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SUMMARY

Polioviruses have been around for a long time in man’s history. Before the development
of killed and live virus vaccines in the 1960’s, poliomyelitis was a serious problem in
public health. Since then paralytic poliomyelitis remains a threat in certain
underdeveloped countries but has been considered a conquered disease in the
developed world.

The molecular epidemiology of wild-type 1 polioviruses (WPV1) isolated in Angola in
2005, the Democratic Republic of the Congo (DRC) in 2006-2008 and Namibia in 2006
were investigated by sequence analysis of the complete VP1 gene of all isolates. All
outbreak viruses clustered with the Indian type 1 genotype (SOAS) which was unique to

India circulating endemically in the Uttar Pradesh (UP) and Bihar provinces in Northern



b
W UNIVERSITEIT VAN PRETORIA
) 4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA XV"

India. Epidemiological and virological analyses suggested that the Namibia outbreak

virus had been circulating without detection for at least one year in Angola.

Four cases of acute flaccid paralysis (AFP) occurred in children in Madagascar in 2005.
Molecular analysis confirmed cVDPV type 2 and 3 in affected patients. The first case,
occurred in Toliara Il district, on 09 April 2005. The last two cases were in the Toliara |
and Beloha districts and paralysis onset on 26 June and 13 July 2005 respectively.
Partial genomic sequencing of the poliovirus isolates revealed considerable divergence
from the prototype Sabin strain in all cases. This is the second time that type 2 cVDPV is
associated with an outbreak of AFP in Madagascar, and to our knowledge the first time

that a type 3 cVDPV is identified in Madagascar.

A total of fifty-six children with AFP were found to excrete VDPVs of serotype 2 in the
DRC between 2005 and 2010. These viruses represent at least three emergences and
at least two outbreaks. Partial genomic sequencing of the poliovirus isolates revealed
considerable nucleotide sequence divergence of between 1.1% to 2% from the
prototype Sabin strain in the VP1 region of the viral genome. This was the first time that

a type 2 cVDPV outbreak was detected in the DRC.

In total, 89 viral isolates obtained from Ethiopia during 2007 to 2010 and partial
sequencing analysis confirmed that 13 isolates were VDPV's. Seven AFP cases were
type 3, 4 AFP cases were type 2 and 2 contacts for type 3. Partial genomic sequencing
of the poliovirus isolates revealed considerable divergence from the prototype Sabin

strain in all cases.
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Finally, cases of AFP where only Sabin-like viruses were identified were investigated in
South Africa with 11 possible VAPP cases identified with recombinant events in the 3D
region and also revealing a mutation that restore the original stem-loop structure in the

internal ribosomal entry site (IRES) in the 5’ Non-Translated Region (NTR).

In this study, the molecular epidemiology of poliovirus outbreaks that occurred in
Angola, Namibia, and the DRC is described that were associated with wild polio 1 and 3.
Investigation of Sabin-like vaccine strains in the DRC, Madagascar and Ethiopia
identified vaccine-derived polioviruses in AFP cases as well as possible vaccine-

associated paralytic poliovirus in South Africa.
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contacts. Sabin type 3 virus was used as an out-group..................cooiviieiieiniinnn. -74-
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Figure 4.4. A. The unrooted neighbour-joining tree of the 5 NTR region (nt 207-586)
with reference to Sabin 2 demonstrating the relationships between circulating vaccine-
derived (VDPV) Madagascar. Madagascar VDPV identified in2001 and 2002 and bold
and underlined (GenBank accession Number: AM084225 and AM084223). Sequence of
isolates related to Sabin 3, are coloured orange and VDPV type 2 cases and contacts
are coloured blue and are related to non OPV viruses..................cooiiiiiinns -75-
Figure 4.5. B. The unrooted neighbour-joining tree of the 3D region (nt 6145 — 6507)
demonstrating relationship with unknown human enterovirus C species (HEV-C).
GenBank accession numbers HEV-C used are: AF499635=CA1; AF499636=CA11;
AF499637=CA13; AF499638=15; AF499639=CA17, AF499640=CA18;
AF499641=CA19; AF499642=CA20; AF546702=CA21; AF499643=CA22 and
D90457=CA24. Allcases are bolded...............cooiiiiii i, -76-
Figure 5.1: A map showing a geographical distribution of VDPV from the DRC........ -87-
Figure 5.2: A neighbour-joining tree rooted at the Sabin 2 reference strain closest to the
VDPV type 2 strain isolated inthe DRC.................oi e, -88-
Figure 6.1: Amino Acids comparison of VP1 region of the genome for Sabin 2, wild type
2 and VDPVs type 2 from Africa. W2_AY082676, MEF_AY082677, Laderle_AY082678
and Lansing_AY082680 are from the GenBank. RDC strains are from the DRC (detailed
in Chapter 4) and ETH strains are from Ethiopia.....................oooii i -101-

