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CHAPTER 6
________________________________________________________________
PREVALENCE OF VACCINE-DERIVED POLIOVIRUSES IN STOOLS OF
IMMUNODEFICIENT CHILDREN IN SOUTH AFRICA
The editorial style of the Journal of Clinical Virology was followed in this chapter

6.1

Abstract

The discovery of prolonged excretion of polioviruses (PVs) by immunodeficient individuals
has raised concern. When exposed to oral poliovirus vaccine (OPV), these patients may
become chronically infected, spreading potentially neurovirulent vaccine-derived polioviruses
(VDPVs) for many months or years to close contacts and children who are no longer being
vaccinated. Cases of VDPVs from immunodeficient people with long-term excretion of PV
have been recorded and classified as immunodeficient VDPVs (iVDPVs). Two cases of
vaccine-associated paralytic poliomyelitis (VAPP) have been reported in children infected
with the human immunodeficiency virus (HIV). However, at present there is no evidence for
prolonged excretion of PV by patients with the acquired immunodeficiency syndrome
(AIDS). The current situation in South Africa offers opportunities well suited for research
along these lines, since vaccination with OPV is compulsory and the incidence of
immunodeficient individuals is high. The aim of the study was to determine the prevalence
of VDPVs in stool specimens of immunodeficient patients such as HIV-positive children
(including those with an AIDS indicator condition, according to the Centers for Disease
Control and Prevention classification) by applying various molecular techniques. A total of
164 stool samples from HIV-positive children and 23 stool samples from healthy
immunocompetent children (the control group) were analysed during 2003 and 2004. By
applying a RT-PCR in combination with a nested PCR, a total of 54 enteroviruses were
detected in the stool specimens of the immunodeficient children. The use of restriction
enzymes and a Sabin specific RT-triplex PCR confirmed the presence of 13 PVs, such as 7
Sabin PV type 1 (53.8%), 4 Sabin PV type 3 (30.8%) and 2 Sabin PV type 2 (15.4%) isolates.
The 5’untranslated region and the VP1 capsid-encoding protein of the 13 PVs and the 3 PVs
from the stools of the immunocompetent children were partially sequenced and their genetic
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relatedness was deduced from the constructed phylogenetic trees. The majority of the PVs
isolated from the stools of the immunodeficient children (10 out of 13 isolates) were
classified as “OPV-like viruses”, since these isolates had close sequence relationships (>99%
in VP1 nucleotide sequences) to the original Sabin PV vaccine strains. Three PVs showed
≤99% VP1 sequence identity to the Sabin PV vaccine strains and were classified as
“suspected” iVDPVs. All of the OPV-like isolates and the “suspected” iVDPVs carried
mutations at specific positions in their partially sequenced regions, which have been
associated with reversion of the attenuated Sabin PV vaccine strains to increased
neurovirulence. Thus, this study confirmed the notion that immunodeficient patients may
indeed excrete OPV strains with potential neurovirulent phenotypes for a prolonged period of
time. These OPV strains can circulate in the environment posing a potential health risk after
termination of vaccination with OPV in the near future. Additional studies on prolonged PV
excretion from HIV-infected patients are, therefore, required.

Keywords:

Immunocompetent, Immunodeficient children, Oral poliovirus vaccine,
Sequencing, 5’untranslated region, Vaccine-derived polioviruses, VP1 region

6.2

Introduction

The oral poliovirus vaccine (OPV) of Albert Sabin is nearly ideal for the global polio
eradication (Nathanson and Fine, 2002; Dowdle et al., 2003; Sutter et al., 2003; Kew et al.,
2004). The vaccine is easily administered by mouth and provides long-term protection
against polio through durable humoral immunity (Kew et al., 2004). The poliovirus (PV)
vaccine strains can spread to and immunise unvaccinated contacts of vaccine recipients,
thereby, increasing the impact of OPV beyond those immunised (Kew et al., 2004).
However, despite its many advantages, the genetic stability of OPV (including attenuation of
neurovirulence and immunogenicity in humans) was a prime concern during its development
(Sabin, 1957; Fine and Carneiro, 1999; Dowdle et al., 2003; Kew et al., 2004).

The first evidence of the clinical consequences of the genetic lability of OPV was the
appearance of cases of vaccine-associated paralytic poliomyelitis (VAPP), which have
become an increasingly significant proportion of the global polio burden (Sutter et al., 2003;
Kew et al., 2004).

Vaccine-associated paralytic poliomyelitis is a rare adverse event
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following vaccination with OPV, in which a mutation or reversion of the vaccine PV leads to
a more neurotropic form of the vaccine strain (in some instances as neurovirulent as wild-type
PV) (Minor, 1992; Wood and Thorley, 2003; Hovi et al., 2004). The overall risk of VAPP
from OPV in a highly immune community is approximately 1 in 2.5 million doses
administered (Guillot et al., 2000; Martin et al., 2000a; Wood and Thorley, 2003). Compared
with immunocompetent children, the risk of VAPP is approximately 7 000 times higher for
persons with certain types of immunodeficiencies, such as B lymphocyte disorders
(agammaglobulinemia and hypogammaglobulinemia) (Sutter and Prevots, 1994; Triki et al.,
2003; Haisey et al., 2004).

A variety of OPV-derived viruses can be isolated from OPV recipients and their contacts
(World Health Organization [WHO], 2004). All clinical and environmental PV isolates that
are related to OPV strains are vaccine-derived polioviruses (VDPVs) (WHO, 2004). The
extent of sequence divergence of the VP1 capsid gene from Sabin PV strains can be used as a
“molecular clock” to estimate the duration of PV replication (WHO, 2004). A constant rate
of accumulation of synonymous nucleotide substitutions is assumed to exist and for the PV
genome rates of approximately 1-2% change.year-1 have been proposed (Kew et al., 1998;
Kew et al., 2002). Based on this “molecular clock” derivatives of Sabin OPV strains have
been classified into two broad categories for programmatic reasons: “OPV-like viruses” and
“Vaccine-derived polioviruses” (Yang et al., 2003; WHO, 2004). Oral poliovirus vaccinelike viruses represent the vast majority of vaccine related isolates and have close sequence
relationships (>99% VP1 sequence identity) to the original OPV strains (Wood and Thorley,
2003; Yang et al., 2003; WHO, 2004).

