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ABSTRACT

Objective: With the COVID-19 pandemic, there have been supply
challenges necessitating that laboratories must prepare their own viral
transport medium (VTM), which provides stability for clinical specimens
for diagnostic viral testing.

Methods: Within a veteran affairs medical center clinical laboratory,
VTM was prepared with a Hanks Balanced Salt Solution (HBSS) 500 mL
bottle with phenol red, sterile heat-inactivated fetal bovine serum (FBS),
gentamicin sulfate (50 mg/mL), and amphotericin B (250 pg/mL). An
antimicrobial mixture was made of 50 mL each of amphotericin B and
gentamicin sulfate. Ten mL of FBS and 2 mL of the antimicrobial mixture
were mixed into the HBSS bottle, from which 3 mL aliquots were made.
Sterility and efficacy check were assessed. These preparations were
conducted at our VAMC's clinical laboratory to assure adequate VTM
supply during the COVID-19 shortage.

From its unassuming beginnings in Wuhan, China, SARS-
CoV-2, the viral agent that causes the COVID-19 disease,
has become an international pandemic.’® With the un-
precedented outbreak of the respiratory illness caused by
SARS-CoV-2, there have been challenges to the mainten-
ance of adequate supplies in terms of both personal pro-
tective equipment and testing materials.”® In particular, the
dire nationwide shortage of commercial viral transport me-
dium (VTM, a formulation of a buffered salt solution, com-
plex protein and amino acids, and antimicrobial agents), a

Abbreviations:

VTM, viral transport medium; HBSS, Hanks Balanced Salt Solution;

FBS, fetal bovine serum; RT-PCR, reverse transcriptase polymerase chain
reaction; VAMC, veteran affairs medical center; CDC, Centers for Disease
Control and Prevention.

"Carporal Michael J. Crescenz Veteran Affairs Medical Center,
Philadelphia, Pennsylvania, 2Department of Pathology and Laboratory
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania

*To whom correspondence should be addressed.
darshana.jhala@va.gov

Results: The VTM was successfully prepared in-house, supporting
uninterrupted testing for the facility and other affiliated medical facilities/
centers and community living centers.

Conclusion: This quality assurance/improvement report represents
the first published manuscript on feasible VTM preparation
exclusively within a clinical microbiology laboratory during the
COVID-19 pandemic.
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critical medium for the transport of specimens for reverse
transcriptase polymerase chain reaction (RT-PCR) testing,
has created a situation in which testing laboratories need to
manufacture their own in-house VTM because commonly
used commercial VTM is simply unavailable.”"" Despite
the shortage, VTM remains a critical and pivotal reagent
for preserving stability to achieve a reliable test result.'?
Maintaining the stability of the collected virus is of utmost
importance to perform COVID-19 RT-PCR with optimal re-
sults because the virus must still be sufficiently present and
preserved in the specimen at the time of testing.

Given the lack of supply from commercial vendors, in-house
manufacture has become an uncharted route forced

upon medical centers and laboratories with the inten-

tion of proceeding with testing using VTM despite the dire
shortages.”'® Consequently, a variety of transport media
including saline, phosphate buffered saline, minimum es-
sential medium, and other media with variable formulations
have been shared and documented.'"*'® |n nonshortage
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times, VTM is generally considered the standard of care
and offers advantages over other simpler formulations
because of its documented ability to prevent overgrowth

of bacteria/fungi and ensure prolonged stability of viral
genetic material.'""® It has an established role in ensuring
the stability of viral genetic material with simpler tempera-
ture and handling needs falling within the usual standard of
care compared with the other media types such as sa-
line."""® Indeed, in a study by Rogers et al,'® a trend toward
an increasing cycle threshold value likely resulting from the
degradation of viral genetic material in a small sampling was
noted with saline stored at room temperature for prolonged
periods of time in contrast to storage in VTM. Therefore, al-
though there may be some degree of equivalence in various
transport media in supporting the diagnosis of viral genetic
material by RT-PCR, the use of VTM is preferred and is
closer to general standard practice outside of shortage
times.'®

