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Background. Increasing the availability of antigen rapid diagnostic tests (Ag-RDTs) in low- and middle-income countries 
(LMICs) is key to alleviating global SARS-CoV-2 testing inequity (median testing rate in December 2021–March 2022 when the 
Omicron variant was spreading in multiple countries: high-income countries = 600 tests/100 000 people/day; LMICs = 14 tests/ 
100 000 people/day). However, target testing levels and effectiveness of asymptomatic community screening to impact SARS- 
CoV-2 transmission in LMICs are unclear.

Methods. We used Propelling Action for Testing and Treating (PATAT), an LMIC-focused agent-based model to simulate 
coronavirus disease 2019 (COVID-19) epidemics, varying the amount of Ag-RDTs available for symptomatic testing at 
healthcare facilities and asymptomatic community testing in different social settings. We assumed that testing was a function of 
access to healthcare facilities and availability of Ag-RDTs. We explicitly modelled symptomatic testing demand from individuals 
without SARS-CoV-2 and measured impact based on the number of infections averted due to test-and-isolate.

Results. Testing symptomatic individuals yields greater benefits than any asymptomatic community testing strategy until most 
symptomatic individuals who sought testing have been tested. Meeting symptomatic testing demand likely requires at least 200–400 
tests/100 000 people/day, on average, as symptomatic testing demand is highly influenced by individuals without SARS-CoV-2. 
After symptomatic testing demand is satisfied, excess tests to proactively screen for asymptomatic infections among household 
members yield the largest additional infections averted.

Conclusions. Testing strategies aimed at reducing transmission should prioritize symptomatic testing and incentivizing test- 
positive individuals to adhere to isolation to maximize effectiveness.

Keywords. COVID-19; SARS-CoV-2; diagnostic testing; low- and middle-income countries.

Received 29 June 2022; editorial decision 03 October 2022; published online 8 October 2022
aC. A. R. and B. E. N. contributed equally.

Correspondence: B. E. Nichols, Department of Global Health, School of Public Health, Boston 
University, Boston, MA, USA (brooken@bu.edu).

Clinical Infectious Diseases® 2023;76(4):620–30 
© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution- 
NonCommercial-NoDerivs licence (https://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial reproduction and distribution of the work, in any medium, pro-
vided the original work is not altered or transformed in any way, and that the work is properly 
cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/cid/ciac814

Since the emergence of severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) in 2019, the coronavirus disease 
2019 (COVID-19) pandemic has resulted in over 500 million 

confirmed cases and 6 million deaths worldwide as of May 
2022 [1]. While vaccination is the key medical intervention to 
mitigate the pandemic, SARS-CoV-2 testing remains an impor-
tant public health tool for case identification and transmission 
reduction. Testing is especially important in many low- and 
middle-income countries (LMICs) that continue to struggle 
with gaining equitable access to global vaccine supplies [2]. 
Testing is also the backbone of surveillance systems to monitor 
the emergence of novel variants of concern (VOCs) [3] that 
may escape immunity acquired from previous infections and 
vaccination [4].

At the same time, the global imbalance in SARS-CoV-2 test-
ing rates is substantial [5] Between December 2021 and 
March 2022 when the Omicron (BA.1) VOC was spreading 
in multiple countries, the median testing rate in LMICs was 
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14 (interquartile range [IQR] = 7–41) tests per 100 000 persons 
per day (/100k/day), whereas high-income countries (HICs) 
tested more than 43 times more than that rate, with a median 
rate of 603 (IQR = 317–1181) tests/100k/day [6]. Limited test-
ing has likely led to substantial underestimation of 
SARS-CoV-2 prevalence and COVID-19 attributable mortality 
in LMICs [7]. The diagnostics pillar of the Global Access to 
COVID-19 Tools (ACT) Accelerator, co-convened by the 
Foundation for Innovative New Diagnostics (FIND) and the 
Global Fund in partnership with the World Health 
Organization to enhance access to COVID-19 tests and se-
quencing, has set a minimum testing rate of 100 tests/100k/ 
day [8]. This minimum testing rate is thought to be a “critical 
threshold to facilitate effective public health interventions” 
[8]. Additionally, asymptomatic testing in a community setting 
(ie, community testing) was identified by this initiative as a cru-
cial step for LMICs to close in on the global equity gap [8].