Vaccine-derived polioviruses are those strains

showing ≤99% VP1 sequence identity (from 1-15% genetic sequence difference) to the
parental Sabin strains and those with greater than 15% genetic sequence difference are
classified as wild-type PVs (Wood and Thorley, 2003; Yang et al., 2003; WHO, 2004).

Up to date, two categories of VDPV isolates have been identified: immunodeficient VDPVs
(iVDPVs) and circulating VDPVs (cVDPVs) (WHO, 2004). Some iVDPVs isolated from
patients with defects in antibody production (generally common variable immunodeficiency
or X-linked agammaglobulinemia) are highly divergent (~90% VP1 sequence identity to the
parental OPV strain), suggesting that the chronic PV infections had persisted for 10 years or
more (Kew et al., 1998; Bellmunt et al., 1999; Wood et al., 2000; Yang et al., 2003).
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Nineteen chronic iVDPV excretors were detected world-wide in the past 40 years since the
beginning of polio vaccination, although this number may be an underestimate in the absence
of systematic screening of immunodeficient patients (Haisey et al., 2004; WHO, 2004).
Currently, there is no clear evidence of spread of iVDPV from immunodeficient patients to
the wider community (Wood et al., 2000; Yang et al., 2003; WHO, 2004).

A VDPV may cause an outbreak of poliomyelitis and if there is evidence of person-to-person
transmission, based on epidemiological and phylogenetic studies, it is defined as a circulating
VDPV (cVDPV) (Wood and Thorley, 2003; Yang et al., 2003; Kew et al., 2004). The
immediate public health importance of cVDPVs was underscored by the occurrence of
several outbreaks of poliomyelitis due to cVDPV (Yang et al., 2003; Kew et al., 2004). An
outbreak of PV type 3 poliomyelitis in Poland in 1968 was associated with PV strains derived
from the USOL-D-bac vaccine (Martin et al., 2000b; Kew et al., 2004). In Egypt between
1983 and 1993, 32 cases of paralytic disease from a cVDPV type 2 were reported, including
many retrospective cases (Centers for Disease Control and Prevention [CDC], 2001; Kew et
al., 2004). Polio cases attributed to cVDPV type 1 (which had undergone recombination with
non-polio enteroviruses) have been found in Haiti, Philippines and the Dominican Republic
during 2000 and 2001 (Kew et al., 2002; Wood and Thorley, 2003; Kew et al., 2004). In
Madagascar, five cases of acute flaccid paralysis (AFP) associated with cVDPV type 2 were
reported and partial genomic sequencing indicated that two of the PV strains had been
circulating for approximately 1 and 2.5 years, respectively (Rousset et al., 2003; Kew et al.,
2004).

A common factor to all these cVDPV outbreaks has been the low population

immunity, consistent with low OPV coverage and the previous eradication of the
corresponding serotype of indigenous wild-type PV (Kew et al., 2004; WHO, 2004).

Immunodeficient people exposed to OPV may become chronically infected and excrete
VDPVs for many months or years (Kew et al., 1998; Bellmunt et al., 1999; Martin et al.,
2000a; Kew et al., 2004). As a consequence, in the last phase of polio eradication this group
of people could serve as potential reservoirs for VDPVs, spreading these potentially
neurovirulent viruses to close contacts and children who are no longer being vaccinated
(Martin et al., 2002; Buttinelli et al., 2003).
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In the current study, various molecular techniques were applied to determine the prevalence
of VDPV strains in stool specimens from immunodeficient patients such as HIV-positive
children (including those with an AIDS indicator conditon, according to the CDC
classification) from a selected area in South Africa.

The applied molecular techniques

included partial genomic sequencing of the 5’untranslated region (5’UTR) and VP1 capsidencoding protein of PVs excreted by the immunodeficient children studied.

6.3

Materials and methods

6.3.1

Poliovirus stock

Poliovirus controls included: PV type 1, 2 and 3 vaccine strains, which were clinical isolates
obtained from the National Institute of Virology (NIV), Johannesburg, South Africa. These
PVs were recovered in HEp-2 cells (human epidermoid carcinoma) (Code ATCC CCL-23,
passage 350 - 365).

The cell cultures were frozen and thawed three times, after

demonstrating a cytopathogenic effect (CPE). The debris was removed by centrifugation at
600 x g (Eppendorf Centrifuge 5402D, Hamburg, Germany) for 10 min at room temperature
(±25°C). The PV suspensions were stored at -70°C for further analysis.

6.3.2

Patient specimens

In order to estimate the prevalence of VDPV in the stool specimens of immunodeficient
children, a maximum sample size associated with an expected prevalence of 50% was
analysed. Statistically, a sample size of 162 stool specimens of immunodeficient children
was studied to achieve a confidence level of 80% and the prevalence was estimated to an
accuracy of 5% (Biostatistics Unit, Medical Research Council, Pretoria, South Africa).

During a period of one year (2003-2004), one stool specimen was collected from each of the
164 immunodeficient patients such as HIV-positive children (including those with an AIDS
indicator condition according to the CDC classification) from the Department of Paediatrics,
Kalafong Hospital/University of Pretoria, South Africa. In addition, 23 stool samples from 3
healthy immunocompetent babies were collected regularly during their OPV immunisation
schedule: one stool specimen 48 h after each vaccination (at birth, 6 weeks, 10 weeks, 14
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weeks and 18 months) and one stool sample on a weekly basis until no PV was detected in
the stools. These children served as a control group to demonstrate the type of PVs being
excreted and possibly the duration of excretion of PVs by immunocompetent children.

6.3.3

Ribonucleic acid extraction and isolation of polioviruses

In the homogenisation and clarification of the stool specimens, 300 µl of 10-15% faecal
suspension was mixed with an equal volume of freon (Sigma Chemical Co., Louis, United
States of America [USA]) and centrifuged at 12 000 x g (Eppendorf Centrifuge 5402D,
Hamburg, Germany) for 5 min at room temperature (±25°C). The ribonucleic acid (RNA)
was extracted from the stool specimens by means of a TRIzol reagent (Invitrogen Life
Techno, Paisley, Scotland) as per manufacturer’s instructions.

