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A retrospective study to identify VAPP cases
from the entire Uganda was conducted be-
tween January 2003 and December 2011.
Eleven of the 106 AFP cases were VAPPs. The
VAPP rate ranged from 0 to 3.39 cases per
1,000,000 birth cohorts and the peak was in
2009 when there was scaling up of OPV
immunization activities following an importa-
tion of wild poliovirus in the country. All the
subsequent polio suspect cases since then
have been vaccine-associated polio cases. Our
data support the strategy to withdraw OPV and
introduce IPV progressively in order to mitigate
against the paralysis arising from Sabin polio-
viruses. J. Med. Virol. 87:2163–2167, 2015.
© 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Poliomyelitis is caused by Poliovirus 1, 2, and 3
which belong to the family Picornaviridae and the
genus Enterovirus. Paralytic polio usually affects one
lower limb and presents with hypotonia, reduced
reflexes, wasting of muscles but with no loss of
sensorium. Plans to eradicate poliomyelitis are inten-
sively on-going and these are being achieved by the
use of both oral polio vaccine (OPV) as well as the
inactivated polio vaccine (IPV). The viral strains in
OPV (Sabins) are unstable (Agol, 2006) for example
Sabin poliovirus 1 harbors an attenuating mutation
of A480G in the 50UTR whereas that of Sabin Polio-
virus 2 and 3 are at the G481A and C472U sites
respectively [Kew et al., 2004; Kew, 2009]. The
mutations at these specific sites are not infrequent.
They are associated rarely with increased neuro-
virulence and only infrequently cause AFP. This
underrates their importance.

Vaccine associated paralytic poliomyelitis (VAPP)
and vaccine derived Polioviruses (VDPVs) cases have
been described [Shulman et al., 2006; Kapusinszky B
et al., 2010; Diop et al., 2014]. VDPVs are OPV
mutants that are genetically divergent and may have
reverted to increased neurovirulence. VAPPs are
categories of poliomyelitis that are identified by
clinical signs, history of recent exposure to OPV, and
virological investigations. The VAPP cases arise
rarely from the genetic instability within the 50UTR
of the Sabin Poliovirus. They mostly occur after the
first dose of OPV and are more prevalent in children
with primary immune-deficiencies (Kim et al., 2007;
Shahmahmoodi et al., 2010). VAPP is a rare event
and from these rare cases VAPP type 2 and 3 are
most frequent (Pliaka et al., 2010). In Latin America
the estimated overall risk of VAPP was one case per
1.19 million newborns (Landaverde et al., 2014) and
in Russia it was one case per 2.2 million doses of
OPV recipients (Ivanova et al., 2007). The risk of
VAPP following the first OPV dose in India and USA
was reported at one case per 2.8 million children and
one case per 1.4 million children respectively (WHO
Global Vaccine safety, 2014).
The African Region has embarked on massive

immunization campaigns with multiple rounds of
OPV in supplementary immunization activities in
pursuit of the polio eradication agenda. Incidentally
this scenario coupled with variable rates of
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population immunity, makes for the adverse effects of
OPV virus strains mutations to be of major concern.
The objective for this study was to survey for the
cases of VAPP in Uganda.

MATERIALS AND METHODS

An AFP case was defined as any case of acute-onset
flaccid paralysis in a person less than 15 years of age
for any reason other than severe trauma. VAPPs
cases were classified into recipient and contact
VAPPs. In this study a recipient VAPP was defined
as a person who 4 to 30 days after receiving OPV
dose developed AFP compatible with poliomyelitis,
which persists for �60 days following onset and
further associated with Sabin Poliovirus isolation
from stool. A contact VAPP case was defined as a
person with paralytic poliomyelitis that has a known
contact with a vaccinee who received OPV within
7–70 days before paralysis onset and the contact
occurred 4–30 days before the onset of paralysis.
The study was performed using stored specimens

from an on-going WHO AFP surveillance system in
the country. It was a retrospective study of AFP
cases identified as part of the national AFP surveil-
lance system from January 2003 to December 2011 in
Uganda. Cases of AFP were identified from the field
by health workers using the Uganda Surveillance
AFP case definition adapted from WHO Regional
office for Africa protocol. Two stool specimens were
collected from the cases within 24–48 hr interval and
transported to the Expanded Programme on Immuni-
zation Laboratory at Uganda Virus Research
Institute (EPI LAB-UVRI) in a reverse cold chain for
Poliovirus isolation. The EPI LAB-UVRI is a
WHO-accredited reference laboratory for isolating
Polioviruses from stool specimens. Cases that were
identified with Sabin viruses were followed up and
examined at 60 days after the onset of the AFP by a
member of the National Polio Expert Committee to
ascertain whether there was residual paralysis or
not. The affected children were examined for the
typical neurological manifestations of poliomyelitis.
Stool specimens were processed according to

