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WHO declared the outbreak of COVID-19, caused by SARS-CoV-2, a pandemic in March 2020. More than 223 million cases and
approximately 4.6 million deaths have been confirmed. Early diagnosis and immediate treatment became a priority during this
pandemic. However, COVID-19 diagnostic testing resources are limited, especially early in the pandemic. Apart from being
limited, the COVID-19 diagnostic tests using reverse transcription polymerase chain reaction (RT-PCR) have encountered
storage, transportation, and safety issues. *ese problems are mainly experienced by developing poor countries, countries in the
equatorial region, and archipelagic countries. VITPAD® is a guanidine-based inactivation transport medium (ITM) formulated to
maintain the RNA quality of SARS-CoV-2 during transportation without cold chains.*is study, conducted from September 2020
to March 2021, performed clinical validation of VITPAD® by comparing its performance with a globally commercially available
ITM from the NEST brand. Its stability at room temperature, safety, and resistance at high temperatures was also tested using RT-
PCR analysis. VITPAD® can reduce the infectious nature of the specimen, preserve the SARS-CoV-2 for 18 days at an ambient
temperature, and resist high temperatures (40°C for 3 hours). A guanidine-based transport medium, such as VITPAD®, iscompatible and recommended for RT-PCR-based molecular diagnosis of COVID-19.

1. Introduction

COVID-19 (coronavirus disease of 2019), caused by the
SARS-CoV-2 (severe acute respiratory syndrome corona-
virus 2), spread worldwide, being declared a pandemic by
WHO (World Health Organization) in March 2020. As of
September 2021, WHO has reported more than 223 million
SARS-CoV-2 cases globally, with approximately 4.6 million

deaths occurring in more than 230 WHO regions (regional
organizational groupings by WHO, based on geographical
terms but are not synonymous with geographical areas) [1].

Early diagnosis and immediate treatment of COVID-19
became a priority in order to reduce the spread of disease
and break the chain of transmission [2, 3]. Diagnostic testing
for the presence of SARS-CoV-2 viral RNA (ribonucleic
acid) typically relies on detecting the virus through nucleic
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acid amplification or antigen identification. Following col-
lection of a patient test sample, it is typically stored in a
transport medium before transport to a testing facility [4–6].

*e increasing demand for early diagnosis has placed
significant demand on supply chains, including in the
availability of testing equipment, assay components, swabs,
and transport mediums. *erefore, there is a shortage of
diagnostic resources. *is shortage has become limiting for
COVID-19 diagnosis testing [6–9]. As a result, delays in
diagnosis and the rationing of diagnostic testing have been
seen [5, 10–13].

One source of this shortage is the limited resource
available recommended byWHO and the Centre for Disease
Control and Prevention (CDC). For COVID-19 diagnostic
testing, WHO and the CDC recommend nasal or pharyngeal
swabs that are stored in a viral transport medium (VTM)
and tested using a nucleic acid amplification test (NAAT)
[5, 9, 14–16]. Unfortunately, NAAT for SARS-CoV-2 de-
tection has several limitations in terms of sensitivity among
its various protocols [17, 18]. *ere is also the possibility of a
false negative of the RT-PCR test due to prolonged nucleic
acid conversion (the period from the date of symptoms onset
to the date of first negative RT-PCR test result) [19], changes
in diagnostic accuracy over the disease course, and pre-
carious availability of test materials [20]. Nevertheless,
NAATremains the gold standard globally [21] and is a better
reference for developing alternative methods [22]. NAAT is
also used as a rule for international travel by authorities
[23–25]. It is urgently needed to help identify new variants of
COVID-19 by PCR-SGTF (S-gene target failure) or whole-
genome sequencing (WGS) [26–28].

Diagnostic test laboratories have used several alternative
methods to NAAT [10, 16, 29–39]. However, all alternative
methods still require the sample collection step and,
therefore, require a swab and transport medium.*e sample
collection step includes various processes, such as specimen
collection, packaging, storage, and transportation. *ere-
fore, improper sample collection could affect the overall
assay performance, the quality of the specimen, and the
accuracy of COVID-19 diagnosis [15, 40, 41].

