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* # 

 

 

(transport media)
(SARS-CoV-2) (COVID-19)

(swab) / 2020 
CMPTM viral transport medium w/oropharyngeal and/or nasopharyngeal 

flocked swab (VTM) P2+ P3 CMPTM 

inactivated viral transport medium w/oropharyngeal and/or nasopharyngeal flocked swab (I-VTM)
CLSI (Clinical and 

Laboratory Standards Institute) M40-A2 (2014) SARS-CoV-2 RNA 
71 (Enteroviruses 71, EV 71) 103 PFU (plaque forming unit)
VTM I-VTM 

4 -80 4 6 24 48 72 96 -80
48 72 96 I-VTM 10 30 1 2 3 4 

VTM I-VTM EV 71 (human rhabdomyosarcoma cell line, RD cell) 
5% CO2 48-72 RD cell (cytopathic effects, CPE)

- (quantitative reverse transcription PCR, qRT-PCR) EV 71 (RNA)
SARS-CoV-2 (E gene RdRp gene N gene) EV 71 

VTM/I-VTM (i) VTM 4 -80
EV 71 RD cell CPE (ii) I-VTM EV 71 2 106 PFU 

( ) (iii) VTM I-VTM EV 71 SARS-
CoV-2 qRT-PCR VTM I-VTM 

(risk 
group)

71 -

 

 

*  

#  

 

112  155  

 3  
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(DNA 
 RNA) [1-2]  

 

 
[2]  

165 

https://10.6573/JTQA.202010_9(4).01


166  

(i)  

 3 (ii)  

(swab)  

(iii)  

(vi-
als) (transport medium) 

(iv)  

(flock) [2-3]  

 

 

(calcium alginate)  

(envelope)  

 

(v)  

(vi)  

 
[1,3]  

 

[  

 (acquired immune deficiency 
syndrome, AIDS) (HIV)]  

 B  

(Hepatitis B  virus, HBV)  C  

(Hepatitis C  virus, HCV)  

: 
2003  SARS (SARS-CoV) 
[4]  2019 SARS-
CoV-2, COVID-19 [5]  

 

 

 

 

(BAL) (CSF)  

 

 

 

 

 

 
[1,3]  

 

 

 

 P2+  P3  P4  

 SARS-CoV  SARS-CoV-2 
 

 

 

 SARS-CoV-2  

 

 

 

 (inactivate )  

P2  

 SARS-CoV-2 
 

 

 

 

 

 

CMPTM  

[viral transport medium (VTM)]  

 CMPTM [in-
activated viral transport medium (I-VTM)] 

 1A /  

(flocked swab)  

 1B  

VTM I-VTM SARA-
CoV-2  
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Clinical and Laboratory 
Standards Institute (CLSI) M40-A2[6]  

 

 

 

24 48 72  96  

 0.2 mL  

(cytopathic effects, 
CPE)  

 

CLSI  
[6]  71 (Entrovirus 71, EV 71) 

EV 71  

(Picornaviridae) (envelope)  

RNA  
[7]  (Coronavi-

ridae)  SARS-CoV  SARS-CoV-2  

 RNA [4-5] EV 71  

VTM I-VTM  

 

human rhabdomyos-
arcoma cell , RD  CPE 

- (quantitative 
reverse transcription PCR, qRT-PCR) RD

 EV 71  RNA  

RNA EV 71 
 RNA  EV 71  RNA  

 EV 71  RD  

 SARS-CoV-2  
[8-9]  VTM  I-VTM  

 EV 71  

qRT-PCR  VTM  I-VTM  

 SARS-CoV-2  

 

 

 (human rhabd-
omyosarcoma cell line, RD, ATCC CCL-136)  

(vero cell line, ATCC 
CCL-81)  EV 71 (BrCr, ATCC VR784)  

SARS-CoV-2 
(primers)  (E gene RdRp 

gene  N gene)  MicroBioLogics®  

: HE0062S USA  

 

