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ABSTRACT 
There is now widespread use of molecular tools for diagnosis and study of viral diseases. For this, it is essen-
tial to preserve the quality of genetic material while it is stored. Most laboratories store nucleic acid at ultra-low 
temperatures. However, there is a growing tendency on the search for new alternatives that allow storage of 
nucleic acid at room temperature. In this work the thermal stability of viral RNA retained as a dry pellet inside a 
sealed polyethylene tube and stored at 4, 20 and 37 ºC for a period of two months was studied. The study was 
conducted through periodic quantification of the concentration of total RNA of classical swine fever virus (CSFV) 
and avian influenza virus (AIV) using the rRT-qPCR. The results showed the efficacy of preservation method used 
in this experiment. In each time evaluated it was possible to quantify the amplification of the 5’UTR and NS5B 
regions of CSFV and M and HA genes of avian influenza virus, regardless of the temperature at which the RNA 
samples were stored. It showed that viral RNA storage as dry pellet retained within a hermetically sealed poly-
ethylene tube is an effective way to preserve the stability of the viral RNA for long periods at room temperature. 
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RESUMEN     

Evaluación de la termoestabilidad del ARN viral almacenado como pellet seco a temperatura ambiente. 
Dada la gama de herramientas moleculares disponibles para el diagnóstico y estudio de las enfermedades virales, es 
esencial preservar la calidad del material genético durante su almacenamiento. La mayor parte de los laboratorios 
almacenan las muestras de ácidos nucleicos a temperaturas ultrabajas. Sin embargo, existe una tendencia creciente 
hacia la búsqueda de nuevas alternativas que permitan el almacenamiento a temperatura ambiente. En este trabajo se 
estudió la termoestabilidad del ARN viral conservado en forma de pellet seco, en viales de polietileno herméticamente 
cerrados y almacenados a 4, 20 o 37 ºC durante dos meses. Las muestras se analizaron periódicamente mediante 
la cuantificación por rRT-qPCR de la concentración del ARN total del virus de la peste porcina clásica (VPPC) y el virus 
de la influenza aviar (VIA). El método de conservación ensayado fue eficaz a las temperaturas ensayadas. Fue posible 
cuantificar las muestras de VPPC  y de VIA mediante la amplificación de las regiones 5’UTR y NS5B, y de los genes M y 
HA, respectivamente, con independencia de la temperatura de almacenamiento. Se demostró que el almacenamiento 
de la ARN viral conservado en forma de precipitado seco en viales de polietileno herméticamente cerrados es una 
forma efectiva para la preservación de la estabilidad del ARN viral durante largos períodos a temperatura ambiente.
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Introduction
With the increasing use of molecular techniques for the 
diagnosis and study of diseases, many laboratories have 
developed different strategies for the preservation and 
storage of genetic material without affecting its quality 
[1]. Regardless of the number and intrinsic differences 
of the types of samples from which the nucleic acids 
are obtained, their quality will depend on several fac-
tors such as: efficiency of the extraction method used, 
the type of matrix in which it they are stored, purity, 
ionic strengths, the quality of the container material, 
exposure to UV light, humidity and temperature range, 
as well as the time in which the sample is stored and its 
exposure to multiple freeze-thaw cycles [2]. 

The DNA molecule is very stable unlike RNA, 
which is highly vulnerable to degradation under ex-
treme conditions, such as storage for long periods 
of time or at high temperatures [3]. RNA in aqueous 
environment can be degraded by the spontaneous 
cleavage of the phosphodiester bonds as a result of 

the acid or basic hydrolysis of the 2´-OH group of the 
phosphorus atom [4]. In addition, it is very sensitive 
to oxidation by reactive oxygen species, so it is also 
necessary to protect it from the oxygen contained in 
the atmosphere [5]. Oxidation could also be a result of 
ozone attack, an atmospheric pollutant that reacts rap-
idly with RNA, either in solution or in solid state [6].