Despite the extraordinary nature of the current crisis, peer-
reviewed literature to guide laboratories on the emergency
manufacture, initial laboratory validation, and quality control
of VTM for the COVID-19 pandemic is sparse. More im-
portant, peer-reviewed literature on VTM preparation and
quality control has not been published by a clinical labora-
tory without research department infrastructure, specifically
one in a regional veteran’s hospital.”*'2 To fill this gap in
the peer-reviewed literature for this critical component, this
study shares the viewpoint and experience of pathologists
at a regional veteran affairs medical center (VAMC) in both
manufacturing and performing quality control of its VTM.
These preparations were performed at our VAMC'’s clinical
microbiology laboratory to assure adequate VTM supply
during the COVID-19 shortage.

Method of Preparation

There has been variation leading to a lack of clarity in reference
to VTM formulations, including the usage of phenol red and
quality control processes. Phenol red, with its corresponding
color change from pink to yellow in the presence of increasing
acidity, has its use in the detection of potential bacterial contam-
ination and was thus chosen to be included in the VAMC's prep-
aration."" Within the clinical microbiology laboratory, VTM was
prepared using a strict aseptic technique with a 500 mL bottle
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of Hanks Balanced Salt Solution (HBSS) with phenol red, sterile
heat-inactivated fetal bovine serum (FBS), gentamicin sulfate
(50 mg/mL), and amphotericin B (250 pg/ml), see Figure 1.
First, 50 mL of amphotericin B and 50 mL of gentamicin sulfate
were mixed into an antimicrobial mixture. Next, 10 mL of FBS
was mixed with the HBSS bottle. Then 2 mL of the antimicrobial
mixture was also mixed into the HBSS

bottle. The HBSS bottle was then capped and mixed by
inverting the bottle. Each bottle was then additionally

labeled as follows: “2% FBS, 100 ng/mL Gentamicin,

0.5 ng/mL Amphotericin B, [current date], Expires [1 month from
current date].”

Afterward, 3 mL aliquots were made from the bottle to con-
stitute individual tubes of VTM for clinical use. These tubes
were further labeled as follows:

Viral Transport Medium

**For Transport of specimens only**

**Not to be taken internally**

Store at 2 to 8°C. Do not freeze.

Ingredients: Hanks balanced salt solution, fetal bovine
serum, gentamicin, amphotericin B

Expires [1 year after current date of manufacture]

All tubes and any remaining medium in the bottle were
stored in the refrigerator (2 to 8°C).

Method of Quality Control for
Sterility

One viral transport tube aliquot per bottle was utilized for

the sterility check (see Figure 2). After the first initial visual
inspection to verify that the color of the liquid in the tube was
appropriate (pink from the phenol red), the aliquot tube was
incubated in the 002 incubator at 37°C for 24 hours.

After incubation for 24 hours, the tubes were visually inspected
for signs of growth such as color change (with phenol red spe-
cifically, a yellowing of the initial pink color indicative of acid-
ification, frequently because of bacterial growth), turbidity, or
presence of floccules when tapped or vortexed. If no signs of
growth were observed, then within a biosafety cabinet, 1 mL of
the viral transport medium was inoculated into a sheep blood
agar plate, a chocolate agar plate, and a thioglycolate broth
vial. Both the remaining aliquot tube and the plated medium
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Mix 50 ml of amphotericin B (250 pg/ml) and
gentamicin sulfate (50 mg/ml)

Mix 10 ml sterile heat-inactivated fetal bovine
serum (FBS) into 500 ml bottle of Hanks Balanced
Salt Solution (HBSS) with phenol red.

Make 3 ml aliquots and perform appropriate

quality control.

