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Post hoc analysis of two clinical trials to compare the
immunogenicity and safety of different polio immunization
schedules in Chinese infants
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Background: A comparative analysis of the immunogenicity and safety of different poliovirus
immunization schedules in Chinese infants is imperative to guide the administration of efficient strategies for
the eradication of poliomyelitis.

Methods: A post hoc analysis was conducted with the data from two poliovirus vaccine clinical trials
involving a combined total of 2,400 infants aged 60-90 days. Trivalent oral poliovirus vaccine (tOPV),
bivalent oral poliovirus vaccine (bOPV), Sabin strain-based inactivated poliovirus vaccine (sIPV), and
conventional inactivated poliovirus vaccine (cIPV) were used in different schedules, the immunogenicity and
safety of which were compared 28 days after the last of three doses.

Results: In a per-protocol set analysis, the tOPV-tOPV-tOPV schedule induced seroconversion in
99.1%, 98.2%, and 96.0% of the inoculated infants for poliovirus type I, II, and III, respectively. The
seroconversions for poliovirus types I and IIT were each almost 100% after immunization with the cIPV-
bOPV-bOPYV, sIPV-sIPV-bOPYV, cIPV-cIPV-bOPV, sIPV-sIPV-tOPV, cIPV-cIPV-tOPV, or sIPV-bOPV-
bOPV schedule. However, the schedules that used one IPV dose followed by two (poliovirus type I and IIT)
bOPV doses failed to induce high-level immunity against type II poliovirus. IPV-related schedules were
associated with a slightly higher incidence of adverse events (AEs).

Conclusions: If the capacity of IPV can be increased, two or more doses of IPV should be administered

before vaccination with bOPV in a sequential schedule to improve immunity against type II poliovirus.
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Introduction

The worldwide use of attenuated poliovirus vaccine (Sabin
strains) has contributed greatly to the eradication of
infections with wild polioviruses in children (1), but the
existence of vaccine-derived polioviruses (VDPVs) and
vaccine-associated paralytic poliomyelitis (VAPP) remains
an obstacle in the final stage of poliomyelitis eradication
(2,3). The switch from oral poliovirus vaccine (OPV) to
inactivated poliovirus vaccine (IPV) was proposed as an
important strategy for realizing the goal of eradicating
poliomyelitis (4). However, although the implementation
of this strategy has resulted in fewer cases caused by wild
poliovirus strains, the existence of VDPVs still negatively
impacts poliomyelitis eradication efforts (5,6). In this
context, the World Health Organization (WHO) proposed
a strategy of implementing a phased withdrawal of trivalent
OPV (tOPV) and introducing IPV; this plan includes one
or two doses of IPV to induce basic immunity against
poliovirus, especially type II poliovirus, followed by one
or two doses of bivalent OPV (bOPV) as a boost (2). It is
designed to further decrease the number of poliomyelitis
cases induced by wild poliovirus strains and reduce the
likelihood of infection with VDPVs. This transitional
strategy is expected to produce a suitable environment for
the complete switch from immunization schedules that
incorporate OPV to an IPV-only immunization schedule (7).

The experts and policy makers in China have been
concerned about the immune effect of using immunization
schedules that combine IPV and OPV during the switch
from a tOPV schedule to an IPV-bOPV schedule. Sabin
strain-based inactivated poliovirus vaccine (sIPV) was
recently licensed in China in 2015, so there are fewer data
about the use of sIPV in sequential immunization. Two
clinical trials have been performed to investigate the efficacy
and safety of sequential immunization with sIPV and
bOPV in China. Because altering the poliovirus vaccination
approach from using only tOPV to using a sequential
schedule that combines IPV and bOPV will result in
changes to immunity against poliovirus in infants, we
performed a post hoc analysis of two clinical trials to observe
these changes. The resulting data will provide guidance
for the application of sequential poliovirus immunization in
China.

The post hoc analysis performed here was designed to
compare and evaluate the immunogenicity and safety of
different poliovirus immunization schedules based on the
results from two clinical trials. These trials both investigated
the immune effects of a three-tOPV-dose schedule and of
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a schedule composed of one or two IPV doses followed by
two or one bOPV doses in children aged 2, 3, and 4 months.
The seroconversion rates and neutralizing antibody titers in
the vaccinated infants were compared to evaluate poliovirus
vaccine performance during the switch from a tOPV
immunization schedule to an IPV-bOPV immunization
schedule in China.

