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In the context of eradication of poliomyelitis the World Health Organization stimulates the development
of inactivated polio vaccines based on attenuated virus strains. In addition to vaccine development, tests
have to be designed to assess the vaccine quality. An important test is the identification test for poliovirus
strains that are used for the vaccine production. Arapid and accurate PCR method with fluorescent probes
has been developed to identify unequivocally the vaccine-specific poliovirus strains, such as Mahoney,
MEF-1, Saukett H, Sabin type 1, Sabin type 2 and Sabin type 3.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The use of live-attenuated oral polio vaccine (OPV) and inactiv-
ated polio vaccine (IPV) has drastically reduced the number of cases
and outbreaks of poliomyelitis (Crawford and Buttery, 2010; Dutta,
2008). The Global Polio Eradication Initiative of the World Health
Organization (WHO) is now focusing on the elimination of the dis-
ease and eradication of wild poliovirus (Sutter et al., 2010; WHO,
2003). Despite considerable effort expanded in mass vaccinations,
dozens of polio cases are still reported in the last years (Crawford
and Buttery, 2010; Kew et al., 2005; WHO, 2012). Vaccination with
OPV can cause the introduction of vaccine-derived polioviruses,
resulting in outbreaks of poliomyelitis (Kew et al., 2005). Some of
these vaccine-derived polioviruses are highly virulent and trans-
missible (Boot et al., 2004; Kew et al., 2005). I[PV does obviously
not have this disadvantage. However, the production capacity of
IPV is currently very limited and increased use of IPV will require
building more production facilities. These facilities will have to deal
with stringent arrangements in containment, since IPV is produced
using virulent poliovirus strains (WHO, 2003). Therefore, the WHO
decided to stimulate the development of IPV based on attenuated
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polioviruses, e.g. the Sabin strains (Heymann et al., 2005, 2006).
Thus, therisk of hazardous effects by virus escape from a production
facility or accidental infection of manufacturing personnel can be
minimised, although not completely eliminated (Kew et al., 2005).

During transition from IPV based on wild-type strains to Sabin
strains, producers of IPV might use both wild-type and attenuated
poliovirus strains. Wild-type poliovirus strains used for vaccine
production are, e.g. Mahoney, MEF-1, Saukett H, and the attenuated
strains used are Sabin type 1, 2 and 3. The unambiguous identifica-
tion of these poliovirus strains used for IPV production will be an
important quality control test for vaccine release. Currently, sero-
logical methods are used for the identification and quantification of
the three poliovirus serotypes present in IPV, but in general they do
not discriminate between wild-type and attenuated vaccine strains
(Westdijk et al., 2011). Although serological assays are available
that differentiate between wild-type and attenuated poliovirus
strains, they require highly specific antisera (van der Avoort et al.,
1995) and the preparation of the antisera is complex and labori-
ous (van Wezel and Hazendonk, 1979). Alternatively, molecular
methods are available for routine analysis of polioviruses in field
isolates that can identify wild-type or attenuated poliovirus strains.
The techniques are based on nucleic acid hybridisation (Kilpatrick
et al., 1996), reverse transcription PCR (Boot et al., 2004; Kilpatrick
etal., 1998, 2004, 2009), restriction fragment length polymorphism
(Furione et al., 1993; Otelea et al., 1993) or sequencing (Neverov
and Chumakov, 2010). Each technique has his own advantages and
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Table 1
Identification methods for polioviruses.

Method Result Advantage Disadvantage

ELISA Specific binding of monoclonal or Easy to perform Low specificity. Production of specific
polyclonal antiserum to poliovirus antibodies is complex

Hybridisation Sequence-specific interaction between Accurate results Test is laborious
poliovirus RNA and a probe

PCR Amplification of cDNA generated from Rapid and accurate results Less detailed information than

poliovirus
Length polymorphism assays Strain specific restriction profile
Determination of the (partial)
sequence of the poliovirus

Sequencing

sequencing

A marker to identify the origin of the poliovirus Less detailed information than
sequencing

Unambiguous identification of polio strain Complicated data analyses; test is
laborious

disadvantages (Table 1). However, these methods described in the
literature have to be adapted before they can be used for the identi-
fication vaccine-specific poliovirus strains. Therefore, the decision
was made to develop arapid and accurate PCR method with fluores-
cent probes which can identify vaccine-specific poliovirus strains
used for vaccine production, such as Mahoney, MEF-1, Saukett H,
Sabin type 1, Sabin type 2 and Sabin type 3.

2. Materials and methods
2.1. Primers and probes

Primer and probes (Table 2) for identification of Mahoney and
Sabin type 1 were custom made by Isogen Life Science (De Meern,
Netherlands) and for identification of MEF-1, Saukett H, Sabin type
2 and type 3 by TIB Molbiol GmbH (Berlin, Germany).

