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Robust surveillance testing is a key strategic plan to prevent COVID-19 outbreaks and slow the spread of
the SARS-CoV-2 pandemic; however, limited resources, facilities and time often impair the implementa-
tion of a widespread surveillance effort. To mitigate these resource limitations, we employed a strategy
of pooling samples, reducing reagent cost and processing time. Through utilizing academic faculty and
labs, successful pooled surveillance testing was conducted throughout Fall 2020 semester to detect posi-
tive SARS-CoV-2 infections in a population of 4400 students. During the semester, over 25,000 individual
COVID status evaluations were made by pooling eight individual samples into one quantitative reverse
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infection and significantly reduced financial burden and cost by $3.6 million.

First draft submitted: 19 March 2021; Accepted for publication: 19 July 2021; Published online:
6 August 2021

Keywords: COVID-19 e pandemic policy e pooled surveillance e gRT-PCR diagnostics

Diagnostic testing for SARS-CoV-2, the virus responsible for COVID-19, has been critical for early identification
of infected individuals and implementation of subsequent isolation protocols in attempts to prevent further
transmission and spread of the virus around the globe. Test kits and protocols were developed in early 2020 with
the Center for Disease Control (CDC) releasing an emergency use authorization (EUA) primer/probe kit for
quantitative reverse transcription polymerase chain reaction (QRT-PCR) to detect SARS-CoV-2 in early February
2020 [1,2]. With the expanding pandemic, research groups and companies raced to find better, more accurate and
more sensitive diagnostics to detect SARS-CoV-2 as efficiently as possible [3]. qRT-PCR became the gold standard
to accurately determine an individual’s SARS-CoV-2 infection status, but other methods have since been developed
including isothermal nucleic acid amplification assays, CRISPR-based methods, antibody/serological tests and
direct antigen tests with varying levels of sensitivity, accuracy, costs and time undil results [4]. Studies show there is
a direct correlation between the amount of testing and the additional years of life saved, with daily testing being
optimal [5). While daily testing is infeasible for most institutions, the bottom line is that the more testing that is
done; the more people will stay healthy and not become infected with SARS-CoV-2.

Despite the obvious benefit of robust COVID-19 testing and surveillance, the costs, facilities and labor to
collect, run and report the results are a limiting factor that has inhibited more widespread testing efforts. The US
Air Force Academy (USAFA) is an institution of higher education granting Bachelors of Science degrees, but also
has the commission from the Department of Defense to teach and train future officers for the US Air Force. The
military training aspects of this institution required the students to be in-person for Fall 2020 courses. In order
to facilitate in-person learning during a global pandemic, a robust testing plan was developed to ensure the safety
of students and faculty. This plan included a dynamic mathematical equation to model the minimum amount
of testing required each week to prevent COVID-19 outbreaks from occurring (6. However, the levels of testing
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required severely strained the resources of our medical facilities. Our solution was to expand COVID-19 testing
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facilities to include academic scientists and labs already equipped to perform the diagnostics, working alongside
medical professionals. If a similar strategy is employed across the US an additional 1.2-3.5 million tests could be
processed each day (7).

Pooling samples for diagnostic testing has been proposed as an effective way to save resources and increase testing
throughput, without significant loss to sensitivity and detection [8-10. When disease prevalence is low, multiple
individual samples can be combined into a single pool and tested simultaneously using one reaction [11-13]. Any
positive pools can then be subjected to another round of testing to identify the infected individuals in the pool [14].
Despite the benefit of pools to conserve resources, there are concerns about pool size, sensitivity and accuracy of the
test due to the inherent dilution that occurs from pooling samples together [15-18]. We report that after 6 months of
pooled surveillance testing, our protocols successfully identified infected individuals while saving significant time,
reagents and labor-hours compared with running individual tests.

Materials & methods

Sample collection

Medical professionals and staff used nasopharyngeal swabs to collect a sample from the student’s nasopharynx.
Swabs were stored in viral transport media and stored at 4°C until further processing. Tubes were labeled with
patient name and pool identifier. Samples were collected every morning from 67 am and processed the same day.

Pool formation

Cadets were assigned a pool number based on probable daily close contacts that may impact their exposure. To
reduce the number of positive pools overall, likely close contacts, such as roommates, were placed in the same pool.
Only a subset of students were pooled and tested daily; however, each day within a grouping of close contacts
different individuals were selected for testing to increase the likelihood we would detect disease spread within
that group. Once individual samples were collected, they were transported to the academic lab and 140 ul of
each individual sample was taken and combined into one pool, with a maximum pool size of eight. Pool size was
determined based on previous published studies that identified eight being optimal for saving resources without
losing sensitivity [9,12,15,16]. Pooling of close contacts may not be feasible in other academic institutions, but the
author’s institution has mandatory living arrangements that enabled highly efficient and intentional pool formation
that saved time and resources.

RNA extraction

Pooled samples were subjected to RNA extraction using Qiagen QIAAMP Viral RNA Mini Kit (Cat # 529006)
according to manufacturer’s protocol, with the exception of increasing the lysis buffer and ethanol to 1.2 ml volume.
A vacuum manifold was used to increase efficiency.

qRT-PCR test
The INBIOS Smart Detect SARS-CoV-2-rRT-PCR Kit (COV-2-E) has US FDA EUA approval and was used for
all qRT-PCR testing following the EUA guidelines and protocols.

Labor & cost calculations
Expenses and labor hours associated with COVID-19 testing in the academic labs were tracked for the entirety of

Fall 2020 semester. Described cost comparisons of commercial individual tests are based on quotes acquired from
companies bidding to do COVID-19 PCR testing for USAFA.

