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Simulation of pooled-sample analysis strategies for COVID-19 mass

testing
Andreas Deckert,” Till Barnighausen® & Nicholas NA Kyei

Objective To evaluate two pooled-sample analysis strategies (a routine high-throughput approach and a novel context-sensitive approach)
for mass testing during the coronavirus disease 2019 (COVID-19) pandemic, with an emphasis on the number of tests required to screen
a population.

Methods We used Monte Carlo simulations to compare the two testing strategies for different infection prevalences and pooled group
sizes. With the routine high-throughput approach, heterogeneous sample pools are formed randomly for polymerase chain reaction (PCR)
analysis. With the novel context-sensitive approach, PCR analysis is performed on pooled samples from homogeneous groups of similar
people that have been purposively formed in the field. In both approaches, all samples contributing to pools that tested positive are
subsequently analysed individually.

Findings Both pooled-sample strategies would save substantial resources compared to individual analysis during surge testing and enhanced
epidemic surveillance. The context-sensitive approach offers the greatest savings: for instance, 58—-89% fewer tests would be required for
a pooled group size of 3 to 25 samples in a population of 150000 with an infection prevalence of 1% or 5%. Correspondingly, the routine
high-throughput strategy would require 24—-80% fewer tests than individual testing.

Conclusion Pooled-sample PCR screening could save resources during COVID-19 mass testing. In particular, the novel context-sensitive
approach, which uses pooled samples from homogeneous population groups, could substantially reduce the number of tests required
to screen a population. Pooled-sample approaches could help countries sustain population screening over extended periods of time and
thereby help contain foreseeable second-wave outbreaks.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The incubation period of coronavirus disease 2019 (CO-
VID-19) can be as long as 14 days and an unknown propor-
tion of asymptomatic carriers is capable of transmitting the
infection, these two factors present substantial challenges for
controlling and mitigating the disease.'-® Although around 80%
of people with COVID-19 are reported to have mild disease,”
the remaining 20% often have severe symptoms and could
potentially overwhelm health-care facilities that are already
overstretched.® Consequently, most countries aim to avoid large
surges in patients with COVID-19 and to level the demand for
health care, particularly for intensive care beds for patients with
respiratory failure.” Severely affected nations in the northern
hemisphere have adopted drastic containment measures,
including the complete lockdown of regions and countries.

As of March 2020, few cases have been reported in Africa
or Latin America. However, researchers predicted that Africa
would face importation and spread of COVID-19."*'! Although
most countries in sub-Saharan Africa are screening targeted
travellers, this has proven ineffective due to the disease’s
natural history, specifically the potential for spread during the
incubation period. Unless swift and collective interventions
are instituted, the effect of COVID-19 might be devastating
for countries with fragile health systems.!! As a consequence,
the World Health Organization (WHO) recommended that
countries, particularly those experiencing their few first cases
of COVID-19, should perform active surveillance, including
testing, isolating cases and tracing contacts.’

It is highly unlikely that infection transmission will be
eliminated in the next few months in countries with well-es-

tablished outbreaks. Instead, the epidemic will predominantly
be controlled, which will lead to the stepwise withdrawal of
restrictions, albeit with localized flare-ups that could necessi-
tate the return of strict containment measures. In second-wave
outbreaks, comprehensive, rapid and cost-effective, localized
mass testing may be required to identify both symptomatic
and asymptomatic cases and prevent further spread.

In both scenarios, settings with a few first cases and
second-wave outbreaks, all symptomatic and asymptomatic
cases of COVID-19 must be identified rapidly. Confirmation
ofinfection, particularly in asymptomatic individuals, relies on
real-time polymerase chain reaction (RT-PCR) tests for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).*
Although RT-PCR tests have been used in epidemiological
studies,'>"* they are time-consuming and costly. However,
mass testing is important for a wide-range of COVID-19
control strategies and evidence of its effectiveness in a local
population has been reported in the small Italian town of Vo',
which has around 3000 inhabitants.'*'> After isolation of the
approximately 3% of the population who tested positive, trans-
mission ceased and only six individuals were still infected after
14 days. In larger populations, however, such comprehensive
surveillance may be impracticable or too costly and the test
workload may rapidly outstrip capacity and resources.'* Many
low- or middle-income countries with constrained resources
will find it even more difficult to carry out extensive testing and
long-term lockdowns may not be an option because economic
necessity could preclude self-isolation.

