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Abstract
Laboratories working with closely related viruses need simple and cost-effective ways to rapidly
validate viral stocks, detect contamination and measure the abundance of viral RNA species. Using
RT-PCR and specific primers an approach for the specific detection of rhinovirus type 14 (RV14)
or poliovirus type 1 (PV1) is presented. It is demonstrated that viral sequences can be amplified
directly from viral stocks or from infected cells. In addition, the utility of this protocol for the detection
of low levels of contaminating PV1 in RV14 stocks is shown. Further, using quantitative real-time
PCR It is shown that this approach can be used for the quantitative analysis of viral RNA and
replication kinetics in infected cells. This method should be useful for laboratories working with PV
and RV14 and could be adapted easily for use by laboratories working with other rhinovirus and
enterovirus serotypes.
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1. Introduction
Rhinovirus (RV) and poliovirus (PV) are positive stranded RNA viruses that belong to the
family picornaviridae. Rhinovirus and poliovirus exhibit extensive sequence similarity
(Callahan et al., 1985; Stanway et al., 1984) and in fact the International Committee on
Taxonomy of Viruses have approved recently the reclassification of RV into the enterovirus
(EV) genus; the same genus as poliovirus. In addition to their sequence similarities, RV and
PV grow well on many of the same cell lines and induce similar cytopathic effects on
susceptible cell lines making it hard to distinguish these viruses without further testing. This
close similarity, along with the more rapid replication of PV has resulted in several reports in
the literature of cross-contamination of RV stocks with PV (Davies et al., 2003; Peng et al.,
2007; Savolainen and Hovi, 2003). Inadvertent contamination with PV can result in a
significant loss of time, effort and money and create uncertainty in the scientific community
regarding the validity of results. In addition, inadvertent contamination makes compiling a
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complete inventory of PV stocks, as recommended by the World Health Organization as part
of the Polio Eradication campaign much more difficult.

Current methods used for the identification of PV and RV rely on differential acid lability and
neutralization assays with type specific antisera (Couch and Atmar, 1999; Schnurr, 1999).
While effective, these methods are laborious, time consuming and, in the case of neutralization
require sera that may be in limited supply. More rapid and sensitive detection methods based
on PCR have been reported. While effective, most of these approaches utilize primers that will
amplify both RV and EV sequences (Andreoletti et al., 2000; Bruce et al., 1990; Hyypia et al.,
1989; Johnston et al., 1993; Kammerer et al., 1994; Santti et al., 1997; Torgersen et al.,
1989). Distinguishing, between EV and RV then requires additional steps such as hybridization
with type-specific oligonucleotides (Andreoletti et al., 2000; Freymuth et al., 1997; Halonen
et al., 1995; Lonnrot et al., 1999; Olive et al., 1990; Santti et al., 1997), nested PCR (Andeweg
et al., 1999; Ireland et al., 1993; Mori and Clewley, 1994), restriction digestion (Kammerer et
al., 1994; Torgersen et al., 1989) or gel electrophoresis (Atmar and Georghiou, 1993; Mori and
Clewley, 1994). More recently, real-time PCR assays for the detection of both RV and EV
have been described, however, all of these assays rely on oligonucleotide probes tagged with
expensive fluorescent molecules to distinguish RVs from EVs (Costa et al., 2008; Dagher et
al., 2004; Deffernez et al., 2004; Kares et al., 2004; Lu et al., 2008; Nijhuis et al., 2002; Petitjean
et al., 2006; Scheltinga et al., 2005; Verstrepen et al., 2002; Wright et al., 2007).

For laboratories working with only a limited number of RV or EV serotypes a simple, rapid
and relatively inexpensive method for distinguishing specific viral types would be very useful.
Such an approach utilizing RT-PCR for distinguishing poliovirus type 1 (PV1) and rhinovirus
type 14 (RV14) is described. This method is shown to be suitable for the rapid and accurate
identification of PV1 and RV14 sequences from infected cells or directly from viral stocks.
Using this approach, very small amounts of contaminating virus can be detected easily and
quickly in virus stocks. Finally, it is shown that this method can be adapted for use with
quantitative real-time PCR and SYBR green dye for quantitation of both virion-associated
RNA in stocks and viral RNA levels in infected cells.