A reverse transcription polymerase chain reaction (RT-PCR) was performed using a Promega
Access RT-PCR system (Promega Corp., Madison, USA) as described by Gow et al. (1991).
Optimised final concentrations in a total volume of 50 µl included: AMV/Tfl reaction buffer
(1x), 1.5 mM MgSO4, dNTP Mix (final concentration of 0.2 mM), 50 pmol each of primers
EP1 and EP4 (Sigma-Genosys Ltd., Pampisford, Cambridgeshire, United Kingdom) (Table
6.1), 5 U each of AMV Reverse Transcriptase and Tfl DNA Polymerase. The PCR conditions
included: reverse transcription for 45 min at 48°C, {DNA denaturation for 1 min at 94°C,
primer annealing for 1 min at 56°C and primer extension for 1 min at 72°C} 30 cycles and
final extension for 10 min at 72°C (Hybaid OmniGene Thermocycler, United Kingdom). A
second PCR (nested PCR) run was undertaken as described by Kuan (1997), in which 1 µl of
the amplified RT-PCR product was added to 49 µl of previously prepared PCR mixture. The
PCR mixture contained the following: 1x PCR buffer (10 mM Tris-HCl, pH 9; 50 mM KCl;
0.1% Triton X-100), MgCl2 (final concentration of 1.5 mM), dNTP mix (final concentration
of 0.2 mM), 50 pmol each of primers E1 and E2 (Sigma-Genosys) (Table 6.1), and 1.5 U of
Taq DNA polymerase. The PCR conditions included: DNA denaturation for 3 min at 94°C,
{DNA denaturation for 1 min at 94°C, primer annealing for 1 min at 45°C and primer
extension for 1 min at 72°C} 30 cycles and final extension for 10 min at 72°C (Hybaid
OmniGene Thermocycler). After 30 cycles, 20 µl of each PCR product were subjected to 2%
agarose (Seakem LE agarose, Bioproducts, USA) gel electrophoresis (Midicell Primo Gel
Apparatus, Holbrook, New York, USA).
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6.3.4

Typing of the poliovirus isolates

The RNAs of PVs were partially typed with restriction enzymes (REs) such as Sty I, Bgl I and
Xmn I (Promega Corp.) (Table 6.2) (Kämmerer et al., 1994; Kuan, 1997). Aliquots of 10 µl
of the nested PCR products were incubated with 10 U of the REs in a 30 µl reaction volume
with the buffer recommended by the manufacturer. Samples were incubated at 37°C for 3 h
and were analysed using 7% polyacrylamide (BioRad, Hercules, California, USA) gel
electrophoresis (Hoefer, San Francisco, USA). The RE patterns of the PVs were evaluated
based on previously published RE patterns (Kämmerer et al., 1994; Kuan, 1997) (Table 6.3).

Three sets of primers specific for Sabin PV types 1 to 3 were combined in a Sabin specific
RT-triplex PCR to confirm the isolated PVs as OPV strains based on the production of
amplicons of specific sizes (Table 6.4) (Chezzi, 1996; Yang et al., 1991; Yang et al., 1992).
A 50 µl reaction volume was prepared using: AMV/Tfl Reaction Buffer (1x), dNTP Mix
(final concentration of 0.2 mM), 25 pmol each of primers S1-1, S1-2, S2-1, S2-2, S3-1a, S3-2
(Sigma-Genosys), 1.5 mM of MgSO4, and 5 U of AMV Reverse Transcriptase as well as Tfl
DNA Polymerase (Promega Corp.). The PCR conditions included: reverse transcription for
45 min at 42°C, {DNA denaturation for 30 s at 95°C, primer annealing for 45 s at 56°C and
primer extension for 1 min at 72°C} 30 cycles and final extension for 10 min at 72°C (Hybaid
OmniGene Thermocycler).

The amplified products (20 µl) were separated using 7%

polyacrylamide (BioRad) gel electrophoresis using a Hoefer electrophoresis unit at 120 Volts
(Hoefer).

6.3.5

Partial genomic sequencing of the 5’untranslated region of polioviruses

The 5’UTR of the PV genome was subjected to RT-PCR amplification as described by
Divizia et al. (1999) and Guillot et al. (2000) with a few modifications. The primers used for
the 5'UTR were as follows: UG52 (nt 160 to 180) and UC53 (nt 599 to 580) (Sigma-Genosys)
(Table 6.5). Optimised final concentrations in a total volume of 50 µl included: AMV/Tfl
Reaction Buffer (1x), 2.0 mM MgSO4, dNTP Mix (final concentration of 0.2 mM), 10 pmol
each of primers UG52 and UC53, 5 U each of AMV Reverse Transcriptase and Tfl DNA
Polymerase (Promega Corp.). The PCR conditions included: reverse transcription for 45 min
at 42°C, {DNA denaturation for 30 s at 95°C, primer annealing for 45 s at 45°C and primer
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extension for 1 min at 72°C} 30 cycles and final extension for 10 min at 72°C (Hybaid
OmniGene Thermocycler). After 30 cycles, 20 µl of each PCR product were subjected to
agarose (2%) (Seakem) gel electrophoresis (Midicell).

6.3.6

Partial genomic sequencing of the VP1 capsid protein of polioviruses

The VP1 region of the PV genome was subjected to RT-PCR amplification as described by
Divizia et al. (1999) and Guillot et al. (2000) with a few modifications. The primers used for
the VP1 region were as follows: UG1 (nt 2402 to 2422) and UC1 (nt 2881 to 2861) (SigmaGenosys) (Table 6.5). Optimised final concentrations in a total volume of 50 µl were:
AMV/Tfl Reaction Buffer (1x), 2.0 mM MgSO4, dNTP Mix (final concentration of 0.2 mM),
10 pmol each of primers UG1 and UC1, 5 U each of AMV Reverse Transcriptase and Tfl
DNA Polymerase (Promega Corp.).