Figure 1

Flowchart of summary of 4 steps of VTM preparation. This figure was shown as part of an abstract presentation of these data.! VTM, viral

transport medium.

were returned to the CO, incubator for incubation at 37°C for
48 hours. At both the 24- and 48-hour marks, plates and tubes
were examined for signs of bacterial growth. Any observed
growth at any stage of this sterility testing were fully worked up
to identify the contaminating organism(s). All the bottle tests for
sterility conducted by the VAMC clinical laboratory passed with
no growth observed.

Initial Laboratory Validation

Additional RT-PCR tests were performed on the first bottle
received for testing to confirm that the in-house manufac-
ture of VTM was efficacious for clinical use (see Figure 2).
These validations were performed just once before in-house
VTM was authorized for clinical use. These additional runs
were performed over 3 days and included both positive
and negative aliquots spiked with corresponding control
material from the Seracare (Milford, MA) AccuPlex SARS-
CoV-2 Reference Material Kit. The runs were performed on
the Abbott (Abbott Park, IL) RealTime SARS-CoV-2 Assay
on the Abbott m2000 testing platform and on the Cepheid
(Sunnyvale, CA) Xpert Xpress SARS-CoV-2 Assay. Because
VTM would be utilized clinically and might be placed
temporarily in conditions other than refrigerator temperat-
ures, positive spiked specimens were stored temporarily
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at room temperature, refrigerator temperatures (2 to 8°C),
and frozen temperatures (-20°C) to verify that RNA material
was still preserved in the VTM for testing at the various
temperatures.

The first day of testing involved 3 positively spiked and

3 negatively spiked specimens stored in the refrigerator
routinely. The second day involved 3 positively spiked
specimens stored at room temperature before testing, 3
positively spiked specimens kept in the refrigerator, and 3
negatively spiked specimens kept in the refrigerator. The
third day involved 3 positively spiked specimens kept in the
refrigerator, 3 positively spiked specimens frozen at -20°C
before testing, and 3 negatively spiked specimens kept in
the refrigerator. In this first-time validation, all test results
were as expected and thus achieved validation for using
in-house VTM for clinical application.

Method of Quality Control
for Efficacy and RNA
Contamination

Positive efficacy checks were performed to ensure that the
in-house VTM from each bottle did not lead to degradation of viral
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Viral Transport Media Quality Control Flow Chart
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Figure 2

Flowchart of quality control program for the VTM including sterility testing in the lefthand branch, efficacy check in the middle branch,
and the first-time validation in the righthand branch. For the validation, all spiked specimens without a specified temperature were done
at refrigerator temperature (4 to 10°C temperatures). RT, room temperature; RT-PCR, reverse transcriptase polymerase chain reaction;
VTM, viral transport medium. This figure was shown in an abstract presentation of these data.’

RNA that would preclude accurate testing. Negative RNA con-
tamination tests were performed to verify that the manufacturing
process did not introduce viral RNA that could lead to false
positive results. Two aliquots from each bottle of VTM were thus
taken (see Figure 2). One aliquot was spiked with positive control
material and the other aliquot with negative control material. The
laboratory staff then performed RT-PCR testing on each aliquot
to confirm that the expected results were obtained (positive in
the aliquot spiked with positive control material, negative in the
aliquot spiked with negative control material).

Differences in Preparation

Methods to produce VTM have been made publicly avail-
able previously.®'" The primary similarity among these
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methods is that VTM is ultimately a mixture of a buffered
salt solution, complex protein and amino acids, and anti-
microbial agents to ensure the stability of the viral specimen
for later nucleic acid testing. However, given the different
circumstances of each practice setting and laboratory/
clinical needs, there are also important differences. For
instance, some preparations of VTM exclude phenol red for
simplicity, but at the VAMC laboratory it was determined
that including this quality marker was important to ensure
the lack of bacterial contamination of the specimens pro-
duced (see Image 1).*" In addition, a CO, incubator at an
increased temperature of 37°C was utilized to provide a
stable conducive environment to efficiently detect bacterial
or fungal contamination compared to a lower room or re-
frigerator temperature incubation.'®'®

