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ABSTRACT

Background: The number of recorded human cowpox cases are recently increasing. The symptoms caused
by cowpox virus (CPXV) in a number of human cases are close to the symptoms characteristic of the
orthopoxviral human infections caused by monkeypox or smallpox (variola) viruses. Any rapid and
reliable real-time PCR method for distinguishing cowpox from smallpox and monkeypox is yet absent.
Objectives: The aim of this study was to develop a quick and reliable real-time TagMan PCR assay for
specific detection of cowpox virus and to determine the sensitivity and specificity of this method.

Study design: Based on aligned nucleotide sequences of orthopoxviruses, we found a virus-specific region
in the CPXV genome and selected the oligonucleotide primers and hybridization probe within this region.
The specificity of the developed method was tested using a panel of various orthopoxvirus (OPV) DNAs.
The sensitivity was determined using the recombinant plasmid carrying a fragment of CPXV DNA and
genomic DNA of the CPXV strain GRI-90.

Results: The analytical specificity of this method was determined using DNAs of 17 strains of four OPV
species pathogenic for humans and amounted to 100%. The method allows 6 copies of plasmid DNA and
20 copies of CPXV DNA in the reaction mixture to be detected.

Conclusion: A quick and reliable TagMan PCR assay providing for a highly sensitive and specific detection
of CPXV DNA was developed.

© 2010 Elsevier B.V. All rights reserved.

1. Background

Human cowpox is a zoonotic disease; the human cowpox cases
are mainly recorded in European countries.! The natural reservoir
of cowpox virus (CPXV) is rodents.2 The virus is transmitted via a
direct contact with infected animal, be it a rodent># or the animals
contacting rodents, such as cows,? cats,%7 dogs,® and others.%10
In the majority of cases, the human disease has a benign course
with development of local lesions, mainly on hands, forearms, face,
and less frequently, other body parts.11-14 The infection course is
accompanied by indisposition and fever; in some cases, general-
ization of the process is observed.!” In rare cases, when the disease
affects eczema patients, its course can be accompanied by severe
complications.!* A similar pattern is observed in immunodeficien-
cies of various etiologies.>1617 In rare cases, cowpox can have a
lethal outcome.8

Along with monkeypox (MPXV), variola (VARV), and vaccinia
(VACV) viruses pathogenic for humans, CPXV belongs to the mem-

Abbreviations: CPXV, cowpox virus; OPV, orthopoxvirus; MPXV, monkeypox
virus; VARV, variola virus; VACV, vaccinia virus; ECTV, ectromelia virus; CMLV,
camelpox virus; ORF, open reading frame; RFLP, restriction fragment length poly-
morphism.
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bers of the genus Orthopoxvirus. All the representatives of this
group are genetically close; their antigenic structures are also very
similar,19-22

In 1980, the WHO officially declared smallpox eradicated on
the globe and recommended to stop the vaccination against this
disease; in particular, this was determined by the complica-
tions accompanying the vaccination. However, the cessation of
vaccination had its negative consequences. The human cohort com-
pletely lacking the immunity to VARV and other orthopoxviruses
(CPXV and MPXV) increases annually; consequently, the reports
on human cases of these orthopoxvirus infections have become
numerous.23-27

Recently, the number of recorded human cowpox cases in Euro-
pean countries has increased.'® An unprecedented outbreak of
human cowpox occurred in December 2008 to January 2009 in
France and Germany?829 with 18 cases in Germany and 12 cases
in France.39 This demonstrates the need in special efforts aimed
at training of medical staff and search for the antivirals specific
for orthopoxviruses.!'® However, the most important problem is
to develop a rapid and reliable method for CPXV diagnosis. This is
determined by several reasons. A correct diagnosing is necessary for
choosing the treatment strategy. Moreover, the quickness of diag-
nosisis no less important than the accuracy. All the orthopoxviruses
pathogenic for humans cause a similar clinical pattern at the
early stages; however, they display different contagiousness and
pathogenicity. It is most important to obtain the information about
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the infectious agent to undertake the corresponding anti-epidemic
measures. Finally, note that numerous rapid and accurate specific
diagnostic tools have been developed for VARV and MPXV,31-34
whereas such method for detection and simultaneous differenti-
ation of CPXV is absent.

