0.04 1.60

p0 0.025 1.0

Volunteers with low 
contact rates 0.02 0.80

v(i, t) = α(t)
w(i, t)

Pr(i,t) = λ x proportion(i)

Z(t) =              v(i, t) x Pr (i, t)�
J

i
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needed to detect COVID-19 at p0, when augmenting with 
volunteer samples, Z(t), the low number of E compared with the 
total population of the P/T results in Pr(i, t) being very similar 
to the proportion of people with occupations with low, medium 
and high contact rates (Table 5). The less populous P/T require 
more volunteer samples for early detection because their E is 

Table 4: Number of samples needed to detect  
COVID-19a,b

Province/
territory dvolunteer(t) nvolunteer(t)

Low 
contacts

Medium 
contacts

High 
contacts

SK

17,118

9,137 11,421 5,711 2,855

MB 7,814 9,767 4,884 2,442

NB 11,850 14,812 7,406 3,703

NS 10,516 13,145 6,573 3,286

PE 16,050 20,063 10,031 5,016

NL 13,597 16,996 8,498 4,249

YK 16,841 21,051 10,526 5,263

NT 16,815 21,019 10,509 5,255

NV 16,854 21,068 10,534 5,267

Abbreviations: MB, Manitoba; NB, New Brunswick; NL, Newfoundland and Labrador;  
NS, Nova Scotia; NT, Northwest Territories; NV, Nunavut; PE, Prince Edward Island;  
SK, Saskatchewan; YK, Yukon
a Number of samples needed to detect COVID-19 at P0 for asymptomatic test sensitivity, dvolunteer(t); 
number of tests needed in addition to the healthcare visits samples from all volunteer sample 
groups, nvolunteer(t), and if sampling exclusively from each group, gvolunteer(sample group,t), with low, 
medium and high contacts at work
b Values are rounded up

Table 3: Identification of province and territories that 
are short of samples by healthcare visits populationa,b

Province/territory Ec wp(healthcare, t) d(healthcare, t)

BC 34,522 1,349

593

AB 29,809 1,164

SKd 7,982 312

MBd 9,304 363

ON 99,371 3,882

QC 57,668 2,253

NBd 5,268 206

NSd 6,602 258

PEd 1,068 42

NLd 3,522 138

YKd 277 11

NTd 303 12

NVd 264 10

Abbreviations: AB, Alberta; BC, British Columbia; MB, Manitoba; NB, New Brunswick;  
NL, Newfoundland and Labrador; NS, Nova Scotia; NT, Northwest Territories; NV, Nunavut; PE, 
Prince Edward Island; ON, Ontario; QC, Québec; SK, Saskatchewan; YK, Yukon
a Identification of province and territories that are short of samples by healthcare visits population 
as based on the number of expected healthcare visits, E, translated into weight points, 
wp(healthcare, t), and compared to the number of weighted samples, d(healthcare, t), needed to 
detect COVID-19 in the healthcare visits population at p0
b Values are rounded up
c Expected number of samples from healthcare visits at the provincial/territorial level, E, and this 
number translated into weight points towards detecting COVID-19, wp(healthcare, t)
d Identification of province and territories that are short of samples by healthcare visits population

Table 5: Optimum number of additional samples needed to detect COVID-19

P/T i Population size E λ Proportion (i) Pr(i, t) wp(i, t) Z(t) % P/T Z(t) at  
p0 = 0.05%

% P/T at  
p0 = 0.05%

SK

L

1,181,666 7,982

0.99 0.112 0.111 11,420

4,867 0.41 307 0.26M 0.99 0.392 0.386 5,710

H 0.99 0.494 0.490 2,855

MB

L

1,377,517 9,304

0.99 0.112 0.111 9,766

4,162 0.30 N/A N/AM 0.99 0.392 0.386 4,883

H 0.99 0.494 0.490 2,441

NB

L

779,993 5,268

0.99 0.112 0.111 14,812

6,312 0.81 1,753 0.23M 0.99 0.392 0.386 7,406

H 0.99 0.494 0.490 3,703

NS

L

977,457 6,602

0.99 0.112 0.111 13,144

5,602 0.57 1,042 0.11M 0.99 0.392 0.386 6,572

H 0.99 0.494 0.490 3,286

PE

L

158,158 1,068

0.99 0.112 0.111 20,063

8,550 5.41 3,991 2.52M 0.99 0.392 0.386 10,031

H 0.99 0.494 0.490 5,016

NL

L

515,828 3,522

0.99 0.112 0.111 17,042

7,263 1.41 2,703 0.52M 0.99 0.392 0.386 8,521

H 0.99 0.494 0.490 4,261
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lower, and hence the percentage of the population that needs to 
volunteer is higher. When p0 is increased from 0.25% to 0.50%, 
Manitoba has a sufficient number of E for early detection and the 
percentage of the population requiring volunteer sampling in the 
other P/T is reduced by half (Table 5).

Discussion

We present a relative weighted approach for calculating the 
number of sample-tests required to detect at least one case of 
COVID-19 at a threshold level for early detection and control of 
new outbreaks. This approach combines expected numbers of 
tests from healthcare visits, with additional sampling from the 
general population. From the sampling groups, the probability 
of detecting COVID-19 is highest from the healthcare visits 
population. When insufficient samples are available from 
this group, sampling the general population using a relative 
weighted approach can provide the additional samples required.

