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ABSTRACT

Introduction:  Poliomyelitis  is  a  highly  contagious,
seasonal viral disease caused by any of three poliovirus
(PV)  serotypes  (types  1,  2,  or  3).  Oral  poliovirus
vaccine  (OPV)  on  rare  occasions  causes  vaccine-
associated  paralytic  poliomyelitis  (VAPP)  in  recipients
of  OPV  and  close  contacts  of  recently  vaccinated
individuals.  This  study  describes  the  epidemiology  of
VAPP  when  an  all  OPV  schedule  was  used  in  the
Expanded Program on Immunization (EPI).

Methods:  VAPP  cases  were  identified  using
standardized  diagnostic  criteria  from data  reported  by
8  provincial-level  administrative  divisions  (PLADs)  to
the National Acute Flaccid Paralysis (AFP) Surveillance
System in an 18-month period between October 2012
and March 2014.

Results:  During  this  period,  28  VAPP  cases  were
reported.  Using  the  number  of  births  as  a
denominator,  the  estimated  incidence  of  VAPP  was
2.47  cases  per  million  births.  Using  the  number  of
OPV  doses  administered  through  routine
immunization, the VAPP incidence was 0.55 cases per
million  doses.  Among  vaccine-recipient  VAPP  cases,
22 (85%) were associated with the first dose of OPV; 3
were  associated  with  the  second  OPV  dose.  The
relative risk of VAPP following the first dose compared
with the second dose was 7.07.

Conclusions  and  Implications  for  Public  Health
Practice:  The  per-dose  and  per-child  incidences  of
VAPP were consistent with incidence estimates by the
World  Health  Organization  (WHO).  The  vast
majority (85%) of VAPP in China was associated with
the first dose of OPV in an all-OPV schedule. Because
inactivated  polio  vaccine  (IPV)  is  known  to  prevent
VAPP  from  subsequent  doses  of  OPV  in
immunocompetent  children,  this  association  provided
strong evidence for using an IPV-first, sequential IPV-
OPV  polio  vaccination  schedule  in  China  during  the

globally-synchronized  cessation  of  type  2  OPV  and
introduction of IPV in 2016.

INTRODUCTION

Poliomyelitis  is  a  highly  contagious,  seasonal  viral
disease  caused  by  any  of  3  poliovirus  (PV)  serotypes
(types 1, 2, or 3). Paralysis is an uncommon (<1%) but
possibly lifelong outcome of poliovirus infection (1). A
key component for the control and prevention of polio
has  been  the  use  of  the  poliomyelitis  vaccine.
Administration  of  oral  live-attenuated  poliomyelitis
vaccine  (OPV)  initiates  a  complex  process  that  results
in  humoral  (systemic)  and  mucosal  (local)  immunity
following  replication  in  the  gut  (1).  Since  the  start  of
the  polio  eradication  program  in  1988,  an  estimated
10 million cases of paralysis have been prevented (2).

OPV has been used in China since the early 1960s,
and by using only OPV, China interrupted indigenous
transmission  of  wild  poliovirus  in  1995.  In  2000,  the
Western  Pacific  Region  of  the  World  Health
Organization  (WHO),  which  includes  China,  was
certified  to  be  free  of  polio.  OPV,  on  rare  occasions,
causes  vaccine-associated  paralytic  poliomyelitis
(VAPP)  in  recipients  of  OPV  and  close  contacts  of
recently  vaccinated  individuals.  VAPP  is  clinically
indistinguishable  from  poliomyelitis  caused  by  wild
poliovirus (WPV) and can cause lifelong paralysis. The
estimated  incidence  of  VAPP is  2–4  cases  per  million
births per year in countries using only OPV (3). This is
a study that estimated the incidence of VAPP and the
association  of  VAPP  with  OPV  dose  number  in  8
provincial-level  administrative  divisions  (PLADs)  of
China.