(1x minimal essential 
medium, MEM) (antibiotic-antimycin, 

penicillin streptomycin amphotericin 
B) Corning Incorporated  

(fetal bovine serum, FBS)  

(Trypsin) (1x phosphate 
buffer saline, PBS) GE Healthcare  

(Glycerol) (chloroform)  

75% (EtOH)  (isopropanol)  

DEPC (diethylpyrocarbonate) Merck 
(FastStart 

Universal SYBR Green Master) Roche 
 cDNA  (High-

Capacity cDNA Reverse Transcription Kit)  

trizol  RNA DNA  

Thermo Fisher Scientific

(10% MEM 2% MEM) 

 10%  FBS  1%  

 1x MEM (10% MEM)  

 4  

2%  FBS  1%  1x MEM  

(2% MEM)  4  

FBS  

 56  30  

-20 10x 
PBS  (double-distilled H2O, 
ddH2O)  1x PBS  

 4 glycerol ddH2O  

 30% glycerol  
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 4  

RD  

RD  80%  

Revcoeite 
II) T25 Corning 
Incorporated  3 mL 1x PBS  

0.5 mL Trypsin  

 37  5% CO2  

1 
 4.5 mL 10% MEM  

Trypsin RD  

 10% MEM  1:4  1:9 
 37  

 5% CO2  

EV 71  

(plaque assay)  EV 71 
RD  6  

 2% MEM  

 10 (10-2-10-6)  

 1  

 37  5% CO2  1  

 

 1.2%  

 2x  44  

 1.2% 
 2x  

 4 mL  

 37  5% CO2  

3  

 CPE  5 
 1 ml 3.7%  

 4  6  

 2-3  0.5%  

 5  

 EV 71  RD  

 

(plaque)  

 

(titer)  plaque forming 
unit (PFU)/mL  mL  

 

EV 71 RNA  

1.5 mL  EV 71  4  

1,000 rpm  5  

 1 mL   trizol  

 1.5 mL  

5  200 μL chloroform  

(vortex genie 2)  1  

 2-3 
 4 12,000 rpm  15 

RNA  

450 μL  1.5 mL  

 0.5 mL isopropanol  

 10  10 
 4 12,000 rpm  

 10  1 mL   

75% EtOH  4 12,000 rpm  10  

(pellet)  

 20 μL DEPC   

EV 71  

-  (quantitative reverse 

transcription PCR, qRT-PCR) 

PCR (reverse transcription-PCR, 
RT-PCR)[9]  EV 71 RNA  20 
μL DEPC   20  

(ND-1000, NanoDrop Spectrophotometer) 
 1 

μg  RNA 2 μL 10x RT buffer 0.8 μL 
25x dNTP Mix (100 mM) 2 μL 10x  RT  
random primers 1 μL MultiScribeTM reverse 
transcriptase  1 μL RNase inhibitor  

ddH2O  20 μL  25  10  
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37  120  85  5  

 1  RT-PCR  

qPCR [10]  EV 
71 RNA  

cDNA qRT-PCR  5 μL cDNA  

0.5 μL Forward primer (30 M) 0.5 μL 
Reverse primer (30 M) 25 μL FastStart 
Universal SYBR Green Master  19 μL ddH2O 

 StepOnePlusTM real-time-PCR  

Thermo Fisher Scientific  

 40  StepOnePlusTM  

 

 GAPDH 
 CT CT 

CT  

CT 2- CT  

 

Primer: EV 71 RNA 

Positive strand 

F: (GAGAGTTCTATAGGGGACAGT) 
R: (AGCTGTGCTATGTGAATTAGGAA) 

Negative strand 

F: (ACTGTCCCCTATAGAACTCTC) 
R: (TTCCTAATTCACATAGCACAGCT) 

VTM  I-VTM  

EV 71 VTM I-
VTM  3  

 RD   EV 71  

(  CPE) (  

qRT-PCR )  CLSI M40-A2  
[6]  

 EV 71  1 106 PFU/mL  

VTM  

 2 105 PFU/mL  0.2 mL  2 mL  
VTM  1.8 104 PFU/mL) I-VTM 

 50 L  50 L I-VTM  

 (  5 105 PFU/mL)  