2. Materials and methods
2.1. Cell culture and viruses

HeLa cells were grown in monolayer in Dulbecco's Modified Eagle's Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 2mM L-glutamine and penicillin-
streptomycin at 37°C in 5% CO2. A549 cells, a human lung alveolar epithelial cell line, was
purchased from ATCC and cultured in F-12 K medium (Invitrogen) supplemented with 10%
FBS and Penicillin-Streptomycin as described above. Rhinovirus type 14 strain 1059 was
obtained from ATCC (VR-284) and the specificity of the virus was confirmed by RT-PCR and
RV14-specific antisera from ATCC (VR-284AS/RB). RV14 viral stocks were prepared as
described previously (Gustin and Sarnow, 2002). Poliovirus type 1 Mahoney (PV1) stocks
were prepared by infecting sub-confluent HeLa monolayers at a multiplicity of infection (MOI)
of 10. Virus was adsorbed for 30 min at 37°C in CPBS (phosphate-buffered saline (PBS)
containing 1mM MgCl2 and 1mM CaCl2). Following adsorption, residual virus was removed
and DMEM with 10% FBS, 2mM L-glutamine and penicillin-streptomycin was added. At 7
hours post infection (hpi), cells were collected and washed in CPBS by centrifugation. Cell
pellets were resuspended in CPBS and subjected to three freeze and thaw cycles followed by
centrifugation at 10,000 × g for five minutes at 4°C. The supernatant was taken and stored at
-70 °C. Sub-confluent HeLa/A549 cells were either mock-infected or infected with PV1/RV14
at an MOI of 50. Virus was adsorbed for 30 min at 32°C (RV14) or 37°C (PV1) in CPBS.
Following adsorption, residual virus was removed and medium with 10% FBS was added.
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2.2. Plasmids
A plasmid harboring the full length infectious cDNA of PV1 was described previously
(Sarnow, 1989). A Plasmid with the full length RV14 genome was constructed by cloning full
length RV14 cDNA (Gen Bank accession no. K02121). Plasmids harboring genomes of other
picornaviruses were kindly provided by different scientists. Poliovirus type 2 (MEF strain) and
poliovirus type 3 (Leon strain) (Dr. Eckard Wimmer); Poliovirus type 2 (Lansing strain,
39-2600 nucleotides) and poliovirus type 3 (Sabin strain, 1-2604 nucleotides) (Dr. Vincent
Racaniello); Coxsackievirus B3 (Dr. Ralph Feuer); Human rhinovirus type (HRV) 16 and
HRV1A (Dr. William Jackson).

2.3. Primer sequences
The primer sequences designed for PCR amplification of RV14 and PV1 are shown in Figure
1. RV14 primers corresponded to nt positions 299-318 in the 5′ UTR (forward) and nt positions
744-763 in VP4 (reverse). The PV1 conventional PCR primers corresponded to nt positions
631-650 in the 5′ UTR (forward) and nt positions 1410-1420 in ????? (reverse). The PV1
nested/real-time primers corresponded to nt positions 710-730 in the 5′ UTR (forward) and nt
positions 862-880 in ????? (reverse). The primers for β-actin were described previously (Kotla
et al., 2008). The specificity of primers was confirmed by sequencing of amplified products.

2.4. Conventional PCR
Conventional PCR was conducted using the Advantage 2 Polymerase mix (Clontech; 639201).
Unless otherwise indicated the following PCR cycling conditions were used for amplification:
Initial denaturation at 95°C for 1′; 25 cycles of 95°C for 30″, 56°C for 1′, 68°C for 1′; and a
final extension at 70°C for 10′. The PCR products were visualized by electrophoresis on
ethidium bromide stained agarose gels. For assessing the cross-reactivity of RV14 and PV1
primers with other picornaviruses 0.25 ng of the plasmid DNA was used in the PCR.