METHODS

Eight  out  of  China’s  31  PLADs  were  selected  to
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achieve  a  balance  of  geographic  locations  (eastern,
central, and western China) and socioeconomic status.
Acute  flaccid  paralysis  (AFP)  surveillance  was  used  to
identify  cases  of  polio  among  children.  China
established  AFP  surveillance  in  1991  and  consistently
met  or  exceeded  WHO  AFP  surveillance  quality
criteria for more than 20 years. Selected PLADs had to
have  met  WHO  AFP  surveillance  quality  criteria
during the 18-month study period of October 2012 to
March 2014.

VAPP  cases  and  related  epidemiological  data  were
obtained from the AFP surveillance system. AFP cases
received  final  classifications  and  diagnoses  by
provincial-level  diagnostic  committees  of  experts.
Highly-suspected  AFP  cases  that  were  clinically
compatible  with  polio  were  reviewed  by  the  “Expert
panel  and  working  groups  for  the  strengthening  of
poliomyelitis  surveillance  project”.  A  national-level
diagnostic  committee  used  standardized  VAPP
diagnostic  criteria  for  identification  and  classification
of VAPP.

For  calculating  incidence  rates,  we  used  data  from
2013 from the Bureau of Statistics in each PLAD. The
number  of  OPV  doses  administered  through  routine
immunization  and  through  supplementary
immunization  activities  (SIA)  in  each  PLAD  was
obtained  from  provincial-level  Expanded  program  on
Immunization (EPI) departments.

The case definitions were established based on types
of  VAPP.  Laboratory-confirmed  VAPP:  AFP  cases
were  individuals  with  clinical  manifestations
compatible with polio and from whom a vaccine-strain
poliovirus  was  isolated;  vaccine-strain polioviruses  had
to have ≤9 nucleotide (nt) changes in the VP1 coding
region  for  type-1  PV  (PV1)  and  PV3,  and  ≤5  nt
changes  in  VP1  for  PV2.  Recipient  VAPP:  a
laboratory-confirmed  VAPP  case  in  which  fever
occurred  4–35  days  following  OPV  administration,
and onset of paralysis occurred in 6–40 days following
OPV  administration  with  no  further  OPV
administration  after  paralysis.  Contact  VAPP:  a
laboratory-confirmed  VAPP  case  without  OPV
administration  during  the  40  days  prior  to  onset  of
paralysis occurring and no further OPV administration
after paralysis.  Clinically-compatible VAPP: AFP cases
with  clinical  manifestations  compatible  with  polio,
without  PV  isolation,  but  with  fever  occurring  4–35
days  following  OPV  administration,  and  an  onset  of
paralysis  occurring  6–40  days  following  OPV
administration,  and  no  further  OPV  administration.
Residual  paralysis:  paralysis  compatible  with

poliomyelitis with a duration of at least 60 days.
Descriptive  statistics  were  then used to  describe  the

epidemiology  of  VAPP;  the  Poisson  distribution  was
used  in  estimates  of  confidence  intervals  (CI);  and
single-factor  logistic  regression  was  used  for  risk
analyses.

The incidence of VAPP per OPV doses administered
and per child were estimated. When estimating VAPP
based  on  doses  administered,  we  made  two  estimates:
one  with  only  routinely  administered  doses  in  the
denominator  and  a  second  that  included  the  SIA
campaign.

VAPP incidence (per million births) = No. of VAPP
cases  during the  study period in  the  8  PLADs /  Birth
cohort  population  in  the  same  period  in  the  8
PLADs × 1 million

VAPP incidence  (per  million  doses  administered)  =
No.  of  VAPP  cases  during  the  study  period  in  the  8
PLADs /  OPV doses  administered in  the  same period
in the 8 PLADs × 1 million.

RESULTS

From October 2012 through March 2014, 28 cases
of  VAPP  were  reported  in  the  8  PLADs.  Of  the  28
cases,  12  were  laboratory-confirmed  VAPP  —  10
recipient  cases  and  2  contact  cases  —  and  the
remaining  16  cases  were  recipient,  clinically-
compatible  cases  (Table 1).  Figure 1  showed  the
distribution  of  VAPP  cases  by  time  and  laboratory
confirmation status.

All  VAPP  cases  were  among  children  less  than  2
years  of  age.  The  other  26  cases  were  among  infants,
including 8 cases at 2 months, 14 at 3 months, 1 at 4
months, and 1 at 5 months of age (Figure 2).