An established way of conserving resources during surge
testing and disease outbreaks is pooled-sample analysis.'*""
With current pooling strategies (e.g. high-throughput, pooled,
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PCR testing and highly-automated,
matrix, sample pooling),'®'¥** extracts
from a random number of samples from
a heterogeneous population group are
combined into a single tube for pooled
PCR analysis. These strategies have been
shown to be cost-effective during mass
testing compared with individual test-
ing.'®!”* Recent research on establishing
the optimal pool size that maintains
the testing accuracy for SARS-CoV-2
PCR assays has found that accuracy
is retained in a pool size of up to 32
samples.”>*** It appears that costs can be
reduced substantially without sacrificing
accuracy.

The aims of this study were to
evaluate the performance and resource
needs of two pooled-sample analysis
strategies for the mass-testing of SARS-
CoV-2 infection during the current
COVID-19 pandemic and to investigate
how infection prevalence influences the
optimum number of samples that can
be pooled and, therefore, the number of
tests required. The two strategies evalu-
ated were: (i) routine, high-throughput,
two-step, pooled-sample PCR analysis
involving heterogeneous sample pools
(hereafter referred to as the routine
high-throughput approach); and (ii) a
novel approach involving pools derived
from homogeneous population groups
that are purposively formed in the field
(hereafter referred to as the context-
sensitive approach).”>***

With the routine high-throughput
approach, first sample pools are com-
posed randomly in the laboratory for
analysis. Then, in a second step, all
samples that contributed to any pool
that tested positive for SARS-CoV-2
are analysed individually.'®!8-21.232¢
However, during COVID-19 outbreaks,
there is a high likelihood that some
members of homogeneous groups (e.g.
families, office colleagues or neigh-
bours) will become infected once one
individual has imported the infection
into the group. Response teams carry-
ing out contact tracing could take ad-
vantage of this situation and designate
homogenous groups in the field for
subsequent pooled-sample analysis.
With the context-sensitive approach,
first groups of similar people of a de-
fined size are formed and swab tests of
all group members undergo pooled-
sample RT-PCR analysis. Again, in the
second step, all members of any group
whose pooled sample tested positive are
investigated individually. This second

approach could require an even lower
number of tests than routine high-
throughput testing, thereby reducing
both costs and the workforce needed
for population screening.

Methods

The cost-effectiveness of pooled-sample
PCR screening is commonly assessed
using computer simulations.?”’~* For
our comparison of the number of tests
required with two mass testing strate-
gies, we applied Monte Carlo simulation
techniques because of the wide range of
uncertainty in some parameters during
the current COVID-19 pandemic.”**!

Routine high-throughput
approach

We investigated the performance of the
routine high-throughput approach to
pooled-sample analysis in two popula-
tions of 150 000 and 15000, respectively,
for a SARS-CoV-2 infection prevalence
ranging from 0.5-20%, in incremental
steps of 0.5%. We varied the group size
from 2 to 100; correspondingly, the
number of groups in a population of
150000 varied from 75000 to 1500, re-
spectively. To simulate the spread of the
infection, we first formed the groups and
then determined the number of infected
individuals within each group by apply-
ing a binomial distribution (parameters:
overall prevalence and group size). The
total number of tests required was the
sum of the number of pooled groups (in
the first step, all groups were tested) and
the number of groups that tested posi-
tive times the group size (in the second
step, all members of groups that tested
positive were tested individually). The
results of the simulation are presented
as a three-dimensional graph that shows
how the number of tests required varies
with group size and infection preva-
lence. As we used stochastic variables,
the surface of the plot contained some
small-scale ripples, which we smoothed
using a spline smoothing function. All
simulations were conducted in SAS 9.4
TS1M4 (SAS Institute Inc., Cary, United
States of America).