Figure 6.2: Amino Acids comparison of VP1 region of the genome for Sabin 3, wild
type 3 and VDPVs type 3 from Africa. NIE strains are from the Nigeria and ETH strains
are from Bthiopia. ... . ..o -101-.
Figure 6.3: Geographical distribution of VDPV cases in Ethiopia in 2008 to 2010...-103-

Figure 6.4: The graph showing outbreak response in Ethiopia............................ -107-
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Figure 7.1. Ethidium bromide-stained 1.5% agarose gel showing amplification of the (A)
5" NTR and (B) VP1 regions of poliovirus type 3 strains. Sabin 3 used as a positive
controls (+ve) and negative controls (-ve) are reactions without template. Lanes: 1.
PMOLO070911, 2. PMOL100360, 3. PMOL080728, 4. PMOL070899, 5. PMOL070805, 6.
PMOLO070678, 7. PMOL070769, 8. PMOL070798, 9. PMOL070521, 10. PMOL040953,
11. PMOL080391 in panel A and negative control in panel B. Lane 12 and 13, negative
control in panel A and Molecular weight marker in panel B. Last lane is a molecular

weight markerforpanel A....... ... e = 1105

Figure 7.2: (A,B,C,D,E and F): BootScan results for South Africa viruses with strong
evidence of recombination. The percentage of permuted trees is shown along y axis and
the position is shown along the length of the sequence (x axis). The initial bootscan
results were obtained using Sabin 3 reference strain. The bootscan was redone using
the Coxsackie A24 (CAV24) and Sabin 2 (used as a control)..................... 122- t0-124-
Figure 7.3: Maximum-likelihood (PHYML) phylogenetic tree based on the 3D gene
sequence of South African Sabin-like strains with recombination. Type of recombination
is indicated on the right hand side. Coxsackie A 24 (CVA24) strain is highlighted in red

and the Sabin reference strains are highlighted inblue....................................... -124-
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SELECTED ABBREVIATIONS USED IN THE TEXT

AFP
BDD
CDC
cVDPV
CVID
CPE
DNA
EQT
GPLN
RD
iVDPV
IPV
IRES
SOAS
ITD
KOC
KAT
mOPV
NIDs
NICD
NTR
OPV

ORT

Acute flaccid paralysis

Bandundu

Centers for Disease Control and Prevention
Circulating vaccine-derived polioviruses
Common variable immunodeficiency disorder
Cytopathic effect

Deoxyribose nucleic acid

Equateur

Global Polio Laboratory Network

Human Rhabdomyosarcoma

Immunodeficiency vaccine-derived polioviruses

Inactivated poliovirus vaccine

Internal Ribosomal Entry Site

South Asia genotype (Indian genotype)
Intratypic Differentiation

Kasai Occidental

Katanga

Monovalent Oral Poliovirus Vaccine
National Immunization Days

National Institute for Communicable Diseases
Non-Translated Region

Oral Poliovirus Vaccine strains

Orientale
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PCR Polymerase chain reaction

PEI Polio Eradication Initiative

PV Polio Virus

PVR Polio Virus Receptor

RT-PCR Reverse transcription PCR

RNA Ribose nucleic acid

SNNPR Southern Nations Nationalities people Region
SNIDs Sub-National Immunization Days

SKV Sud- Kivu

DRC the Democratic Republic of the Congo
P-distance The nucleotide pairwise distance

tOPV Trivalent Oral Poliovirus Vaccine

upP Uttar Pradesh

VAPP Vaccine-associated paralytic poliomyelitis
VDPV Vaccine-derived Polioviruses

WEAF-A Western African A or African genotype
WEAF-B Western African B or African genotype
WPV Wild poliovirus

WPV1 Wild poliovirus 1
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