For several years the most effective and least ex-
pensive ways of storing genetic material have been 
studied. The most widely used alternative for the 
preservation of nucleic acids for long periods of time 
has been aqueous matrices at freezing temperatures 
of –20 and –80 °C. Another widely used method has 
been the preservation and storage of nucleic acids in 
buffer solutions where they can keep their stability 
even at room temperature, but only for short periods 
of time [7, 8]. In recent years, researchers have paid 
special attention to the study of long-term storage sys-
tems for dehydrated RNA at room temperature [1, 9].
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2013;13(5):890-8.

2. Seelenfreund E, Robinson WA, Amato 
CM, Tan AC, Kim J, Robinson SE. Long term 
storage of dry versus frozen RNA for next 
generation molecular studies. PLoS One. 
2014;9(11):e111827.

3. Gonzalez-Perez I, Rosa IG, Cayarga AA, 
Hernandez YP, Gonzalez YJ, Victores YR, et 
al. Scaling up in vitro transcription synthesis 
of RNA standards for competitive quantita-
tive RT-PCR: looking for bigger yields. Anal 
Biochem. 2009;385(1):179-81.

4. Oivanen M, Kuusela S, Lonnberg H. 
Kinetics and mechanisms for the cleavage 
and isomerization of the phosphodiester 
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On the other hand, most of the diseases that have 
caused devastating losses in the agricultural sector 
have been caused by viruses, the most significant ones 
caused by RNA viruses such as: avian influenza virus 
(AIV), foot-and-mouth disease virus (FMDV), Af-
rican swine fever virus (ASFV) and classical swine 
fever virus (CSFV), among others. The rapid and ac-
curate confirmatory diagnosis of suspected outbreaks 
of these diseases is vital to take timely zoo-sanitary 
measures [10-12]. That is why the polymerase chain 
reaction (PCR) technique has become the diagnostic 
tool of choice for these entities, which makes it es-
sential to guarantee the non-degradation of the RNA 
sample used for this diagnosis [13-18].

Many of these viral RNA samples are stored for 
long periods of time for use in subsequent epidemio-
logical studies. Hence, it is necessary to evaluate ef-
ficient storage methods that ensure the preservation of 
viral RNA stability. Therefore, this work was aimed to 
evaluate the viral RNA thermostability stored as dry 
pellet at room temperature. 

Materials and methods

Selection of working samples
For this study, RNAs of the AIV and of the CSFV 
were taken as experimental models. RNA samples 
were obtained from the hemagglutinin antigen of AIV 
type A subtype H5N1 (A/chicken/Egypt/0870-NLQP 
/ 2008), kindly donated by the Institute of Virology of 
Padova, Italy, and the Cuban CSFV isolate, ‘Pinar del 
Río’ (CSF1058), from the microbial collection of the 
National Center for Agricultural and Livestock Health 
(CENSA), Cuba.

RNA extraction
Total RNA extraction was performed from 140 μL of 
each sample, using the commercial kit QIAamp Viral 
RNA Mini Kit (Qiagen GmbH, Germany), according 
to the manufacturer’s instructions.

RNA samples processing and storage
The isolated RNAs were distributed in 20 μL aliquots 
in 200-μL polypropylene tubes (Eppendorf AG, Ham-
burg, Germany) and to each tube was added 53.6 μL 
of precipitation solution (20 mg/mL Glycogen, 7.4 M 
Ammonium Acetate in absolute Ethanol). They were 
centrifuged at 12 000 g for 10 min, the supernatant 
was discarded and the RNA pellets were allowed to 
dry at room temperature until total dehydration.

The samples, once dehydrated, were tightly closed 
in the polypropylene tubes containing them and stored 
at three independent temperature conditions: 4, 20 or 
37 ºC. The efficiency of the different conservation 
methods was evaluated periodically for two months. 
At each time point, three replicates per sample were 
rehydrated with nuclease-free water and analyzed by 
real-time quantitative RT-PCR (rRT-qPCR).

Complementary DNA synthesis
The complementary DNA (cDNA) was synthesized by 
using theMoloney-Murine leukemia virus reverse tran-
scriptase enzyme (M-MLV RT) (Promega, Madison, 
WI, USA). For this purpose, a mixture of 7.7 μL of nucle-
ase-free water (Promega, Madison, WI, USA), 1 μL of  

random primers (Promega, Madison, WI, USA; 50 ng/
μL), 1 μL DNTP (10 mM), 4 μL of the 5× reaction buffer,  
0.5 μL of ribonucleases inhibitor RNAsin (40 U/μL) 
(Promega, Madison, WI, USA), 0.8 μL of M-MLV RT 
200 U/μL and 5 ΜL of RNA template for a final reac-
tion volume of 20 μL. The reaction mixture was then 
incubated at 25 °C for 15 min, followed by 37 °C for  
1 h and final denaturation at 94 °C for 5 min. The 
cDNA was stored at –20 °C until use [19].