Some researchers have discussed alternatives to swabs
[42] and transport medium [12, 13, 43, 44]. For example,
Panpradist et al. (2020) recommended dry swabs to elimi-
nate the need for a transport medium [45]. However, dry
swabs have been found to have a false-negative rate of 47%
[46]. *erefore, the transport medium is crucial for reliable
COVID-19 diagnostic testing. Moreover, Scheier et al.
(2021) did not detect any SARS-CoV-2 contamination of
open sampling transport medium tubes during nasopha-
ryngeal swab (NPS) sampling [47]. Healthcare workers
could avoid contamination during NPS sampling by fol-
lowing biosafety protocols [6, 38, 48–50].

Many transport media are suitable for preserving viruses,
including VTM or saline [51]. For example, a VTM based on
culture medium is recommended by the CDC and WHO.
However, it should be kept refrigerated at 2–8°C or frozen at
−70°C or below (for storage more than 72 hours) [15, 41].
*e transportation of these VTM is hard to fulfill in the
development of poor countries where the electricity or cold-

chain system is distributed not evenly. It is also difficult for
the countries in the equatorial region and archipelagic
countries, which need assurance and biosafety of the
COVID-19 sample transportation.

Guanidinium thiocyanate or guanidinium hydrochlo-
ride has shown to inactivate SARS-CoV-2 and can be used
for RT-PCR applications [52–54] since inactivation reagents
were effective at reducing viral titers [55]. It was suggested to
be used as part of SARS-CoV-2 NAATat high-risk locations
(schools, workplaces, prisons, skilled nursing facilities,
homeless shelters, etc.) [52]. In this research, VITPAD®, aguanidine-based inactivation transport media (ITM) for-
mulated to maintain the RNA quality of SARS-CoV-2
during transportation without cold chains, was evaluated. It
claims to reduce the infectious nature of the sample while
maintaining the quality of the specimen. VITPAD® ITM is a
licensed nasopharyngeal specimen collection swab and
medium storage from the Indonesian Ministry of Health
(AKD 10302120146, PDKI BRM2054A).

2. Materials and Methods

2.1. Preparation. Inactivation preservation of SARS-CoV-2
was carried out from September 2020 to March 2021 at the
Parasitology Laboratory, Advanced Biomedical Laboratory
of the Universitas Padjadjaran. *e preservation used was
the adaptation of WHO guidance [56] where the viral
transport medium was substituted with the inactivation
transport medium. *is study evaluated VITPAD® (Indo-
nesian Ministry of Health AKD 10302120146, PDKI
BRM2054A). VITPAD® is a domestically commercially
available VTM. It contains the inactivating ingredient
guanidine. VITPAD® consists of an NPS, storage tube
(cryotube), and 2mL of guanidine-based inactivation
transport media.

VITPAD® ITM was compared with globally commer-
cially available ITM from the NEST brand. Its stability at
room temperature, safety, and performance at high tem-
peratures were also evaluated. *e tests and reagents are
described below (see Table 1).

2.2. SARS-CoV-2 RNA Detection. We conducted NPS
sampling of 99 subjects for the COVID-19 diagnosis test.
Each subject was sampled 2 times: the first NPS was stored in
VITPAD® ITM, and the second NPS was stored in NEST
ITM. Samples were extracted, and viral RNA (gene targets:
ORF1ab, N-gene, and E-gene) was measured by RT-PCR
following the protocol specified by the RT-PCR kit used
(Table 1).

To test the stability of VITPAD® ITM at room tem-
perature (±25°C), NPS sampling of 30 subjects of the
COVID-19 diagnosis test was stored in VITPAD®. It wasaliquoted into 300-µL tubes. Each aliquot sample was stored
at room temperature (±25°C). Viral RNAwasmeasured after
set periods had lapsed (0 days, 4 days, 8 days, 12 days, and 18
days) following the protocol specified by the RT-PCR kit
used (Table 1).
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*e safety of VITPAD® ITM was tested by comparing
NPS sampling of 38 subjects of the COVID-19 diagnosis test
that was extracted with a lysis buffer and without a lysis
buffer. Viral RNA was then detected by RT-PCR following
the protocol specified by the RT-PCR kit used (Table 1).

For the resistance of VITPAD® ITM at high tempera-
tures, NPS sampling of 12 subjects of the COVID-19 di-
agnosis test was aliquoted into 250-µL tubes. Each aliquot
sample was incubated at 40°C for three hours. *is tem-
perature was chosen as it is the average estimated highest
ambient temperature in Indonesia, while 3 hours was chosen
by the average estimated travel time between Indonesian
cities. *e viral RNA was measured by RT-PCR following
the protocol specified by the RT-PCR kit used (Table 1) and
compared with control samples that were stored at room
temperature (±25°C).