2.5. RNase treatment, RNA isolation and cDNA synthesis
Virion-associated RNA was isolated by first treating 6 μl of virus stock with 10.5 units of
RNase at 37°C for 30 minutes to remove unpackaged RNA (Promega; M426A). Virion RNA
was then isolated using the Qiagen RNeasy mini kit (Qiagen; 74104) with the volumes of the
buffers reduced to half at each step in the extraction protocol. Isolated virion-associated RNA
was reverse transcribed to cDNA using the Superscript III First-Strand Synthesis System for
RT-PCR (Invitrogen; 18080-051). Free viral RNA in stocks was detected by using 6 μl of virus
stock directly in a cDNA synthesis reaction. In the case of RNAs extracted from infected cells,
the standard Qiagen RNeasy mini kit protocol was followed and one microgram of RNA was
reverse transcribed to cDNA.

2.6. Quantitative real-time PCR (qRT-PCR)
Either 0.2 or 0.4 percent of the total cDNA volume was used in a SYBR green PCR assay (New
England Biolabs; F-410l). PCR was performed on a 7500 Fast Real-Time PCR System
(Applied Biosystems). The following PCR cycling conditions were used for amplifying: first
stage, 50°C for 2′; second stage 95°C for 10′; third stage, 35 cycles of 94°C for 10″, 56°C for
30″ and 72°C for 30″; fourth stage, dissociation. The cycle threshold (Ct) for each gene was
determined by setting the Ct line at the center of the logarithmic phase of amplification for that
particular amplicon.

2.7. Detection of viral contamination
RV14 virus stock was spiked with serial dilutions of PV1 stock ranging from 104 to 10-1 plaque
forming units (pfu). Total RNA was extracted from the spiked samples using the Qiagen
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RNeasy mini kit. Fifty percent of the RNA was used for cDNA synthesis and 40% of the
resulting cDNA was used for primary amplification by the conventional PCR method. For the
nested PCR amplification 16% of the PCR product from the primary PCR was used.

3. Results
3.1. Identification of RV14 and PV1 by PCR

It was observed that the antisera raised against the virion proteins of PV1 cross-reacted with
RV14 by immunoblot analysis (data not shown). Examination of the amino acid sequence
similarity between RV14 and PV1 using the ClustalW sequence alignment program revealed
nearly 53% sequence identity and 70% sequence similarity between these viruses (data not
shown). Thus, the cross reactivity is likely due to the high level of sequence homology shared
by PV1 and RV14. To circumvent this problem and to develop a simple and rapid method for
the detection of PV1 and RV14 primers were designed to unique regions of these viruses for
use in PCR analysis. To identify regions of PV1 and RV14 suitable for primer design the
complete genome sequences were aligned using the ClustalW sequence alignment program.
The alignment results revealed approximately 59% identity between RV14 and PV1 at the
nucleotide level. Based on this alignment, primers were designed that were predicted to bind
specifically to either the PV1 or RV14 sequences (Figure 1). For PV1 two primers sets were
designed; One set was used for conventional PCR and the other set was used for nested PCR
in conjunction with this first primer set or for real-time PCR. To examine the specificity of
these primers conventional PCR was undertaken using plasmids harboring the genomes of
RV14 and PV1 along with other representative members of the picornavirus family. Figure 2A
demonstrates that the RV14 primers can amplify readily the appropriate size amplicon from
the RV14 template but not from any of the three poliovirus types or coxsackievirus type B3 or
even from the other rhinovirus templates examined. Similarly, the PV1 primers produce
amplified product in the presence of PV1 template but not from any of the rhinovirus templates,
the coxsackievirus B3 or even the more closely related poliovirus type 2 or 3 templates tested
(Figure 2B and 2C). To confirm that these primers can be used for the detection of viral RNA
from infected cells, RT-PCR was performed on RNA isolated from cells that had been infected
with RV or PV1. RT-PCR analysis on the RNA extracted from infected cells indicated that the
RV14 and PV1 primers could indeed detect RV14 and PV1, respectively (Figure 2D). These
results indicate that the primers designed for RV14 and PV1 are specific for their respective
templates and can be used for the detection of viral RNA in vivo.

3.2. Detection of RV14 and PV1 directly from viral stocks
The results above indicated that the RV14 and PV1 primers could be used in a conventional
PCR to detect viral RNA isolated directly from infected cells. However, to reduce the amount
of time and effort needed to confirm the identity of viral stocks it would be helpful to eliminate
the need for infection and the culturing of virus. Consequently, the ability to amplify viral
sequences directly from viral stocks was examined. To improve sensitivity and allow for
quantitative analysis of viral sequences quantitative real-time PCR (qRT-PCR) was utilized.
This necessitated the design of a new set of PV1 primers that amplify a 171 bp fragment as
this size amplicon is more suitable for real-time PCR analysis (Figure 1). The specificity of
this primer set was confirmed by showing that it amplified the appropriate sized amplicon from
a PV1 template, but not from other picornavirus templates (Figure 2C) and by sequencing (data
not shown).