Methods to validate and perform quality control have
varied from institution to institution and in the literature

www.labmedicine.com
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Image 1

Left: One of the prepared aliquots of transport media. Note the pink color because of the phenol red. In the presence of acidity (perhaps
because of bacterial growth), this color would show yellowing, and thus this coloration remains a quality control tool. This image was shown
in an abstract presentation of these data.' Right: One aliquot of prepared VTM was generously inoculated with a large quantity of Escherichia
coli and then incubated in the CO2 incubator at 37°C for 24 hours. Because of bacterial growth, the VTM has a yellow appearance.

(both peer-reviewed and non-peer-reviewed).® One publicly protocol with its viewpoint, there is no peer-reviewed

available standard operating procedure by the Centers for consensus in reference to sterility quality control.%'! Other
Disease Control and Prevention (CDC), for instance, does institutions have found quality testing for efficacy/genetic
not include an efficacy check to verify that viral genetic material to be important and have included it in their algo-
material is preserved by the media created and that the me-  rithms, with variation in specifics."" Three culture mediums
dium is not inadvertently contaminated by interfering gen- (sheep blood agar, chocolate agar, and thioglycolate broth)
etic material.® Although the CDC has a publicly available were used at the VAMC for thoroughness in sterility testing
www.labmedicine.com Lab Medicine 2020;XX;5-7 5
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and to ensure sensitivity in detecting microorganism con-
tamination. The length of time that the products of each
step of the preparation process can be kept before expir-
ation has also lacked clarity among multiple institutions;
given the CDC protocol and the standard length of time
available for commercial VTM before expiration, the VAMC
laboratory established the expiration date of each aliquot
as being 1 year after manufacture. The expiration date of
any intermediate products (ie, the bottle mixture to be ali-
quoted) was set at 1 month so that intermediate steps will
be completed expediently.

Finally, it is important to note that the preparation of VTM

in this report took place within the clinical microbiology la-
boratory of a regional VAMC. This preparation setting led to
the selection of the batch size of 1 bottle, or approximately
500 mL; under a prolonged shortage, other larger labora-
tories can potentially consider scaling up solutions to in-
clude larger batches and multiple reagents, and supporting
quality assurance common to good manufacturing practice.
Other than Petersen et al,' no published reports are avail-
able in the peer-reviewed literature for VTM preparation in
the clinical laboratory of a regional VAMC. We have found
only a single study on the preparation of VTM in a univer-
sity hospital setting using a well-equipped research division
and laboratories.!" Published reports of a clinical laboratory
preparing VTM in these unprecedented times present a
unique perspective and act as a reference for other labora-
tories faced with the similar need for preparation.

Conclusion

In this first publication (other than the abstract presentation
of these data’) on VTM manufacture, validation, and quality
control within a regional VAMC's clinical microbiology la-
boratory during this unprecedented crisis of COVID-19,
VTM production and related quality testing/validation have
proven to be feasible and highly useful.! It is possible for
VTM adequate to meet the needs of the regional VAMC to
be prepared with appropriate sterility and efficacy to meet
the unprecedented demand for SARS-CoV-2 testing with its
concomitant severe supply shortages. This report presents
the first published experience in the preparation and quality
control of VTM within the clinical laboratory of a med-

ical center specifically for SARS-CoV-2 testing during the
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COVID-19 pandemic; this information is a potentially useful
reference point for other similar regional medical centers
faced with this ongoing pandemic and worldwide health
emergency. The in-house preparation of VTM in the face of
severe supply shortages remains critical, and maintaining
the stability of the virus to be detected is of utmost im-
portance to ensure optimal laboratory results, appropriate
laboratory diagnosis to confirm COVID-19 infection, and

successful performance of testing in-house. LM
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