Real-time reverse transcription–polymerase chain reaction 
(PCR) tests remain the gold standard for COVID-19 diagnostic 
testing, as they are the most sensitive testing method [9]. 
However, PCR-based testing can be plagued by long turn-
around times and necessitate relatively costly laboratory infra-
structures, robust sample transport networks, and well-trained 
personnel that are lacking in many low-resourced settings [10]. 
Furthermore, RNA can still be detected even after infectious-
ness has declined, rendering PCR tests imperfect for determin-
ing the infectious potential of an infected person [11]. While 
the sensitivity of antigen rapid diagnostic tests (Ag-RDTs) is 
lower than PCR (>80%) [12], Ag-RDTs are cheaper, capable 
of producing results in under 30 minutes, and can be per-
formed easily at point-of-care [13]. As such, when used in a 
timely fashion, Ag-RDTs can identify potentially infectious 
people more quickly. Ag-RDTs offer a practical alternative di-
agnostic tool to enable massive scale-up of testing in all coun-
tries. In resource-limited settings, Ag-RDTs could potentially 
reduce the testing equity gap between HICs and LMICs [5].

To date, there is no robust evidence base on how scaling-up 
Ag-RDTs to 100 tests/100k/day would impact community 
transmissions. There is also a lack of information on the effec-
tiveness of community testing programs when used to comple-
ment symptomatic testing under the constraints of limited test 
availability. Furthermore, while there have been studies inves-
tigating the impact of comprehensive test-and-trace programs 
on transmission reductions [14, 15], it is less clear to what ex-
tent a test-and-isolation strategy (ie, the only intervention is the 
required isolation of individuals with a positive diagnosis) 
would impact total infections. It is thus important to estimate 
the impact of test-and-isolation only since most low-resource 
settings did not implement resource-intensive contact-tracing 
programs [16].

In this study, we developed and used the Propelling Action 
for Testing and Treating (PATAT) simulation model, an agent- 

based modelling framework to investigate the impact of using 
Ag-RDTs for healthcare facility–based symptomatic testing. 
We considered testing programs both with and without addi-
tional asymptomatic testing programs in the community, using 
a population with demographic profiles, contact mixing pat-
terns, and levels of public health resources akin to those in 
many LMICs. We used PATAT to interrogate how different 
Ag-RDT distribution availability and testing strategies, includ-
ing the implementation of community testing in households, 
schools, formal workplaces, and regular mass gatherings such 
as religious gatherings, could impact onward disease transmis-
sion. In turn, we aimed to identify key priorities and gaps that 
should be addressed when implementing mass testing pro-
grams using Ag-RDTs in low-resource settings.

METHODS

The Propelling Action for Testing and Treating (PATAT) Simulation Model

PATAT first creates an age-structured population of individu-
als within contact networks of multigenerational households, 
schools, workplaces, religious gatherings (ie, regular mass gath-
erings), and random community settings with the given demo-
graphic data here based on archetypal LMIC estimates 
(Figure 1). The simulation starts with a user-defined propor-
tion of individuals with SARS-CoV-2. Given that viral loads 
of an infected individual at the time of testing affect Ag-RDT 
sensitivity [12], PATAT randomly draws a within-host viral 
load trajectory over the course of each individual’s infection 
from known distribution of trajectories [17, 18] using previous-
ly developed methods [19]. Given conflicting evidence [20], 
similar viral load trajectories were drawn for both asymptom-
atic and symptomatic infected individuals.

The simulation computes transmission events across 
different contact networks each day and updates the disease 
progression of infected individuals based on the Susceptible- 
Exposed-Infected-Recovered-Death (SEIRD) epidemic model, 
stratifying them based on symptom presentation (asymptomat-
ic, mild, or severe). Symptomatic individuals may seek sympto-
matic testing at clinics after symptom onset. Given that most 
LMICs are currently testing at rates far below 100 tests/100k/ 
day to the extent that only a small proportion of COVID-19– 
positive deaths were identified in life (eg, <10% in Zambia) 
[21], we assumed that all clinic-provided testing demand by 
mild symptomatic individuals is satisfied by Ag-RDTs while 
PCR tests are restricted for testing severe patients only. 
Individuals who test positive may go into isolation and their 
household members may also be quarantined.