Novel context-sensitive approach

We repeated the simulation for the
context-sensitive approach with ho-
mogeneous pooled samples. With ho-
mogeneous groups, it is reasonable to
assume that the within-group variation
in any characteristic is smaller than the
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between-group variation. Hence, if one
member of a pooled group is infected
with SARS-CoV-2, there is a high likeli-
hood that other group members are also
infected. In addition, we assumed that
the within-group infection prevalence
decreases nonlinearly with increasing
group size because the composition
of the group becomes more diverse as
it gets larger. This relationship was as-
sumed to be:

50
pgroup = pull + [ng”P] (1)

20

€

where p . is the average within-group
prevalence expressed as a percentage, p ,
is the percentage overall prevalence and
S roup 18 the size of the pooled group. For
example, Fig. 1 shows the relationship
between the within-group prevalence
and group size for an overall prevalence
of 0.5%. For a given overall prevalence,
we calculated how many pooled groups
would test positive for different group
sizes and within-group prevalences.
Furthermore, we performed a Bernoulli
experiment for each group (param-
eter: probability that a group will test
positive). Subsequently, we estimated
the number of people who would test
positive in each pooled group that tested
positive using binomial distributions
(parameters: within-group prevalence
and group size). As a control measure,
we calculated the overall prevalence
from simulation data and found that
there was a negligible difference from
the initial assumed overall prevalence
(available in the data repository).”* The
other steps in the simulation were the
same as those for the routine high-
throughput approach.

For the context-sensitive approach,
we also performed a sensitivity analysis
by determining how the number of tests
saved would be affected by altering the
functional form of the relationship be-
tween the within-group prevalence and
the size of the homogeneous groups. In
addition, to account for actual variations
in group size (e.g. for households, offices
in a company or seat rows in an aircraft),
we investigated a scenario in which 20%
of groups had two members, 30% had
three members, 25% had four members,
15% had five members and 10% had six
members.

For the two approaches, we calcu-
lated the percentage reduction in, and a
reduction factor for, the number of tests
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Fig. 1. Assumed relationship between SARS-CoV-2 infection prevalence in pooled required relative to individual sample

homogeneous groups and group size for a population prevalence of 0.5%, analYSi? for ‘_hﬁrer ent group sizes and
context-sensitive approach to pooled-sample analysis during a COVID-19 for an infection prevalence of 1 and
outbreak 5%. Here, we did not apply a smoothing

function. The reduction factor provides
another way of looking at resource sav-
60— ings that might be understood more
intuitively than a percentage. For a
population size N , the reduction factor,

50 RF, was defined as:
40 N »
RF =—— (2)
N
30

where N is the number of tests required
with the pooled-sample approach.

Prevalence of SARS-CoV-2 infection within
homogeneous groups (%)

20
Results

107 Routine high-throughput
approach

0 26 4'0 6IO 8|0 160 As expected, the analysis showed

that the number of tests required in-
creased as the prevalence of infection
increased.” For an overall infection

Number of people in each group

COVID-19: coronavirus disease 2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Notes: The context-sensitive approach involved analysing pooled samples from groups of similar people prevalence of 1 or 5%, the number of
of a defined size for real-time polymerase chain reaction testing for SARS-CoV-2. Although the graph tests required with the routine high-
shows a continuous variation, in the simulation both prevalence and group size were varied in discrete throughput approach was 24-80% less
steps.

than with individual sample analysis for
group sizes of 3 to 25 in a population of

Fig. 2. Reduction in number of tests required with pooled-sample analysis relative 150000 (Fig. 2 and data repository).*
to individual testing during a COVID-19 outbreak, by analysis strategy, pooled The corresponding reduction factors
group size and SARS-CoV-2 infection prevalence are shown in Fig. 3. Given this low

prevalence, a substantial reduction in

tests required can be achieved with a

100 wide range of group sizes. For example,
with a prevalence of 1%, selecting a
group size between 5 and 50 implies
at least 58% fewer tests. With a high
prevalence of 10%, a reduction in the
number of tests of around 40% can still
be achieved but the selected group size
must be close to 3 (data repository).*
When the prevalence is high and the
group size is large, the number of tests
required slightly exceeds the number
required for individual testing. Fig. 4
T T | T T | shows the number of tests required
15 1001 5 50 & 100 with the routine high-throughput ap-
Number of samples in each pooled group proach for a wide range of prevalences

- - Routine high-throughput approach, SARS-CoV-2 prevalence 1% and groups sizes in a population of