Methods
Study design

This post boc analysis included two clinical trials. One trial
was conducted in Guangxi Province, China from 2011-
2012 to evaluate the safety and immunogenicity of the live
attenuated OPV (human diploid cell) (ClinicalTrials.gov
number: NCT02231632). The other trial was carried out
from 2015-2016 in Guangxi Province, China to examine
the immunogenicity and safety of sequential immunization
schedules of IPV+bOPV (ClinicalTrials.gov number:
NCT03614702). Both trials were sponsored by the Institute
of Medical Biology, Chinese Academy of Medical Sciences
(IMBCAMS), and Guangxi Center for Disease Prevention
and Control. Both clinical studies were conducted in
accordance with the Declaration of Helsinki (as revised
in 2013) and were approved by the Ethical Committee of
Guangxi Zhuang Autonomous Region (approval numbers:
2009107791 and GXIRB2015-0024-01). Informed consent

was obtained for all included participants.

Participants

The inclusion and exclusion criteria in both clinical trials
were similar. The inclusion criteria were as follows: (I)
infant is younger than 90 days but older than 60 days;
(II) guardian provides written informed consent; (III)
the infant’s guardian and family follow the requirements
of the clinical trial protocol; (IV) infant has no immune
globulin immunization history after birth (except hepatitis
B immune globulin) and no history of other live vaccination
in the 28 days before vaccination; and (V) infant has an
axillary temperature of <37.1 °C. The exclusion criteria
were as follows: (I) infant has a personal or family history of
allergy, convulsions, epilepsy, encephalopathy, or psychosis;
(II) infant has an allergy to neomycin, streptomycin, or
polymyxin B; (III) infant has an immunodeficiency or is
receiving immunosuppressors; (IV) infant has a history
of poliomyelitis; (V) infant has an acute febrile disease or
infectious disease; (VI) infant experiences an abnormal stage
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of labor, has a history of asphyxiation, or has a congenital
malformation, developmental disorder, or severe chronic
disease; (VII) infant has exhibited severe anaphylactic
reactions following any previous vaccination; (VIII) infant
has received oral steroids for 14 consecutive days within
1 month before the trial; (IX) infant has had a fever (axillary
temperature of >38.0 °C) in the previous 3 days; (X) infant
has had diarrhea (defecation frequency of >3 times/day)
within the previous week; (XI) infant is participating in
other clinical drug trials; and (XII) infant has any other
condition that might influence the evaluation. The clinical
trial that was conducted to examine the immunogenicity
and safety of sequential immunization schedules composed
of IPV and bOPV had one more inclusion criterion: infant
had no history of immunization with an inactivated vaccine
in the 14 days before vaccination.

The guardians and families of the participants voluntarily
complied with the requirements of the clinical trial
protocol. An informed consent form was signed by both the
guardians and the study doctor of each participant prior to
initiation of the clinical trial. Participants were permitted
to voluntarily withdraw at any time during the trial.
Participants could be withdrawn from the study in cases
of failure to adhere to the follow-up visits, violation of or
deviation from the trial protocol, or the appearance of other
abnormal symptoms that interfered with the trial.

Vaccines

In clinical trial NCT02231632, the administered tOPV was
derived from the human embryonic lung diploid cell line
KMB-17 or the monkey kidney cell line Vero (provided by
IMBCAMS). The total amount of live poliovirus was no
less than 6.15 1gCCIDy, (50% cell culture infective dose);
each dose of tOPV included type I (>6.0 IgCCIDj), type 11
(=5.0 IgCCIDy), and type III (5.5 1gCCIDj) poliovirus.

In clinical trial NCT03614702, the sIPV was provided
by IMBCAMS. Each dose (0.5 mL) contained 30, 32,
and 45 D-antigen units of poliovirus types I, II, and III,
respectively. The conventional inactivated poliovirus
vaccine (cIPV) was purchased from Sanofi Pasteur. Each
dose (0.5 mL) contained 40, 8, and 32 D-antigen units of
poliovirus types I, II, and III, respectively. The bOPV was
provided by IMBCAMS. Each bOPV dose contained at
least 5.92 1gCCIDj, of live poliovirus, comprising type I
(=5.8 1gCCIDyy) and type III (=5.3 1gCCIDy;) polioviruses.
The tOPV was derived from the human embryonic lung
diploid cell line KMB-17 as in clinical trial NCT02231632.
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Procedures

In clinical trial NCT02231632, the eligible infants
(N=1,200) randomly received three doses of either the
tOPV from human diploid cells or the tOPV from monkey
kidney cells at the age of 2, 3, and 4 months in accordance
with the routine poliovirus vaccine inoculation procedure in
China.