standard procedures (WHO, 2004, Polio laboratory
manual). Real-time intra-typic differentiation of the
isolated Poliovirus was performed. Briefly, the viral
RNA in the isolate was reverse transcribed to comple-
mentary DNA (cDNA) which was then amplified in a
PCR reaction using Taq polymerase. Multiple sets of
Poliovirus type-specific oligonucleotide primers that
are tagged with probes were used for intra-typic
differentiation of the Poliovirus as described (Polio-
virus Real-Time RT-PCR, 2010).
One hundred and forty microliters (140ml) of the

cell culture supernatant was used for RNA extrac-
tion. The extraction was performed using QIAamp
viral RNA extraction kit (Hilden, Germany) according
to the manufacturer’s recommendations. Reverse
transcription was carried out at 42˚C for 60min in a
GeneAmp 9700 thermocycler (CA) followed by dena-
turation at 95˚C for 3min. Amplification consisted of
30 cycles (95˚C for 30 sec, 42˚C for 30 sec, and 60˚C
for 2min) using primer EV2S and EV1A for the
50UTR. Before sequencing, the RT-PCR products
were purified with the QIAquick PCR purification kit
and 50UTR gene (nucleotides 500) was sequenced
using cycle sequencing with the Big Dye Terminator
Cycle sequencing kit ver. 3.1 (CA). The DNA se-
quence was determined using the ABI 3100 Genetic
Analyzer, version 3.1.

RESULTS

One hundred and six (106) AFP cases from whom
the Sabin Poliovirus was isolated previously were
identified within the 9 year study period. Eleven (11)
out of the 106 cases (10.4%) were characterized as
VAPP. The estimation of the VAPP rates in Uganda
is shown in Table I. The rate of VAPP over the study
period ranged from 0 to 3.39 per a million birth
cohorts with a peak in 2009, and no case identified
for 2003, 2004, 2005, and 2006. A greater proportion
of the AFP cases: 37 of the 106 AFP (34.9%) and 5 of
the 11 VAPPs (45.5%) occurred in 2009. Twenty-five
percent of the VAPP cases (25%) occurred after the
administration of the second trivalent OPV dose
(OPV2). See the list below:
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Furthermore most VAPP cases (63.6%) manifested
after the age of 1 year (Table II). Five VAPP cases
were categorized as contact cases. The other five
VAPP cases; V002, V005, V008, V009, and V010
fulfilled the criterion of recipient VAPP. Two of the
recipient cases; V002 and V010 manifested after the
first dose of OPV. The eleventh case (V011) was a
14 year old child who could not be categorized but
has been considered to be a ‘VAPP’ case because the
patient had a history of AFP with Sabin isolation and
further manifested with residual paralysis at 60 days
following the onset of AFP. Four VAPP cases with
viral isolates were sequenced in the 50UTR. Two
harbored the ‘typical’ revertant-mutations yielding
Sabin Poliovirus 1 and 2; G480A and A480G mutants
and the other two cases did not harbor the ‘typical’
50UTR revertant-mutations.

DISCUSSION

VAPP has been reported to most frequently occur
with the initial exposures to OPV. The Uganda data
are interesting because many of the VAPP cases
appear to be associated with subsequent exposures.
Birth cohorts were used to estimate the VAPP rate
because VAPP is common with the routine OPV doses
before children develop the immunity to OPV. The
reports of VAPP cases available are from the devel-
oped and developing countries however VAPP cases
are described in Uganda for the first time. From 2003
to 2011 eleven (11) cases of VAPP were identified in
Uganda.
In the developing countries most children present