Of  the  28  cases,  27  were  among  males
(χ2=15.7464,  p<0.0001).  Single-factor  logistic
regression  analysis  showed  that  the  male∶female  ratio
was  significantly  greater  than  one  (male∶female  odds
ratio=18.97, 95%CI: 2.56–140.78).

Of  the  28  cases,  26  were  among  OPV  recipients
with  10  being  laboratory-confirmed  and  16  being
clinically-compatible  cases.  Among  OPV-recipient
cases,  22  (84.6%)  occurred  following  the  first  dose  of
OPV, and the median length of time between receiving
the  OPV and onset  of  paralysis  was  21.5  days  (range:
12–32  days).  Furthermore,  3  (11.5%)  cases  occurred
following  the  second  dose  of  OPV,  with  onsets  of
paralysis  at  17,  31,  and  35  days  after  receiving  the
OPV. The other recipient VAPP case had a history of
previous  vaccination  with  2  doses  of  OPV,  with  time
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windows of 10 days from the second dose and 38 days
from  the  first  dose,  both  doses  being  within  the
interval of 6–40 days.

Among the 12 laboratory-confirmed cases, PV1 was
isolated  from 2  cases,  PV2  from 3  cases,  PV3  from 2
cases, PV1+3 from 2 cases, PV2+3 from 1 case, and all
three types from 2 cases. PV2 and PV2+3 polioviruses
were isolated from the 2 contact laboratory-confirmed

VAPP cases.
The 8 PLADs had a 11.36 million births during the

study  period  yielding  an  estimated  incidence  of  2.47
cases per million (95%CI: 1.64–3.56 per million) from
the  28  cases.  The  estimated  incidence  of  VAPP  per
PLAD  ranged  from  1.05  to  4.74  cases  per  million
births  (Figure 3),  with  Shandong  having  the  highest
incidence  and  Hubei  having  the  lowest  incidence.
Differences by PLAD were not statistically significant.

A  total  of  50.52  million  doses  of  OPV  were
administered  from  October  2012  to  March  2014,
yielding an estimated VAPP incidence of 0.55 cases per
million  routine  OPV  doses  (95%CI:  0.37–0.80  cases
per  million  doses)  due  to  the  28  cases.  The  estimated
incidence for each of the 8 PLADs ranged from 0.26 to
1.35  cases  per  million  (Figure 4),  with  Shandong
ranking the highest and Hubei the lowest among the 8
PLADs.  Differences  by  PLAD  were  not  statistically

TABLE 1. Vaccine-associated  paralytic poliomyelitis  (VAPP)  cases  in  8  provincial-level  administrative  divisions  (PLADs)
of China between October 2012 and March 2014.

PLAD No. of cases
Laboratory-confirmed VAPP Clinically-compatible VAPP

Recipient Contact Subtotal Recipient Contact Subtotal

Hebei 4 2 0 2 2 0 2

Jiangsu 2 0 0 0 2 0 2

Shandong 8 4 0 4 4 0 4

Henan 6 2 0 2 4 0 4

Hubei 1 1 0 1 0 0 0

Guangdong 3 0 1 1 2 0 2

Guangxi 2 1 1 2 0 0 0

Sichuan 2 0 0 0 2 0 2

Total 28 10 2 12 16 0 16
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FIGURE 1. Time  distribution  of  paralysis  onset  for  the  28
Vaccine-associated paralytic poliomyelitis (VAPP) cases.
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FIGURE 2. Age distribution of the 28 VAPP cases and other AFP cases with and without residual paralysis with onset by 30
months of age.  Abbreviations: VAPP=Vaccine-associated paralytic poliomyelitis; AFP=Acute flaccid paralysis.
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significantly  different.  When  OPV  administered
during  SIAs  was  included  in  the  denominator,  the
overall  incidence  of  VAPP  was  0.28  cases  per  million
doses (Table 2).