— Routine high-throughput approach, SARS-CoV-2 prevalence 5% 150 000. The minimum number of
... Context-sensitive approach, SARS-CoV-2 prevalence 1%

Reduction in number of test required (%)

tests required in this population was
— Context-sensitive approach, SARS-CoV-2 prevalence 5% 20388, which was achieved when the
prevalence was 0.5% and the group
size was 14. This result corresponded
to 86% (129 612/150000) fewer tests

COVID-19: coronavirus disease 2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
Notes: The routine high-throughput approach involved analysing pooled samples from heterogeneous
groups of people of a defined size for real-time polymerase chain reaction testing for SARS-CoV-2. The

context-sensitive approach involved analysing pooled samples from groups of similar people of a defined and a reduction factor of 7.4 compared
size. The reduction in the number of tests required is relative to the number needed to test all individuals. with individual testing. The surface plot
Our simulation considered a population of 150000. Although the graph shows a continuous variation in for a population of 15000 was similar.*

tests required, in the simulation group size was varied in discrete steps.
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Novel context-sensitive approach

Our analysis of the context-sensitive
approach showed that the number of
tests required increased as the preva-
lence increased, as it did with the
routine high-throughput approach.
For an overall infection prevalence of
1% or 5%, the number of tests required
was 58-89% less than with individual
sample analysis for group sizes of 3 to
25 ina population of 150 000 (Fig. 2 and
data repository).’”” The corresponding
reduction factors are shown in Fig. 3.
With this low prevalence, a substantial
reduction in tests required was achiev-
able with a wide range of group sizes.
For example, with a prevalence of 1%,
selecting a group size between 5 and 50
implies at least 76% fewer tests. With a
high prevalence of 10%, a reduction of
around 65% is still achievable, though
the selected group size must be close
to 10 (data repository).” Fig. 5 shows
the number of tests required with
the context-sensitive approach for a
wide range of prevalences and groups
sizes in a population of 150000. The
minimum number of tests required in
this population was 10740, which was
achieved when the prevalence was 0.5%
and the group size was 27. This result
corresponded to 93% (139260/150000)
fewer tests and a reduction factor of 14.0
compared with individual testing.

Our sensitivity analyses confirmed
that the context-sensitive approach was
superior to the routine high-throughput
approach for other forms of functional
relationship between the within-group
prevalence and the size of the pooled
group (details available in the data
repository).’> Our investigation of
the scenario with a predefined mix of
group sizes and a SARS-CoV-2 infec-
tion prevalence of 1% in a population
of 150000 found that 67% fewer tests
would be required than with individual
testing. This reduction fell between the
reduction of 48% for a group size of 2
and 81% for a group size of 6.

Discussion

We compared the effects of two pooled-
sample analysis strategies on the overall
number of tests required for popula-
tion screening during a COVID-19
outbreak. Using Monte Carlo simula-
tions, we found that both the routine
high-throughput approach and the
novel context-sensitive approach could
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Fig. 3. Reduction factor for the number of tests required with pooled-sample analysis
relative to individual testing during a COVID-19 outbreak, by analysis strategy,
pooled group size and SARS-CoV-2 infection prevalence
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- = Routine high-throughput approach, SARS-CoV-2 prevalence 1%
— Routine high-throughput approach, SARS-CoV-2 prevalence 5%
-+ Context-sensitive approach, SARS-CoV-2 prevalence 1%
— Context-sensitive approach, SARS-CoV-2 prevalence 5%

COVID-19: coronavirus disease 2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
Notes: The routine high-throughput approach involved analysing pooled samples from heterogeneous
groups of people of a defined size for real-time polymerase chain reaction testing for SARS-CoV-2.

The context-sensitive approach involved analysing pooled samples from groups of similar people of a
defined size. The reduction factor was defined as the number of tests required for individual testing of
a population divided by the number of tests required in the same population using a pooled-sample
approach. Our simulation considered a population of 150000. Although the graph shows a continuous
variation in tests required, in the simulation group size was varied in discrete steps.

save substantial resources during surge
testing and enhanced epidemic surveil-
lance. The routine high-throughput
approach has already been proven to be
cost-effective.” However, the context-
sensitive approach, which involves
pooling samples from homogeneous
groups, has a greater potential for re-
ducing the number of tests needed for
population screening.