Quantitative real-time RT-PCR (rRT-qPCR)
The thermostability of each viral RNA was assessed 
by rRT-qPCR assays based on SYBR Green I. The 
rRT-qPCR assays were performed on the LightCycler 
2.0® instrument (Roche Applied Science, Mannheim, 
Germany).

To quantify RNA concentrations in terms of copy 
number, from the different target regions under study, 
standard curves were generated. Each standard curve 
was obtained by testing sequential ten-fold dilutions 
of the in vitro-transcribed RNA, from the 5´UTR re-
gion and the NS5B protein of the CSFV RNA and the 
M and HA genes of AIV RNA, in nuclease free water 
(Promega, Madison, USA).

The ‘in vitro’ transcripts in each case were obtained 
using the commercial kit MEGAscript_Kit (Ambion), 
according to the manufacturer’s recommendations. 
The efficiency of each reaction as well as the linea-
rity, amplification efficiency and dynamic range of 
each generated curve were calculated using the Light 
Cycler 2.0 software (Version 4.05).

The target regions for the specific detection of the 
viral RNA of the CSFV were the 5´UTR and that 
of the NS5B protein. The rRT-qPCR corresponding 
to the 5´UTR region was carried out with the work-
ing protocol proposed by Hoffmann et al. [20], with 
the primer pair CSF100-F: 5´ATGCCCAYAGTAG-
GACTAGCA3´ and CSF192-R: 5´CTACTGAC-
GACTGTCCTGTAC3´) and probe FAM-TGGC-
GAGCTCCCTGGGTGGTCTAAGT-TAMRA). 
Meanwhile, the rRT-qPCR of the NS5B region was 
performed by the protocol described by Perez et al. 
[21], with the primer pair (CSFV1: 5´CCTGAGGAC-
CAAACACATGTTG3´ and CSFV2: 5´TGGTG-
GAAGTTGGTTGTGTCTG3´) proposed by Díaz de 
Arce et al. [22].

Target regions for the specific detection of AIV type 
A viral RNA were a fragment of the matrix gene (M 
gene) and a fragment of the H5 subtype of the hemag-
glutinin gene (HA gene). The primers used for the spe-
cific detection of the M gene and the HA gene were those 
previously published by Spackman et al. [23] (M+25-
5´-TGAGTCTTCTAACCGAGGTCG-3´; M-124-5´-
TGCAAAGACACTTTCCAGTCTCTG-3´) and by 
Lee et al. [24] (H5155f: 5´-ACACATGCYCARGA-
CATACT-3´; H5699r: 5´-CTYTGRTTYAGTGTT-
GATGT-3´) respectively.

In the rRT-qPCR assay of the M gene the reac-
tion was run in a final volume of 20 μL, containing 
a concentration of 0.4 μM of the sense and the anti-
sense primers, 2 mM MgCl2, 2 μL of FastStart DNA 
Master SYBR Green I (10×), 5 μL of cDNA template 
and nuclease-free water. The reaction was run under 
the following conditions: 10 min at 95 °C, followed 
by 40 cycles at 95 °C for 10 s, 55 °C for 10 s and  
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facre CL. Molecular detection and serotyp-
ing of infectious bronchitis virus from FTA 
filter paper. Avian Dis. 2005;49(1):24-9.
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disease virus. BMC Vet Res. 2013;9:35.
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72 °C for 20 s. After the PCR cycles, a specific melt-
ing curve was generated (0 sec at 95 °C, 15 sec. at 
65 ° C, a ramp time of 20 °C/s. and 0 s at 95 °C with 
a ramp time of 0.1 °C/s) in order to discriminate be-
tween products of specific and non-specific amplifica-
tions. Quantification of the HA gene of the H5 subtype 
AIV was performed by the rRT-PCR assay described 
by Pérez et al. [25].