Using  the  number  of  routine  OPV1  doses
administered as the denominator, the VAPP incidence
following  the  first  dose  was  1.61  cases  per  million
(95%CI:  1.01–2.43  cases  per  million).  Using  the
number  of  routine  OPV2  doses  administered  as  a
denominator,  the  VAPP  incidence  following  the
second  dose  was  0.23  cases  per  million  (95%CI:
0.05–0.67  cases  per  million)  (Table 3).  The  relative
risk  of  VAPP following  the  first  OPV dose  compared
with  the  second  OPV  dose  was  7.07  (95%CI:
2.12–23.62).

DISSCUSION

As  paralysis  from  wild  poliovirus  is  eliminated,
VAPP becomes more prominent in countries that used
only  OPV.  VAPP  and  paralytic  polio  caused  by
vaccine-derived  polioviruses  (VDPVs)  are  receiving
increased  attention  as  important  risks  from  OPV  (4)
because  as  long  as  OPV  is  used,  VAPP  will  remain  a

risk. However, the inactivated poliovirus vaccine (IPV)
does  not  cause  VAPP  and  is  able  to  prevent  paralysis
from all types of poliovirus, including the Sabin strains
of  OPV that  can cause  VAPP.  Switching from an all-
OPV schedule to an IPV-OPV sequential schedule can
prevent  VAPP  from  occurring  from  an  OPV  dose
given  after  an  IPV  dose.  Because  the  vast  majority  of
VAPP in  China  is  associated  with  the  first  OPV dose
in  the  all-OPV  schedule,  substituting  IPV  for  the
initial  dose  of  a  sequential  IPV-OPV schedule  should
prevent VAPP in immunocompetent children.

VAPP  and  VDPVs  can  lead  to  questions  of  the
safety  of  vaccines  and  pose  a  challenge  to  the  whole
immunization  program.  IPV  can  work  effectively  to
control  and  eradicate  polio  without  the  risk  of  VAPP
and VDPVs. Results of this study were used to change
the polio immunization schedule in China from an all-
OPV  schedule  to  an  IPV-first  sequential  IPV-OPV
schedule.  Based  on  the  progress  of  polio  eradication,
we  will  ultimately  need  to  stop  using  OPV  routinely
after  interrupting  all  wild  poliovirus  transmission  (5).
The  sequential,  IPV-first  polio  vaccination  schedule
was a major step towards an all-IPV polio schedule.

The incidence of VAPP in these 8 PLADs was 2.47
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cases  per  million  birth  cohort,  which  was  consistent
with  the  estimate  from the  WHO of  2  to  4  cases  per
million  births.  The  incidence  of  VAPP  on  a  per-dose
basis of 0.55 cases per million routine OPV doses was
also  consistent  with  the  WHO  estimate.  The  vast
majority of the cases were among OPV recipients, and
among these  cases,  85% were  associated  with  the  first
dose of OPV.

OPV  has  been  essential  to  the  elimination  and
eventual eradication of poliomyelitis. Although OPV is

safe,  on  rare  occasions  OPV  can  also  lead  to  VDPV,
which  are  able  to  act  like  wild  poliovirus  and  cause
VAPP. The WHO has estimated the global burden of
VAPP  in  countries  using  OPV  to  be  250–500  cases
annually (6), with an incidence of VAPP of 1 case per
2–4 million births per year (3). Our 28 cases yielded an
estimated incidence of 2.47 cases per million births.

Per-dose  estimates  of  VAPP  risk  were  consistent
with  studies  in  other  countries.  Using  the  number  of
OPV  doses  administered  as  the  denominator,  the

TABLE 2. Estimated incidences of VAPP, lab confirmed VAPP, and clinically-compatible VAPP (using number of births and
number of routine OPV doses administered as denominators).

