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Arthl_e history: Introduction: COVID-19 is a worldwide public health threat. Diagnosis by RT-PCR has been employed as
Received 24 March 2021 the standard method to confirm viral infection. Sample pooling testing can optimize the resources by
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reducing the workload and reagents shortage, and be useful in laboratories and countries with limited
resources. This study aims to evaluate SARS-CoV-2 detection by sample pooling testing in comparison
with individual sample testing.

Available online xxx

Iég}(/v;/]grc]i;: Materials and methods: We created 210 pools out of 245 samples, varying from 4 to 10 samples per pool,
g each containing a positive sample. We conducted detection of SARS-CoV-2-specific RARp/E target sites.

Real-time PCR . . . .

Pool testing Results: Poqlmg of three samples for SARS-CoV-2 detection might be an efficient strategy to perform

SARS-CoV-2 without losing RT-PCR sensitivity.

RdRp/E genes Conclusions: Considering the positivity rate in Dominican Republic and that larger sample pools have
higher probabilities of obtaining false negative results, the optimal sample size to perform a pooling
strategy shall be three samples.

© 2021 Sociedad Espanola de Enfermedades Infecciosas y Microbiologia Clinica. Published by Elsevier
Espaiia, S.L.U. All rights reserved.
Evaluacion del analisis de muestras agrupadas para la deteccion de SARS-CoV-2
en entornos con recursos limitados, Republica Dominicana
RESUMEN
Palabras clave: Introduccién: La COVID-19 es una amenaza de salud piblica mundial. La RT-PCR es el método estandar
COVID-19 para confirmar la infeccién. La estrategia de pruebas de muestras agrupadas puede reducir la carga de

PCR en tiempo real
Pruebas agrupadas
SARS-CoV-2

Genes RdRp(E

trabajo y la escasez de reactivos, y ser Util en paises con escasos recursos. Evaluamos la deteccion del
SARS-CoV-2 mediante esta estrategia en comparacién con pruebas individuales.
Materiales y métodos: Creamos 210 grupos de 245 muestras, de 4 a 10 muestras por grupo, cada uno con
una muestra positiva. Realizamos extraccién de ARN y qRT-PCR para detectar la presencia de la diana
RARpJE.
Resultados: La combinacién de hasta 3 muestras para la deteccién del SARS-CoV-2 podria ser una estrate-
gia eficaz sin perder la sensibilidad.
Conclusiones: Considerando la tasa de positividad en Reptblica Dominicana y que los grupos con mas
muestras tienen mayor probabilidad de obtener resultados falsos negativos, el tamafio 6ptimo para
realizar esta estrategia es de 3 muestras.
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Introduction

After the first reports of a new Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2), low-middle income countries
(LMIC) like the Dominican Republic started facing the urgency of
extensive rapid testing to limit the impact of this public health
threat. SARS-CoV-2 is the causing agent of Coronavirus Disease
2019 (COVID-19), which has been spread all over the world. After a
year, more than 70 million cases have been confirmed, and it is esti-
mated that a million of them were detected across the Americas.!
A crucial part of the public health response to COVID-19 response
is prompt diagnosis, tracing, and isolation of infected individuals to
prevent further spreading.?

The standard diagnostic test, the real-time reverse
transcriptase-polymerase chain reaction (qRT-PCR), has been
implemented worldwide to confirm SARS-CoV-2 infection,
allowing results with satisfactory levels of sensitivity and
specificity.’> However, due to the high demand, there has been a
limited number of reagents, requiring researchers to consider pool
testing strategies.>~> Pool testing is a diagnostic strategy used to
identify viral infections, such as viral hepatitis.® Several samples
must be combined, analyzed in a single reaction, and if test results
are negative, all the samples are considered undetected.” Whereas,
if the results are positive, all the individual samples in the pool
must be analyzed to elucidate the positive cases.>46

Pooling strategies have proven to prevent wasting SARS-CoV-
2 testing resources and time, improving the testing capability
in countries with an incidence rate of SARS-CoV-2 infection
of 10% or less. However, the role of sample titration has
not been fully elucidated.®” Scaling up of this methodology
may be convenient in countries experiencing a shortage of
resources and an increased demand throughout the pandemic.!011
Dominican Republic response has been substantially affected by
implementing a rapid deployment of test and tracing strategy in
transmission hot spots throughout the country, mainly due to the
limitations in importing and cold chains in the Caribbean customs
system.!?