2.3. Statistical Analysis. For clinical validation, the internal
control cycle threshold value (IC CT value) was analyzed by
using the receiver operating characteristic (ROC) curve
analysis approach. Receiver operating characteristic (ROC)
curves were analyzed by using licensed IBM SPSS Version
26. Ordinary one-way ANOVA with Bonferroni and Šı́dák
multiple comparison tests was applied to calculate and
compare P-values for VITPAD® ITM stability test at room
temperature (±25°C) for 4, 8, 12, and 18 days. An unpaired t-
test was used for the analysis of the VITPAD® ITM safety
test and the resistance test at 40°C. *e distribution of the
data was tested by the D’Agostino–Pearson normality test.
P-value <0.05 is considered statistically significant. Analysis
of these data and graphing were done by GraphPad Prism
9.0.0 for Windows.

3. Results

3.1. Comparison between VITPAD® ITM and NEST ITM.
Out of the 99 samples tested, VITPAD® ITM positive rate is
19.2%. Meanwhile, NEST ITM positive rate is 15.2% with an
invalid result of 1% (P � 0.572, Fisher’s exact test. *e
positive rate results are not affected by the type of ITM
brand). *e data are displayed below (see Table 2).

Figure 1 describes the internal control cycle threshold
value (IC CT value) of the Sansure reagent of VITPAD®ITM. Samples were clustered to the left side, near zero
(skewness value� 0.805; median� 23.74; mode� 20.62;
kurtosis� 0.409; Shapiro–Wilk� 0.001). *e IC CT values of
the NEST ITM samples were clustered in the middle
(skewness value� 0.291; median� 23.745; mode� 23;
kurtosis� 0.397; Shapiro–Wilk� 0.579). *e left-clustered
data of the VITPAD® ITM mean that the data had lower IC
CT values. *erefore, the VITPAD® ITM is more stable
regarding retaining samples, namely, the human epithelium
contained in the IC of the Sansure reagent. *e implication
of this is that more RNA could be calculated for the COVID-
19 diagnostic test, thereby reducing the risk of obtaining
invalid results.

A ROC curve analysis approach was used for calculating
the IC CT value of the Sansure reagent. *is ensured that the
performance of each ITM regarding maintaining sample sta-
bility was not associated with the cutoff of positive and negative
values of the SARS-CoV-2 target gene. As seen in Figure 2, the
area under the curve was not significant for the VITPAD® ITM(P � 0.502), while on the NEST ITM, it was significant
(P � 0.004). In this case, a nonsignificant result means that the
VITPAD® ITM is not associated with the cutoff positive and
negative values of the SARS-CoV-2 target gene.

Table 1: Reagents preparation.

Comparison between
VITPAD® ITM and NEST

ITM

Stability at room
temperature (±25°C)

Safety
test

High temperature
resistance (40°C)

Extraction Machine
KingFisher™ Flex Purification System ✓ ✓ ✓ ✓

Extraction reagents
Sansure Biotech Novel Coronavirus (2019-nCoV)
Nucleic Acid Diagnostic Kit (PCR-Fluorescence
Probing)

✓

MagEx RNA Extraction Kit ✓ ✓
MGI SARS-CoV-2 Automated Extraction
Solutions ✓

RT-PCR machine
Roche LightCycler® 480 Real-Time PCR System ✓
Agilent AriaMx Real-Time PCR System ✓ ✓
LightCycler® 480 Real-Time PCR System ✓

RT-PCR reagents
Sansure Biotech Novel Coronavirus (2019-nCoV)
Nucleic Acid Diagnostic Kit (PCR-Fluorescence
Probing)

✓

Fosun COVID-19 RT-PCR Detection Kit ✓ ✓
BioPerfectus Technologies COVID-19
Coronavirus Real Time PCR Kit ✓