with VAPP at 1–4 years of age. This occurred in four
of the VAPP cases in this study. Three occurred after
the age of 4 years. Sabin Poliovirus 1, 2, and 3 were
equally distributed among the VAPP cases. Three
cases had mixed infections of Sabin Poliovirus 2 and
3 among the recipient cases which could be explained
by the administration of a trivalent vaccine. In this
study the immune status of the subjects was more
critical for the outcome of VAPP than the number of
OPV doses received. This is in agreement with the
existing data that VAPP portrays the immune status
of the population. There were two 50UTR revertant-
mutants and these have been classified as Sabin
Poliovirus 1 and 2. Attenuating sites of the Poliovirus
have been characterized in other regions of Sabin
Poliovirus 1, 2, and 3 however most cases of the OPV
genetic instability occur in the 5’UTR. Sabin Polio-
virus 2 viruses revert with most ease (Kew O et al.,
2005). It was not possible to investigate the propor-
tion of Sabin 2 mutants in this study because of
specimen limitations.
Cases V002 and V010 manifested with VAPP after

the first dose of OPV. Such event is common in the
high-income settings whereas VAPP cases after the
second and subsequent OPV doses have been ob-
served especially in low-income settings (Platt and
Est�ıvariz, 2014). In this study 8 out of 11 VAPP cases

T
A
B
L
E

I.
V
A
P
P
ra
te
s
fr
om

2
0
0
3
to

2
0
1
1
in

U
g
a
n
d
a
:

Y
ea

r
A
F
P

ca
se
s
w
it
h
S
a
b
in

is
ol
a
ti
on

P
ro
p
or
ti
on

of
A
F
P
s
(%

)
P
ro
p
or
ti
on

of
A
F
P
ca
se
s
th
a
t
w
er
e
cl
in
ic
a
ll
y

cl
a
ss
if
ie
d
(%

)
V
A
P
P

ca
se
s

P
ro
p
or
ti
on

of
V
A
P
P

ca
se
s
(%

)
V
A
P
P

ra
te

(c
a
se
s
p
er

1
,0
0
0
,0
0
0

b
ir
th

co
h
or
ts
)

2
0
1
1

2
4

2
2
.6

7
5

2
1
8
.2

1
.2
5

2
0
1
0

1
0

9
.4

9
0

1
9
.1

0
.6
5

2
0
0
9

3
7

3
4
.9

1
0
0

5
4
5
.5

3
.3
9

2
0
0
8

8
7
.5

1
0
0

1
9
.1

0
.7
0

2
0
0
7

3
2
.8

1
0
0

2
1
8
.2

1
.4
6

2
0
0
6

9
8
.5

1
0
0

0
0

0
2
0
0
5

7
6
.6

1
0
0

0
0

0
2
0
0
4

5
4
.7

1
0
0

0
0

0
2
0
0
3

3
2
.8

1
0
0

0
0

0
T
ot
a
l

1
0
6

1
1

A
F
P
,
A
cu

te
F
la
cc
id

p
a
ra
ly
si
s;

V
A
P
P
,
V
a
cc
in
e
A
ss
oc
ia
te
d
P
a
ra
ly
ti
c
P
ol
io
m
y
el
it
is
.

J. Med. Virol. DOI 10.1002/jmv

VAPPs in Ugandan Children 2165



(72.7%) were in this category. The outcome of VAPP
at an older age could be explained by the low
sanitation levels in the low-income settings which are
associated with high maternal anti-Poliovirus anti-
bodies in the community. The maternal antibodies
compromise on the immunogenicity of the vaccine
and result in low OPV uptake and thus the vaccine
recipients remain at a risk of manifesting with VAPP
at a later stage.
The VAPP rate during the study period ranged

from 0 to 3.39 per a million birth cohorts, which falls
within the projected rate of 2 to 4 cases per million
birth cohorts (WHO - Weekly Epidemiological Record,
2014). There was an importation of wild Poliovirus in
the country in 2009 which triggered increased aware-
ness and scaling up of immunization activities, and
these were associated with a high number of AFPs
and VAPPs in same year.
We describe a considerable prevalence of VAPP

cases in our setting that has used OPV for both
routine and supplementary immunization activities.
With the continued use of OPV vaccine-associated
paralysis is becoming more frequent than wild polio
paralysis. This study supports the current Polio
Eradication Strategy to introduce one dose of IPV
while still giving OPV3 in preparation for the even-
tual total withdrawal of OPV from routine immuniza-
tion program (GPEI, 2013). The outcome of VAPP
and 50UTR mutations could not be investigated for all
the VAPP cases because of specimen limitations.

ACKNOWLEDGMENTS

World Health Organization, Dr. Charles R. Byaba-
mazima, Dr. Jennifer Serwanga, National Institute of
Communicable Diseases in South Africa, National
Polio Expert Committee of Uganda and the Study
Participants.