Currently, CPXV is diagnosed by serological®> and biological®
methods. PCR in combination with RFLP assay36-3%8 and
sequencing3® were proposed for CPXV identification. How-
ever, both these methods are not free from shortcomings. As
has been demonstrated, RFLP assay of DNA of various CPXV
strains gives a polymorphic pattern, which hinders interpretation
of results.36 Sequencing gives a precise information; however,
this method requires expensive equipment and is inapplicable
under field conditions. Of the molecular diagnostic methods,
the real-time PCR is becoming ever more popular. This method
combines quickness and reliability, which allowed this approach
to be successfully applied to VARV and MPXV diagnostics.3431
Earlier attempts to use real-time PCR for diagnosing human
cowpox gave insufficient specificity only to a level of genus
identification.63> In this work, we for the first time propose
a species-specific CPXV identification based on real-time PCR
assay.

2. Objectives

The aim of this study was to develop a quick and reliable real-
time TagMan PCR assay for specific detection of cowpox virus and
to determine the sensitivity and specificity of this method.

3. Study design

To calculate the oligonucleotide primers and probe, all
the currently known 85 complete genome sequences of the
orthopoxviruses pathogenic for humans as well as sequences of
other members of the genus Orthopoxvirus were aligned. The
nucleotide sequences of orthopoxvirus strains were extracted
from the GenBank database (http://www.ncbi.hih.gov). The
nucleotide sequence of ectromelia virus strain Naval was obtained
at www.sanger.ac.uk. The nucleotide sequences were aligned
using the BioEdit v.7.0 and MUSCLE v.3.6 programs. The region
of CPXV GRI-90 ORF D11L, unique for cowpox virus,*0 was
chosen as the target for the oligonucleotide fluorescent probe.
The criteria for primer selection were a specific amplification
of orthopoxvirus DNA independently of the presence of related
species and the length of the produced amplicon not exceeding
250 bp. The proposed primer pair was analyzed using the program
Oligo v.6.31 and tested for the presence of homology to the
nucleotide sequences of other viruses and human genome using
the BLAST program. The oligonucleotide primers CPXV_D11L_upper
(5’-AAAACTCTCCACTTTCCATCTTCT-3), CPXV_D11L_lower
(5’-GCATTCAGATACGGATACTGATTC-3') and the probe
CPXV_D11L_probe (HEX-5-CCACAATCAGGATCTGTAAAGCGAGC-
3’-BHQ1) were synthesized in an ABI 3400 DNA/RNA Synthesizer
(DNA sintez, Moscow, Russia).

A recombinant plasmid pCD11 carrying CPXV GRI-
90 ORF D11L* was constructed. The fragment of
CPXV DNA was obtained by PCR using the primer pair
5-CCCAAGCTTTTATTTTCTAACGAATGTAACGA-3’ and 5'-
CGCGGATCCGAACGTATCAACATGGTCAAG-3'. For further cloning,
the sites for restriction endonucleases HindIll and BamHI were
introduced into the primers. The amplification product with a
length of 1944bp was hydrolyzed with the restriction endonu-
cleases HindIll and BamHI and purified with a Gel Extraction
Kit (QIAGEN). The resulting DNA fragment was ligated with
the plasmid vector pBluescript II SK(+), also hydrolyzed with

Table 1
The list of virus strains whose DNA was used in real-time PCR.

Species Strain DNA source

GRI-90
OPV-Claus
88-Lunge
OPV-90/2
OPV-90/5
OPV-89/3
OPV-89/4
OPV-98/5

Cowpox virus

NNDNNDNNN—=

Vaccinia virus LIVP
Elestree 3399
Western Reserve

CDC#v79-1-005
CDC#v97-1-004

Monkeypox virus

w w

Variola virus Ngami
65/58
Butler

Congo 9

—_— e

Chickenpox virus VZV No. 4 4

(1) Virus DNAs were isolated from the strains deposited with the collection of the
SRC VB Vector.

(2) Virus DNAs were kindly provided by H. Meyer (Munich, Germany).

(3) Virus DNAs were kindly provided by J. Esposito (Atlanta, United States).

(4) Virus DNA was kindly provided by M.A. Susloparov, SRC VB Vector.

