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A B S T R A C T   

The WHO-named Coronavirus Disease 2019 (COVID-19) infection had become a pandemic within a short time 
period since it was detected in Wuhan. The outbreak required the screening of millions of samples daily and 
overwhelmed diagnostic laboratories worldwide. During this pandemic, the handling of patient specimens ac-
cording to the universal guidelines was extremely difficult as the WHO, CDC and ECDC required cold chain 
compliance during transport and storage of the swab samples. The aim of this study was to compare the effects of 
two different storage conditions on the COVID-19 real-time PCR assay on 30 positive nasopharyngeal and/or 
oropharyngeal samples stored at both ambient temperature (22 ± 2 ◦C) and +4 ◦C. The results revealed that all 
the samples stored at ambient temperature remain PCR positive for at least six days without any false-negative 
result. In conclusion, transporting and storing these types of swab samples at ambient temperature for six days 
under resource-limited conditions during the COVID-19 pandemics are acceptable.   

1. Introduction 

The Coronavirus Disease 2019 (COVID-19), which stems from the 
new severe acute respiratory syndrome-related coronavirus 2 (SARS- 
CoV-2), has rapidly become a global pandemic since it first appeared in 
Wuhan, China, in November 2019 (WHO). With over two million cases 
of infections detected each day and tens of millions more samples being 
tested per day at the peak of the pandemic (Ref), the pandemic is causing 
an enormous burden to the world’s healthcare system, including diag-
nostic laboratories (Helmy et al., 2020). Real-time polymerase chain 
reaction (real-time PCR) is considered as the gold-standard confirmatory 
diagnostic laboratory test for COVID-19 (Lippi et al., 2020). Samples for 
this method are obtained from the upper and lower respiratory tract 
(oropharyngeal or nasopharyngeal swabs, sputum, lower respiratory 
tract aspirates, bronchoalveolar lavage, and nasopharyngeal wash or 
aspirate or nasal aspirate) and transferred immediately into a virus 
transport medium (VTM) (Loeffelholz and Tang, 2020). The VTM 

consists of serum albumin and some antibiotics against possible bacte-
rial contamination and can be obtained commercially or prepared in the 
laboratory. It is an appropriate medium for the collection, transport, 
maintenance and freeze-storage of clinical specimens including viruses, 
mycoplasma or ureaplasma organisms. In general, it conserves the 
viability of the organism at room or cooled temperature for 48 h. The 
World Health Organization (WHO), Centers for Disease Control and 
Prevention (CDC), European Centre for Disease Prevention and Control 
(ECDC), and several national health authorities announced several 
real-time PCR protocols and sample storage guidelines, and all empha-
sized that the accuracy of the real-time PCR tests mostly relies on proper 
specimen collection and storage (CDC, 2020; ECDC, 2020; WHO, 2020). 
All guidelines agreed that samples should be transferred and kept in 
conditions maintaining a cold chain. However, processing an extreme 
number of samples during the pandemic may impede transport and 
storing conditions according to the guidelines. Previous studies detected 
viral load reduction in samples kept at 20− 25 ◦C after 48, 72 h of 
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storage. This decrease varies as 1–4 CT. In addition, the longest period in 
which viral positivity was detected was 14 days in a study conducted 
with 5 samples (Basso, 2021; Rogers, 2020). We detected this test with 
the 3-channel kit, which allows detecting 2 different sequences of the 
virus (N Gene and Orf1ab), as opposed to the two-channel kit. In this 
study, we aimed to compare the effect of 4+ ◦C and room temperature 
(22 ± 2 ◦C) different conditions on the qPCR results of nasopharyngeal 
and/or oropharyngeal swab samples. 

2. Materials & methods 

2.1. Samples 

The study was performed at GLAB-Corona which works as a Covid-19 
routine diagnostic laboratory (Doganay et al., 2020). To determine the 
minimum number of samples, a GPower analysis with 80 % power, 
one-tailed t-test with alpha at 0.05 was performed and the total sample 
size was calculated as 27 (HHU, 2021). The study samples (30 positive 
and 5 negative swab samples) were randomly selected out of 171 posi-
tive and 1603 negative cases that were admitted to laboratory on 
29.04.2020. Since the effect of storage conditions on SARS CoV-2 viral 
RNA integrity is unknown, here we focused on SARS CoV-2 positive 
samples. The study of five negative samples was considered sufficient to 
show the presence of human RNA throughout the study period. A single 
nasopharyngeal and/or oropharyngeal swab sample was obtained from 
each patient and immediately taken into a sterile tube with 3 mL of the 
Viral Transport Media (VTM, Innomed VTM001) by a trained healthcare 
worker at infectious disease clinic in Umraniye Teaching and Research 
Hospital. Real-time PCR tests were performed at the GLAB diagnostic 
laboratory. Following the diagnostic report, the study samples were 
randomly selected out of 171 positive and 1603 negative samples which 
were accepted and reported at the laboratory on the day of study. 