The viral stocks used in this laboratory contain a mixture of free viral RNA consisting of single
stranded, replicative-intermediate and replicative form RNA that is not associated with virions
and RNA that is packaged into virions. To measure free viral RNA viral stocks were used
directly for cDNA synthesis, without subjecting them to denaturing conditions that might
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disrupt virions. Virion-associated RNA was measured by first treating viral stocks with RNase
to remove free RNA, followed by standard RNA isolation and cDNA synthesis. Analysis of
PV1 stocks by qRT-PCR indicated that in the absence of RNase treatment and denaturing
conditions free viral RNA could easily be measured (Figure 3. Free RNA; Ct-26.2). If samples
were treated with RNase before cDNA synthesis very little viral RNA was detected indicating
that RNase treatment was able to degrade essentially all the free viral RNA and that virion
RNA was not released during processing (Figure 3, RNase Treated). However, if RNA was
extracted under denaturing conditions from RNAse-treated samples a strong signal was seen
that corresponded to the virion-associated RNA (Figure 3. Virion RNA; Ct-17.1). A similar
analysis using the RV14 primers was able to detect both free viral RNA and virion-associated
RNA in RV14 stocks (data not shown). These results indicate that this method is able to measure
directly free and virion-associated RNA in viral stocks.

3.3. Detection of PV1 contamination in RV stocks
To determine if this method could be used as a rapid assay to detect PV1 contamination in viral
stocks, RV14 stocks were spiked with various amounts of PV1. Total RNA was then extracted
from these spiked samples, reverse transcribed and analyzed by PCR. The results from this
primary PCR indicated that as little as 104 pfu of PV1 contamination could be detected (Figure
4A, lane 1). To increase further the limit of detection nested PCR using the primary PCR
product as template was examined. The results indicate that nested PCR increased the detection
limit to as little as 1 pfu of PV1 in RV14 stocks (Figure 4B, lane 5). Thus, this method appears
suitable for rapid detection of very low amounts of contaminating PV1 in RV14 stocks.

3.4. Quantitative analysis of viral RNA in infected cells
Methods for measuring PV1 and RV viral RNA levels in infected cells have relied on Northern
blotting, RNase protection assays or pulse labeling with 3H-uridine in the presence of
actinomycin D. These methods are quite effective, but they are laborious and often require the
use of radioactive materials, which increase further the cost and add to the time spent by
requiring compliance with radiation safety guidelines. To provide a faster, more economical
method for measuring viral RNA levels, the RV14 and PV1 primers were used in a quantitative
real-time PCR (qRT-PCR) assay using SYBR green to determine viral replication kinetics at
different times post infection. Initially, qRT-PCR was conducted using serial dilutions of
plasmids harboring complete viral genomes to generate a standard curve for quantitation.
Figure 5A shows that the PV1 primers can quantify effectively serial dilutions of the plasmid
with the expected average Ct difference of 3.32 between the 10 fold dilutions (3.32=Log2 (10)).
Analysis of RNA from PV1-infected cells using this primer set revealed that PV1 RNA levels
increased from 1-5 hours post infection (hpi) after which RNA levels plateaued (Figure 5B).
These results are in good agreement with results from earlier studies showing that the majority
of viral RNA synthesis occurs after 3 hpi (reviewed in (Johnson and Sarnow, 1995). Similarly,
it was shown that the RV14 primers can be used to accurately measure viral RNA synthesis in
RV14-infected cells (Kotla et al., 2008). Thus the use of these primers in a qRT-PCR format
represents a rapid and effective way to quantitate the accumulation of viral RNA in infected
cells.