This study aims to evaluate the effectiveness of the SARS-CoV-2
detection by pooled sample testing compared to individual testing
in the context of COVID-19 response in a Caribbean country.

Materials and methods

We analyzed saliva and nasopharyngeal samples from several
hospitals in the Dominican Republic. Experiments were conducted
at the Institute for Tropical Medicine and Global Health from Octo-
ber 5 to November 23, 2020. Samples used had a previously known
diagnosis for COVID-2019.

We evaluated 210 pools out of 245 samples, among which
SARS-CoV-2 was detected in 31% (n=77) and not detected in
69% (n=168). We distributed the positive samples according to
the threshold cycle value (Ct), being the specific ranges <30Ct,
>30Ct-<33Ct, and >33Ct-<36Ct. Positive samples were diluted
with negative sample sets in 2 ml viral transport media (VTM) to
perform the pooling dilution. Each group included a single positive
sample and the remaining volume of negative samples, depending
on group size. Hence, the total volume of the smaller group (n=4)
was 800 ml, whereas the largest group (n=10) was 2 ml.

We used the AdvanSure™ Nucleic Acid kit for RNA extrac-
tion following manufacturers’ protocol. Afterwards, we conducted
a 1step RT-qPCR assay to detect the SARS-CoV-2-specific
RdRp/E genes (RNA-dependent RNA polymerase), employing the
PowerChek™ 2019-nCoV PCR kit and using FAST ABI 7500 Real-
Time PCR (Applied Biosystems, Foster City, CA). A pool with a
Ct value <37 was considered positive for SARS-CoV-2. Once we
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obtained the results, we evaluated the concordance, the rate of
false negatives, the estimated increase in C; obtained by the sam-
ple dilution, and the use of positive samples with low viral load.
Identificators were eliminated from samples to protect patients’
identities, the Institutional Review Board (IRB) at Universidad
Iberoamericana (CEI# 2020-16) approved this study.

Results

To estimate the effectiveness of the pooling technique according
to the group size, we calculated the concordance rate between the
pooled tested and individual samples, as shown in Fig. 1.

Afterwards, the comparison between the C; values of the posi-
tive samples used with the C; obtained from the pools, enable us to
identify how the dilution of the samples and the positive samples
used with low viral load directly affect the analytical sensitivity of
RT-PCR. As a result, for the groups of 4, 5, 6, and 7 samples, an esti-
mated increase of 2C; was obtained. Concerning the groups of 8 and
9, we attained an estimated increase of 3C;. Finally, for the groups
of 10 samples, an estimated increase of 4C; was obtained. In addi-
tion, the rate of false negative results was obtained by dividing the
number of negative tests and the total samples analyzed, as shown
in Table 1.

Discussion

Sample pooling strategy has been implemented in different
countries toincrease the SARS-CoV-2 detection capacity and reduce
reagent wasting.” Our findings have important implications in
countries with a high positivity rate. To date, Latin-America is an
epicenter for new infections in America. The higher the positivity
rate, the lower the number of samples chosen for pooling anal-
ysis to ensure the RT-PCR sensitivity and guarantee non-reagent
exhaustions in limited settings. As shown in Fig. 1, for pools of 4
samples, we obtained a concordance of 100% for all C; values. Addi-
tionally, the false negative rate was 0% even for pools with positive
samples with C; > 36. These results suggest that the viral RNA con-
centration in the positive samples used was not affected after the
dilution of the samples tested. Therefore, pooling of four samples
for SARS CoV-2 detection by real-time RT-PCR may be an adequate
strategy without the loss of sensitivity for low viral loads.