Statistical analysis 
Data were analyzed using the statistical package In-
foStat 2016 [26], where a simple variance and mean 
contrast analysis was performed by Duncan’s multi-
ple-range test.

Results and discussion
RNAs are highly labile molecules and rapidly de-
grade under inappropriate storage conditions [2]. A 
large variety of DNA/RNA biological samples and 
positive controls of molecular assays preserved at 
ultra-low temperatures (–20 or –80 ºC), are lost each 
year in many laboratories due to temporary absence 
of power, either as a result of damages in energy-
generating systems or natural disasters. As example 
there could be mentioned the million dollar losses in 
bio-specimens caused by Hurricane Sandy in US in 
2012 [27, 28].

Both dehydration and cryopreservation keep the 
nucleic acid in a crystallized state where the molecule 
has very few levels of motion and the likelihood of 
chemical reactions is practically unlikely [29]. It has 
been shown that even nucleic acids preserved at ultra-
low temperatures have some reactivity when they are 
in a hydrated environment. This was demonstrated by 
Ma et al. [30], where they observed that ribonucleases 
continue to be active in frozen RNA at –20 ºC. Also, 
other authors suggest that the activity of some ribo-
zymes remains significant at –70 ºC [31]. In more re-
cent studies on the conservation of dehydrated RNA, 
it has been shown that with prior treatment with sta-
bilizing solutions, they can be stable even if they are 
preserved at room temperature [7, 32, 33].

To demonstrate that a method for preserving nu-
cleic acid stability is effective, the conservation of the 
strand structure must be verified over time. The most 
commonly used method for this verification was the 
RT-qPCR [5, 34], where the amplification efficiency 
of the RT-PCR assays must be taken into account 
through a standard curve [35, 36]. The standard curve 
for both viral agents was established from in vitro 
transcripts, since they are an alternative for the devel-
opment and evaluation of molecular tools, by guar-
anteeing a positive control of intact RNA, a critical 
aspect for screening [7, 25].

The standard curves obtained for the quantification 
of AIV M and HA genes and the 5’UTR and NS5B 
regions of the CSFV (Figure 1) showed amplification 
efficiency between 1.8 and 2.0, these values permis-
sible for the real time PCR assays with the use of 
Roche’s Light Cycler [37]. The determination in all 
cases was R2 > 0.99. Taking into account that the de-
termination coefficient expresses the measure of the 
variation of the data, which is explained by the linear 
relationship between the two variables (initial copy 
number of the genes and the threshold cycle (Ct)) one 
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can expect good certainty in the quantification of the 
samples to evaluate.

The standard curve in terms of RNA copy number 
obtained for the quantification of M transcript showed 
a linear range from 107 to 100 copies/μL and from 106 
to 100 copies/μL for the HA transcript (Figure 1A and 
C). On the other hand, for the target regions evaluated 
for CSFV, the linear range obtained for each 5´UTR 
and NS5B transcript generated standard curves from 
107 to 100 copies/μL (in terms of RNA copy number) 
in both cases (Figure 1 E and G).

In the evaluation of the CSFV RNA thermostability, 
the target regions of the viral RNA that are commonly 
used in the diagnosis of this viral entity were selected. 
For the diagnosis of CSFV, some laboratories target the 
5´UTR region [16, 38, 39], as it has a highly conserved 
sequence among the Pestiviruses since the internal 
ribosome entry site (IRES) is located in this region, 
which is indispensable for the initiation of the transla-
tion of viral proteins [40]. However, other laboratories 
target the NS5B protein binding region [19, 41], which 
is a region located at the C-terminal of the polyprotein 
that binds to the 3´UTR end of the viral RNA. This 
protein plays a relevant role in the replication of the vi-
ral genome. It is known that problems in this region of 
the genome would cause degradation of all viral RNA, 
with subsequent reduction of viral replication [42].