Simulation Variables

We assumed a population size of 1 000 000 individuals, creating 
contact networks and healthcare facilities based on demo-
graphic data collected from Zambia [22]. We initialized each 
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simulation with 1% of the population being infected by 
SARS-CoV-2 and ran the model over a 90-day period. We per-
mutated a range of Re values (ie, 0.9, 1.1, 1.2, 1.5, 2.0, 2.5, and 
3.0) against varying Ag-RDT stock availability (ie, 100, 200– 
1000 [in 200 increments], 1000–5000 [in 1000 increments] tests 
per 100 000 persons per day). Various test distribution strate-
gies were simulated: (1) 85% of weekly allocated tests were 
used for routine asymptomatic community testing at a social 
setting and the remaining used for symptomatic testing at 
healthcare facilities, (2) all weekly allocated test stocks are dis-
tributed to healthcare facilities for symptomatic testing only 
with no asymptomatic community testing, and (3) weekly allo-
cated tests are used for symptomatic testing at healthcare facil-
ities first before any remaining tests at the end of the week are 
used for asymptomatic community testing in the next week. As 
a baseline, we simulated a set of runs using the same range of Re 

with no testing at all.
To determine the impact of testing on reducing infections, 

we assumed that the only public health intervention measure 
is by test-and-isolate of individuals who test positive. We also 
performed a separate set of simulations that require a same-day 
quarantine of asymptomatic household members of individuals 
who test positive. This distinction is important because quaran-
tine should change contact patterns of more individuals per 
positive test, thereby increasing test utility. We did not consider 
the quarantine of close contacts outside of household members 
as contact-tracing programs are often resource intensive and 
discontinued in most countries.

Distribution of Routine Asymptomatic Community Tests

Due to its fixed nature and potential accessibility, routine 
asymptomatic community testing may be implemented in 

households, schools, formal workplaces, or religious gather-
ings. Community test stocks may be distributed in each setting 
in 2 ways: (1) even distribution to as many entities as possible 
once per week (eg, if we have 10 tests available for 10 house-
holds per week, then 1 member of each household would be 
tested) and (2) concentrated distribution to test all individuals 
in selected entities twice a week who will continue to get tested 
throughout the epidemic (eg, if we have 10 tests available for 10 
households per week but only 1 household of 5 members, then 
all 10 tests will be distributed to this selected household of 5 for 
testing on Monday and Thursday of every week).

Healthcare-Provided Symptomatic Testing Demand

Symptomatic testing demand estimation is particularly chal-
lenging for SARS-CoV-2 because COVID-19 symptoms over-
lap with other respiratory infections, thus increasing testing 
demand. We assumed that symptomatic individuals would 
seek testing at clinics based on a probability distribution that 
inversely correlates with the distance between their homes 
and the nearest clinic [23] (Supplementary Table 1). We as-
sumed that the time delay between testing and symptom onset 
follows log-normal distribution with a mean of 1 day and stan-
dard deviation of 0.5 day. Additionally, we simulated daily de-
mand of clinic tests from individuals who were not infected by 
SARS-CoV-2 but sought symptomatic testing as they presented 
with COVID-19–like symptoms. This non–COVID-19–related 
demand was estimated by assuming a 10% test positivity rate at 
the start as well as end of an epidemic curve and 20% test pos-
itivity rate at the peak, linearly interpolating the demand for pe-
riods between these time points (Figure 2). These assumptions 
are based on observed test positivity rates in multiple countries 
experiencing infection waves during the second half of 2021 

Figure 1. Schematic of Propelling Action for Testing And Treating (PATAT) simulation model. Abbreviation: Ag-RDT, antigen rapid diagnostic test.
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[24]. If there are limited clinic test stocks for the day, the avail-
able tests are randomly distributed among symptomatic pa-
tients with SARS-CoV-2 and those seeking tests for non– 
COVID-19–related reasons. We assumed that any individual 
who failed to receive a test due to test shortage would not 

seek clinic-provided testing again for the rest of their infection. 
If these individuals had previously decided to self-isolate upon 
presenting symptoms, they may continue to do so (see 
Supplementary Data). Otherwise, we assumed that they would 
continue to mix with the community. We also assumed that in-
dividuals with SARS-CoV-2 who were tested but received a 
false-negative result continue mixing with the community. In 
turn, any false-positive–tested individual would then go into 
isolation.