The PCR conditions were as follows: reverse

transcription for 45 min at 42°C, {DNA denaturation for 30 s at 95°C, primer annealing for
45 s at 50°C and primer extension for 1 min at 72°C} 30 cycles and final extension for 10 min
at 72°C (Hybaid OmniGene Thermocycler). A nested PCR was performed as described by
Divizia et al. (1999) immediately after completion of the RT-PCR step. The primers used for
the nested PCR were as follows: N2426 (nt 2426 to 2446) and N2812 (nt 2812 to 2792)
(Sigma-Genosys) (Table 6.5). The nested PCR mixture contained the following: 1x PCR
buffer (10 mM Tris-HCl, pH9; 50 mM KCl; 0.1% Triton X-100), MgCl2 (final concentration
of 1.5 mM), dNTP mix (final concentration of 0.2 mM), primers N2426 and N2812 (10 pmol
each) and 1.5 U of Taq DNA Polymerase (Promega Corp.). The nested PCR conditions were
as follows: DNA denaturation for 2 min at 94°C, {DNA denaturation for 1 min at 94°C,
primer annealing for 1 min at 45°C and primer extension for 1 min at 72°C} 30 cycles and
final extension for 10 min at 72°C (Hybaid OmniGene Thermocycler). After 30 cycles, 20 µl
of PCR products were subjected to agarose (2%) (Seakem) gel electrophoresis (Midicell).

6.3.7

Nucleotide sequencing and phylogenetic analysis

Several of the PCR products (those with faint bands) were cloned prior to sequencing so that
high numbers of that sequence were produced. The deoxyribonucleic acids (DNA) were
cloned into a pGEM®-T Easy Vector (Promega Corp.) and transformed to JM109 high
efficiency competent cells (Promega Corp.). Plasmids from positive recombinants (white
162

University of Pretoria etd – Pavlov, D N (2005)

colonies) were purified by the QIAprep spin miniprep kit protocol (Qiagen, Hilden,
Germany). Before initiating sequencing, the exconuclease I/Shrimp alkaline phosphatase
(Fermentas, Vilnius, Lithuania) was used to clean the PCR samples from primers and
nucleotides (Inqaba Biotechnical Industries Pty (Ltd), Pretoria, South Africa). The ABI
BigDye Terminator cycle sequencing kit version 3.1 was used to sequence the PCR products
(Inqaba Biotechnical Industries). In the latter procedure, approximately 500 ng of PCR
product and 0.8 pmol of each of the same primers used in the amplification reaction were
employed in each sequencing reaction (Inqaba Biotechnical Industries). Both strands of the
amplified fragments were sequenced to confirm the nature of the product obtained (Inqaba
Biotechnical Industries). The data was analysed on a Spectrumedix SCE2410 genetic analysis
system (Inqaba Biotechnical Industries).

The sequences of the PV genomes described in this study were compared with all sequences
in the GenBank database by using the PubMed National Centre for Biotechnology
Information BLAST program as well as the European Bioinformatics Institute (EMBL)
databases and submitted via the Internet to these databases. Multiple sequence alignments
were performed by the ClustalX program (Higgins and Sharp, 1988). Phylogenetic trees were
constructed using the maximum-likelihood analysis programs PHYLIP (version 3.57c) and
PUZZLE (version 4.0), and were visualised using NJPLOT or TREEVIEW (version 1.5.3)
(Felsenstein, 1981). Bootstrap analysis of the 5’UTR and VP1 nucleotide sequences were
performed with the SEQBOOT program of the PHYLIP package with 1 000 replicates.
Comparisons were made with previously published sequences (GenBank accession numbers:
AY017238; AY177685; AY184219; AY184220; AY184221; PI3L37; POL430385; V01149;
X04468).

6.3.8

Nucleotide sequence accession numbers

The sequences of the 5’UTR and the VP1 of PVs isolated from stool specimens of the
immunocompetent (serving as the control group) and the immunodeficient children in South
Africa described in this study have been deposited in the GenBank data library. Accession
numbers have been assigned to all of the PV isolates (Table 6.6).
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6.4 Results and discussion

Using a RT-PCR in combination with a nested PCR, 54 enteroviruses (EVs) were isolated
from the stool specimens of the 164 immunodeficient children studied.

These

immunodeficient children were between the ages of 4 months to 8 years and were hospitalised
for various diseases such as bronchopneumonia, cardiomyopathy, encephalopathy,
gastroenteritis, herpes stomatitis, lymphocytic intestinal pneumonia, meningitis, miliary
tuberculosis,

pneumocystis

carinii

pneumonia

(Pneumocystis

jereveci),

pulmonary

tuberculosis, pneumonia, septicemia and upper respiratory tract infections. Some of the
children were hospitalised for anaemia, chronic diarrhoea, dehydration and malnutrition. In
total, 17 of these immunodeficient patients died during the course of the study, therefore, the
excretion of EVs by these patients could not be followed.

Based on the RE analysis, 13 PVs from the immunodeficient children were successfully
distinguished from 41 non-polio enteroviruses (NPEVs). These 13 PVs were identified as 7
PV type 1 (53.8%), 4 PV type 3 (30.8%) and 2 PV type 2 (15.4%) isolates (Table 6.7). Using
the Sabin specific RT-triplex PCR, all of these PV isolates were typed as Sabin PV vaccine
strains. No wild-type PVs were detected in the stool samples, which was in agreement with
epidemiological data indicating that the last case of polio associated with wild-type PV in
South Africa was in 1989 (CDC, 2003).

In total, 7 of the 23 stool samples taken from healthy immunocompetent children (the control
group) tested positive for EVs after receiving their polio immunisation. All these EVs were
typed as PVs using the RE analysis and the Sabin specific RT-triplex PCR identified them as
Sabin PV vaccine strains (six PV type 1 and one PV type 2 isolates).

A total of 13 PVs isolated from the stool specimens of the immunodeficient patients and 3
PVs from the stools of the immunocompetent children (the control group) were analysed by
sequencing the 5’UTR and VP1 regions of their genomes. Two of the PV type 1 isolates
(P020, Accession No: AJ783777 and P069, Accession No: AJ783779) could not be
incorporated into the phylogenetic tree of the 5’UTR. The nucleotide sequences in the 5’UTR
for these isolates were too short to be compared by aligning them against the other PV type 1
isolates as well as the reference strains.
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Phylogenetic analysis of the 5’UTR of the poliovirus genome
Three main groups were evident from the unrooted phylogenetic tree constructed from
nucleotide sequences of the 5’UTR of PVs isolated in this study (Figure 6.1). Group 1
consisted of PV type 1 isolates and three reference strains: the attenuated Sabin PV type 1
(AY184219), the PV type 1 Mahoney (V01149) and wild-vaccine recombinant PV type 1
(AY017238), isolated in China by Liu and colleagues (2003) (Figure 6.1).

