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Patients with primary immunodeficiency are prone to
persistently excrete Sabin-like virus after administration of
live-attenuated oral polio vaccine and have an increased
risk for vaccine-derived paralytic polio. We report a case
of type 3 immunodeficiency-associated vaccine-derived
poliovirus in a child in South Africa who was born with
X-linked immunodeficiency syndrome.

Live-attenuated oral polio vaccine (OPV) is still the
vaccine of choice for use in developing countries.
However, reversion to virulence may occur during OPV
replication in humans and may result in the rare cases
of vaccine-associated paralytic poliomyelitis in OPV
recipients and their close contacts. Two additional OPV-
related problems that may affect polio eradication: long-
term, persistent infection with OPV-derived viruses in
persons with primary humoral immunodeficiencies (so-
called immunodeficiency-associated vaccine-derived
polioviruses [iVDPVs]); and circulating vaccine-derived
polioviruses (VDPV) in areas with low rates of vaccine
coverage (1). VDPV strains are defined as follows: 1)
strains of types 1 and 3, which have <99% nt sequence
identity to the capsid viral protein (VP) 1 coding region
of the corresponding Sabin reference strain; and 2) VDPV
strains of type 2, which have <99.4% nt sequence identity to
the corresponding Sabin reference viral protein 1 (VP1) (1).
Circulating VDPVs show marked sequence drift, indicating
prolonged replication of the vaccine strain in susceptible
human hosts and consequent acquisition of the phenotypic
properties of neurovirulence and transmissibility.

Persons born with primary immunodeficiency have
been found to be persistently infected with VDPV after
exposure to OPV. Immunocompetent persons excrete polio
vaccine viruses for up to 2-3 months (2), whereas prolonged
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excretion of VDPV for 6 months to>10 years has been found
in persons with primary humoral immunodeficiency (3-6).
The risk for vaccine-associated paralytic poliomyelitis is
>3,000-fold higher for these patients (7). We report a case
of type 3 iVDPV in a child in South Africa who was born
with X-linked immunodeficiency syndrome.

The Patient

The patient, a 10-month-old boy, was born at term on
October 28, 2010; X-linked immunodeficiency syndrome
was diagnosed after he received 3 scheduled doses of polio
vaccine (1 OPV dose at birth and 2 inactivated poliovirus
vaccine doses at 10 and 14 weeks). On September 18,
2011, fever developed (38.5°C—40.0°C), and the next
day, vomiting and 2 episodes of tonic-clonic convulsions
occurred. A lumbar puncture was performed, and testing
of cerebrospinal fluid (CSF) showed pleocytosis and mild
increase of proteins. His condition deteriorated, and on
day 5, acute flaccid paralysis developed, with generalized
hypotonia and reduced power and reflexes in all limbs, more
marked in the lower limbs. Respiratory distress developed,
and some involvement of the facial nerve was manifested
by left-sided eye drooping, mouth deviation, and drooling.
A lumbar puncture was repeated on day 5, and CSF was
positive by PCR for enterovirus and a pleocytosis. Stool
samples taken on days 5 and 9 were positive for enterovirus,
which was subsequently characterized as poliovirus type 3.

Beginning 15 days after the onset of paralysis,
intravenous immunoglobulin  (National Bioproducts
Institute, KwaZulu-Natal, South Africa) with a titer
for polio type 3 neutralizing antibodies of 4-8 IU was
administered daily for 32 days, followed by alternate days
to a total of 43 doses. The patient improved gradually,
and strength was regained in all limbs, with the exception
of residual paresis in the right lower limb. CSF became
negative for poliovirus PCR 2 weeks after immunoglobulin
therapy began, and stool excretion of poliovirus ceased on
day 70, 55 days after initiation of immunoglobulin therapy.

Extracts of stool specimens were treated with chloroform
and cultured on human rhabdomyosarcoma cell line, used
for enterovirus isolation, and mouse L cells expressing the
human poliovirus receptor, used specifically for poliovirus
isolation (8). To distinguish whether the poliovirus isolates
were of vaccine or wild origin, real-time PCR tests were
performed, targeting the VP1 coding region (9). In addition,
to detect mutant and recombinant poliovirus vaccine strains,
a vaccine-derived, real-time screening assay was performed
(David Kilpatrick, pers. comm.).