All key parameters are tabulated in Supplementary Table 1
and full details of PATAT are described in the 
Supplementary Data. Model validation can be found in 
Supplementary Figure 6. The PATAT model source code is 
available at https://github.com/AMC-LAEB/PATAT-sim.

RESULTS

Healthcare-Provided Symptomatic Testing Demand Should Be Fulfilled 
First

We first investigated if routine asymptomatic community test-
ing programs could substantially reduce SARS-CoV-2 trans-
missions in the population. We compared scenarios where 
either all Ag-RDT stocks were used only for symptomatic test-
ing (with no community-based testing of asymptomatic popu-
lations) or that most tests were used for community testing and 

Figure 2. Projected symptomatic testing demand based on assumed case posi-
tivity rate. This projected demand includes both persons with SARS-CoV-2 who 
were tested and reported as well as those who seek symptomatic testing for other 
reasons (eg, individuals presenting COVID-19–like symptoms but who were not in-
fected with SARS-CoV-2). Abbreviations: COVID-19, coronavirus disease 2019; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Figure 3. Impact of either using all available Ag-RDTs for symptomatic testing or a majority of them (85%) for community testing in various settings (even distribution only; 
without quarantine of household members). The proportion of secondary infections averted after 90 days relative to the no-testing baseline for a different number of tests 
available per 100 000 persons per day and assumed Re value is plotted for each test distribution strategy. The vertical red line denotes the number of tests required to saturate 
symptomatic testing demand (Figure 4). Abbreviation: Ag-RDT, antigen rapid diagnostic test.
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only 15% of weekly available stocks were allocated for sympto-
matic testing. The proportion of infections averted under each 
test distribution strategy was computed as a measure of impact. 
Regardless of community testing distribution strategy or Re, we 
found that setting aside large proportions of Ag-RDTs for com-
munity testing led to a lower proportion of infections averted 
than if all tests were solely used for symptomatic testing 
(Figure 3). A far greater number of tests is needed under the 
community testing scenarios relative to the only-symptomatic 
one to result in an equal or larger proportion of infections 
averted. This conclusion remains the same when household 
members of all positively tested individuals were quarantined 
(Supplementary Figure 1).

Number of Tests Needed to Saturate Healthcare-Provided Symptomatic 
Testing Demand

Given the importance of saturating symptomatic testing de-
mand, we then estimated the number of tests needed to saturate 
symptomatic testing demand under different Re (Figures 3 and 
4A). Besides symptomatic individuals with SARS-CoV-2 who 
sought testing, our simulations factored in that 80%–90% of 
symptomatic test stocks were used by individuals who were 
not infected by SARS-CoV-2 by assuming test positivity rate 
ranges of 10%–20% over the course of the infection wave. 
Under these assumptions, even when Re ≤1.2 (Figure 4B), at 
least 200–400 tests/100k/day were needed to ensure all test- 
seeking individuals were tested. If Re ≥1.5, at least 10 times 
more tests, in the range of 2000–5000 tests/100k/day, were 
needed to satisfy all symptomatic testing demand. These con-
clusions were similar when household members of individuals 
who tested positive were quarantined (Supplementary 
Figure 2).

Marginal Impact of Symptomatic Testing Prior to Saturating Demand

We linearly regressed the number of infections averted against 
test availability to compute the number of additional infections 
averted with increasing Ag-RDT availability, before saturating 
symptomatic testing demand (Figure 5A and 5B). Assuming 
only symptomatic cases that test positive isolate, the largest 
marginal benefit of increasing Ag-RDT availability for sympto-
matic testing prior to demand saturation is achieved when Re = 
1.1–1.2, with close to 20 000 additional infections averted for 
every increase of 100 more Ag-RDTs available for symptomatic 
testing (Figure 5B; Table 1). When operating at test availability 
that meets all symptomatic testing demand, the greatest impact 
of test-and-isolate is also achieved when Re = 1.1–1.2 with ap-
proximately 40% of total infections averted (Figure 5A).