Isolates

(AJ634678, AJ783781) showed 100% nucleotide sequence similarity to the attenuated
AY184219 reference strain (Table 6.6). Isolate AJ783778 showed 0.9% divergence in 5’UTR
nucleotides from the attenuated AY184219 reference strain and lesser divergence (0.4%) from
the virulent Mahoney V01149 strain. Isolates AJ783775 and AJ699401 had 100% nucleotide
sequence similarity between each other and as a subgroup differed from the attenuated
AY184219 strain at 7% in 5’UTR nucleotides. The most divergent isolate in this group from
the attenuated reference strain AY184219 was isolate AJ783776 with 8.5%.

Isolates

(AJ699401, AJ783775, AJ783776, AJ783777, AJ783778, AJ783779, AJ783780) had a
mutation at position 480 in the 5’UTR, which involved a direct reversion of a G base (found
in the vaccine strain) to an A base (found in the virulent strain). This mutation is the key
mutation responsible for reversion of the attenuated Sabin PV type 1 to increased
neurovirulence (Li et al., 1996; Georgescu et al., 1997; Martin and Minor, 2002).

Group 2 consisted of PV type 2 isolates and two reference strains: the attenuated Sabin PV
type 2 (AY184220) and a Sabin-like type 2 PV (AY177685), which was isolated by Buttinelli
and colleagues (2003) from an immunodeficient patient soon after the onset of paralysis.
Comparing the genome of AY177685 with its parental Sabin vaccine strain, it was determined
that two mutations were present in positions 481 of the 5’UTR and 2 908 of VP1 (amino acid
143), known to be correlated with the neurovirulent phenotype (Minor and Dunn, 1988;
Equestre et al., 1991; Minor, 1999; Martin and Minor, 2002; Buttinelli et al., 2003). Since,
the PV type 2 isolates in this study were to a certain extent genetically related to this PV,
therefore, AY177685 was used as a reference PV type 2 strain. Two of the PV type 2 isolates
(AJ783783, AJ783784) showed 100% nucleotide sequence identity to the AY177685
reference strain and differed at 0.4% in 5’UTR nucleotides from the attenuated AY184220
reference strain (Table 6.6). The PV type 2 isolate (AJ783782) differed at 0.9% from the
AY184220 reference strain. All PV type 2 isolates in this study had the key mutation at
position 481 in the 5’UTR (conversion of A base to a G base).
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Group 3 was constituted by PV type 3 isolates and two reference strains: the attenuated
reference strain Sabin PV type 3 (AY184221) and a PV type 3 strain 23127 (X04468),
isolated during an outbreak of poliomyelitis in Finland by Hughes and colleagues (1986)
(Figure 6.1). Isolates (AJ635238, AJ783786 and AJ783787) differed at 0.4% of nucleotides
in the 5’UTR from the attenuated AY184221 reference strain (Table 6.6). The sequence
divergence in the 5’UTR of isolate AJ783785 from the attenuated AY184221 reference strain
was higher at 9.2%. All PV type 3 isolates in this study had a mutation at position 472 in the
5’UTR, which involved the reversion of an U base (found in the vaccine strain) to a C base
(found in the virulent strain).

This mutation at position 472 in the 5’UTR is reported

responsible for the reversion to neurovirulence in Sabin PV type 3 vaccine strains (Minor,
1992; Minor, 1999; Martin and Minor, 2002).

Phylogenetic analysis of the VP1 region of the poliovirus genome
The unrooted phylogenetic tree, of the VP1 region of the PV genomes isolated in this study,
consisted of three main groups (Figure 6.2). Group 1 consisted of PV type 1 isolates and
three reference strains: the attenuated Sabin PV type 1 (AY184219), the virulent PV type 1
Mahoney (V01149) and the Cox type 1 live-attenuated PV (POL430385). According to
Martin and Minor (2002), the Cox type 1 strain (POL430385) was closely related to the
Mahoney PV type 1, which was evident in this study as well (1.4% divergence between the
two).

Two of the PV type 1 isolates (AJ783794, AJ783796) showed 100% nucleotide

sequence similarity to the attenuated AY184219 reference strain (Table 6.6).

Isolates

(AJ783799, AJ783800, AJ783801, AJ783802) differed at >0.6% in VP1 sequences from the
attenuated AY184219 strain.

High sequence divergence (>0.9%) from the attenuated

AY184219 strain was recorded for isolate AJ783798. However, only isolates AJ699402 and
AJ783795 diverged at 1.3% and 1.1%, respectively from the attenuated AY184219 strain.
Although different mutations (at nucleotides 2502, 2581, 2586, 2707, 2741, 2745, 2749, 2775,
2795 and etc.) were found in the VP1 genomes of PV type 1 isolates, none of these mutations
have ever been implicated as major factors in changes of PV virulence.

Group 2 consisted of PV type 2 isolates and two reference strains: the attenuated Sabin PV
type 2 (AY184220) and the Sabin-like type 2 PV (AY177685) (Figure 6.2). Isolate AJ783797
showed 100% nucleotide sequence similarity to the attenuated AY184220 reference strain
(Table 6.6).

Isolate AJ783792 differed at 0.6% in VP1 sequences from the attenuated

reference strain AY184220. Isolate AJ783793 showed the highest nucleotide divergence in
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VP1 sequences (>0.9%) from the attenuated AY184220 strain. Some of the mutations found
in the partially sequenced VP1 region of the PV2 isolates, although not known to be
associated with increased neurovirulence, included those at nucleotides 2543, 2580, 2655,
2661 and etc.

Group 3 was comprised of PV type 3 isolates and two reference strains: the attenuated Sabin
PV type 3 (AY184221) and the neurovirulent reference PV strain P3/Leon/37 (PI3L37). All
PV type 3 isolates (AJ783788, AJ783789, AJ783790, AJ783791) in this study showed 100%
nucleotide sequence similarity to the PI3L37 reference strain and 0.3% divergence in VP1
sequences from the attenuated AY184221 reference strain (Table 6.6). All of the PV type 3
isolates had a mutation at position 2 493, which involved the reversion of a C base (found in
the vaccine strain) to a T base (found in the neurovirulent strain). This mutation involved the
substitution of the amino acid threonine (Thr) to isoleucine (Ise) at residue 6 of capsid protein
VP1 (VP1-6). The presence of this mutation has been associated with reversion to increased
neurovirulence of Sabin PV type 3 strains (Tatem et al., 1992; Macadam et al., 1993; Minor,
1999; Martin and Minor, 2002).