4. Discussion
The existence of several reports in the current literature documenting contamination of RV
stocks with PV suggest that this may be a more common problem than is appreciated currently
(Davies et al., 2003; Peng et al., 2007; Savolainen and Hovi, 2003). In this study an approach
is described that allows for the rapid identification of PV1 type 1 and RV14 sequences in cell
lysates and viral stocks. For laboratories working with these closely related viruses, these
methods provide an inexpensive way to confirm the identity of viral stocks, detect
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contamination and measure viral RNA synthesis in infected cells. Using available sequence
data and alignment algorithms it should be possible to design primers that are specific for other
PVs, RVs or other enteroviruses as needed. Thus, these methods may prove useful for
laboratories working with other members of the picornaviridae family of viruses and perhaps
viruses in other families.

The design of species-specific primer sets for RV14 and PV1 eliminates the need for expensive
TaqMan probes or time consuming Southern or dot blot analysis to confirm the identity of viral
sequences. In addition, the use of SYBR green detection obviates the need to design a specific
third primer for the target sequence. Of course, with SYBR green detection it is not possible
to distinguish on-target from off-target amplifications without further analysis. Hence, for each
primer set it is necessary to analyze amplified products by agarose gel electrophoresis and
melting curve analysis to confirm that the fluorescent signal is due to the presence of the desired
amplicon.

For the detection of PV1 contamination in RV14 stocks a nested-PCR approach was used.
Obviously one limitation of a nested PCR is the increased chance of contamination that occurs
with increased manipulation. The increased sensitivity of this assay also increases the problems
associated with very low levels of contamination. For this reason it is essential to include a
control in the nested PCR that uses as template the blank from the primary PCR reaction (as
shown in Figure 4B, PCR bl-P). While a one step real-time PCR assay has the advantage of
reduced likelihood of contamination, in our hands real-time assays were not as sensitive as a
conventional nested-PCR reaction (S. K., S.C.M. and K.E.G unpublished). Consequently if
the goal is optimum sensitivity, as it would be for detecting low levels of contamination, nested
PCR with appropriate controls is superior. For general detection or quantitation of viral RNA
in stocks (Figure 3) or cell cultures (Figure 5B) real-time PCR is the desired method.

Previous studies have shown that the guanidinium isothiocyanate based method of extraction
of viral RNA and DNA from the cerebrospinal fluids was superior over other methods of
purification (Casas et al., 1995). In this study it was found that viral RNA can be quickly and
easily extracted from as little as 5 μl of crude viral stock using guanidine isothiocyanate lysis
buffer and the Quiagen RNeasy Mini kit. In addition, by including an RNase treatment of the
viral stocks prior to exposure to the guanidine isothiocyanate lysis buffer virion-associated
RNA can be isolated efficiently and quantitated (Figure 3). By plotting the amount of virion-
associated RNA on a standard curve the copy number of packaged viral genomes can be
calculated. If it is assumed that viral genome number is equivalent to particle number then the
particle to pfu ratio can be determined if the titer of the stock is known. Such an analysis of
PV1 and RV14 stocks in the laboratory revealed a particle/pfu ratio of approximately 20 and
129, respectively. As the particle to pfu ratio for most picornaviruses is in the range of 30 to
1000 the results are in good agreement with previous reports (Racaniello, 2007).