Both the marginal benefit and the maximum infection re-
duction at demand saturation, however, diminish exponential-
ly with increasing values of Re (Figure 5A and 5B; Table 1). 
Nonetheless, there are other impacts that could be gained 
from performing more symptomatic testing at values of Re 

>1.2. For instance, for Re values between 1.5 and 2.0 without 
quarantining household members, it is possible to reduce daily 
transmissions by up to 11% with increasing levels of test avail-
ability during the growth phase of the epidemic (Re >1; 
Figure 5C). Additionally, when Re ∼ 1.5 and test availability is 
in the range of 2000 tests/100K/day or more, it is possible to 
shorten the duration of the epidemic’s growth phase (and, in 
turn, the epidemic itself) by about 1 week (Figure 5D).

The marginal benefit of symptomatic testing can be further 
augmented if asymptomatic household members of individuals 
who tested positive quarantine as well (Supplementary 
Figure 3). However, depending on Re and level of test availabil-
ity, the percentage of infections averted only improved modest-
ly by 2%–10%. As we assumed that individuals would isolate 
and quarantine in their own homes, infectious individuals in 
isolation may infect healthy household members in quarantine 
with them.

A Symptomatic-Testing-First Strategy to Community Testing

Given the importance of symptomatic testing, we then simulat-
ed an alternate community testing strategy that prioritizes sat-
urating symptomatic testing demand first every week. If there 
were leftover tests from clinics in the previous week, they 
were used for community testing in the following week. We 
also investigated 2 ways in which community tests were either 
evenly and randomly distributed in the social setting to as many 
individuals as possible or concentrated the available tests to a 
fixed number of persons throughout the epidemic period.

Even under this symptomatic-testing-first approach, other 
than households, community testing in almost all social set-
tings only yields greater reduction in infections when test avail-
ability is higher than what is needed to saturate symptomatic 
testing needs (Figure 6). Overall, household community testing 
yielded the greatest reduction in transmissions for all simulated 
Re values, followed by schools if Re ≤1.5. Community testing in 
religious gatherings and formal workplaces only results in 
modest improvements over symptomatic testing. An even dis-
tribution of community tests tends to produce a larger reduc-
tion in infections. The difference between even and 
concentrated community test distributions also increases with 
larger test availability. These results were similarly observed 
when household members of individuals who tested positive 
were quarantined (Supplementary Figure 4).

Routine Community Testing in Households

In the symptomatic-testing-first approach, household commu-
nity testing can achieve greater reduction in transmissions be-
fore saturating symptomatic testing demand but only at high 
levels of test availability (>1000 tests/100k/day; Figure 6 and 
Supplementary Figure 4). There are several reasons why house-
hold community testing outperformed other settings. First, 
large multigenerational homes (mean household size = 5 
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people) were simulated to mirror what is often found in many 
LMICs. Second, populations in LMICs tend to skew young (ie, 
48% of the population are expected to be ≤15 years in age) [22]. 
Furthermore, overall employment rates are low (ie, assumed 
39% and 23% among men and women, respectively) [22] and 
a large majority of employed individuals likely work in infor-
mal employment settings (ie, assumed 64% and 76% among 
employed men and women, respectively) [22] where test distri-
bution is assumed to be difficult or infeasible. Third, dedicated 
isolation and quarantine facilities are likely rare in low-resource 
settings. Thus, individuals who test positive and their close con-
tacts could only isolate/quarantine themselves in their own 
homes. In turn, almost 60% of all infections observed in a typ-
ical simulation arose from transmissions in households. 
Random community transmissions aside, schools are then 
the second most common setting where transmissions oc-
curred (∼14%) and workplaces, be they formal or informal, 
the least common (<3%) (Figure 7A).

Interestingly, even though we assumed that 70% of all house-
holds regularly attended large religious gatherings weekly, they 

contributed to a limited proportion of total infections (∼5%) 
(Figure 7A). Yet, if we compare the results between household 
and religious gathering testing at levels of test availability large 
enough to satisfy symptomatic testing demand (eg, N = 5000), 
the total number of diagnosed cases over time is actually similar 
for both community testing strategies (Figure 7B). In fact, testing 
in religious gatherings yielded a relatively larger number of cumu-
lative diagnoses by the end of the epidemic, but household testing 
suppressed Re more during the growth phase of the epidemic, re-
sulting in a greater number of infections averted over time. This is 
because household testing not only reduces the already higher 
number of infections taking place in households but it also de-
creased transmissions between different distinct social settings 
(eg, if an infector infected an infectee in the household setting 
but the infector was infected in school) (Figure 7C and 7D).