2.2. Polioviruses

Poliovirus samples were obtained from different stages of the
IPV production. IPV was produced with either wild-type strains or
attenuated strains as described previously (van Wezel et al., 1978,
1979). Briefly, Vero cells were cultivated in bioreactors on micro
carriers. Vero cells were infected with wild-type polio strains:
Mahoney (type 1), MEF-1 (type 2) or Saukett H (type 3), or with
attenuated strains: Sabin type 1 (LSc 2ab KP2), Sabin type 2 (P712
Ch2ab-KP2) or Sabin type 3 (Pfizer 457-IIl) strains. After three
or four days of cultivation, poliovirus was purified from the cul-
ture supernatant by clarification, gel permeation chromatography
and ion-exchange chromatography. Prior to inactivation the fluid
was filtered to remove large virus aggregates and formaldehyde
was added for inactivation. Samples taken prior to formaldehyde

inactivation were heated for 30 min at 60°C to inactivate the
polioviruses.

2.3. RNA isolation

Viral RNA was extracted and purified from 200 w1 of poliovirus
samples using a fully automated procedure (MagNA Pure Com-
pact System; Roche Applied Science, Almere, the Netherlands).
Extracted RNA samples were stored at —20°C prior to analy-
sis.

2.4. Real-time PCR

Preparation and amplification of cDNA were performed in a
real-time PCR apparatus (LightCycler 2.0; Roche). A reaction mix-
ture was prepared by using LightCycler RNA Master HybProbe kit
(Roche). The mixture contained 7.5l RNA master, 3.2 ul H;O0,
1.3 pl of a 50 mM Mn(OAc), solution, 2 pl probe, 2 pl of 5.0 wM for-
ward primer, 2 ] of 5.0 wM reverse primer and 2 pl isolated RNA,
plasmid (positive control) or PCR grade water (negative control).
The final concentration of probe for MEF-1 was 0.4 .M, and the con-
centration of the remaining probes was 0.2 .M. The sequences of
primers and probes used are listed in Table 3. Design of experiments
was used as an approach to optimise the reaction conditions, such
as annealing temperature, annealing time and ramp rate. Software
for Design of Experiments was used for modelling and visualisa-
tion of research data and for the calculation of optimal conditions
(MODDE 8.0.2, Umetrics; Umea, Sweden). For a rapid and accu-
rate identification of the vaccine-specific polio strains, the reverse
transcription step was executed in the PCR apparatus that was pro-
grammed to run for 20 min at 61 °C. For polioviruses of type 1, the
amplification step was performed for 30s95°C; [5595°C; 1555°C;
7s 72°C] x 35; 30s 40°C and ramp rate of 2 °C/s. For polioviruses

Table 2

Primer and probes.
Primer or probe Sequence (5'-3') Orientation Position Tm (°C) Specificity
MAHONEY-F CCCTTTGACTTAAGTACCAC Forward 1905-1924 55.3 Mahoney
SABIN1-F TCCCTTTGACTTAAGTACAAA Forward 1904-1924 52.0 Sabin type 1
POLIO1-R GATCCTGCCCAGTGTGTGTAG Reverse 2083-2063 56.9 Mahoney/Sabin type 1
POLIO1-TM FAM-AGGGTTCGGTTAAGTGACAAACCACATAC-BBQ? - 1950-1978 63.4 Mahoney/Sabin type 1
MEF-1-F GGTTGTTGAGGGAGTCACGAGA Forward 2505-2526 59.6 MEF-1
MEF-1-R CCCTGTCTCTACGGCTGTTAGC Reverse 2631-2610 59.5 MEF-1
MEF-1-TM YAK-ACACCACTGACACCTGCCAACAACT-BBQ? - 2536-2560 64.0 MEF-1
SAUKETT-F GCAATTACGCCGCAAGC Forward 2076-2092 57.8 Saukett H
SAUKETT-R GTGTAGGTGCTCCTGGAGGT Reverse 2227-2208 56.6 Saukett H
SAUKETT-TM YAK-TTCGTGGTAACAGCCAACTTCACCA-BBQ - 2134-2158 65.0 Saukett H
SABIN2-F AAGGAATTGGTGACATGATTGAGG Forward 2480-2503 58.7 Sabin type 2
SABIN2-R CTCGGCTTTGTGTCAGGC Reverse 2579-2562 57.4 Sabin type 2
SABIN2-TM FAM-TGGAAGTCGGGGGAACCAATGC-BBQ - 2551-2530 67.1 Sabin type 2
SABIN3-F AATGACCAGATTGGTGATTCCTTG Forward 3134-3157 58.7 Sabin type 3
SABIN3-R GTAAATGCGGACTTTGGAGGTTACT Reverse 3253-3229 59.9 Sabin type 3
SABIN3-TM FAM-TGTGATCATTGACAACACGAACTGCCAA-BBQ - 3218-3191 66.7 Sabin type 3

a Abbreviations: FAM, carboxyfluorescein; YAK, Yakima yellow; BBQ, BlackBerry Quencher.
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