The majority of the PVs (10 out of 13 isolates) detected in stool specimens of the
immunodeficient children in this study were classified as “OPV-like viruses”, since these
isolates had close sequence relationships (>99% in VP1 nucleotide sequences) to the original
Sabin PV vaccine strains (WHO, 2004). The Sabin-like type 3 PVs, isolated from patients
P023, P025, P045 and P126, had approximately 0.3% nucleotide sequence divergence in the
VP1 from the respective parental Sabin PV type 3 vaccine strains (Table 6.6). By assuming
that the rate of VP1 evolution (approximately 1-2% change.year-1) was constant over the
period of replication, the time between vaccine assumption and PV isolation from patients
P025, P045 and P126 was compatible with the mutation rate observed (possibly less than 3
months). Patient P023 (18 months old baby) had his last OPV immunisation at the age of 14
weeks (the last recorded date 04/2002) and a stool specimen taken 15 months later
(29/07/2003) tested positive for Sabin-like type 3 PV (Table 6.7). Thus, the time between
vaccine assumption and PV isolation from P023 was not compatible with the mutation rate
observed. However, patient P023 might have received an additional polio vaccination at 18
months of age (on the 01/07/2003, although not recorded in the immunisation schedule) or
could have acquired the OPV strain through a close contact with another vaccine recipient.
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Another explanation is possible recombination of the OPV-like strain with other polio or nonpolio enteroviruses.

Another group of OPV-like viruses, showing >0.6% divergence in VP1 from the parental
vaccine strains, were isolated from patients P020, P031, P052, P095 and P140 (Table 6.6).
For patient P020, a Sabin-like type 1 PV was isolated from a stool sample collected 3 months
(29/07/2003) following the last recorded polio vaccination (23/04/2003) and for P031, a
Sabin-like type 2 PV was isolated from a stool sample collected one month following
vaccination (Table 6.7). A Sabin-like type 1 PV was isolated from a stool sample taken from
P095 approximately 8 months (01/10/2003) following vaccination (18/02/2003) (Table 6.7).
The time between vaccine assumption and PV isolation from patients P020, P031 and P095
was thus compatible with the mutation rate observed (>0.6% divergence in VP1).

For patient P140 the time between vaccine assumption and PV isolation was not compatible
with the mutation rate observed. Patient P140 (a 19 month old baby) had his last recorded
OPV immunisation at 14 weeks of age (28/08/2002) and a stool specimen taken 16 months
later (02/01/2004) tested positive for Sabin-like type 1 PV. The 5’UTR sequences found in
samples taken from patients P095 and P140 were identical (7%, about 24-25 mutations from
the original OPV strains) and the chance that so many identical mutations have occurred
independently is very low. However, since both patients were hospitalised, a person-toperson transmission in the hospital would be a common epidemiological source explaining the
identity for the presence of these two sequences in the two samples.

The time between vaccine assumption and isolation of Sabin-like type 1 PV from patient
P052 was not compatible with the mutation rate observed (>0.6% divergence in VP1 from the
Sabin PV vaccine strain). The partially sequenced 5’UTR of the Sabin-like type 1 PV isolate,
showed a very high percentage divergence (8.5%) from the parental Sabin PV vaccine strain
(Table 6.6). Patient P052 (a five-year-old child) had received polio immunisation at the age
of 18 months (27/03/2000) and a stool specimen collected 42 months later (04/09/2003) tested
positive for Sabin-like PV type 1 (Table 6.7). Since patient P052 was five years old, the last
polio vaccination date according to the immunisation schedule should have been on the
26/09/2003 (five-year vaccination). However, the last stool sample was collected on the
04/09/2003, 3 weeks before the child was due for vaccination. One explanation for this low
divergence in the partially sequenced VP1 region from the vaccine strain might be that the
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Sabin-like type 1 PV isolate was acquired through a close contact such as another vaccine
recipient (person-to-person transmission). However, generation of such an isolate cannot
simply be explained by long-term replication of VDPV in a single individual but rather by
recombination of vaccine-like strains with other polio or non-polio enteroviruses.

In this study three of the PVs isolated from stool specimens of immunodeficient children
(P069, P085 and P114), showed ≤99% VP1 sequence identity to the parental Sabin PV
vaccine strains (Table 6.6).

Based on the WHO classification (2004), these PVs were

identified as “suspected” immunodeficient VDPVs (iVDPVs). These “suspected” iVDPVs
(as well as the OPV-like isolates) carried mutations at specific positions in their partially
sequenced regions, which have been associated with reversion to increased neurovirulence.
Patient P085 (one-year-old baby) was immunised at the age of 14 weeks (12/03/2003) and
“suspected” iVDPV type 1 was detected in a stool specimen collected seven months
(23/10/2003) following the last polio vaccination (Table 6.7). The time between vaccine
assumption and PV isolation from P085 was compatible with the mutation rate observed
(>0.9% divergence in VP1 sequences). However, the time between vaccine assumption and
isolation of “suspected” iVDPVs type 1 from patients P069 and P114 was not compatible
with the mutation rate observed (>1.1% divergence in VP1 sequences).

A “suspected”

iVDPV type 1 was isolated from a stool specimen collected from P069 approximately one
month (10/10/2003) following last polio immunisation (18/09/2003) (Table 6.7). Patient
P114 (6 months old baby) was immunised previously at the age of 14 weeks (02/09/2003) and
“suspected” iVDPV type 1 was detected in a stool specimen collected three months following
last polio vaccination (01/12/2003) (Table 6.7). Thus, it seems that deviation from the
molecular clock was possibly due to mutations, which appeared to accumulate non-linearly
with time.

In the control group two Sabin-like type 1 PVs, isolated from the immunocompetent children
Nat 05/24 and Ln 06/17, showed 100% nucleotide sequence similarity in both regions (the
5’UTR and the VP1) to the parental Sabin PV vaccine strain (Table 6.6). A Sabin-like type 2
PV, isolated from Nat 08/02, showed a very high divergence (0.9%) in VP1 nucleotides from
the parental Sabin PV vaccine strain (Table 6.6) and had the key mutation at position 481
(5’UTR) associated with reversion of the attenuated phenotype to increased neurovirulence.
The Sabin-like type 2 PV was isolated from stool samples at the 10th week vaccination and
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according to the results, excretion of PV stopped by the end of the second week following
vaccination and no PVs were detected in the stools collected after the 14th week vaccination.