Provisnce
VAPP Lab confirmed VAPP Clinical compatible VAPP

No. of
cases

Estimated incidence
(95%CI)

No. of
cases

Eestimated incidence
(95%CI)

No. of
cases

Estimated incidence
(95%CI)

Using number of births as the denominator

Hebei 4 2.83(0.71–7.21) 2 1.41(0.14–5.09) 2 1.41(0.14–5.09)

Jiangsu 2 1.79(0.18–6.43) 0 0.00(0.00–3.30) 2 1.79(0.18–6.43)

Shandong 8 4.74(2.01–9.36) 4 2.37(0.59–6.04) 4 2.37(0.59–6.04)

Henan 6 3.20(1.17–6.99) 2 1.07(0.11–3.84) 4 2.13(0.53–5.44)

Hubei 1 1.05(0.11–5.88) 1 1.05(0.11–5.88) 0 0.00(0.00–3.89)

Guangdong 3 1.63(0.33–4.79) 1 0.54(0.05–3.00) 2 1.09(0.11–3.92)

Guangxi 2 1.78(0.18–6.40) 2 1.78(0.18–6.40) 0 0.00(0.00–3.29)

Sichuan 2 1.62(0.15–5.34) 0 0.00(0.00–2.74) 2 1.48(0.15–5.34)

Total 28   2.47(1.64–3.56) 12   1.06(0.55–1.85) 16   1.41(0.83–2.99)

Using number of routine OPV doses administered as the denominator

Hebei 4 0.60(0.15–1.54) 2 0.30(0.03–1.08) 2 0.30(0.03–1.08)

Jiangsu 2 0.34(0.03–1.23) 0 0.00(0.00–0.63) 2 0.34(0.03–1.23)

Shandong 8 1.35(0.57–2.67) 4 0.68(0.17–1.72) 4 0.68(0.17–1.72)

Henan 6 0.60(0.22–1.30) 2 0.20(0.02–0.72) 4 0.40(0.10–1.01)

Hubei 1 0.26(0.03–1.48) 1 0.26(0.03–1.48) 0 0.00(0.00–0.97)

Guangdong 3 0.35(0.07–1.02) 1 0.12(0.01–0.65) 2 0.23(0.02–0.84)

Guangxi 2 0.40(0.04–1.43) 2 0.40(0.04–1.43) 0 0.00(0.00–0.73)

Sichuan 2 0.43(0.04–1.56) 0 0.00(0.00–0.80) 2 0.43(0.04–1.56)

Total 28   0.55(0.37–0.80) 12   0.24(0.12–0.42) 16   0.32(0.19–0.51)

Using number of routine and SIA campaigns OPV doses administered as the denominator

Hebei 4 0.19(0.05–0.47) 2 0.09(0.01–0.33) 2 0.09(0.04–0.33)

Jiangsu 2 0.32(0.03–1.14) 0 0.00(0.00–0.58) 2 0.32(0.03–1.14)

Shandong 8 0.46(0.2–0.91) 4 0.23(0.06–0.59) 4 0.23(0.06–0.59)

Henan 6 0.29(0.11–0.64) 2 0.10(0.01–0.35) 4 0.19(0.05–0.50)

Hubei 1 0.18(0.02–0.99) 1 0.18(0.02–0.99) 0 0.00(0.00–0.65)

Guangdong 3 0.22(0.04–0.65) 1 0.07(0.01–0.41) 2 0.15(0.01–0.53)

Guangxi 2 0.24(0.02–0.88) 2 0.01(0.02–0.88) 0 0.00(0.00–0.45)

Sichuan 2 0.27(0.03–0.95) 0 0.00(0.00–0.49) 2 0.27(0.03–0.95)

Total 28   0.28(0.18–0.40) 12   0.12(0.06–0.21) 16   0.16(0.09–0.26)

Abbreviations: VAPP=vaccine-associated paralytic poliomyelitis; OPV=oral poliovirus vaccine; SIA=supplementary immunization activities.
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incidence  of  VAPP  was  estimate  to  be  0.71  cases  per
million  in  England  and  Wales  (7)  between  1985  and
1991,  0.45–0.67  cases  per  million  in  Latin  America
and  the  Caribbean  (8)  between  1989  and  1991,  0.09
cases per million in Brazil (9) between 1995 and 2001,
0.50 cases per million in Japan (10) between 1971 and
2000, and 0.25 cases per million in India (11) in 1999.
We  found  an  estimated  risk  of  0.55  cases  per  million
routine  OPV  doses  administered  and  0.27  cases  per
million  doses  when  SIA-administered  doses  are
included.