4 -80  

 

 4  4  6 
 24  

 4  6 24 48 72 
 96  5 -80  

48 72  96  3 I-
VTM EV 71  

I-VTM  10 30 1 2 3  

4  RD  CPE  

 EV 71  VTM  

VTM  0.2 mL  103 

PFU RD  0.2 mL 2% 
MEM I-VTM  40 L  

 9.96 mL 2% MEM  2 103 

PFU/mL  1 mL  2 103 PFU  

RD  EV 71  VTM  

I-VTM  37  5% CO2  

1  

1x PBS  2% MEM  

 48  72  

CPE VTM I-VTM 
RD  2% MEM RD

 

 RD  CPE  qRT-
PCR  VTM  I-VTM  

VTM  I-VTM  EV 71  SARS-CoV-2 

 

EV 71 SARS-CoV-2 RNA 
 VTM/I-VTM  

 1 L EV 71 (1 106 PFU/mL)  1 mL  
VTM  I-VTM  1 103 PFU/mL  

 10 uL SARS-CoV-2  E  

RdRp N (mix stock)  

 4 -80  

24  96  

 qPCR  
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VTM EV 71  

 

EV 71  VTM  

 RD  

 72  

 EV 71  RD  

 4 -80 RD  

 

 2A  RD  

CPE  1 EV 71  

qRT-PCR  RD  EV 71  

 RNA  1  

 VTM  

 I-VTM  EV 71  

 EV 71  

EV 71  VTM  

 RD  

 72  

 EV 71  RD  

4 -80 CPE  2B  

qRT-PCR EV 71  

RNA  

 1  I-VTM 

EV 71  I-VTM  

4 -80  10 30  

1 2 3  4  4  

 2 EV 71 -80  

 30  2  3  

VTM/I-VTM EV 71 

 COVI-19  

 

 

VTM  I-VTM EV 
71 SARS-CoV-2 E RdRp N 

 VTM  I-VTM  4  

-80  24  96 qRT-
PCR  EV 71  SARS-CoV-2  

 VTM  I-VTM  

 96  3  

 

 

 

 

 

 

 
[11]  

(i) (inac-
tivated) (ii)  (protein 
stabilizer)  

(iii)  

 

 

 

 SARS-CoV  SARS-CoV-2 
 

 

 2002-2003  8,096  

 774  9.56%  

 2019-2020/9  3,131  

 96.6  3.09% 
[12]  10  14  

 

 COVID-19 
 

(PCR)  

 DNA/RNA  DNases/RNases  

 

 PCR [3] VTM  I-VTM  
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(A) (B) 

1. /

(A) CMPTM [viral transport medium (VTM )]  CMPTM  
[inactivated viral transport medium (I-VTM )] / (flocked 

swab) (B) nasopharyngeal flocked swab oropharyngeal flocked swab  
 

 1. EV 71  VTM  I-VTM  RD  CPE  RD
 

/  Control  4  RT -80  

Medium only  EV 71 only  6  hr  24 hr 48 hr 72 hr 96 hr 48 hr 72 hr 96 hr 48 hr 72 hr 96 hr  

 VTM 

CPEa - + + + + + + + + + + + + 

Positive strandb - + + + + + + + + + + + + 

Negative strandC - + + + + + + + + + + + + 

 I-VTM 

CPEa - + - - - - - - - - - - -

Positive strandb - + - - - - - - - - - - -

Negative strandC - + - - - - - - - - - - -

aCPE: + RD  (CPE)  - RD CPE bPositive strand: + EV 71 -  
 EV 71 CNegative strand: +  EV 71  -  EV 71  

VTM I-VTM RT  

 [14]  

  

  
[13] [1-3]   