All Sabin 3 strains were sequenced at 3 regions of
the genome: 5 untranslated region, VP1, and 3D. The
sequence analysis of all viruses revealed a mutation at
nt 472 of the 5’ untranslated region (U,,,—C), a critical
attenuating mutation feature for Sabin 3. This substitution
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Table. Mixed bases at various positions of immunodeficiency-
associated vaccine-derived polioviruses
Viral protein 1

Mixed bases

Sabin 3 position Stool sample 1 Stool sample 2
G 175 G/A G/A
A 231 AIG AIG
T 261 CIT CIT
G 295 G/A G/A
C 420 CIT C
C 426 T/IC TIC
A 444 G/A G/A
A 658 AIG AIG
A 659 AIG G/A
G 661 G/A G/A
G 666 AIG G/A
C 684 T/C T/C

in the internal ribosomal site restores the original structure
of the stem loop and permitting the initiation of translation
of the poliovirus RNA template (10,11) The reversion at
that site is under strong selection during replication in
the human intestine and is associated with the attenuated
phenotype in Sabin 3 (12). The VP1 region showed 2
reversions of the capsid determinant; C,,,,—U appear to
be the main determinants of the attenuated phenotype (1),
and at position 54 for alanine amino acid mutated to valine
(Ala,,— Val) that can act as a suppressor of the temperature
sensitivity and attenuated phenotype (13). At the 3D region,
the sequence analysis showed no recombinant.

Both stool samples showed mixed bases at 12
positions, consistent with the presence of at least 2 main
genetic variants in the virus population (Table). Isolates
with mixed bases are characteristic of iVDPVs, which
suggests the existence of co-replicating poliovirus lineages
within immunodeficient patients (1,5).

The relationships among the VP1 sequences of the 3
isolates were summarized in a tree constructed by using
the neighbor-joining method (14) and rooted to the Sabin
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Figure. Neighbor-joining tree of immunodeficiency-associated
vaccine-derived poliovirus isolates from infant, South Africa,
2011. The tree was derived from the viral protein (VP) 1 region
and rooted at the Sabin 3 reference strain, showing classification
as lineage A or B. South Africa (SOA) isolates are identified by 2
digits indicating year of receipt, 2 digits indicating year of onset
of paralysis (11), and 4 digits indicating case number. SOA-11-11-
1092 is a representative cerebrospinal fluid sample; SOA-11-11-
1099 and SOA-11-11-1093 are representative stool samples. Scale
bar indicates nucleotide substitutions per site.
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3 sequence (Figure). The iVDVP isolates differed from the
Sabin 3 OPV strain at 1.1% and from each other by 1.4%
at a VP1 region, similar to the rate of nucleotide sequence
evolution in poliovirus as described by Jorba et al. (15). The
chronic iVDPV infection could have been initiated by the
birth dose. The shallow branches correspond to 2 lineages
(A, CSF, and B, stool). The extensive divergence of the
two lineages was not surprising as the viruses originated
from 2 sources (CSF and stool samples) taken 4 days
apart. The VP1 sequence of lineage B was ambiguous at
several positions, which suggests the virus population was
of mixed variants. All sequences determined in this study
were derived from Sabin 3 strain.

Conclusions

Cases of iVDPV are rare; especially rare is type 3. Only
~50 cases had been reported in the literature as of March
2011 and, to our knowledge, none in sub-Saharan Africa.
We characterized 2 separate lineages of type 3 poliovirus
in this patient, demonstrating separate evolution of the
virus. A relatively rapid clinical and virologic response
to intravenous immunoglobulin averted chronic excretion
of the virus. Persistent excretion of VDPV in primary
immunodeficient patients remains a potential risk to the
global eradication of polio, as long as OPV is still used.

Acknowledgments

We thank the National Institute for Communicable Diseases
Polio Working Group for excellent technical assistance and M.
Kriel for clinical information.

Ms Gumede is a medical scientist pursuing a PhD at the
University of Pretoria, South Africa. Her research interests
include disease epidemiology, clinical research, and polioviruses.

References

1. Kew OM, Sutter RW, de Gourville EM, Dowdle WR, Pallansch MA.
Vaccine-derived polioviruses and the endgame strategy for global
polio eradication. Annu Rev Microbiol. 2005;59:587-635. http:/
dx.doi.org/10.1146/annurev.micro.58.030603.123625

2. Alexander JP Jr, Gary HE Jr, Pallansch MA. Duration of poliovirus
excretion and its implications for acute flaccid paralysis surveillance:
a review of the literature. J Infect Dis. 1997;175(Suppl 1):S176-82.
http://dx.doi.org/10.1093/infdis/175.Supplement 1.S176

3. Kew OM, Sutter RW, Nottay BK, McDonough MJ, Prevots DR,
Quick L, et al. Prolonged replication of a type 1 vaccine-derived
poliovirus in an immunodeficient patient. J Clin Microbiol.
1998;36:2893-9.