For each positive and negative study sample, 2 mL of VTM were 
added to the samples for having enough sample quantity during the 
study, then evenly aliquoted into two tubes (2.5 mL of solution for each 
tube) for further analysis. One tube was stored in the refrigerator (+4 
◦C) and the other copy of the same sample at room temperature which 
was set to 22 ◦C by an automated air conditioning system for nine days. 
Deviation for room temperature was accepted as ±2 ◦C. The room 
temperature and refrigerator temperature were monitored continuously 
and recorded using data loggers. 

2.2. Real-time PCR tests 

The SARS-Cov-2 detection was performed by the SARS-CoV-2 qPCR 
test (DirectDetect SARS-Cov-2 qPCR Kit by Coyote Bioscience Co., Ltd) 
on BioRad CFX 96 platform (California, USA) according to the protocols 
provided by the manufacturer. The qPCR kit targets ORF1ab and the N 
gene of SARS-CoV-2 and the human RNaseP gene. 

The commercial kit in use includes the reverse real-time PCR method 
combined with fluorescent probes to detect the conserved region of 
ORF1ab and the N gene in SARS-CoV-2. A preliminary nucleic acid 
extraction was not performed while using this kit, since the samples 
were treated with the lysis buffer, which is thought to provide RNA 
extraction, released the target nucleotide in the samples, and tolerated 
the inhibitor. The samples were taken directly from the swab tubes and 
then mixed with the lysis buffer, which is included in the kit, in a 
separate sterile tube. The prepared mixture was added directly into the 
real-time PCR reaction reagent after the vortex-spin process; and then 
real-time PCR was started directly. The PCR protocol included both 
cDNA synthesis (42 ◦C for 5 min and 15 cycles of 95 ◦C for 10 s and 50 ◦C 
for 15 s) and real-time PCR (95 ◦ C for 1 min, 30 cycles of 95 ◦C for 10 s 
and 55 ◦ C for 30 s with FAM/HEX/ROX reads). The entire process, from 
the sample’s arrival to the laboratory to the final medical report, took 
place within 4 h. real-time PCR tests for all the samples were repeated 
every 24 h for nine days, for both conditions. The day when the samples 

were first collected was accepted as day-0. Similar with 4 ◦C refrigerator, 
the room temperature based automated air conditioning system (22 ◦C) 
was checked every hour. The cut-off Ct value was ≤29 for positive 
samples as indicated by the manufacturer and the LOD value 3.75 
copies/reaction for both ORF1ab and N gene. The sample was reported as 
positive if both the ORF1ab and N gene showed positive amplification 
curves. If both targets were negative, the result is reported as negative. 
In the case of one positive target amplification, the test was repeated and 
evaluated as “test repeat” (TR). If repeated sample do not reveal two 
positive target amplification again, these samples were included in the 
"sample failure" group (SF). When there is not sufficient material left in 
swab tube for real-time PCR reaction, these samples were evaluated as 
"insufficient material" (IM). 

2.3. Statistical analysis 

Ct values of samples in daily study runs were compared by paired t- 
test and p values less than 0.05 were considered as significant. All p 
values were calculated two sided. All analysis was performed by 
Graphpad Prism V8. 

3. Results 

A total of 30 SARS-CoV-2 positive and 5 negative samples (all stored 
in +4 ◦C and room temperature) were enrolled in this study. All positive 
samples were tested with real-time PCR every day for nine days; how-
ever, negative samples were tested as control on the fifth and ninth days. 

All of the 30 positive (100 %) samples that were kept at room tem-
perature and 29 (96.7 %) of the refrigerated ones were continually 
detected as positive for the first five days (Table 1). All positive samples 
stored at room temperature were detected positive until day 9 without 
any false negativity and diagnostic accuracy remained 100 % 
throughout the study. For the positive samples stored at +4 ◦C, 1 sample 
was tested negative on day 2, day 3 and day 5 and 2 samples were tested 
negative on day 9. All negative samples were tested negative on day 5 
and day 9 for both groups. Until day 5 we did not have sample insuffi-
ciency for real-time PCR reaction. Available number of samples on day 6 
was 28 for +4 ◦C group and dropped to 8 on day 9. Sample size for room 
temperature group was 23 on day 7 and dropped to 13 on day 9. Study 
was terminated on day 9 due to insufficient material in swab tubes for 
further real-time PCR reaction (Table 1). 

We excluded the negative samples and compared the individual Ct 
values at +4 ◦C and room temperature of ORF1ab, N and RNase P genes 
for nine days. At the beginning (on Day 0), the highest Ct value of the 
study samples was 25.02 and the mean Ct values were as follows: 16.08 
for ORF1ab, 17.9 for N gene and 14.6 for internal control (Table S1). The 
Ct values of N gene showed no significant difference for five days at 
room temperature, but samples stored at +4 ◦C condition had Ct values 
that significantly decreased on day 5 and day 9 (Fig. 1b). Ct values of 
ORF1ab for both conditions significantly decreased (Fig. 1a). We have 
also evaluated the Ct values of human RNase P gene and detected a 
significant increase on day 9, at +4 degrees (Fig. 1c). Ct values for all 
samples under both conditions are given on Supplementary Table 2 
(Table S2). 