  
[11]  EV 71  VTM  

  4 -80  
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VTM I-VTM 

2. EV 71 VTM I-VTM RD 
(PC: virus) (NC: medium) (4 RT -80 )  

(200x) (A) VTM (CPE)  
 CPE ( ) (B) I-VTM 

 CPE  CPE  
VTM I-VTM RT  

 96  RD  

 RD  CPE  I-VTM 

 RNA  VTM  

 1  2A EV 
71 I-VTM 4 -80  

 RD  

CPE EV 71  

RNA  1  2B  

EV 71 I-VTM 
 2 EV 71  2  

3 EV 71  SARS-CoV-2  

 2.  EV 71  I-VTM 
3. EV 71 I-VTM (  CPE)  

RD EV 71 
 

 
10 min 30 min 1 hr 2 hr 3 hr 4 hr CPE( )

 (PC: virus)  (NC:4  +* + + - - -
medium)  (4 RT -80 )

RT + + + - - -
 (200x) CPE  

-80  + - - - - -  CPE -80 1 
 4  RT 2 *+  RD  72  

 CPE  EV 71 (CPE) -  CPE  
I-VTM RT  I-VTM RT  
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 3. VTM  I-VTM  EV 71  SARS-CoV 2  

 SARS-CoV 2 EV 71 RNA (E gene RdRp gene  N gene)  

 VTM I-VTM VTM I-VTM 

4  24 hr 96 hr 24 hr 96 hr 24 hr 96 hr 24 hr 96 hr 

4  + + + + + + + +  

RT  +  +  +  +  +  +  +  +  

-80  + + + + + + + + 

+  EV 71  SARS-CoV-2  qRT-PCR  
VTM I-VTM RT  

 VTM/I-VTM  4  aspirates mixed in universal transport medium for room 
temperature storage and shipping. J Clin Microbiol 2008; -80  24  96  
46:2374-6.

 VTM/I- 4. Gadsby NJ, Templeton KE. Coronaviruses. In Carroll 
VTM  3  KC, Pfaller MA, Landry ML, McAdam AJ, Patel R, 

Richter SS,  Warnock DW (eds). Manual of Clinical   VTM  I-VTM  
Microbiology. 12th ed. 2019:1606-24. ASM press,

4 -80  Washington DC, USA. 
 VTM  5. Singhal T. A Review of coronavirus disease-2019 (COVID 

 19). Indian J Pediatr 2020; 87:281 6. 
6. Clinical & Laboratory Standard Institute (CLSI). Quality 

 
control of microbiological transport systems; Approved 

I-VTM  standard M40-A2. 2014. CLSI, Wayne, PA, USA. 

2  7. Solomon T, Lewthwaite P, Perera D et al. Virology, epi-
demiology, pathogenesis, and control of enterovirus 71.  
Lancet Infect Dis 2010; 10:778-90. 

 8. Corman VM, Landt O, Kaiser M et al. Diagnostic 
 detection of 2019-nCoV by real-time RT-PCR. Euro 

 Surveill 2020; 25: 2000045. doi: 10.2807/1560-7917. 
ES.2020.25.3.2000045

 VTM  I-VTM  
9.  - 2019-

 nCoV https://www.cdc.gov.tw/File/Get/ 
BHL7va9Hwyc3kDX9aXn6-A. 2020. 

 10. Livak KJ, Schmittgen TD. Analysis of relative gene 

1. Dunn JJ, Pinsky BA. Specimen collection, transport, expression data using real-time quantitative PCR and 

and processing: Virology. In Carroll KC, Pfaller MA, the 2(-Delta Delta C(T)) method. Methods 2001; 25:402-8. 
Landry ML, McAdam AJ, Patel R, Richter SS, Warnock 11. Johnson FB. Transport of viral specimens. Clin Microbiol 
DW (eds). Manual of Clinical Microbiology. 12th ed. 1990; 3:120-31. 
2019:1446-61. ASM press, Washington DC, USA. 12. Google-COVID-19 Outbreak. 