REFERENCES

Agol VI 2006. Molecular mechanisms of poliovirus variation and
evolution. Curr Top Microbiol Immunol 299:211–259.

Diop OM, Burns CC, Wassilak SG, Kew OM, Centers for Disease
Control and Prevention (CDC). 2014. Update on vaccine-derived
polioviruses worldwide, July 2012 -December 2013. MMWR
Morb Mortal Wkly Rep Mar 21; 63:242–248.

GPEI-Polio Eradication and Endgame Strategic Plan 2013–2018.
2013. 14th April 2013.

Ivanova OE, Eremeeva TP, Leshchinskaia EV, Korotkova EA,
Iakovenko ML, Cherniavskaia OP, Cherkasova EA, Dragunskaia
EM, Dekonenko EP, Martynenko IN, Krasnoproshina LI, Sor-
okina MP. 2007. Paralytic poliomyelitis in Russian Federation in
1998–2005. Zh Mikrobiol Epidemiol Immunobiol 2007 37–44.

Kapusinszky B, Moln�ar Z, Szomor KN, Berencsi G. 2010. Molecular
characterization of poliovirus isolates from children who con-
tracted vaccine-associated paralytic poliomyelitis (VAPP) follow-
ing administration of monovalent type 3 oral poliovirus vaccine
in the 1960s in Hungary. FEMS Immunol Med Microbiol 2010.
Mar; 58:211–217.

Kew OM;, Wright PF;, Agol VI;, Delpeyroux F;, Shimizu H;,
Nathanson N;, Pallansch MA. 2004. Circulating vaccine-derived
Polioviruses: Current state of knowledge. Bull World Health
Organ Jan; 82:16–23.

Kew OM, Sutter RW, de Gourville EM, Dowdle WR, Pallansch MA.
2005. “Vaccine-derived Polioviruses and the endgame strategy
for global polio eradication”. Annu Rev Microbiol 59:587–635.

T
A
B
L
E

II
.
C
h
a
ra
ct
er
is
ti
cs

of
V
A
P
P
ca
se
s
in

U
g
a
n
d
a
:
2
0
0
7
–
2
0
1
1

S
tu
d
y

n
o.

Y
ea

r
of

re
p
or
t

A
g
e
in

m
on

th
N
o.

of
O
P
V

d
os
es

g
iv
en

si
n
ce

b
ir
th

O
P
V

d
os
e
b
ef
or
e
A
F
P

on
se
t

T
im

e
to

d
ev

el
op

A
F
P

(d
a
y
s)

S
A
B
IN

T
y
p
e

5
0 U

T
R

R
ec
ip
ie
n
t
(R

)
O
R

co
n
ta
ct

(C
)

V
A
P
P

V
0
0
1

2
0
1
1

1
9

3
þ�

2
8

2
N
P

C
V
0
0
2

2
0
1
1

1
4

2
tO

P
V
1

1
7

2
&

3
N
P

R
V
0
0
3

2
0
1
0

3
6

4
�

�
1

N
P

‘C
’

V
0
0
4

2
0
0
9

6
0

4
�

�
1

N
P

‘C
’

V
0
0
5

2
0
0
9

3
3

tO
P
V
2

4
3

N
M

R
V
0
0
6

2
0
0
9

4
2

tO
P
V
2

3
5

2
A
4
8
1
G

‘C
’

V
0
0
7

2
0
0
9

2
4

4
�

�
1

G
4
8
0
A

‘C
’

V
0
0
8

2
0
0
9

6
0

4
�

4
3

#
G
5
3
7
A

R
V
0
0
9

2
0
0
8

5
3

tO
P
V
2

3
0

2
&

3
N
P

R
V
0
1
0

2
0
0
7

5
2

tO
P
V
1

1
8

2
&

3
N
P

R
V
0
1
1

2
0
0
7

1
6
6

3
�

�
1

N
P

?