∗*e variation of the machines and reagents was due to its limitation and availability throughout the research.
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3.2. VITPAD® ITM Stability at Room Temperature (±25°C).
VITPAD® ITM maintained the CT value of all the
target genes (ORF1ab, N-gene, and E-gene) at room
temperature (±25°C). Using RT-PCR, samples were tested

for SARS-CoV-2 RNA after 0, 4, 8, 12, and 18 days. One-
way ANOVA test results found that the P-value for each
target gene was more than 0.05 and, therefore, not sta-
tistically significant (see Table 3).
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Figure 1: Calculation of the internal control cycle threshold value (IC CT value) of the Sansure reagent. (a) Samples stored in VITPAD®ITM: mean IC CT value� 24.22, standard deviation� 2.476, and number of sample� 99; (b) samples stored in NEST ITM mean IC CT
value� 23.80, standard deviation� 1.601, and number of sample� 98.
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Figure 2: Receiver operating characteristic (ROC) curve. (a) Samples stored in VITPAD® ITM; (b) samples stored in NEST ITM.

Table 2: COVID-19 diagnostic test results of samples stored in VITPAD® and NEST ITM.

Diagnostic test results VITPAD® ITM NEST ITM
Positive SARS-CoV-2 n (%) 19 (19.2%) 15 (15.2%)
Negative SARS-CoV-2 n (%) 80 (80.8%) 83 (83.8%)
Invalid — 1 (1%)
Total 99 (100%) 99 (100%)
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*e ANOVA tests were followed by Bonferroni and
Šı́dák tests to compare the difference between each storage
day (multiple comparisons). Bonferroni and Šı́dák tests were
also not statistically significant for all the target genes (see
Figure 3). VITPAD® ITM can maintain the sample at room
temperature for 18 days.

3.3. Safety Test of VITPAD® ITM. *ere was no significant
difference between the CT values of COVID-19 target genes
in samples stored in the VITPAD® ITM (P> 0.05, unpaired
t-test). *erefore, the extraction procedure of COVID-19
samples stored in VITPAD® ITM could be performed with
or without the use of a lysis buffer prior to performing RT-
PCR, as the CT values will not differ (see Figure 4).

3.4. VITPAD® ITM Performance at 40°C Temperature.
*ere was no significant difference between the CT values of
the COVID-19 target genes in the samples stored for 3 hours
in the VITPAD® ITM at ±25°C or 40oC (P> 0.05, unpaired
t-test). *erefore, COVID-19 samples could be stored in the
VITPAD® ITM at 40oC for 3 hours without impacting the
CT value of the diagnostic test results (see Figure 5).

4. Discussion

COVID-19 diagnostic testing requires a reliable transport
medium. Specifically, it requires a viral medium that remains
stable in the environment or when exposed to high tem-
peratures and remains safe from interference during the
storage or sample transfer process. In 2020, Garnett et al.
[42] and van Bockel et al. [50] reported a variety of swabs
and transport mediums suitable for SARS-CoV-2 testing.
However, the number of VTMs is still limited in many
countries. *is problem led to the development of a do-
mestic transport medium (VITPAD® ITM) for COVID-19
diagnostic testing in Indonesia. *is transport medium is
equipped with nylon NPSs, which are six times more re-
sistant than Dacron swabs [40], and was recommended by
the CDC in their recent guidelines for SARS-CoV-2 diag-
nosis [57].

*e VITPAD® ITM reagent is a buffer, solution-based
medium that enables samples to be stored at room tem-
perature. For health facilities that have a limited number of
cold storage spaces, this will be beneficial. *e clinical
evaluation showed that the VITPAD® ITM produced similar
results when compared to the NEST ITM. However, sur-
prisingly, the majority of IC CTvalues regarding the Sansure
reagent of the VITPAD® ITM were lower. *erefore, the
VITPAD® ITM has more stability regarding retaining the
sample. *is result aligns with the findings of Nairz et al.

(2021) [58], who stated that an in-house swab system was
superior to most commercially available sets, indicated by
definitively lower CT values of viral genes. *is report shows
that the VITPAD® ITM can effectively maintain the stability
of nucleic acids in swab samples during transportation from
the sampling site to a COVID-19 RT-PCR laboratory.

Transportation of samples is a challenge for health fa-
cilities located at significant distances away from RT-PCR
laboratories. Transportation in such cases requires a cooling
system for sample collection and delivery. Nucleic acids in
biological samples are susceptible to degradation if they are
not stored between 2 and 8°C. Long-term storage (more than
72 hours) for further analysis, that is, whole-genome se-
quencing (WGS), viral culture, or diagnostic purposes, re-
quires a freezer (70°C or below).