HindlIIl and BamHI. Competent Escherichia coli strain Dh5aF cells
were transformed with the ligation product and plated onto the
solid selective medium STI containing 200 mg/ml ampicillin and
40mg/ml X-gal to select the transformants. The recombinant
plasmid pCD11 was isolated using a QIAprep Spin Miniprep Kit
(QIAGEN). The presence of the target insert in the selected hybrid
plasmids was verified by restriction analysis, PCR assay, and
sequencing. The concentration of purified plasmid pCD11 was
determined spectrophotometrically in an Ultrospec 3000 pro.

For iQ 5 (BioRad, USA) and Rotor-Gene 6000 (Corbett Research,
Australia), PCR analysis with 5-terminal label cleavage (TagMan
system) was performed in 25 pl of the reaction mixture contain-
ing 200 pM dNTP, 10 mM Tris—HCI, 50 mM KCl, 0.08% Nonidet P40,
5 mM MgCl,, 300 nM primers, and 250 nM hybridization probe, 1U
of Tag DNA polymerase (Fermentas, USA), and 1 pl of the analyzed
DNA solution. For a Real-Time PCR System 7500 (Applied Biosys-
tems, USA), the reaction mixture contained 1x TagMan® Buffer A,
200 pM dNTP, 5 mM MgCl,, 300 nM primers, 250 nM hybridization
probe, 0.5 U of AmpliTaq Gold® DNA polymerase, and 1l of the
analyzed DNA solution.

PCR with recording of fluorescence intensity in iQ 5 and Rotor-
Gene 6000 was conducted according to the following mode: 10 min
at 95°Cand 40 cyclesof 15sat 95°C,30s at 58°C,and 30s at 60 °C;
with Real-Time PCR System 7500: 10 min at 95 °C and 40 cycles of
15sat95°Cand 1 min at 58°C.

The specificity of the assay was assessed using a panel of
orthopoxvirus DNAs (Table 1). Chickenpox virus (Table 1) and
human (Medigen, Novosibirsk, Russia) DNAs were used as nega-
tive controls. Blood and tissue samples of experimental animals
infected with CPXV strain GRI-90 were used as clinical specimens.

4. Results

The TagMan assay occupies a top position among the real-time
PCR formats. This method utilizes a 5'-exonuclease activity of the
Taq polymerase. The fluorescence signal is accumulated due to lib-
eration of the fluorescent label conjugated with oligonucleotide
hybridization probe.#! For the first time, this approach to OPV diag-
nostics was applied to VARV.#2 Recently, TagMan assay was used
to develop several methods for detecting VARV3243 and MPXV?31:33
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Fig. 1. Comparison of the ORF D11L sequence of CPXV strain GRI-90 with the corresponding regions of the strains Germany 91-3 and Brighton Red. The identical nucleotides
in the compared sequences of virus genomes relative to the CPXV Brighton Red sequence are denoted with dots and the deletions, with dashes. The positions of nucleotides
in the analyzed DNA segment are shown to the left and right. The sequences of the oligonucleotide primers CPXV_D11L_upper and CPXV_D11L_lower and hybridization probe

CPXV_D11L_probe for fluorescence detection of CPXV DNA are boldfaced.

DNA; however, the specific method for detecting CPXV is still
absent.

When selecting the oligonucleotide primers and hybridiza-
tion probe for detecting CPXV DNA, we analyzed the nucleotide
sequences of 85 strains of six OPV species, namely, VARV, MPXV,
CPXV, VACV, ectromelia (mousepox) virus (ECTV), and camelpox
virus (CMLV).

The procedure of primer selection for real-time PCR assay is
similar to the analogous procedure for a standard PCR; the main
distinction is a short length of the produced amplicon, no longer
than 250 bp. When selecting the hybridization probe, we assumed
that its melting temperature had to exceed that for the primers
by 8-10°C and its sequence had to differ from any other genomic
region in any other OPV by at least two nucleotides.*4 The only
region in the nucleotide sequence of CPXV ORF D11L meeting all
these requirements is shown in Fig. 1.

We used three devices for testing the primers and probe:
Real-Time PCR System 7500 (Applied Biosystems, USA), iQ 5 (Bio-
Rad, USA), and Rotor-Gene 6000 (Corbett Research, Australia).
Two different Taq polymerases—AmpliTaq Gold® DNA polymerase
(Applied Biosystems, USA) with the corresponding reagents and
Taq DNA polymerase (Fermentas, USA)—were used. The testing was
performed with the help of a DNA panel (Table 1).