Praharajetal.” created 110 pools out of 5 samples and obtained a
concordance of 100% for a C; less than 30. Whereas concordance for
values with C; > 30-<33 and >33-<36 was 95.5% and 69.7%, respec-
tively. Their results affirm that concordance rates for samples with
a C; value greater than 33 cycles were considerably lower.> When
we compared our findings, we noticed the same concordance for C¢
values less than 30. However, the concordance for C; values with
a C¢>30-<33 and >33-<36 was 80% and 66%, respectively. Our
results suggest that pools of five samples are a viable size, in case
the evaluated tests have a low positivity rate (less than 10%), being
ideal to employ this strategy in asymptomatic individuals. For pools
of 6 samples, concordance and false-negative results demonstrate
how the efficiency of the strategy flattens out due to the dilution
and viral load of the samples used.

This information is crucial for selecting the ideal pool size for
the Dominican Republic, since using a pool of 5 samples or greater
could fail to detect SARS-CoV-2 positive cases. In contrast with our
findings, Bateman et al.'> obtained fewer false negatives for pools
of 5 and 10 samples. Unlike us, they used C; values between 14
and 35 instead of setting the limit on 36, which probably affected
the sensitivity of RT-PCR for those pools that had such number of
samples.'3

One limitation of our study is the use of two types of samples,
saliva and nasopharyngeal swabs. Although the use of a single
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4 samples pooled 5 samples pooled 6 samples pooled 7 samples pooled 8 samples pooled 9 samples pooled 10 samples pooled
uCr<30 #Ct230<33 u(r>33536
C: value Positive 4 samples 5 sampl 6 les 7 les 8 les 9 samples 10 sampl
inclurded i i i i B :
C<30 27 3/3(100%) 3/3(100%) 3/3 (100%) 2/3 (66%) 1/2 (50%)  2/3 (66%)  1/4 (25%)
C. 230 <33 27 3/3(100%)  4/5(80%)  3/3(100%) 4/5(80%) 2/3 (66%) 3/4 (75%) 1/4 (25%)
C.>33<36 28 5/5 (100%)  2/3 (66%) 2/3 (66%) 1/3(33%) 1/3 (33%) 4/8 (50%) 1/3 (33%)
Fig. 1. Concordance of testing between pooling of samples and individual samples.
Table 1
Rates of false negative results for every pool of samples evaluated.
C; value Total pools 4 samples 5 samples 6 samples 7 samples 8 samples 9 samples 10 samples
range analyzed pooled pooled pooled pooled pooled pooled pooled
C <30 70 0/10 (0%) 0/10 (0%) 0/10 (0%) 4/10 (40%) 6/10 (60%) 4/10 (40%) 5/10 (50%)
C:>30<33 70 0/10 (0%) 1/10 (10%) 1/10 (10%) 3/10(30%) 4/10 (40%) 3/10 (30%) 8/10 (80%)
C>33<36 70 0/10 (0%) 3/10 (30%) 6/10 (60%) 5/10 (50%) 9/10 (90%) 6/10 (60%) 8/10 (80%)

sample type would have been more meticulous, we selected
different types of samples due to the current restraints in the
accessibility of collection tools in LMIC countries.

Based on official data provided by the Dominican Ministry of
Health, the positivity rate in our country as of February 2021
was 17.34%.1* Aragén-Caqueo et al. suggested that the optimal
number of samples per pool is three, since the positivity rate of
cases is inversely proportional to the optimal pool size. Further-
more, the minimum net savings in detection kits for a positivity
rate in the range of 8-20% is 17.9%. Choosing to perform pools
of three samples entails evaluating all the subjects in the event
of a positive pool sample to detect the cases that are posi-
tive. It implies an increase in the logistical complexity of this
strategy.’

In conclusion, according to the positivity rate in the Domini-
can Republic, the optimal size to perform a pooling strategy shall
be three samples. However, our results indicate that a pooling
of four samples is an optimal strategy for SARS-CoV-2 detection

that helps to reduce the amounts of reagents used. We do not
recommend using pooling testing with more than five samples
since the detection sensitivity of the RT-PCR is affected after the
dilution of samples. This strategy might be a useful tool in pandemic
responses, especially in countries with limited technical person-
nel and where investment on avant-garde technologies is not
available.
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