2. Daley P, Castriciano S, Chernesky M, Smieja M. https://sites.google.com/cdc.gov.tw/2019ncov/global. 2020. 
Comparison of flocked and rayon swabs for collection 13. Faoagali J. Swabs then and now: cotton to flocked nylon. 
of respiratory epithelial cells from uninfected volunteers Microbiology Australia 2010; 31:133-6. 
and symptomatic patients. J Clin Microbiol 2006; 44:2265-7. 14. Hambling, MH. Survival of the respiratory syncytial 

3. Walsh P, Overmyer CL, Pham K et al. Comparison of virus during storage under various conditions. Br J Exp 
respiratory virus detection rates for infants and toddlers Pathol 1964; 45:647-55. 
by use of flocked swabs, saline aspirates, and saline 
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Evaluation of Preserved and Inactivated Virus Specimen Transport Media 

Bang-Yan Syu, Yu-Te Chao, Kuan-Chi Tseng, Po-Ting Ou, Szu-Hao Kung* 

Faculty of Biotechnology and Laboratory Science in Medicine, Institute of Biotechnology in Medicine, National Yang-Ming University, 
Taipei, Taiwan 

Abstract 

The main function of virus specimen transport 
media is to preserve the viability, antigen, and 
nucleic acid of viruses and to prevent the specimen 
from being contaminated during transportation. 
As diagnosis of the new pneumonia-causing cor-
onavirus (SARS-CoV-2, COVID-19 virus) is 
based on swab collection of respiratory specimens 
for molecular testing and/or cell culture, the Cre-
ative Lifesciences Co., Ltd.  

has launched two kinds of universal 
virus specimen transporting devices in 2020. One 
is CMPTM preserved viral transport medium w/ 
oropharyngeal and/or nasopharyngeal flocked 
swab (VTM); it can be used in P2+ or P3 level 
laboratory for virus isolation and molecular de-
tection. The other is CMPTM inactivated viral 
transport medium w/ oropharyngeal and/or nas-
opharyngeal flocked swab (I-VTM); it can be 
used in P2 laboratory for virus molecular detection. 
To assess the effectiveness of these two virus 
specimen transport media, we tested them for 
transport of enteroviruses 71 (EV 71), which is 
also an RNA virus like the COVID-19 virus, ac-
cording to the CLSI virus transport system spec-
ification M40-A2 (2014). During the test, both 
VTM and I-VTM were inoculated with 103 PFU 
of EV 71 placed at 4°C, -80°C and room tem-
perature, and then examined at 6, 24, 48, 72, and 
96 hours for those stored at 4°C and at 48, 72, 
and 96 hours for those stored at -80°C and room 
temperature. EV 71 inoculated I-VTMs were also 

examined at 10 min, 30 min, 1 h, 2 h, 3 h, and 
4 h. The inoculated VTMs and I-VTMs were 
used to infect cells of the human rhabdomyos-
arcoma cell line (RD cell). The infected cells 
were incubated in a 5% CO2 incubator for 48-72 
hours and then examined for cytopathic effect 
(CPE) and proliferation of EV 71, and analyzed 
for viral nucleic acid by the reverse transcription 
real-time polymerase chain reaction (quantitative 
reverse transcription PCR, qRT-PCR). In this stu-
dy, both VTM and I-VTM were also inoculated 
with three different sets of primers coded for E, 
RdRP, and N genes of SARS-CoV-2, and placed 
at 4, -80, and room temperature and analyzed for 
viral nucleic acid by the qRT-PCR at 24 and 96 
hours. Results showed that: (i) VTM can effec-
tively preserve EV 71 viability at 4°C, -80°C, 
and room temperature ; (ii) I-VTM can completely 
inactivate and lyse 106 PFU of viruses in 2 hours; 
(iii) VTM/I-VTM can effectively preserve EV 
71 and SARS-CoV-2 nucleic acids for qRT-PCR 
analysis. Based on results of this study, we con-
clude that VTM or I-VTM is suitable for transport 
of virus specimens and suggest that Virology lab-
oratories can select VTM or I-VTM based on 
their virus detection methods, safety level of the 
laboratory, and risk group of the target virus. 

Keywords: Enteroviruses 71, SARS-CoV-2, 
virus transport system, cytopathic 
effects, qRT-PCR 
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