Our simulation reflects the con-
ditions both at the start of a general
outbreak and during a second-wave
outbreak in a local area where the
overall prevalence of infection is low.
When the prevalence in a population
of 150000 is 0.5%, the number of tests
required using the context-sensitive
approach varies only slightly for a wide
range of group sizes. With a group size
ranging from 8 to 50, between seven
and 14 times fewer tests would be re-
quired compared to individual testing.
Even with a group size of 5, five times
fewer tests would be required. This
wide range of acceptable group sizes
makes this approach well suited for
outbreak investigation in real-world
settings. In practice, field teams could

Bull World Health Organ 2020;98:590—598| doi: http://dx.doi.org/10.2471/BLT.20.257188

form homogenous groups of different
sizes based on local conditions.

Further, we found that even in
areas with a high prevalence of around
10%, the reduction in the number of
tests required would be substantial for
a group size of around 10. The reduc-
tion in the numbers of tests required
would also be large with the routine
high-throughput approach across a
wide range of group sizes in scenarios
with a low infection prevalence but
the number would be higher than with
the context-sensitive approach. For ex-
ample, if a pool size of 10 had been used
in Vo' in Italy,"” the estimated number
of tests required with the routine high-
throughput approach would have been
almost twice that needed with the
context-sensitive approach (i.e. 1040
versus 560), assuming the within-group
prevalence declined exponentially with
increasing pool size.

Effectively curbing a COVID-19
outbreak involves the prompt identifica-
tion and isolation of infected individuals
in a short period of time.””> Curbing
the outbreak is particularly important
for low- and middle-income countries,
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Fig. 4. Surface plot of tests required using a routine high-throughput approach
to pooled-sample analysis, by pooled group size and SARS-CoV-2 infection
prevalence

Number of samples in each pooled group

Number of test required

= 50000

—25000

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Notes: The routine high-throughput approach involved analysing pooled samples from heterogeneous
groups of people of a defined size for real-time polymerase chain reaction testing for SARS-CoV-2. Our
simulation considered a population of 150000. Although the figure shows a continuous variation in tests
required, in the simulation both prevalence and group size were varied in discrete steps.

where major outbreaks could exert
extreme pressures on resource-poor
health systems. Although widespread
RT-PCR analysis provides the best
method for detecting cases, individual
testing will most likely not be afford-
able in these countries. Consequently,
pooled-sample analysis could provide
a better option, especially during surge
testing and enhanced epidemic surveil-
lance. Our analysis demonstrates that
pooled testing could also save resources
when used instead of individual testing
during second-wave outbreaks, such as
in Vo, where the entire population was
tested and only those who tested positive
were isolated."”

The next step in reaping the ben-
efits of the context-sensitive pooled-
sample approach is to develop im-
plementation strategies for real-life
epidemic and health systems contexts.
For example, during ongoing active
surveillance, several households in a
specific region could be randomly se-
lected to monitor infection prevalence
and detect flare-ups early, with the

594

specific households selected changing
over time. Although some asymp-
tomatic infected individuals could be
missed, this approach would help keep
the prevalence low until herd immu-
nity is achieved or a vaccine becomes
available. The timing of testing after
infection is not critical because testing
is ongoing and clusters can be detected
on a rolling basis.

The context-sensitive approach
could be implemented easily in any sur-
veillance strategy, especially in high-
income countries with civil registration
systems. Individuals could be allocated
to homogenous groups for pooling
before field work. It may be possible
to identify all symptomatic and asymp-
tomatic individuals if a time-limited,
local lockdown is in place at the time of
testing. Then, only those who test posi-
tive would have to be isolated, whereas
others should continue to adhere to
preventive measures, such as physical
distancing and wearing facemasks in
enclosed public places. This approach
may enable sustainable COVID-19

Andreas Deckert et al.

control without drastic population-
wide measures. Although the ability of
PCR-related approaches to identify all
infected individuals is limited by the
technique’s sensitivity and specificity,
the accuracy of SARS-CoV-2 RT-PCR
assays does not appear to be reduced
by the use of small- or medium-sized
sample pools. Moreover, recent studies
on SARS-CoV-2 and other infectious
agents indicate that the sensitivity and
specificity of PCR assays remain high
for medium-sized sample pools.'®**~2>*
However, additional PCR amplification
cycles may be required to retain accu-
racy with larger sample pools.”