Two conclusions were drawn from the sequencing analysis of the selected regions in the
genomes of the PV isolates studied. Firstly, sequencing confirmed the typing results and
secondly, sequencing gave no indication of an intertypic recombination event between the
5’UTR and the VP1 part of the genome. However, the data obtained in this study (the various
mutations observed in the sequenced regions) were consistent with the view that PV is able to
escape the immune pressure in the gut to some extent by improving its general fitness rather
than evasion of immunity (Minor et al., 2005).

6.5

Conclusions

Currently, the most urgent priority is to eliminate the remaining reservoirs of wild-type PV
endemicity (Kew et al., 2004). The Technical Consultative Group to the WHO on the Global
Eradication of Poliomyelitis (2002) suggested that when poliomyelitis is eradicated globally
and OPV administration is ceased, that vaccine-derived strains would continue to circulate for
2-3 months. During this time, the potential risk of infection would be greatest for the 0- to 5year-old age group, who may be unvaccinated and who could transmit PV via the faecal-oral
route and thus, perpetuate circulation of the PV (Wood and Thorley, 2003). Excretion of PV
is prolonged in immunodeficient people leading to another reservoir for continued circulation
of PV following vaccination cessation (Wood and Thorley, 2003). Cases of VDPV from
immunodeficient people (iVDPV) with long-term excretion of PV have been recorded, but
such cases have not been associated with cVDPV (no person-to-person transmission of these
iVDPVs) (Kew et al., 1998; Gavrilin et al., 2000; Wood et al., 2000; Wood and Thorley,
2003). Two cases of VAPP have been reported in HIV-infected children (Ion-Nedelscu et al.,
1994; Chitsike and Furth, 1999). However, at present there is no evidence for prolonged
excretion of PV from patients with HIV and AIDS (Technical Consultative Group to the
WHO on the Global Eradication of Poliomyelitis, 2002; Wood and Thorley, 2003).

The evolution rate measurements used to estimate the duration of infection in this study have
several limitations to precision (Kew et al., 1998). Firstly, only a portion of the sequence
information available was used for the evolution rate estimates, because only the 5’UTR and
VP1 regions of the genomes of the OPV isolates were partially sequenced. Sequencing the
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whole genomes of the OPV isolates or other parts of these genomes (such as the 3’UTR)
would have given more information on the evolution rates of the PVs isolated in this study.
Finally, the underlying assumption that the rate of VP1 sequence evolution in
immunodeficient persons is effectively constant over a prolonged period of time (several
months or years) is unproven (Kew et al., 1998). Future studies on prolonged VDPV
excretion from HIV-infected patients are required in order to make decisions about when and
how to stop immunisation with OPV after the global eradication of poliomyelitis.
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Table 6.1:

Primers used in the detection of enteroviruses in stool specimens using
RT-PCR and nested PCR methods (Gow et al., 1991; Kuan, 1997)

Primer region

Primer

Sequence

Amplicon length (bp)

65-84
454-473
163-178
443-460

EP1
EP4
E1
E2

5’-CGG TAC CTT TGT GCG CCT GT-3’
5’-TTA GGA TTA GCC GCA TTC AG-3’
5’-AAG CAC TTC TGT TTC C-3’
5’-CAT TCA GGG GCC GGA GGA-3’

408

Table 6.2:

297

Restriction enzymes (REs) used for the genotyping of enteroviruses
(Kämmerer et al., 1994; Kuan, 1997)
REs

Recognition site

Sty I

C*C(A/T)(A/T)GG

Bgl I

GCCNNNN*NGGC

Xmn I

GAANN*NNTTC

N = A, G, C or T.
* = Recognition site for REs.

Table 6.3:

Fragments resulting from digestion by Sty I, Bgl I and Xmn I
REs of 297 bp amplified enteroviruses (Kämmerer et al., 1994; Kuan,
1997)

REs

Prototype enteroviruses

DNA fragment size (bp)

ECV4, ECV9, ECV11, ECV20, PV3, CAV2, CAV3, CAV5, CAV7, CBV4

297

ECV6, ECV19, PV1, CAV6, CBV2, CBV3

226+71

ECV7, PV2, CBV1

197+100

Sty
I
CBV2, CBV3, CBV6

212+75+10

CBV5

112+102+83
297

Bgl

ECV7, ECV9, ECV11, ECV20, PV2, PV3, CBV1, CBV3, CAV1, CAV5,
CAV6, CAV7

I

ECV4, ECV6, ECV14, ECV19, PV1, CAV2, CAV3, CBV2, CBV4, CBV5

217+80

CBV6
Xmn
I

196+80+21

ECV7, ECV11, PV2, PV3, CAV1, CBV3

297

ECV4, ECV6, ECV9, ECV14, ECV20, PV1, CAV2, CAV3, CAV5,
CAV6, CAV7, CBV1, CBV2

177

236+61
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Table 6.4:

Sabin specific RT-PCR primers used in the detection and differentiation
of Sabin PV types 1, 2 and 3 (Yang et al., 1991; Yang et al., 1992)

Primer
region
2584-2601
2505-2523
2580-2595
2525-2544
2537-2553

Table 6.5:

Primer

Sequence

Amplicon length (bp)

Specificity

S1-1
S1-2
S2-1
S2-2
S3-1a
S3-2

5’-TCC ACT GGC TTC AGT GTT-3’
5’-AGG TCA GAT GCT TGA AAG C-3’
5’-CGG CTT GTG TCC AGG C-3’
5’-CCG TTG AAG GGA TTA CTA AA-3’
5’-AGT ATC AGG TAA GCT ATC C-3’
5’-AGG GCG CCC TAA CTT TG-3’

97

Sabin PV
type 1
Sabin PV
type 2
Sabin PV
type 3

71
54

Primers used in the RT-PCRs for the amplification of the 5’UTR and VP1
region of the poliovirus genome (Divizia et al., 1999; Guillot et al., 2000)