In clinical trial NCT03614702, 1,200 participants
were randomized to receive one of six different sequential
poliovirus immunization schedules (sIPV-bOPV-bOPYV,
sIPV-sIPV-bOPV, sIPV-sIPV-tOPV, cIPV-bOPV-bOPV,
cIPV-cIPV-bOPV, or cIPV-cIPV-tOPV; 200 participants
per group). The IPV was administered via an intramuscular
injection, whereas the OPV was administered orally. The
three vaccine doses were administered at ages 2, 3, and
4 months old, respectively.

In accordance with the approved protocol, participants
were observed onsite for 30 min after vaccination. In clinical
trial NCT02231632, any adverse events (AEs) occurring
up to 30 days after vaccination were recorded. In clinical
trial NCT03614702, AEs were recorded through 28 days
post-inoculation, and any serious AEs (SAEs) that occurred
between 28 days and 6 months after full vaccination were
followed up. Venous blood samples were collected before
the first dose and at 28 days after the third dose and used by
the National Institutes for Food and Drug Control to test
the titer and seroconversion rate of antibodies following
the protocol recommended by the WHO. Seroconversion
was defined as a neutralizing antibody titer of <1:8 before
vaccination and of >1:8 against poliovirus types I, II, and
IIT poliovirus after three doses of vaccine. A neutralizing
antibody titer of >1:8 before vaccination was considered to
indicate maternally-transferred antibodies; for these cases,
seroconversion was defined as a four-fold increase of polio-
specific antibody response after three doses of vaccine. The
changes in antibody titer after vaccination were analyzed.
Both the maximum dilution and the maximum reported
titer were 16,384; in cases where the actual titer was greater
than 16,384, the value used in calculations was 16,384.

Statistical analysis

The seroconversion rates against poliovirus types I, II, and
IIT were calculated in terms of the poliovirus immunization
schedule. The seroconversion rates and titers of antibodies
against poliovirus types I, II, and III were compared
between the groups of infants vaccinated under different
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| Post-hoc analysis of tOPV-only schedule and IPV-OPV sequential immunization schedules |

Clinical trial NCT02231632 (2011-2012)
Immunogenicity and safety of tOPV-only
schedules

Clinical trial NCT03614702 (2015-2016)
Immunogenicity and safety of IPV-OPV
sequential immunization schedules

clPV-cIPV-bOPV
N=200

sIPV-sIPV-tOPV
N=200

clPV-cIPV-tOPV
N=200

sIPV-bOPV-bOPV
N=200

tOPV-tOPV- tOPV tOPV-tOPV-tOPV clPV-bOPV-bOPV sIPV-sIPV-bOPV
(human diploid cell) (monkey kidney cell) N=200 N=200
N=600 N=600

Per-protocol set
N=324

Per-protocol set
N=326

Per-protocol set
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Per-protocol set
N=180

Per-protocol set
N=168

Per-protocol set
N=168

Per-protocol set
N=169
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Figure 1 Data flow chart of the two clinical trials included in this post hoc analysis. bOPV, bivalent (types I and III) oral polio vaccine; IPV,

inactivated polio vaccine; tOPV, trivalent oral polio vaccine; sIPV; Sabin strain-based IPV; cIPV, conventional IPV] also known as Salk strain-

based IPV.

schedules, and the significance of each difference was tested
with a two-sided 95% confidence interval. A chi-squared
test was used to compare the differences in the titer of
poliovirus type II-specific antibodies between groups.

The post-vaccination geometric mean titer (GMT) and
the fold changes of antibodies against poliovirus types I, II,
and III in all groups are presented as the geometric means
and 95% confidence intervals. The differences between
groups were compared by performing an analysis of
variance after logarithmic transformation of the data.