In technically well-equipped coun-
tries where high-throughput pooled
PCR analysis can be performed, a
multistep approach could be a good
option for larger communities and cit-
ies. The testing algorithm could follow a
tree structure, starting with a few large
groups, such as blocks of houses, and
then testing sequentially smaller groups.
This approach could further reduce the
number of tests required.

One strength of our simulation
model is that it can be easily adjusted
once more accurate estimates of dis-
ease prevalence in communities are
available. We assumed that the overall
prevalence is low at the beginning of
an outbreak and that infections occur
mainly in clusters. Later in an outbreak,
infections will be spread more broadly
throughout the entire population.
Hence, at an early stage, a low overall
prevalence is likely to be accompanied
by a high within-group prevalence in a
few infected groups. Our simulations
captured this situation. In reality, with-
in-group prevalence will most probably
depend on the context, our model can
be adjusted accordingly. For instance,
for homogeneous groups formed
among households in high-income
countries, the within-group prevalence
might decrease rapidly with group size
because typical households are small
and the space available per person is
large. In contrast, for groups formed
among larger households in densely
populated areas, the slope might be flat-
ter. The functional form of the relation-
ship between within-group prevalence
and pooled group size may be differ-
ent for homogeneous groups formed
from people travelling on an aircraft
or working together. Our sensitivity
analyses showed that our assumption
of a negative exponential relationship
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Fig. 5. Surface plot of tests required using a context-sensitive approach to pooled-
sample analysis, by pooled group size and SARS-CoV-2 infection prevalence

gave a conservative estimate of the ben-
efits of the context-specific approach;
alternative relationships yielded even
more favourable results (data reposi-
tory).”? Early findings suggest that the
within-group prevalence falls sharply
as group size increases, though the
maximum group size was limited to five
in a very specific and localized high-
income setting.”* When we assumed
a steeper exponential curve, we found
that the context-sensitive approach was
still better at preserving resources than
the routine high-throughput approach.

In conclusion, we found that a
novel context-sensitive approach to
pooled-sample RT-PCR screening for
SARS-CoV-2 infection offered consider-
able potential for conserving resources
during mass testing in the COVID-19
pandemic. This approach could be par-
ticularly useful for controlling outbreaks

100000

Number of test required

20
© in early stages of the epidemic and
é‘?‘ o during second-wave outbreaks. Coun-
&QQ tries around the world should consider
2 15 25 10 005 A adopting a context-sensitive approach
N A . .
Number of samples in each pooled group @ as part of a sustainable, containment

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Notes: The context-sensitive approach involved analysing pooled samples from groups of similar
people of a defined size for real-time polymerase chain reaction testing for SARS-CoV-2. Our simulation

strategy for COVID-19. ®
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Résumé

Simulation de stratégies d'analyse par échantillons groupés pour le dépistage de masse de la COVID-19

Objectif Evaluer deux stratégies d'analyse par échantillons groupés (une
approche de routine a haut débit et une nouvelle approche contextuelle)
en vue d'instaurer un dépistage de masse durant la pandémie de
maladie a coronavirus 2019 (COVID-19), en mettant 'accent sur le
nombre de tests requis pour dépister la population.

Méthodes Nous avons utilisé des simulations Monte-Carlo afin
de comparer les deux stratégies de dépistage pour différentes
prévalences d'infection et groupes d'échantillons de différentes tailles.
Avec |'approche de routine a haut débit, des groupes d'échantillons
hétérogénes sont formés aléatoirement pour subir un test de
réaction en chaine par polymérase (PCR). Avec la nouvelle approche
contextuelle, le test PCR est effectué sur des échantillons groupés
provenant d'ensembles homogenes de personnes similaires, qui ont
été formés a cette intention sur le terrain. Dans ces deux approches,
tous les échantillons du groupe qui se sont avérés positifs sont ensuite
analysés séparément.