The  results  on  risk  of  VAPP  due  to  which  dose  of
OPV  (e.g.,  first  dose,  second  dose)  were  consistent
with  results  in  the  United  States  (US).  The  vast
majority  (26  of  28)  of  VAPP  cases  in  our  study  were
recipient  cases,  and  among  these,  85%  were  among
first-dose recipients and 15% were among second-dose
recipients.  We  found  the  relative  risk  of  VAPP
following the first dose compared with the second dose
to  be  7.07.  In  the  US  (12)  between  1990  and  1999,
the  incidence  of  VAPP  following  the  first  dose  was  1
per  0.9  million  vaccinees  and  was  higher  than  for
second  and  other  doses.  The  risk  of  recipient  and
contact VAPP following the first dose of OPV was 6.6
times  higher  than  that  following  second or  third  dose
in the US. However, other countries have had different
experiences  with  risk  of  VAPP by  OPV dose  rank.  In
Latin  America,  49%  of  VAPP  cases  were  associated
with the first dose (13), and India has had more VAPP
cases  associated  with  third  and  subsequent  doses  of
OPV(14).

The  results  of  associating  VAPP  with  specific  types
of  poliovirus  were  consistent  with  other  countries
showing that VAPP can be associated with any of the 3
types  of  OPV  virus.  A  survey  by  the  WHO  of  13

countries  indicated  that  PV3  was  the  predominant
serotype  isolated  from  the  recipient  VAPP  and  PV2
from contact VAPP. In the US (12),  PV3 was usually
isolated  in  cases  of  VAPP  among  individuals  with
normal  immune  function,  while  PV2  was  usually
isolated  from  VAPP  cases  among  immunodeficient
individuals.  Among  60  recipient  VAPP cases  reported
in India (11), 41.7% were PV3, 31.7% were PV1, and
15.0% were PV2.

The  Adverse  Events  Following  Immunization
(AEFI)  surveillance  system  in  China  was  capable  of
tracking adverse events following OPV administration,
which  implies  that  all  cases  of  VAPP  in  the  AEFI
system  were  cases  receiving  OPV  rather  than  contact
cases.  In addition, this system was further analyzed by
national  and provincial-level  diagnostic  committees  to
use  standardized,  consistent  case  definitions  to
categorize  VAPP  into  4  categories,  which  provided
more detail on VAPP epidemiology.

This  study  was  subject  to  some  limitations.  The
study was only conducted using data from 8 PLADs in
3  regions  (western,  central,  and  eastern  China)  and
results  may  differ  in  other  PLADs.  However,
socioeconomic  status  was  accounted  for  in  the  study
design  to  help  with  generalizability  of  the  data.
Furthermore,  contact  VAPP  is  challenging  to  detect,
leading to possible underestimation due to inability to
characterize  these  cases.  To  address  this,  the  AFP
surveillance system was used to identify cases of VAPP
to capture both recipient and contact VAPP.
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Province
Following first dose Following second dose

No. of cases Estimated incidence (95%CI) No. of cases Estimated incidence (95%CI)

Hebei 2 1.15(0.11–4.13) 2 1.13(0.11–4.06)

Jiangsu 1 0.65(0.07–3.66) 0 0.00(0.00–2.42)

Shandong 8 5.26(2.23–10.38) 0 0.00(0.00–2.39)

Henan 5 1.94(0.62–4.54) 1 0.39(0.04–2.21)

Hubei 1 0.85(0.09–4.77) 0 0.00(0.00–3.76)
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Sichuan 2 1.87(0.19–6.75) 0 0.00(0.00–3.15)

Total 22 1.61(1.01–2.43) 3 0.23(0.05–0.67)

Abbreviations: VAPP=vaccine-associated paralytic poliomyelitis; CI=confidence intervals.

China CDC Weekly

960 CCDC Weekly / Vol. 2 / No. 50 Chinese Center for Disease Control and Prevention



authors  have  submitted  the  ICMJE  Form  for
Disclosure of Potential Conflicts of Interest.