Primer region
Primer
Sequence
Amplicon length (bp)
5’UTR
160-180
UG52
5’-AAC AAG CAC TTC TGT TTC CCC-3’
440
580-599
UC53
5’-GTG ATT GTC ACC ATA AGC AG-3’
VP1
2402-2422
UG1
480
5’-TTT GTG TCA GCG TGT AAT GAC-3’
2862-2881
UC1
5’-AAA1 TTC CAT ATC AAA TCT AG-3’
VP1
2426-2446
N2426
5’-AGC GTG CGC TTG ATG CGA GAT-3’
387
2792-2812
N2812
5’-AGT GAT CTT CCA CAC TGT2 AAA-3’
1
= For Mahoney poliovirus type 1 there is a G, instead of an A in the VP1 genome.
2
= For Mahoney poliovirus type 1 there is a C, instead of a T in the VP1 genome.
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Table 6.6:

Extent of nucleotide divergence between the characterised 5’UTR and
VP1 regions of polioviruses isolated in this study from their attenuated
parental Sabin poliovirus vaccine strains

% Difference
in the 5’UTR
Not done**

Accession number for
the 5'UTR region

Sample

Type of
virus

Accession number
for the VP1 region

AJ783777

P020

PV1

AJ783799

% Difference
in the VP1
0.7

8.5

AJ783776

P052

PV1

AJ783800

0.6

Not done**

AJ783779

P069

PV1

AJ699402

1.3

0.9

AJ783778

P085

PV1

AJ783798

0.9

7.0

AJ699401

P095

PV1

AJ783802

0.6

0.4

AJ783780

P114

PV1

AJ783795

1.1

7.0

AJ783775

P140

PV1

AJ783801

0.6

0

AJ634678

Nat 05/24*

PV1

AJ783794

0

0

AJ783781

Ln 06/17*

PV1

AJ783796

0

0.4

AJ783784

P031

PV2

AJ783792

0.6

0.9

AJ783782

P039

PV2

AJ783797

0

0.4

AJ783783

Nat 08/02*

PV2

AJ783793

0.9

0.4

AJ635238

P023

PV3

AJ783790

0.3

0.4

AJ783787

P025

PV3

AJ783788

0.3

0.4

AJ783786

P045

PV3

AJ783789

0.3

9.2
P126
PV3
0.3
AJ783785
AJ783791
* = control group of immunocompetent children.
** = nucleotide sequences in the 5’UTR were too short to be incorporated into the phylogenetic tree.
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Table 6.7:

Poliovirus

vaccine

strains

isolated

from

stool

specimens

of

immunodeficient children from a selected area in South Africa
Sample

Type
of
virus
PV1

Clinical condition

Date of
birth

Polio
immunisation

PCP
Died

10/03/2003

10/03/2003
23/04/2003

P052
2391424

PV1

Miliary TB

26/09/1998

04/09/2003

P069
2386771
P085
2400161

PV1

Pneumonia

07/08/2003

PV1

Marasmic
pneumonia

23/10/2002

P095
2353775

PV1

Chronic diarrhoea

13/08/2001

P114
2404862

PV1

G/E
Dehydration

25/05/2003

P140
2332025

PV1

Pneumonia

06/05/2002

P031
2374125
P039
2388823

PV2

Meningitis

02/05/2003

PV2

BPN

15/05/2003

26/09/1998
07/11/1998
05/12/1998
02/01/1999
27/03/2000
07/08/2003
18/09/2003
24/10/2002
03/12/2002
23/01/2003
12/03/2003
15/08/2001
27/09/2001
15/11/2001
29/01/2002
18/02/2003
26/05/2003
07/07/2003
05/08/2003
02/09/2003
06/05/2002
19/06/2002
31/07/2002
28/08/2002
02/05/2003
13/06/2003
16/05/2003
27/06/2003

P023
2379238

PV3

Encephalitis
G/E
PTB

01/2002

29/07/2003

P025
2330375

PV3

Herpes stomatitis
Pneumonia

14/01/2002

P045
2389052

PV3

Pneumonia

10/06/2003

01/2002
02/2002
03/2002
04/2002
14/01/2002
26/02/2002
25/03/2002
24/04/2002
16/07/2003
10/06/2003
22/07/2003

P126
2369107

PV3

G/E
Dehydration

12/04/2002

P020
2385048

Stool
specimens
collected
29/07/2003

CDC
classification
C3
CD4+ count of
< 200 cells.mm-3
C3
CD4+ count of
< 200 cells.mm-3

10/10/2003

B

23/10/2003

B3
CD4+ count of
< 200 cells.mm-3

01/10/2003

C3
CD4+ count of
< 200 cells.mm-3

01/12/2003

B3
CD4+ count of
< 200 cells.mm-3

02/01/2004

B2
CD4+ count of
200–499 cells.mm-3

29/07/2003

B

19/08/2003

B1
CD4+ count of
>500 cells.mm-3
C2
CD4+ count of
200–499 cells.mm-3

29/07/2003

B2
CD4+ count of
200–499 cells.mm-3

22/08/2003
21/10/2003

B2
CD4+ count of
200–499 cells.mm-3
A3
CD4+ count of
< 200 cells.mm-3

12/04/2002
17/12/2003
22/05/2002
19/06/2002
17/07/2002
08/10/2003
Abbreviations: A, documented asymptomatic HIV infection; B, symptomatic HIV infection; C,
symptomatic HIV infection with an AIDS indicator condition; BPN, bronchopneumonia; G/E,
gastroenteritis; PCP, pneumocystis carinii pneumonia; PTB, pulmonary tuberculosis; TB, tuberculosis.
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Group 2

Group 3

Group 1

Figure 6.1:

Unrooted phylogenetic tree re-constructed with the neighbour-joining
method from the comparative 5’untranslated region sequence analysis of
the isolated oral poliovirus vaccine strains from immunodeficient children
and the poliovirus reference strains. Branch lengths are proportional to
the phylogenetic distances, while the vertical branches are noninformative. The scale bar shows 2% nucleotide sequence difference
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Group 3

Group 2

Group 1

Figure 6.2:

Unrooted phylogenetic tree re-constructed with the neighbour-joining
method from the comparative VP1 region sequence analysis of the isolated
oral poliovirus vaccine strains from immunodeficient children and the
poliovirus reference strains.

Branch lengths are proportional to the

phylogenetic distances, while the vertical branches are non-informative.
The scale bar shows 5% nucleotide sequence difference
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