Résultats Les deux stratégies par échantillons groupés permettraient de
ménager d'importantes ressources par rapport aux analyses individuelles

lorsqu'un dépistage de masse est nécessaire et qu'il faut accroftre la
surveillance de I'épidémie. Lapproche contextuelle est celle qui permet
de faire le plus d'économies: le nombre de tests requis diminuerait par
exemple de 58 a 89% pour un groupe de 3 a 25 échantillons recueillis
au sein d'une population de 150 000 personnes avec une prévalence
d'infection de 1% ou 5%. Proportionnellement, I'approche de routine
a haut débit demanderait 24 a 80% de tests en moins qu'un dépistage
individuel.

Conclusion Les tests PCR sur des échantillons groupés permettraient
d'optimiser les ressources lors d'un dépistage de masse dans le cadre
de la pandémie de COVID-19. En particulier la nouvelle approche
contextuelle, qui se base sur des échantillons groupés provenant de
groupes de personnes homogenes et pourrait réduire considérablement
le nombre de tests nécessaire pour dépister une population. Grace aux
analyses par échantillons groupés, les pays pourraient continuer a tester
la population sur de longues périodes et contribuer ainsi a contenir les
prochaines flambées épidémiques.

Pesiome

MOAenI/IPOBaHVIe CTpaTEFI/II7I adHa/n3a Cc npumeHeHnem 06'benvu-|e|-||-|b|x 06pa3u,03 npn maccoBom

TectupoBaHum Ha COVID-19

LUenb OueHnTb ABe CTpateruum aHanmsza C NPUMEHEHUEM
obberHeHHbIX 00pa3LoB (CTaHAaPTHBIM NOAXOA C BbICOKOWN
MPOMYCKHOM CMOCOBHOCTbIO 1 HOBBIV MOAXOL, C YUETOM KOHTEKCTa)
NPUMEHWUTENBHO K MaCCOBOMY TECTUPOBAHWMIO BO BPEMA MaHAEMUN,
BbI3BAaHHOW KOpOHaBMpycHon nHdekuner 2019 (COVID-19), ¢
yaeneHnem 0coboro BHUMaHs KONMMYeCTBY TeCTOB, HEOOXOAVMOMY
IR CKPVHMHTA MOMnyNauUnm,

MeTopab! ABTOPbI UCMOMb30BaNM MOAENUPOBaHVE MeTooM MoHTe-
Kapno ana cpaBHeHWUA OBYX Pa3inyHbIX CTPATErMi Npw pasHbix
YPOBHAX PACNpPOCTPAHEHHOCTU MHOEKLUMN 1 pas3HbIX pa3Mepax
obbeanHeHHbIX rpynn. Mpu CTaHAaPTHOM NOAXOAe C BbICOKOW
NPOMNYCKHOM CMOCOBHOCTbIO MySbl PAa3HOPOAHbBIX 06Pa3LoB
014 NpoBefeHMA aHanm3a MeToAoM NoNMMePa3HOW LenHOoMN
peakuuu (MLP) dopmrposanuch cnydarnHeiM obpasom. Mpu
HOBOM MOAXOAE C YYETOM KOHTeKCTa aHanm3 MLP sbinonHAnca Ha
0bbeVHEHHbIX 06pa3Liax, MonyUYeHHbIX OT OAHOPOAHBIX TPy ioael
CO CXOfIHbIMI KauecTBamu, KOTOpble CneLmansHO GOpMUPOBANMChH

Ha mecTax. B obowvix noaxofax Bce Bxofdlme B nyn obpasupbl,
[aBLUVe NONOXUTENbHbIN pe3ynbTaT, BNocneAcTBMM NoaBepranvich
VNHAMBWAYANbHOMY aHanm3y.

Pesynbratbl Obe cTpaterun paboTsl C 06beAnHeHHbIMY 0bpa3Lamm
MO3BOMAIOT 3HAUNTENBHO IKOHOMWTb PECYpPChl B CPaBHEHUN C
nposefeHneM MHAMBUAYaNbHbIX aHaNM30B NpU TeCTUPOBAHNUY
B YCNIOBUAX PE3KOro pocta 3aboneBaemMoCcTt U YCUIEHHOro
3NUAEMMONOrMYeCcKoro Haasopa. oaxon C y4eToM KOHTEKCTa
no3BOAN AOCTUYb Hanbonblwel 3KoHOMUK. Hanpumep, B
0ObeVHEHHO rpynne pa3mepamn OT 3 10 25 06pa3LioB B NOMyALN
pasvepom 150 000 yenoBek Npv ypoBHe PacnpoCTPaHEHHOCTU
nHdekumn ot 1 go 5% TpeboBanock Ha 58-89% MeHblue TeCTOB.
COOTBETCTBEHHO, CTaHAapTHasA CTpaTerya C BbICOKOM MPOMYCKHOWM
CMOCOBHOCTBIO TpeboBana Ha 24—80% MeHblie TeCTOB B CPaBHEHMN
C MHAMBWAYANbHBIM aHaNN30M.