4. Misbah SA, Lawrence PA, Kurtz JB, Chapel HM. Prolonged faecal
excretion of poliovirus in a nurse with common variable hypogam-
maglobulinaemia. Postgrad Med J. 1991;67:301-3. http://dx.doi.
org/10.1136/pgmj.67.785.301

5. Martin J, Dunn G, Hull R, Patel V, Minor PD. Evolution of the Sabin
strain of type 3 poliovirus in an immunodeficient patient during the
entire 637-day period of virus excretion. J Virol. 2000;74:3001-10.
http://dx.doi.org/10.1128/JV1.74.7.3001-3010.2000

993



DISPATCHES

6. Bellmunt A, May G, Zell R, Pring-Akerblom P, Verhagen W,
Heim A. Evolution of poliovirus type I during 5.5 years of pro-
longed enteral replication in an immunodeficient patient. Virology.
1999;265:178-84. http://dx.doi.org/10.1006/viro.1999.0003

7. Shahmahmoodi S, Mamishi S, Aghamohammadi A, Aghazadeh N,
Tabatabaie H, Gooya MM, et al. Vaccine-associated paralytic polio-
myelitis in immunodeficient children, Iran, 1995-2008. Emerg Infect
Dis. 2010;16:1133-6. http://dx.doi.org/10.3201/eid1607.091606

8. World Health Organization. Polio laboratory manual, 4th ed. Ge-
neva: The Organization; 2004. WHO/IVB/04.10.

9. Kilpatrick DR, Yang CF, Ching K, Vincent A, Iber J, Campagnoli
R, et al. Rapid group-, serotype-, and vaccine strain-specific identi-
fication of poliovirus isolates by real-time reverse transcription-PCR
using degenerate primers and probes containing deoxyinosine resi-
dues. J Clin Microbiol. 2009;47:1939—41. http://dx.doi.org/10.1128/
JCM.00702-09

10. Gromeier M, Bossert B, Arita M, Nomoto A, Wimmer E. Dual stem
loops within the poliovirus internal ribosomal entry site control neu-
rovirulence. J Virol. 1999;73:958-64.

11. Haller AA, Stewart SR, Semler BL. Attenuation stem-loop lesions
in the 5’ noncoding region of poliovirus RNA: neuronal cell-specific
translation defects. J Virol. 1996;70:1467—-74.

12. Dunn G, Begg NT, Cammack N, Minor PD. Virus excretion and
mutation by infants following primary vaccination with live oral
poliovaccine from two sources. J Med Virol. 1990;32:92-5. http:/
dx.doi.org/10.1002/jmv.1890320205

13. Minor PD, Dunn G, Evans DM, Magrath DI, John A, Howlett J, et
al. The temperature sensitivity of the Sabin type 3 vaccine strain
of poliovirus: molecular and structural effects of a mutation in the
capsid protein VP3. J Gen Virol. 1989;70:1117-23. http://dx.doi.
0rg/10.1099/0022-1317-70-5-1117

14. Saitou N, Nei M. The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol. 1987;4:406-25.

15. Jorba J, Campagnoli R, De L, Kew O. Calibration of multiple polio-
virus molecular clocks covering an extended evolutionary range. J
Virol. 2008;82:4429-40. http://dx.doi.org/10.1128/JV1.02354-07

Author for correspondence: Nicksy Gumede, National Institute for
Communicable Diseases, No. 1 Modderfontein Road, Sandringham,
Johannesburg, 2131, South Africa; email: nicksyg@nicd.ac.za

EMERGING

INFECTIOUS DISEASES

To subscribe online:
) http://wwwnc.cdc.gov/eid/subscribe.htm

Email: = 5%
eidedifor@cdc.gov  Nymber on mailing label:
Fax: Name:

| |:] Subscribe to print version
Y [ Unsubscribe from print version
| [_] Update mailing address

www.cdc.gov/eid

404-639-1954
Mail:

(DC/MS D61

1600 Clifton Rd NE
Atlanta, GA 30333
USA

Full mailing address: (BLOCK LETTERS)

994

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 18, No. 6, June 2012