The results obtained in the evaluation of the ther-
mostability of the preserved CSFV RNA in dry pellet 
form (Figure 2) showed that both target regions 5´UTR 
and NS5B had a very similar behavior throughout the 
experiment. Although there were statistically signifi-
cant differences between the thermostability of each 
target region depending on the storage temperature af-
ter 30 days in none of the cases the DNA amplification 
performance of the samples was drastically affected. 
For both targets up to the end of the experiment, quan-
tifiable values above 102 copies/μL of RNA were de-
tected, even in those samples that were stored at the 
most extreme temperature (37 ºC). These results show 
that laboratories that store or receive the CSFV RNA 
in the form of dry pellet can use both targets for the 
diagnosis of this disease, since under these conserva-
tion conditions both fragments of the genome are ther-
mostable for at least 60 days.

Several rRT-PCR assays have been described and 
validated for the diagnosis of AIV to amplify both, 
regions of the matrix gene (M) and the HA2 region 
of the HA gene. The M gene is preserved in all 16 
subtypes of the virus from all geographic regions, 
making it ideal for AIV detection. While the HA2 re-
gion is relatively preserved among the hemagglutinin 
genes, which makes it the most relevant for the diag-
nosis of different viral subtypes [23, 43-45]. Highly 
pathogenic avian influenza viruses (HPAI) have been 
associated with H5 and H7 subtypes, although not all 
viruses of these subtypes cause HPAI. Btoh, HPAI and 
low pathogenic avian influenza (LPAI) cause a highly 
contagious disease capable of spreading to susceptible 
populations in a short period of time [46]. This can 
have devastating effects on the poultry industry, par-
ticularly if it occurs in high bird density areas [47]. 
The most effective strategy to fight efficiently the AIV 
is to conduct early detection and warning to prevent 
the spread of the disease and achieve effective control. 

Hence, the preservation of AIV RNA stability in these 
two diagnostic regions (M and HA gene) is indispens-
able for the accurate diagnosis of this entity.

It is important to note that the AIV genome con-
sists of eight segments (PB2, PB1, PA, HA, NP, NA, 
M and NS) coding for nine proteins (PB2, PA, HA, 
NP, NA, M1 and M2, NS1 and NS2) [48, 49]. The 
degradation of one of these segments of the genome 
can be translated into possible failures in the viral 
multiplication cycle and thus subvert viral isolation 
[49]. Nevertheless, if degradation does not occur at 
the recognition sites of the primers in the segment 
used for the diagnosis, hence, the performance of the 
molecular assays is not affected.

There were also found differences in the behavior 
of the thermostability of the AIV M and HA genes 
(Figure 3). Even though both target regions of the 
genome generated a quantifiable amplification of the 
RNA by the rRT-qPCR throughout the experiment, 
the yield of amplification of the target region of the 
HA gene was gradually decreasing over time. Nota-
bly, that yield was further affected when the RNA was 
stored as dry pellet at 37 °C. This same behavior was 
not observed in the yield of the M gene amplification, 
which was very similar at all time points evaluated, 
regardless of the samples storage temperature.

As we have observed, the conservation of RNA as 
dry pellets within hermetically sealed polyethylene 
tubes could be an efficient and low cost alternative for 
the preservation of viral RNAs that are stored for long 
periods in diagnostic laboratories and biobanks. It has 
been shown that nucleic acids stored in a dehydrated 
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differential diagnosis of classical swine 
fever and other pestivirus infections. Vet 
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Methods. 2005;130(1-2):36-44.
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Virol Methods. 2011;174(1-2):53-9.
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matrix at ultra-low temperatures can be preserved for 
hundreds of years [31]. In most laboratories where 
genetic material is preserved, there are storage con-
ditions of –20 or –80 °C, and unexpected electrical 
power failures can occur. In that setting, the preserva-
tion method proposed in this work guarantee that viral 
RNAs stored at ultra-low temperatures can continue 
its storage once they reach room temperature, without 
degradation in the form of dry pellet and for up to two 
months. Thus, losses of stored genetic material would 
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be avoided. Above all, the loss of positive controls 
would not be regretted. These controls are indispens-
able for the execution of molecular tests and com-
monly difficult to obtain, especially in those diseases 
that are exotic to a country.

In summary, the study demonstrated that storing 
viral RNAs under dry pellet conditions within her-
metically sealed polyethylene tubes is an effective 
alternative for the preservation of viral RNA stability 
for long periods of time at room temperature.
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