DISCUSSION

Community asymptomatic testing only achieves high levels of 
infection reduction after symptomatic testing demand has 

Figure 4. Symptomatic testing demand during an epidemic (without quarantine of household members). A, Number of symptomatic tests performed per 100 000 persons 
per day over time for different Re values. Each differently colored shaded curve denotes a different number of tests available per 100 000 persons per day. We assumed that 
all healthcare facilities in the community will have new stocks of 1 week’s worth of Ag-RDTs every Monday. The symptomatic testing demand includes both symptomatic 
individuals with SARS-CoV-2 who seek testing at healthcare facilities and those who seek symptomatic testing for other reasons based on assumed case positivity rates (see 
Methods section). The area between the curve plotting the testing rate needed to saturate symptomatic testing demand (Nsat) and the curve for testing rate <Nsat is the 
amount of symptomatic testing shortage accumulated over time between those 2 testing rates. B, Seven-day moving average of time-varying effective reproduction number 
(Re) over a simulated epidemic period (90 days) assuming that testing demand is fully satisfied. Abbreviations: Ag-RDT, antigen rapid diagnostic test; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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been saturated. However, the current minimum target of 100 
tests/100k/day is unlikely to saturate symptomatic testing de-
mand even with scenarios where Re ≤ 1.2. Saturating sympto-
matic testing demand in realistic epidemic wave scenarios 
where Re  > 1.2 likely requires more than 1000 tests/100k/ 
day. This is because testing demand is largely shaped by indi-
viduals without SARS-CoV-2 due to the overlap of 
SARS-CoV-2 infection symptoms with other respiratory tract 
infections. In other words, even before implementing any 
form of community testing, it is crucial to increase investments 
in testing capacities that meet symptomatic testing demand 
first. For instance, if Zambia had approximately 10 million 
Ag-RDTs available through the first 3 months (ie, ∼600 tests/ 
100k/day over 3 months for 18 million people) of its first 
Omicron BA.1 wave (Re  ∼2.5) that were only used for sympto-
matic testing, approximately 37 000 infections could likely be 

averted. However, if the testing rate was at 100 tests/100k/ 
day, the number of infections averted drops nearly 10-fold to 
approximately 3700 cases averted, on average, despite only a 
6-fold reduction in testing.

If Re <1.5, or can be reduced to that point through other pub-
lic health interventions, increasing testing capacity from 100 
tests/100k/day to 200–400 tests/100k/day provides the greatest 
proportional reduction in secondary transmissions. 
Furthermore, testing has the potential to be most effective at re-
ducing transmission when Re < 1.5. We would also obtain the 
greatest reduction in transmissions through increased testing 
volumes if Re ∼1.0 (Table 1). As SARS-CoV-2 outbreaks can 
have Re values appreciably above 1.5, it is important to combine 
testing with other public health measures such as vaccination, 
physical distancing, and masking so as to maximize the impact 
of testing programs. It is also important to note that the utility 

Figure 5. Marginal impact of symptomatic testing prior to saturating demand (without quarantine of household members). A, Contour plots depicting infections averted 
relative to the no-testing baseline for simulations with different Re values and varying number of Ag-RDT availability. Left panel: Number of infections averted relative to the 
no-testing baseline after 90 days. Right panel: Proportion of secondary infections averted relative to the no-testing baseline after 90 days. B, Number of additional infections 
averted for every 100 more Ag-RDTs available prior to saturating symptomatic testing demand for different Re values. The dashed line shows a marginal benefit with quar-
antine of household members while the solid black line depicts that without quarantine. C, Mean daily percentage reduction in transmissions while time-varying Re of sim-
ulated epidemic is still >1 for different initial Re values and varying number of Ag-RDTs available for symptomatic testing only. D, Reduction in number of days when 
time-varying Re of simulated epidemic is >1 for different initial Re values and varying number of Ag-RDTs available for symptomatic testing only. Abbreviation: Ag-RDT, 
antigen rapid diagnostic test.
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of testing in averting infections is predicated on people chang-
ing and maintaining their behavior to reduce contacts follow-
ing a positive test [25]. Encouraging and incentivizing these 
changes in behavior are essential for the effectiveness of any 
test-and-isolate program, particularly for individuals of lower 
socioeconomic status [26] and communities in low-resource 
settings [27].