The performed analysis has demonstrated a high detection
specificity. A positive signal was observed only for the specimens
containing CPXV DNA used in this work (Table 1). The mixture of
primers and probe gave no fluorescence signal with either human
or chickenpox DNAs. This result was obtained with all the used
devices and reagents. Thus, the specificity of the developed oligonu-
cleotide primers and fluorescent probe in our experiments was
100%.

In the experiment of intranasal infection of mice with CPXV
strain GRI-90 using developed method the viral DNA was iden-
tified from 3 to 10 days in the lungs, spleen, liver, blood,
whereas the titration in CV-1 cell culture revealed the CPXV
only in the lungs. Analysis of clinical samples did not detect
any unexpected amplicons. Thus, the developed real-time Taq-
Man PCR assay allows reliable and highly specific identification of
CPXV.

We have assessed the sensitivity of the developed method. For
this purpose, we constructed the recombinant plasmid pCD11 car-
rying a fragment of the CPXV GRI-90 ORF D11L. After measuring
the concentration, tenfold dilutions of the plasmid from 250 p.g/ml
to 25 fg/ml (namely, 6 x 10'3 to 6 x 103 copies/ml) were prepared.
Each dilution was made in triplicate. Fig. 2 shows the results of real-

Fig. 2. The dependences of fluorescence signal on the number of real-time PCR
cycles recorded by an iQ 5 (BioRad) using the oligonucleotide primers and probe
calculated for the region of CPXV GRI-90 ORF D11L. The groups of curves reflect the
shiftin the threshold cycle depending on the concentration of recombinant plasmid;
Cycle, the number of real-time PCR cycle, and RFU, the value of fluorescence signal.

time PCR assay for the dilutions of the plasmid recorded in an iQ
5 device. The minimal quantity of the plasmid detectable by this
device was six copies in the reaction mixture. The minimal quan-
tity of the plasmid detectable using a Real-Time PCR System 7500
device was also six copies. However, a Rotor-Gene 6000 was able
to detect no less than 60 copies in the reaction mixture.

Also we assessed limit of detection on genomic viral DNA
purified from CPXV virions. Sample of the CPXV strain GRI-90,
purified in sucrose density gradient, with the known titer deter-
mined in cell culture and by electron microscoping was used. After
DNA isolation, using a QlAamp DNA Mini Kit (QIAGEN), it was
diluted so that a known number of the virus DNA molecules were
present in real-time PCR reaction mixture. Experiments demon-
strated that reproducibly detected approximately 20 copies of
the genomic CPXV DNAs using a Real-Time PCR System 7500
device.
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5. Discussion

The human cowpox cases were rather rare!; however, an
increase in the number of human cowpox cases has recently
revealed.’® Correspondingly, creation of a rapid and reliable
method for CPXV diagnosis is a topical problem. We have per-
formed a computer analysis of all available orthopoxvirus genomic
sequences and, based on the aligned nucleotide sequences,
selected the oligonucleotide primers and fluorescently labeled
hybridization probe for real-time TaqMan PCR assay to perform
a species-specific CPXV identification. The primers and probe
were experimentally tested using a panel of orthopoxvirus DNAs
(Table 1). Three devices—Real-Time PCR System 7500, iQ 5, and
Rotor-Gene 6000—and two polymerases, AmpliTaq Gold® DNA
polymerase (Applied Biosystems, USA) and Taq polymerase (Fer-
mentas, USA), were used. The specificity of CPXV DNA detection
in all cases was 100%. To assess the sensitivity of the method, the
recombinant plasmid carrying a fragment of CPXV GRI-90 ORFD11L
was constructed. The sensitivity was determined using all these
three devices. The minimal detectable quantity for iQ 5 and Real-
Time PCR System 7500 was six copies in the reaction mixture and
60 copies for Rotor-Gene 6000. For the viral genomic DNA, the
sensitivity was determined using Real-Time PCR System 7500 and
compounded 20 copies of the CPXV DNA.

Thus, we for the first time selected a pair of oligonucleotide
primers and the fluorescently labeled hybridization probe that pro-
vide for a reliable and specific detection of CPXV DNA by real-time
PCR assay. The proposed method displays a high sensitivity and
provides for detecting 6-60 copies of the plasmid carrying a CPXV
specific DNA sequence and no less than 20 copies of the complete
viral DNA.
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