In this study it was shown that RT-PCR in conjunction with appropriate primers can be used
to distinguish PV1 from RV14 and to detect very low amounts of contaminating PV1 in RV14
stocks. Using this approach the addition of stock corresponding to as little as 1 pfu of PV1 was
easily detected in RV14 stocks. Based on the finding that free RNA represents a small fraction
of the total RNA present in viral stocks (Figure 3) and the measured particle/pfu ratio of 20,
this indicates that contamination with as little as 20 viral genomes can be detected readily using
this approach. It should be pointed out that this represents only 2×10-7 μl of a typical PV stock
with a titer of 5×109 pfu/ml. Such a minute volume of contamination is quite possible from
aerosols, equipment or reagents in a laboratory and thus this method would allow rapid
detection of such contamination. Furthermore this method could be extended easily for the
parallel detection of multiple viral contaminants using the appropriate primer sets and the limit
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of detection can likely be improved further by the use of molecular beacons (O'Shea and Cane,
2004).
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Figure 1.
RV14 and PV1 primers. HRV14 (Gen Bank accession no. K02121) and PV1 (Gen Bank
accession no. V01149) genome sequences were obtained from NCBI nucleotide database and
were aligned using the ClustalW sequence alignment program from EMBL website
(http://www.ebi.ac.uk/Tools/clustalw2/index.html). Arrows represent forward and reverse
primer sequences. Asterisk (*) indicates identical nucleotide bases.
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Figure 2.
Validation of RV14 and PV1 primers. Conventional PCR was conducted using RV14 primers
(A), PV1 primers (B) and PV1 nested PCR primers (C) and DNA templates harboring the
sequences from the indicated viruses; Poliovirus type 1 (PV1), Poliovirus type 2 MEF-1 strain
(PV2 MEF), Poliovirus type 3 Leon strain (PV3 Leon), Poliovirus type 2 Lansing strain (PV2
Lans), Poliovirus type 3 Sabin strain (PV3 Sabin), Coxsackievirus B3 (CVB3) and human
rhinovirus types 1A, 16 and 14 (HRV1A, HRV16 and HRV14. Ethidium bromide stained
agarose gels show the location of the 465 bp rhinovirus (RV14) (A) and 798 and 171 bp
poliovirus (PV1) (B and C, respectively) specific amplicons. Blank indicates no template was
added to the PCR reaction. MW; molecular weight markers. D. Identification of RV14 and
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PV1 from infected cells. Total RNAs extracted from uninfected, RV14 or PV-infected cells
were reverse transcribed into cDNA and analyzed by PCR with primers for both RV14 and
PV1. Labeling and analysis is as described above.
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Figure 3.
Detection of RNA directly from viral stocks. Poliovirus stock samples were analyzed by qRT-
PCR using poliovirus primers. The y-axis represents fluorescence and the x-axis represents
cycle number. The increase in fluorescence at a particular cycle number represents the cycle
threshold (Ct) for that sample, which indicates the detection of nucleic acids. The PCR was
carried out for 40 cycles. Graph shows amplification from a representative well. Free RNA
represents the signal detected when viral stocks were used directly for cDNA synthesis, i.e.,
without disrupting virions. Virion RNA represents the signal detected when stocks were first
digested with RNase to remove free RNA followed by purification under denaturing conditions
to release virion-associated RNA. RNase Treated represents the signal observed when stocks
were treated with RNase and then used directly for cDNA synthesis.
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Figure 4.
Detection of PV1 contamination in RV14 stocks. RV14 stocks were spiked with104 to 10-1

pfu of PV1 stock solution. RNA was extracted from these spiked samples followed by cDNA
synthesis and primary PCR (A). Portions of primary PCR reactions were then used as template
in a nested PCR reaction (B). Ethidium bromide stained agarose gels show the 798 bp and 171
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bp PCR products that arise from primary PCR (A) and nested PCR (B), respectively. The PCR
was carried out for 40 cycles and in the case of nested PCR the extension time was reduced to
30″. cDNA bl: cDNA blank-negative control for cDNA synthesis with no RNA template; PCR
bl: PCR blank-negative control for PCR reaction with no cDNA template; PCR bl-P and cDNA
bl-P indicate the blanks carried over from the primary PCR reaction and used in nested PCR.
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Figure 5.
Quantitative analysis of viral sequences. A. qRT-PCR was conducted on 10-fold serial dilutions
of a plasmid harboring the complete PV1 genome using the PV1 primer set that amplifies a

Kotla et al. Page 19

J Virol Methods. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



171 bp product. The y-axis represents fluorescence and the x-axis represents cycle number.
The PCR was carried out for 30 cycles. Graph shows amplification from a representative well.
The amount of plasmid DNA and the corresponding average Ct from triplicate samples are
indicated in the upper left. R2 value obtained from the standard curve generated by plotting Ct
values against plasmid copy number is shown. B. Total RNAs were extracted from uninfected
or PV1-infected cells at an MOI of 10 at the indicated times post-infection and analyzed by
qRT-PCR with primers for both PV1 and β-actin mRNAs. PV1 RNA copy number was
determined from the standard curve obtained in A. The amount of PV1 RNA was normalized
to the amount of β-actin mRNA using 1 hpi as reference. Values on the y-axis are expressed
after log10 transformation. The data represents viral RNA levels from a representative
experiment. hpi: hours post infection.
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