As a corroboration of our results, we compared the weekly 
average testing rate [6] to the average Re values estimated 
from COVID-19 case counts (https://github.com/epiforecasts/ 
covid-rt-estimates) [28] of 134 countries between December 
2021 and March 2022 when the Omicron BA.1 VOC spread 
rapidly across multiple countries (Figure 8). Although the de-
mographic profiles differ between HICs and LMICs, we found 
that some HICs were expectedly testing at rates that were suf-
ficient or even higher than what was likely needed to saturate 
the symptomatic testing demand we had estimated for 
LMICs at similar epidemic intensity (ie, Re values). However, 
as Omicron (BA.1) cases surged, some HICs such as the 
United States, Germany, and Australia were still reportedly fac-
ing test shortages [29–31]. Based on our results, these countries 
were indeed falling short of meeting symptomatic testing 

demand (Figure 8). Finally, if we assume that most HICs are 
testing at rates that sufficiently meet symptomatic testing de-
mand, we found that most of them were testing at more than 
100 tests/100k/day.

If there are excess tests available after meeting symptomatic 
testing demand, it is important to critically consider where and 
how routine community testing of asymptomatic populations 
is implemented to maximize impact. Given that a larger pro-
portion of infections is expected to occur within households, 
household community testing after meeting symptomatic test-
ing demand in the previous week would yield a greater number 
of total infections averted. While testing at regular mass gath-
erings such as religious gatherings every week, for instance, 
could lead to a comparable number of diagnosed infections, do-
ing so only effectively tallies the number of infections that had 
happened in the week prior and limited infections at these gath-
erings. Disseminating tests across households, on the other 
hand, is more effective in not just lowering transmissions oc-
curring in households but likely lessens the number of trans-
missions between different contact networks as well.

There are limitations to our study. First, we assumed that all 
healthcare facilities will have access to all Ag-RDT stocks 

Figure 6. Symptomatic-testing-first strategy to community testing (without quarantine of household members). When community testing is performed under this strategy, 
the leftover tests from the previous week’s stock allocated for symptomatic testing are used for community testing in various setting in the current week. Two different types 
of community test distribution approaches (even or concentrated; see Methods section) were simulated. The proportion of secondary infections averted after 90 days relative 
to the no-testing baseline for a different number of tests available per 100 000 persons per day and assumed Re value is plotted for each test distribution strategy. The vertical 
red line denotes the number of tests required to saturate symptomatic testing demand.
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available each week. However, there could be disparities in 
stock allocation between different clinics, such as prioritizing 
stock allocation for hospitals. Such disproportionate distribu-
tions could lead to uneven fulfilment of symptomatic testing 
demand and consequently affect levels of infections. 
Furthermore, we assumed that there was a sufficient number 
of qualified health workforce and implementation support 
available to implement the various testing strategies. The 
strained healthcare system, especially in more remote regions 
of the country, poses a major limiting factor in implementing 
a widespread testing program. While our key finding that 
more than 100 tests/100k/day are needed to saturate 

symptomatic testing demand before rolling out community 
testing programs is unlikely to change, randomized community 
trials in LMICs using Ag-RDTs for community testing can pro-
vide better impact estimates under realistic scenarios.

Second, we only modelled scenarios where test-and-isolation 
was the only public health intervention. Symptomatic testing 
demand would expectedly be lower if other nonpharmaceutical 
interventions (NPIs) were introduced, and thus potentially im-
prove the utility of community testing at lower test availability. 
However, the impact of NPIs is confounded by temporal effects 
[32] and thus it is difficult to parameterize their mean effects on 
infection control and, in turn, testing demand. Since NPIs 