Data & statistical analysis

Data were collected and managed in microsoft excel spreadsheets. Changes in costs, labor burden and other metrics
were represented in cost/time savings. Statistical analysis was not performed other than showing the total amount
of money and time that would be saved with the described methods.

Ethics

Institutional Review Board (IRB) determination on the surveillance testing and mathematical modeling
(FAC20200024N and FAC20200025N, respectively) were deemed Not Human Subjects Research in accordance
with 32 CR 219, DoDI3216.02 and AFI 40-402.
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Figure 2. Labor requirement for different testing mechanisms.

Results

COVID-19 diagnostic tests can be very expensive [19]. From a recent survey of the largest hospitals across the
US, COVID-19 diagnostics cost between $20-850 per test. Approximately 70% of COVID-19 PCR tests cost
over $100, with the mean cost being around $150 (Figure 1) [20-22]. To implement an ongoing and widespread
surveillance program that is robust enough to detect infection and prevent outbreaks, significant testing is required
and its associated costs may be prohibitive. For example, testing a population of 5000 individuals at a rate of only
10% tested each week results in a monthly cost of $300,000 using the mean price of a test.

The USAFA began testing nearly 25% of the cadet population every week and over the course of the Fall
2020 semester, tested over 25,000 individuals for COVID surveillance. Using a typical commercial COVID-19
diagnostic test that costs $150 would have resulted in a $3,750,000 price tag. However, to implement a more cost
effective approach, the USAFA utilized the expertise of its science faculty and medical professionals to do all testing
internally. Using qRT-PCR testing protocols under an FDA EUA, and in-house academic labs and labor, COVID-
19 diagnostics were run at $21.76 per sample. Using this approach saved USAFA $128.24 per sample compared
with using an external commercial lab; however, processing that quantity of tests requires a significant amount of
time to execute the clinical collection, labeling, processing, reaction setup, analyzing results and reporting. Based
on logistics and planning, we estimated that running 25,000 individual tests would take nearly 700 h of labor to
collect, process and send samples for commercial clinical testing. In contrast, to perform the same testing internally
using academic labs, scientists would require nearly 3000 labor h for the same 25,000 samples (Figure 2).

We sought to further increase the efficiency to accommodate limited faculty and staff time. Collected nasal
samples were pooled into groups of eight individuals as described in the methods section, then each pool was
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Table 1. Labor and financial costs of COVID-19 testing.

Costs

Type of test Cost/test Cost /25,000 tests
Commercial clinical diagnostic (individual test) $150.00 $3,750,000.00
Academic lab clinical diagnostic (individual test) $21.76 $544,043.00
Academic lab clinical diagnostic (pooled with eight others) $5.94 $148,551.50

Academic lab savings
Pooled savings:

Total savings:

Labor

Type of test

$3,205,957.00
$395,491.50
$3,601,448.50

Labor h/25,000 tests

Commercial clinical diagnostic (individual test) 687.5

Academic lab clinical diagnostic (individual test) 2937.5

Academic lab clinical diagnostic (pooled with eight others) 1625.0

processed for RNA extraction and qRT-PCR. By pooling the samples, the number of tests to run was cut by
eight and brought the total labor burden down to about 1600 h (reduced labor burden by 50%). It may seem that
the burden would be reduced by a factor of eight, but despite the efficiency of pooling, every sample still needs to
be labeled and processed into pools before the pooled testing can begin. More strikingly, with the shared resources
of pooled testing, the cost of COVID-19 surveillance dropped to only $5.94 per sample (a 73% cost savings) and
the time required was manageable. Table 1 summarizes the costs, labor and savings from doing pooled surveillance
testing with academic labs for 25,000 diagnoses.

Discussion

Pooled sample testing has been reported by many groups to be successful [23-25). There are a variety of different
pooling protocols including different number of samples to be included in each pool and various techniques to
improve sensitivity in a pooled sample [26,27). We report that pools of eight individual samples resulted in highly
effective and efficient detection of SARS-CoV-2. Implementation of routine, random, pooled surveillance testing at
the USAFA enabled in-person learning during Fall 2020 semester and prevented COVID-19 outbreaks on campus.
Despite the ongoing pandemic and occasional infected student, individuals that were positive for SARS-CoV-2 were
quickly identified and removed from the population through aggressive quarantine and isolation protocols. Very
few false positives were detected through this pooled surveillance strategy, with nearly every positive pool correctly
identifying an infected individual in that pool with follow-up individual clinical tests. This robust testing program
was highly effective and became efficient through the use of academic labs and faculty helping with the testing
burden. Additionally, pooling eight individual samples into one PCR reaction saved significant time, supplies and
resources; resulting in $3.6 million in savings over the course of the whole semester and 25,000 individual tests.

Future perspective

Pooled sample testing has been shown to be effective and efficient at detecting pathogens in clinical samples. The
authors believe that pooled testing may become the standard protocol for any medical emergency or infectious
disease outbreak. Additionally, pooled testing may be a valid technique used before sporting events, large gatherings
or departing on cruise or other travel arrangements in order to quickly and efficiently screen and check for certain
pathogens in a given population.
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Executive summary

Background

e Testing is the best way to detect and prevent the spread of COVID-19.

e Limitation to testing is access to tests, time and resources.

Materials & methods

e Samples collected from US Air Force Academy cadets.

e Eight individual samples pooled together into one sample for further processing/analysis.
e Testing performed by academic scientists in laboratory setting.

Results

e Testing is expensive.

e Academic testing requires significant amount of work, but pooling does increase efficiency.
e Accurate detection of positive COVID cases while saving significant amounts of money and time.
Discussion

e Pooled testing saved significant time and resources.

e Testing detected positive cases and prevented serious outbreaks.
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