
Abstract:

Introduction: The recent outbreak of COVID-19 is a serious

global concern. The emergence of SARS-CoV-2 led to a

current pandemic of unprecedented levels. Early detection

of the infection and prompt isolation of the cases are

fundamental for containment of such outbreak. By this time,

healthcare systems are facing shortages of reagents for

diagnosing this disease. In this context, sample pooling can

be an effective strategy to overcome this situation. This study

aimed to evaluate the effectiveness of sample pooling strategy

for RT-PCR tests for diagnosing and screening of COVID-

19 in mass population.

Methods: A cross-sectional study was performed at the

COVID-19 laboratory of Armed Forces Institute of Pathology

of Bangladesh to evaluate the efficacy of sample pooling

technique for detecting SARS-CoV-2 infection. In this

laboratory, nasopharyngeal and oropharyngeal swabs were

taken for the RT-PCR test to diagnose COVID-19. For each

patient, both nasopharyngeal and oropharyngeal samples

were taken and then mixed to make a single sample. Pooling

was performed from the samples collected from 1 April 2020

to 30 April 2020. Total 350 samples were distributed randomly

in 70 pools, so that each pool contains 5 samples. Positive

pools were deconvulated and each sample was tested

separately. Screening was performed by using RT-PCR

targeting the ORF-1ab Region and N-gene.

Results: Out of 70 pools 16 (22.85%) were found positive.

Eighty samples of these 16 pools were tested individually

and 21 (21/80, 26.25%) samples were found positive. All the

positive pools were reproducible with testing of the individual

samples of that pool (100%).

Conclusion: Strategies of using pooled samples for screening

may facilitate detection of early community transmission of

SARS-CoV-2 and enable timely implementation of

appropriate infection control measures to reduce spread.
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Introduction:

Coronavirus disease 2019 (COVID-19) is an infectious

disease caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2).1 It was first identified in

December 2019 in Wuhan, China. Already it has spread

globally and caused the ongoing pandemic. 2

As of 10 May 2020, more than 4.02 million cases have

been reported across 187 countries and territories,

resulting in more than 279,000 deaths. By this time more

than 1.37 million people have recovered.3

Common symptoms include fever, cough, fatigue,

shortness of breath, and loss of smell and taste. About

80% patients recover from the disease without needing

hospital treatment. Around 1 out of every 5 people who

gets COVID-19 becomes seriously ill and develops

difficulty in breathing, acute respiratory distress

syndrome (ARDS), multi-organ failure, septic shock,

and blood clots. The incubation period is typically

around five days but may range from two to fourteen

days.4

The virus is primarily spread between people during

close contact, most often via small droplets produced
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by coughing, sneezing, and talking. The droplets usually

fall to the ground or onto surfaces rather than travelling

through air over long distances. Less commonly, people

may also become infected by touching a contaminated

surface and then touching their face.5 The standard

method of diagnosis is by real-time reverse transcription

polymerase chain reaction (rRT-PCR) from

a nasopharyngeal swab or oropharyngeal swab.6

Recently almost every nation of the world is facing the

challenge of the COVID-19 outbreak. Healthcare

systems all over the world are experiencing much

difficulties to contain this  unprecedented pandemic of

SARS-CoV-2 pandemic.7

The fundamental response measure to combat this

pandemic is early detection of the case which enables

the quarantine of COVID-19 patients to prevent local

spread , and more broadly informs national response

measures.8

Because of limited monitoring capacity, testing in most

countries is generally focused on acutely ill patients, while

potentially infectious carriers at the community remain

undiagnosed. As many countries are already experiencing

shortages of diagnosis kits and factories struggling to

keep with the demand , it has become important to come

up with new ways to conserve the reagents used for

diagnostic tests. At the same time, as the disease is novel,

it is of value to validate any modifications to the testing

process before universal adoption .9

Pooling method was first suggested by Dorfman in 1943.

It was then perfected over the years . In this method

samples are mixed and tested at a single pool, and

subsequent individual tests are made only if the pool

tests positive.10,11

We frequently apply pooling diagnostic technique in

other infectious diseases and it is especially

advantageous as it requires no additional training,

equipment, or materials.

In addition to being used in the clinic for infectious

disease diagnostics in previous               epidemics ,

pooling has been proven to work for RT-qPCR , a time-

consuming step for which the reagents are expected to

be in short supply .12

SARS-CoV-2 is a novel pathogen and it is still unclear

how diluting a sample containing its RNA would affect

the sensitivity of this assay and the false-negative rate.

In this study we applied sample pooling strategy in our

COVID-19 laboratory for diagnosing and screening of

SARS-CoV-2 infection.

Materials & methods

Method of study

It is a cross-sectional study.

Study period

01 April 2020 to 30 April 2020.

Sample collection

For each patient both nasopharyngeal and

oropharyngeal swabs were collected with the synthetic

fibre swab sticks. After collection the swab sticks were

kept in the liquid viral transport media and then sent to

the COVID-19 laboratory of AFIP, Dhaka Cantonment.

A volume of 10 microliter of the sample was mixed with

10 microliter lysis buffer and this mixture was kept 15

minutes for getting extracted RNA.

Individual RT-PCR tests in the clinical laboratory

RT-PCR was performed in our laboratory to detect the

presence of SARS-CoV-2 RNA with Sansure Biotech

nCoV Nucleic Acid Detection Kit in Rotor Gene-Q Qiagen

qPCR Machine. Reactions were heated to 50 ºC for 30

minutes for reverse transcription, denatured at 95 ºC for

10 minutes and then 45 cycles of amplification were

carried in 95 º C for 15 seconds and 55 ºC for 32 seconds.

Fluorescence was measured using the FAM, ROX and

Cy5 parameters.