L
þ,

h
a
d
co
n
ta
ct

w
it
h
a
re
ce
n
tl
y
im

m
u
n
iz
ed

si
b
li
n
g
;
‘C
’,
p
ro
b
a
b
le

co
n
ta
ct

ca
se
;
e?
,
n
ot

ca
te
g
or
iz
ed

;
�,

re
co
rd

m
is
se
d
ou

t;
g
�,

n
ot

k
n
ow

n
;
#
,
n
on

a
tt
en

u
a
ti
n
g
m
u
ta
ti
on

;
eN

P
,
n
ot

p
er
fo
rm

ed
;

A
F
P
,
A
cu

te
F
la
cc
id

P
a
ra
ly
si
s;

n
V
A
P
P
,
V
a
cc
in
e
A
ss
oc
ia
te
d
P
a
ra
ly
ti
c
P
ol
io
m
y
el
it
is
;
tO

P
V
,
tr
iv
a
le
n
t
O
ra
l
P
ol
io

V
a
cc
in
e;

d
N
M
,
n
o
‘t
y
p
ic
a
l’
re
v
er
ta
n
t-
m
u
ta
ti
on

w
a
s
id
en

ti
fi
ed

in
th
e
5
0 U

T
R
.

J. Med. Virol. DOI 10.1002/jmv

2166 Nanteza et al.



Kew O 2009. The genetics of Polio eradication. http://www.meduni-
wien.ac.at/100yearspolio/pfds/kew.pdf.

Kim SJ, Kim SH, Jee YM, Kim JS. 2007. Vaccine-associated
Paralytic Poliomyelitis: A case report of Flaccid Monoparesis
after Oral Polio Vaccine. J Korean Med Sci 22:362–364.

Landaverde JM, Trumbo SP, Danovaro-Holliday MC, Cochi SE,
Gandhi R, Ruiz-Matus C. 2014. Vaccine-associated Paralytic
Poliomyelitis in the Post-elimination era in latin America and
the Caribbean, 1992–2011. J Infect Dis May 1; 209:1393–1402.

Platt LR, Est�ıvariz CF. Sutter RW 2014 Vaccine-associated
paralytic poliomyelitis: a review of the epidemiology and estima-
tion of the global burden. J Infect Dis Nov 1 210:S380–S389.
DOI: 10.1093/infdis/jiu184.

Pliaka V, Kyriakopoulou Z, Tsakogiannis D, Ruether IG, Gartzo-
nika C, Levidiotou-Stefanou S, Krikelis A, Markoulatos P. 2010.
Correlation of mutations and recombination with growth ki-
netics of poliovirus vaccine strains. Eur J Clin Microbiol Infect
Dis Dec 29:1513–1523.

Poliovirus Real-Time RT-PCR 2010. Training manual. Expanded
programme on immunization - Polio molecular diagnostic devel-
opment lab within CDC/NCIRD/DVD/PPLB.

Shahmahmoodi S, Mamishi S, Aghamohammadi A, Aghazadeh N,
Tabatabaie H, Gooya MM, Zahraei SM, Mousavi T, Yousefi M,
Farrokhi K, Mohammadpour M, Ashrafi MR, Nategh R,
Parvaneh N. 2010. Vaccine-associated Paralytic Poliomyelitis in
Immunodeficient Children, Iran, 1995–2008. Emerg Infect Dis
July 16:1133–1136.

Shulman LM;, Manor Y;, Sofer D;, Handsher R;, Swartz T;,
Delpeyroux F;, Mendelson E. 2006. Neurovirulent vaccine-
derived Polioviruses in sewage from highly immune populations.
PLoS ONE Dec 20 http://journals.plos.org/plosone/article?
id¼10.1371/journal.pone.0000069.

Weekly epidemiological record, 28 February 2014. vol 89:73–92.

WHO. (2004). Polio laboratory manual. WHO/IVB/04.10 World
Health Organization, Geneva, Switzerland, Department of Im-
munization, Vaccines and Biologicals CH-1211 Geneva 27,
Switzerland Fourth edition, final revision.

World Health Organization Information Sheet observed rate of
vaccine reactions Polio vaccines. May 2014 http://www.who.int/
vaccine_safety/initiative/tools/polio_vaccine_rates_information_-
sheet.pdf.

J. Med. Virol. DOI 10.1002/jmv

VAPPs in Ugandan Children 2167

http://www.meduniwien.ac.at/100yearspolio/pfds/kew.pdf
http://www.meduniwien.ac.at/100yearspolio/pfds/kew.pdf
http://journals.plos.org/plosone/article?id&x003D;10.1371/journal.pone.0000069
http://journals.plos.org/plosone/article?id&x003D;10.1371/journal.pone.0000069
http://www.who.int/vaccine_safety/initiative/tools/polio_vaccine_rates_information_sheet.pdf
http://www.who.int/vaccine_safety/initiative/tools/polio_vaccine_rates_information_sheet.pdf
http://www.who.int/vaccine_safety/initiative/tools/polio_vaccine_rates_information_sheet.pdf