Stability tests indicated that the VITPAD® ITM is able
to maintain nucleic acid stability at room temperature for
a storage period of up to 18 days. *is would be beneficial
during sample transfer, as sample handling would be
simplified as the transfer process could occur without a
cool box, saving space, and limiting the risk of sample
damage. *is could also be beneficial in the event that an
RT-PCR laboratory becomes overloaded with samples, as
the samples could be stored without the need for cold
storage facilities. Moreover, the number of health facilities
is higher than the number of COVID-19 RT-PCR
laboratories.

Without the need for cold storage facilities, the RT-PCR
laboratory could store more samples in their existing storage
rooms. *e sampling processes that occur at health facilities
determine whether a nucleic acid sample can be analyzed
properly in a COVID-19 RT-PCR laboratory.*e VITPAD®ITM would be able to increase the efficiency of a mass
screening program, particularly if access to an icebox, fridge,
or freezer is unreliable or nonexistent at the sampling site.

While genetic materials deteriorate more rapidly at
higher temperatures [59] and the SARS-CoV-2 is sensitive to
heat [60], the use of the VITPAD® ITM could mitigate
concerns of SARS-CoV-2 RNA degradation due to heat
exposure. *e performance tests showed that the diagnostic
test results were stable after 3 hours of incubation at 40°C.
*erefore, the VITPAD® ITM can transport samples when
temperatures are high, above room temperature (±25°C).
*is is important, as the temperature during the summer
months often reaches temperatures of more than 30°C in
many countries.

In Indonesia, data from the Meteorological, Climato-
logical, and Geophysical Agency stated that the maximum
temperature in Indonesia is trending toward 40oC [61]. *e
VITPAD® ITM could simplify the transportation and col-
lection of COVID-19 specimens in a remote or isolated area.

Table 3: One-way ANOVA results.

Target gene F P-value R squared
ORF1ab 1.891 0.138 0.070
N-gene 0.789 0.504 0.030
E-gene 1.286 0.286 0.049
∗*e result was considered significant when the P-value was less than 0.05.
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Furthermore, the VITPAD® ITM is safe, as the virus inside
the transport medium is in the form of genetic material
(RNA) and, therefore, may be less infectious than in its viral
form. Based on this, it is highly recommended that the
VITPAD® ITM be used for the PCR-based molecular di-
agnosis of COVID-19.

With the limited number of samples and variation of the
machines and reagents due to its limitations and availability
throughout the research, we ensure that every comparative
analysis between each variable in each type of test (com-
parison between VITPAD® ITM and NEST ITM; stability of
VITPAD® ITM at room temperature (±25oC); safety test of

0

10

20

30

40

0

10

20

30

40

0

10

20

30

40

CT
 V

al
ue

ns

ns

ns

ns

ns

nsns

ns

ns

ns

Storage Days

ns

ns

ns

ns

ns

nsns

ns

ns

ns

ns

ns

ns

ns

ns

nsns

ns

ns

ns

(a) (b) (c)

D
ay

 0

D
ay

 4

D
ay

 8

D
ay

 1
2

D
ay

 1
8

D
ay

 0

D
ay

 4

D
ay

 8

D
ay

 1
2

D
ay

 1
8

D
ay

 0

D
ay

 4

D
ay

 8

D
ay

 1
2

D
ay

 1
8
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VITPAD® ITM; and VITPAD® ITM high-temperature
resistance (40oC)) carried out using the same machines and
consumables (Table 1). *is was done because various RT-
PCR protocols may not have a similar analytical or clinical
sensitivity and specificity even when used for the same
COVID-19 clinical sample [18]. *erefore, we ensured this
research use of the same consumables and RT-PCR pro-
tocols in each variable in each test type.

5. Conclusions

*e VITPAD® ITM can be used as a transport medium for
diagnostic tests of COVID-19. It can preserve the SARS-
CoV-2 for 18 days at room temperature (±25°C). It main-
tains sample stability even after 3 hours of incubation at
40oC.*eVITPAD® ITM reduces the potential of biohazard
events occurring, as most of the samples are in the form of
RNA. *erefore, this transport medium can effectively fa-
cilitate the transportation and collection of COVID-19
specimens, particularly for remote or isolated areas in
Indonesia.
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