4. Discussion 

real-time PCR is the gold standard diagnostic test for detection of 
SARS-CoV-2. False results of the real-time PCR test may be due to the 
inaccuracies in sampling, transport conditions, failures in the different 
analytic stages or data analysis. According to health authorities, swab 
samples should be stored at +4 ◦C (CDC, 2020; ECDC, 2020; WHO, 
2020). Here we analyzed the real-time PCR diagnostic performance for 
SARS-CoV-2 on nasopharyngeal/oropharyngeal swab samples stored at 
ambient temperature. Recently many studies have investigated the ef-
fects of various factors on virus survival but, less is known on the impact 
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Table 1 
COVID-19 Real-time PCR results of daily testing of the study samples.   

+ 4 ◦C Room Temperature 

Testing Day Available Sample 
(n) 

Positive 
(n) 

Negative 
(n) 

TR 
(n) 

SF 
(n) 

IM 
(n) 

Available Sample 
(n) 

Positive 
(n) 

Negative 
(n) 

TR 
(n) 

SF 
(n) 

IM 
(n) 

Day 0 30 30 0 0 0 0 30 30 0 0 0 0 
Day 1 30 30 0 3 0 0 30 30 0 4 0 0 
Day 2 30 29 1 1 0 0 30 30 0 1 0 0 
Day 3 30 29 1 3 0 0 30 30 0 0 0 0 
Day 4 30 30 0 1 0 0 30 30 0 0 0 0 
Day 5 30 29 1 2 0 0 30 30 0 0 0 0 
Day 6 28 28 0 1 0 2 30 30 0 0 0 0 
Day 7 22 22 0 0 0 8 23 23 0 0 0 7 
Day 8 15 15 0 0 2 13 23 23 0 0 0 7 
Day 9 8 6 2 0 0 22 13 13 0 0 0 17 

TR: Test repeat, SF: Sample failure, IM: Insufficient material. 

Fig. 1. The distribution of the Ct values of (A) ORF1ab, (B) N and (C) RNase P genes at +4 ◦C and at room temperature. The negative values are excluded and the 
difference between different days are compared by paired t-test, the significance is marked with * symbol. ns: not significant. (*: P ≤ 0.05; **:P ≤ 0.01, ***: P ≤
0.001, ****: P ≤ 0.0001) (RT: Room Temperature). 
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of temperature on SARS-CoV-2 RNA detection by RT- PCR (Eslami and 
Jalili, 2020; Kim et al., 2021; Li et al., 2020; Xie and Zhu, 2020; Xu et al., 
2020). In a limited number of studies related to other viruses (entero-
virus, HSV-2, HHV-8, adenovirus, influenza), it has been reported that 
the storage of the samples at ambient temperature did not affect the test 
results (Druce et al., 2012; Zaniello et al., 2016). Our results showed that 
oropharyngeal/nasopharyngeal samples kept at room temperature 
remain positive in SARS-CoV-2 real-time PCR studies for at least six 
days. 

A previous study comparing different commercial diagnostics kits 
showed that the ORF1ab gene was less stable than the other viral target 
genes (Zhou et al., 2020). Our results on individual Ct values also 
showed that the Ct values for ORF1ab gene were more ambiguous than 
the N gene at +4 ◦C and a significant difference was detected even on day 
3. On the other hand, the Ct values for N gene remained positive at least 
for 5 days at room temperature. The human RNase P gene remained 
stable at +4 ◦C whereas at room temperature the amplification was 
detected at later cycles. RNA is already known to be easily degraded and 
this finding is not surprising especially at room temperature. 

Previous studies on SARS-CoV-2 revealed that the Ct values were 
increased by time at different storage temperatures (Erster et al., 2021; 
Kim et al., 2021; Engelmann et al., 2021). Although it was not statisti-
cally significant, in our study this was the case for human RNase P gene 
Ct values; on contrary the Ct values for viral genes ORF and N showed a 
decreasing trend. During this study, samples were stored in an undis-
closed commercial VTM solution and the commercial qPCR kit in use 
includes a lysis buffer step for viral RNA extraction instead of conven-
tional RNA extraction methods, and we can speculate that the VTM 
content may create the environment to facilitate lysis of the viral en-
velope or nucleocapsid further increasing the effect of the lysis buffer. 
Studies with larger numbers of samples might enlighten the issue. 

There are some limitations of this study, we used a commercial kit 
which had a threshold for positivity, so we could not define weak pos-
itivity. Thus, we could not evaluate the performance in weak positive 
samples. Temperatures higher than 24 ◦C may be common in some 
tropical research and/or storage settings, so the time period that samples 
remain positive may be variable in such conditions. 

5. Conclusion 

In the light of the data obtained from this study, we suggest that in a 
resource-limited setting like pandemics, transferring and storing naso-
pharyngeal/oropharyngeal samples at ambient temperature (20− 24 ℃) 
might be acceptable and these samples can be analyzed and reported. 
Such a change in daily practice will result in considerable time and cost 
savings and reduce the number of sample rejection. 
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