Funding:  This  work  was  supported  by  the  Bill  &
Melinda Gates Foundation. 
doi: 10.46234/ccdcw2020.260 
# Corresponding authors: Huiming Luo, luohm@chinacdc.cn; Aiqiang
Xu, aqxuepi@163.com; Weizhong Yang, yangwz@chinacdc.cn.
 
1 Chinese Center for Disease Control  and Prevention, Beijing,  China;
2  Department  of  Neurology,  Beijing  Children’s  Hospital,  Capital
Medical  University,  Beijing,  China;  3  National  Institute  for  Viral
Disease  Control  and  Prevention,  Chinese  Center  for  Disease  Control
and  Prevention,  Beijing,  China;  4  Shenzhen  Children’s  Hospital,
Shenzhen,  Guangdong,  China;  5 Shandong Provincial  Key Laboratory
of  Infectious  Disease  Control  and  Prevention,  Shandong  Provincial
Center  for  Disease  Control  and  Prevention;  Academy  of  Preventive
Medicine,  Shandong  University,  Jinan,  Shangdong,  China;  6  Clinical
Research  Institute,  Peking  University,  Beijing,  China;  7  Henan
Provincial  Center  for  Disease  Control  and  Prevention,  Jinan,  Henan,
China; 8 Hebei Provincial Center for Disease Control and Prevention,
Shijiazhuang,  Hebei,  China;  9  Guangdong  Provincial  Center  for
Disease  Control  and  Prevention,  Guangzhou,  Guangdong,  China;
10  Jiangsu  Provincial  Center  for  Disease  Control  and  Prevention,
Nanjing,  Jiangsu,  China;  11  Guangxi  Provincial  Center  for  Disease
Prevention  and  Control,  Nanning,  Guangxi,  China;  12  Sichuan
Provincial  Center  for  Disease  Prevention  and  Control,  Chengdu,
Sichuan, China; 13 Hubei Provincial Center for Disease Prevention and
Control, Wuhan, Hubei, China.
& Joint first authors.

Submitted: November 24, 2020; Accepted: December 09, 2020

REFERENCES

 Sutter RW, Kew OM, Cochi SL, Aylward RB. Poliovirus vaccine—live.
In:  Plotkin  SA,  Orenstein  WA,  Offit  PA,  editors.  Vaccines.  5th  ed.
Philadelphia, PA: Saunders Elsevier. 2008;p. 638.

1.

 Global  Polio  Eradication  Initiative.  Polio  eradication  and  endgame
strategic  plan  2013−2018.  http://www.polioeradication.org/Portals/0/
Document/Resources/StrategyWork/EndGameStratPlan_20130208_E
NG.pdf. [2013-4-10].

2.

 Polio  vaccines:  WHO position  paper,  January  2014.  Wkly  Epidemiol
Rec 2014;89(9):73 − 92. https://pubmed.ncbi.nlm.nih.gov/24707513/.

3.

 Progress  towards  global  poliomyelitis  eradication:  preparation  for  the
oral poliovirus vaccine cessation era. Wkly Epidemiol Rec 2004;79(39):
349 − 55. https://pubmed.ncbi.nlm.nih.gov/15571172/.

4.

 Polio  vaccines  and  polio  immunization  in  the  pre-eradication  era:
WHO  position  paper.  Wkly  Epidemiol  Rec  2010;85(23):213 − 28.
https://pubmed.ncbi.nlm.nih.gov/20545051/.

5.

 World  Health  Organization.  Report  of  the  interim  meeting  of  the
Technical  Consultative  Group  (TCG)  on  the  global  eradication  of
poliomyelitis.  Geneva:  World  Health  Organization,  2003. http://apps.
who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf.

6.

 Joce R, Wood D, Brown D, Begg N. Paralytic poliomyelitis in England
and Wales, 1985−91. BMJ 1992;305(6845):79 − 82. http://dx.doi.org/10.
1136/bmj.305.6845.79.

7.

 Andrus  JK,  Strebel  PM,  de  Quadros  CA,  Olivé  JM.  Risk  of  vaccine-
associated  paralytic  poliomyelitis  in  latin  America,  1989−91.  Bull
World  Health  Organ  1995;73(1):33 − 40.  https://pubmed.ncbi.nlm.
nih.gov/7704923/.