Figure 7. Routine community testing in households outperforms other settings. A, Average breakdown of infections based on the social setting where transmissions oc-
curred for the simulations presented in this work. B, Results from simulations using different testing strategies where Re = 1.5, no quarantine of household members of 
positively tested individuals assumed, and Ag-RDT availability of 5000 tests per 100 000 persons per day. Community testing (even distribution) was performed with a 
symptomatic-testing-first approach. The mean total number of diagnosed cases (left), time-varying reproduction number (Re; middle), and number of infections averted (right) 
over the epidemic period are plotted. C, D, Transmissions across distinct social settings. The top row of stacked plots shows the proportion of infections stratified by the 
source settings where infectors were infected for each sink setting where their infectees were infected. The stacked bars are colored by the source settings as per the bottom 
row of bar plots. The bottom row of bar plots shows the contribution of transmission exports into other settings (ie, transmission events where the infectees were infected in 
a setting that is different from their infectors) from different source settings where the infectors were infected. C, The no-testing baseline results from the example case as in 
panel B. D, Results from either implementing a symptomatic-testing-first community testing in households (left panels) or religious gathering (right panels). The dashed bar 
outlines are the no-testing baseline results as in panel C. Abbreviation: Ag-RDT, antigen rapid diagnostic test.
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effectively decrease the number of secondary transmissions 
and, in turn, Re, we expect that the testing demand for a popu-
lation subjected to NPIs and testing would mirror the demand 
we had estimated for a population subject to testing only but at 
lower Re values. Analogously, we also did not model how 
vaccination- and infection-acquired immunity affect testing 
demand explicitly. However, by the same reasoning that in-
creased population immunity lowers Re, the testing demand 

for a partially immune population should be similar to that 
of a naive population at lower Re values as well.

Third, we parameterized incubation and virus shedding pe-
riods using those empirically measured from infections by 
wild-type (Wuhan-like) SARS-CoV-2 [17, 33] for this work. 
However, generation intervals have shortened considerably 
for recent VOCs such as Delta [34] and Omicron BA.1 [35] 
and could impact the utility of testing in identifying an infec-
tion before it becomes infectious. We thus repeated the 
symptomatic-testing-only simulations using incubation and vi-
rus shedding periods estimated for Omicron BA.1. There is ef-
fectively no difference in the number of infections averted 
between the wild-type and Omicron BA.1 variant across all 
testing rates at Re ≥1.5 (ie, the expected initial effective repro-
duction number of the Omicron variant) (Supplementary 
Figure 5 and Supplementary Data).

To conclude, Ag-RDTs are a valuable diagnostic tool for 
COVID-19 testing capacities in LMICs. The target of a minimal 
testing rate of 100 tests/100k/day should be seen as a true min-
imum if testing is going to be used for reducing transmission, 
but substantially higher testing rates are needed to fulfill likely 
symptomatic testing demand or effective implementation of 
community testing.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 

Table 1. Number of Additional Infections Averted for Every 100 More 
Antigen Rapid Diagnostic Tests Available Prior to Saturating 
Symptomatic Testing Demand for Different Re Values

With Quarantine of 
Household Members Re

No. of Additional Infections Averted per 
100 More Tests

No 0.9 1772

1.1 19 807

1.2 19 372

1.5 3655

2.0 1149

2.5 401

3.0 216

Yes 0.9 2205

1.1 23 444

1.2 23 250

1.5 5702

2.0 1999

2.5 853

3.0 441

Figure 8. Global reported COVID-19 testing rate between December 2021 and March 2022 when the Omicron BA.1 variant of concern spread rapidly across multiple coun-
tries. Each data point denotes the average weekly reported COVID-19 testing rate of a country against the average time-varying reproduction number (Re) computed in the 
same week and is colored by the income level of the country while sized by time (ie, month/year). The shaded area denotes the level of test availability we had estimated to 
saturate symptomatic testing demand given different equivalent initial Re values (Figure 4). The dashed vertical line at 100 tests per 100 000 persons per day is the minimum 
testing rate target set by the ACT-Accelerator diagnostics pillar. Testing rate data were sourced from the SARS-CoV-2 Test Tracker by FIND (https://www.finddx.org/covid-19/ 
test-tracker/), whereas Re values were computed from reported COVID-19 case counts (https://github.com/epiforecasts/covid-rt-estimates) [28]. Abbreviations: ACT, Access 
to COVID-19 Tools; COVID-19, coronavirus disease 2019; FIND, Foundation for Innovative New Diagnostics; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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