Pooled-samples RT-PCR in the research laboratory

Laboratory RT-PCR procedure was performed according

to the procedure for individual samples in the clinical

laboratory, on an identical qPCR machine and program

and with fresh reagents.

Pooling

To conserve reagents we pooled the samples randomly

into total 70 groups where each group contains 05

samples.

Ethical approval

This study was granted by the ethical approval

committee.

Results:

A total of 350 samples were screened by making 70 pools

each of which containing 05 samples. Among these 70
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pools 16 were found positive. The positivity rate was

22.85% (Chart-1). The highest number of pooled sample

were tested in 3rd week of the month (Chart-2). These 16

positive pools were then tested as per principle of

pooling strategy. Eighty samples of these 16 pools were

tested individually in the same RT-PCR machine with

similar technique and 21 samples were found positive

(Chart-3). The positivity rate among these 80 samples

was 26.25%. In total, out of 350 samples 6.0% was

positive (Chart-4). The most number of positive samples

(15) were in 4th week of the month. All the positive pools

were reproducible with testing of the individual samples

of that pool (100%).

Fig.-1: The rate of positivity among all pools (n=70).

Fig.-2: Number samples tested weekly (n=350).

Positive (16)

22.85%

Negative (54)

77.15%
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Fig.-3: Distribution of positive cases per week (n=21).

Fig.-4: The rate of positivity among all samples

(n=350).

Positive (21) 6.0%

Negative (329) 94.0%

Rate of positivity among all samples  (n=350)
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Fig.-5: Amplification curve of 03 pools along with

positive control and negative control (PS-1, PS-2, PS-

3, PC and NC). All three pools and PC showed

characteristic sigmoid amplification curve. Channel :

Green (FAM); Target : ORF-1ab Region.

Fig.-6: Amplification curve of 03 pools along with

positive control and negative control (PS-1, PS-2, PS-

3, PC and NC). All three pools and PC showed

characteristic sigmoid amplification curve. Channel :

Orange (ROX); Target : N-Gene.
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Discussion:

The recently emerged SARS-CoV-2 virus has already

turned into a global pandemic. Each day the number of

affected persons and the death toll is increasing rapidly.

As this virus transmits through person to person by air

droplets discharged from infected person, the prime

measure to prevent the spreading of this virus is to

identify the carrier and contacts as soon as possible

and subsequent isolation of those persons. To ensure

this adequate and widespread testing facilities is the

most important task to be accomplished.

COVID-19 pandemic has revealed the global importance

of robust diagnostic testing to differentiate severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) from

other routine respiratory infections and guide

appropriate clinical management.13

As this coronavirus is a novel virus and it has spread in

almost every corner of the globe within a period of time

less than 02 months, all healthcare facilities across the

world are facing the scarcity of reagents and other

equipments for diagnosing this infection. In this context

sample pooling strategy can be an excellent way to meet

the necessity of mass screening and diagnosis

purposes. Moreover, we can minimize the costs of

reagents by applying this technique in a resource-limited

developing country like Bangladesh.14

In Israel, Idan Yelin et al. conducted a study to test the

ability of the standard RT-qPCR test for detecting a

positive sample within a random pool of negative

samples. Pooling clinical RNA samples, they tested

previously confirmed positive samples alone and

combined with an increasing number of previously

confirmed negative samples. They found that positive

samples can still be well observed in pools of up to 32

samples, and possibly even 64 with additional PCR

cycles.14

In USA, Catherine A. Hogan et al. conducted a

retrospective study regarding the evaluation of efficacy

of pooling strategy for SARS-CoV-2 RT-PCR with a good

number of samples. They screened a total of 292 pools,

corresponding with 2740 nasopharyngeal samples and

148 bronchoalveolar lavage samples. The confirmed

positivity rate for SARS-CoV-2 was 0.07% (2/2888). The

2 positive samples showed detection of E and RdRp.

Only 1 pool showed a positive E signal that was not

reproducible with testing of the individual samples of

that pool.15 In comparison of this study, we found 16

pools positive among 70 corresponding to 350 samples

(22.85%). After individual testing of the samples of these

16 positive pools, 21 samples were positive (26.25%).

Among total 350 samples 6.0% was positive. All the

positive pools were reproducible with testing of the

individual samples of that pool (100%).

The findings of our study perfectly match with the

aforementioned two studies in context of evaluating

the applicability and efficacy of sample pooling

technique to conserve the reagents and manpower for

COVID-19 RT-PCR tests.

A pooled screening strategy was pursued to increase

testing throughput, limit use of reagents, and minimize

the expenditure of the tests in a resource-limited

laboratory facility.

Due to the challenges of restricted access to diagnostic

tests and kit supplies across the globe, early testing

has largely been limited to symptomatic individuals

fulfilling testing criteria.16

Although this approach facilitates rational use of

resources, this study is limited in that it was performed

in a single laboratory in a restricted geographical area.

Additional data are thus required to validate this

approach on a larger scale.

Conclusion:

Pooled-sample RT-PCR analysis strategies will save

substantial resources and manpower for COVID-19 mass

Fig.-7: Amplification curve of 03 pools along with

positive control and negative control (PS-1, PS-2, PS-

3, PC and NC). All three pools and PC showed

characteristic sigmoid amplification curve. Channel :

Red (Cy5); Target : Internal Control.
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testing. In particular, it can facilitate mass screening in

early stages of COVID-19 outbreaks. In practical,

determining carriage frequency in the population is the

mainstay of local and global epidemic response which is

greatly enabled by pooling techniques. Furthermore,

pooling techniques can be used for routine monitoring of

essential work groups, such as hospital staff, military units,

and factory workers. Moreover, this screening strategy

does not obviate the need for individual diagnostic testing,

particularly as community transmission intensifies.
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