8.

 Teixeira-Rocha  ES,  Carmo  EH,  Tavares-Neto  J.  The  occurrence  of
vaccine-associated  paralytic  poliomyelitis  in  Brazil,  1995  to  2001.  Rev
Panam  Salud  Publica  2005;18(1):21  −  4.  https://scielosp.org/article/
rpsp/2005.v18n1/21-24/pt/.

9.

 Hao LX, Toyokawa S, Kobayashi Y. Poisson-model analysis of the risk
of vaccine-associated paralytic poliomyelitis in Japan between 1971 and
2000.  Jpn  J  Infect  Dis  2008;61(2):100  −  3. https://pubmed.ncbi.nlm.
nih.gov/18362395/.

10.

 Kohler  KA,  Banerjee  K,  Gary  Hlady  W,  Andrus  JK,  Sutter  RW.
Vaccine-associated  paralytic  poliomyelitis  in  India  during  1999:
decreased  risk  despite  massive  use  of  oral  polio  vaccine.  Bull  World
Health  Organ  2002;80(3):210  −  6.  https://pubmed.ncbi.nlm.nih.
gov/11984607/.

11.

 Alexander  LN,  Seward  JF,  Santibanez  TA,  Pallansch  MA,  Kew  OM,
Prevots  DR,  et  al.  Vaccine  policy  changes  and  epidemiology  of
poliomyelitis  in  the  United  States.  JAMA  2004;292(14):1696 − 701.
http://dx.doi.org/10.1001/jama.292.14.1696.

12.

 Landaverde  JM,  Trumbo  SP,  Danovaro-Holliday  MC,  Cochi  SE,
Gandhi R, Ruiz-Matus C. Vaccine-associated paralytic poliomyelitis in
the  postelimination  era  in  Latin  America  and  the  Caribbean,  1992-
2011. J Infect Dis 2014;209(9):1393 − 402. http://dx.doi.org/10.1093/
infdis/jit602.

13.

 Platt  LR,  Estívariz  CF,  Sutter  RW.  Vaccine-associated  paralytic
poliomyelitis: a review of the epidemiology and estimation of the global
burden. J Infect Dis 2014;210(Suppl 1):S380 − 9. http://dx.doi.org/10.
1093/infdis/jiu184.

14.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 2 / No. 50 961

https://doi.org/10.46234/ccdcw2020.260
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
https://pubmed.ncbi.nlm.nih.gov/24707513/
https://pubmed.ncbi.nlm.nih.gov/15571172/
https://pubmed.ncbi.nlm.nih.gov/20545051/
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.46234/ccdcw2020.260
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
https://pubmed.ncbi.nlm.nih.gov/24707513/
https://pubmed.ncbi.nlm.nih.gov/15571172/
https://pubmed.ncbi.nlm.nih.gov/20545051/
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.46234/ccdcw2020.260
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
https://doi.org/10.46234/ccdcw2020.260
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
http://www.polioeradication.org/Portals/0/Document/Resources/StrategyWork/EndGameStratPlan_20130208_ENG.pdf
https://pubmed.ncbi.nlm.nih.gov/24707513/
https://pubmed.ncbi.nlm.nih.gov/15571172/
https://pubmed.ncbi.nlm.nih.gov/20545051/
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://pubmed.ncbi.nlm.nih.gov/24707513/
https://pubmed.ncbi.nlm.nih.gov/15571172/
https://pubmed.ncbi.nlm.nih.gov/20545051/
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
http://apps.who.int/iris/bitstream/10665/67859/1/WHO_VB_03.04_eng.pdf
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://doi.org/10.1136/bmj.305.6845.79
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://pubmed.ncbi.nlm.nih.gov/7704923/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://scielosp.org/article/rpsp/2005.v18n1/21-24/pt/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/18362395/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://pubmed.ncbi.nlm.nih.gov/11984607/
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1001/jama.292.14.1696
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jit602
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1093/infdis/jiu184