BbiBog CkpuHuHrosoe obcnenosaHie metogom MMLP Ha ocHose
0O6beANHEeHHbIX 06Pa3LOB MOXET CNOCOOCTBOBATb SKOHOMMM
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pecypCcoB B XO4e MacCoBOro tectmposaHmna Ha COVID-19. B
YaCTHOCTW, HOBbI MOAXOA C YYeTOM KOHTEKCTa, B KOTOPOM
MCNOb3yoTCA 0ObeANHEHHbIE 0OPa3Lbl, MOMyYeHHbIE B OAHOPOAHBIX
NONYNALMOHHbIX FPynMax, MOXET 3HAUMUTENBHO CHU3MTL KONMYECTBO
TeCTOB, HEOOXOAUMbBIX 1A CKPUHMHIA nonynsuun. Moaxomsl

Research
Strategies for COVID-19 mass testing

Ha OCHOBE WCMOoMb30BaHWA 0ObefMHEeHHbIX 06pa3LoB MOryT
MOMOUYb CTpaHaM MOAAePXKMBaTb CKPUHMHIOBOE 00CeaoBaHve
NonynALWKM B TeYeH1e J/INTENbHOMO BPEMEHM 1 TeM CaMblM CAEPXaTb
NPOrHO3MPYEMbIE BCTbILIKM BTOPOW BOSHDI.

Resumen

Simulacion de estrategias en el analisis de muestras colectivas para las pruebas en masa de la COVID-19

Objetivo Evaluar dos estrategias en el andlisis de muestras colectivas
(un método de rutina de alto rendimiento y un método innovador
sensible al contexto) para realizar pruebas en masa durante la pandemia
dela enfermedad del coronavirus 2019 (COVID-19), prestando especial
atencion al nimero de pruebas que se requieren para examinar a una
poblacion.

Métodos Se aplicaron simulaciones de Monte Carlo para comparar
las dos estrategias de prueba para distintas prevalencias de infeccion y
tamafios combinados de grupos. Mediante el método de rutina de alto
rendimiento, se forman grupos de muestras heterogéneas de manera
aleatoria para analizar la reaccién en cadena de la polimerasa (PCR, por
sus siglas eninglés). Mediante el método innovador sensible al contexto,
elandlisis PCR se realiza con muestras colectivas de grupos homogéneos
de personas similares que se han formado intencionadamente en la
zona. Al aplicar ambos métodos, todas las muestras que participan
en los grupos con resultados positivos se analizan posteriormente de
forma individual.

Resultados Ambas estrategias de muestreo colectivo ahorrarian
recursos significativos en comparacion con los andlisis individuales
durante un aumento repentino de las pruebas, y mejorarian la vigilancia
de la epidemia. El método sensible al contexto ofrece el mayor ahorro:
por ejemplo, se necesitarian entre un 58 % y un 89 % menos de
pruebas para un grupo colectivo de 3 a 25 muestras en una poblacion
de 150 000 habitantes con una prevalencia de la infeccién del 1% o el
5%. Asimismo, la estrategia de alto rendimiento de rutina requerirfa
entre un 24 %y un 80 % menos de pruebas que las pruebas individuales.
Conclusién La prueba PCR de muestra colectiva podria ahorrar recursos
durante las pruebas en masa de la COVID-19. En especial, el método
innovador sensible al contexto, que emplea muestras colectivas de
grupos de poblacién homogéneos, podria reducir significativamente
el nimero de las pruebas que se requieren para examinar a una
poblacion. Los métodos de muestras colectivas podrian ayudar a los
pafses a mantener el cribado de la poblacién durante periodos de
tiempo prolongados y, de ese modo, ayudar a contener los previsibles
brotes de una segunda oleada.
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