Our approach is more feasible for large populations because 
they have higher testing rates from the healthcare visits 
population. If additional samples are needed, then the 
proportion of the population required as volunteers is more 
achievable than with smaller populations. For example, in our 
demonstration of sample size determination using P/T as the 
surveillance population, we find that British Columbia, Alberta, 
Ontario and Québec already have sufficient sample sizes from 
the healthcare visits population at the weekly level. Augmenting 
samples from volunteers requires testing 0.3 to 0.81% of the 
population for Saskatchewan, Manitoba, New Brunswick and 
Nova Scotia. However, for Prince Edward Island, Newfoundland 
and Labrador, Yukon, Northwest Territories and Nunavut, more 
than 1%–23% of the population must be tested. It is unlikely 
that level of compliance and/or ability to travel to testing sites 
would be achieved. This range reduces to 0.5%–11.3% of the 

population if assuming p0 = 0.05% instead of p0 = 0.025%, as 
was done for Germany following their first wave of COVID-19 
infections.

Strengths and limitations
We did not consider test specificity in our approach. Polymerase 
chain reaction (PCR) tests for SARS-CoV-2 infection show 
excellent specificity of at least 98% but are more variable for 
test sensitivity (21,22). Even at 98%, large sample sizes can 
result in considerable numbers of false positives; for example, 
160 false positive test results would be expected from testing 
8,000 people. False positive test results can have significant 
consequences if the person with a false positive result undergoes 
unnecessary treatment for COVID that endangers the health of 
that person. Whereas a false positive result for a healthy person 
will only mean self-isolation for a while, and that would have 
limited impact on the health of that person.

The value of our approach is guiding surveillance efforts at the 
onset of an emerging disease when little is known about factors 
affecting the probability of a sample testing positive for the 
disease. At the onset of disease emergence, surveillance systems 
are developing their capacity to test and collect information 
that is pertinent for understanding transmission risk. Collecting 
information about high risk factors, such as travel history, lag 
behind socio-demographic information such as sex and age 
group. Furthermore, the association of socio-demographic 
information with the test result may not yet have been 
determined. When information for high risk factors becomes 
available, approaches that harness this type of information into 
a relative weighted approach can refine estimates of sample size 
determination, as shown by Jennelle et al. (10). This approach 
includes accounting for changes in the transmission risk over time 
as the disease risk grows, peaks and wanes. This also includes 
accounting for the passive nature of surveillance systems that 
result in violating the assumption that sampling is non-random. 

Table 5: Optimum number of additional samples needed to detect COVID-19 (continued)

P/T i Population size E λ Proportion (i) Pr(i, t) wp(i, t) Z(t) % P/T Z(t) at  
p0 = 0.05%

% P/T at  
p0 = 0.05%

YK

L

41,078 277

0.99 0.112 0.111 21,051

8,972 21.8 4,412 10.7M 0.99 0.392 0.386 10,526

H 0.99 0.494 0.490 5,263

NT

L

44,904 303

0.99 0.112 0.111 21,019

8,958 20.0 4,398 9.80M 0.99 0.392 0.386 10,509

H 0.99 0.494 0.490 5,255

NV

L

39,097 264

0.99 0.112 0.111 21,068

8,979 23.0 4,419 11.3M 0.99 0.392 0.386 10,534

H 0.99 0.494 0.490 5,267
Abbreviations: H, high; L, low; M, medium; MB, Manitoba; N/A; not applicable; NB, New Brunswick; NL, Newfoundland and Labrador; NS, Nova Scotia; NT, Northwest Territories; NV, Nunavut;  
PE, Prince Edward Island; P/T, province/territory; SK, Saskatchewan; YK, Yukon
Note: At p0 when augmenting with volunteer samples from sample group i, Z(t), and the underlying values for the calculation, including λ, the probability of not being in the expected healthcare visits 
population, E. Also shown is the percentage of the provincial population that would need to participate in volunteer testing at temporal unit t
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For example, barriers to access healthcare or testing centres in 
relation to gender, age, occupation or ethnicity. Consequently, 
overrepresentation of people with a certain socio-demographic 
profiles may skew the accuracy of prevalence values for the 
sampling groups. At present, sampling to collect nasopharyngeal 
swabs from patients visiting primary health care is rarely done, so 
less invasive sampling methods, such as mouth rinse tests, would 
facilitate reaching target sample sizes.

At the emergence of a novel disease there is likely insufficient 
information to accurately define the probability of a positive 
test result, which can then be used to inform sample size 
determination for early detection. Here we present a method 
to estimate sample sizes for early detection using limited 
information, as we show with prevalence levels (both estimated 
and assumed) from multiple sampling groups. Weighing the 
contribution of a sample from a given sampling group to result 
in a positive test result enables a more efficient sampling 
strategy for early detection, helping to target surveillance efforts 
and resources. Ideally, prevalence levels are updated, when 
possible, to reduce the error in the sample size estimates as 
the prevalence levels in sampling groups change over time and 
space. More specifically, P/Ts can cover large areas, where cities 
may be separated by hundreds of kilometers and, thus, may be 
only weakly connected in terms of drivers of infection. There 
may be multiple epidemiological units within a P/T, meaning 
that community transmission patterns are more similar within a 
unit than among neighbouring units. Hence, prevalence levels 
in the sampling groups can differ among the units over space 
and time. Metrics resulting from surveillance, such as sample size 
determination, are ideally performed at the spatial level of the 
epidemiological unit (12). The method presented here can be 
adapted to the level of an epidemiological unit. This approach 
would ensure that sample size determination for early detection 
is reflective of the sampling efforts (i.e. E) and prevalence levels 
for the sampling groups that are unique to the unit during the 
time frame of interest.

Conclusion
This intervention study introduces a targeted surveillance 
strategy, combining both passive and active surveillance samples, 
to determine how many samples to collect per unit area and 
unit time to detect new clusters of COVID-19 cases. The goal of 
this strategy is to allow for early enough detection to control an 
outbreak.
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