Results
Baseline characteristics of the vaccinated infants

This post hoc analysis was based on the data from two clinical
trials conducted in Guangxi Province, China (Figure I). The
baseline characteristics of the infants in the per protocol set
(PPS) analysis were similar between groups (Zable 1, Table S1).

Seroconversion rates induced by poliovirus immunization
schedules

The seroconversion rates against poliovirus types I, II, and
III were 99.1%, 98.2%, and 96.0%, respectively, in the
infants who received three tOPV doses (Table 2). Notably,
the positive rates of antibodies against poliovirus types
I, II, and III before vaccination were 49.2%, 30.3%, and
24.0%, respectively; these positive cases are likely due
to maternal antibodies (7uble 1) (8). For the combined
sequential immunization programs, the IPV-bOPV-bOPV
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immunization program had a lower seroconversion rate
against poliovirus type II than did the IPV-IPV-bOPV
immunization program, regardless of whether the IPV
used in the immunization program was sIPV or cIPV
(Tuble 2, Tables S2,S3). However, the seroconversion
rates for poliovirus type I and III were both almost 100%
for all sequential schedule groups. The modestly higher
seroconversion rates for poliovirus type III in the IPV-
bOPV-bOPV groups and IPV-IPV-bOPV groups suggest
that bOPV can induce a better immune response to
poliovirus type III compared with tOPV because it lacks the
competition from poliovirus type II. The seroconversion
rates against poliovirus type II were 51.8% in the sIPV-
bOPV-bOPV group and 60.2% in the cIPV-bOPV-bOPV
group, suggesting that these schedules confer insufficient
clinical protection against wild poliovirus or VDPV strains
(1able 2). However, compared with the schedules containing
one IPV dose, the vaccination schedules containing two
IPV doses (sIPV or cIPV) followed by one bOPV dose
were capable of eliciting a higher seroconversion rate to
poliovirus type II (79.4% of vaccinated infants for sIPV-
sIPV-bOPV and 81.0% for cIPV-cIPV-bOPV), suggesting
that a single antigenic stimulation by the poliovirus type
II vaccine is unable to elicit adequate immune protection.
Thus, two or more IPV doses should be required, especially
for infants at a high risk of infection with type Il VDPV.

Neutralizing antibody titers

The effectiveness of the immunologic barrier against

Ann Transl Med 2021;9(3):253 | http://dx.doi.org/10.21037/atm-20-2537


https://cdn.amegroups.cn/static/public/ATM-20-2537-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2537-supplementary.pdf

Page 5 of 11

, Vol 9, No 3 February 2021

icine

Annals of Translational Med

J91I} uBaW 2118Woab ‘| ND {[eAISIUI ©OUBPLUOD ‘|D (UOIIBIASP pJepUE]lS ‘gS ‘dulddeA sniiaoljod pajeniloeul paseq
-uleJ}s UIgesS ‘AdIS ‘euldoen ojjod [elo usjeAlq ‘AdOJ BUIdOBA SnUIAolod pajeAlldBUI [BUOIIUSAUOD ‘Ad|O BUIDOBA o1jod B0 JUdeAl} ‘AdO} "BUIYD Ul ZL0Z PUB | |.0g Uusamiaq
Pa}oNpuod [el} [BDIUIND BY} Ul [|90 Aeupiy Aexuow Jo |20 plojdip UBWINY WO Joyye paAliep SAJO} 8} o} Bjep pajood ‘| "BUIUD Ul 9L0Z PUB GLOZ UddMIB] Peionpuood [el}
[eoluljo € Ul pasedwod a1em AdOI-AdOI-AdIS PUB ‘AJOAdIO-AdIO AdOFAdIS-AdIS NADOA-AdIP-AdI® ‘AdOA-AdIS-AdIS ‘AdOA-AdOA-AdI0 40 s8|npayds [enuanbes eyl

8€0 (c9-8v) v's (09-6%) ¥'s (66-8v) €6 (1'9-8%) ¥’ (96-2v) 1'S (L'9-61) 5°S (€959 66 (1D %S6) uesw oupwosb ‘| ND
(eve—czt‘L21) (0Lz-v¥L102) (8€z-6 Lt ‘eLl) (G2e-60L ‘L'9l) (8ve-0¢l ‘€8l (062-€91 ‘222 (€22-202 ‘02
00t 0¢ e 62 12 €e 6¢ 961 (1D %G6 ‘%) U ‘enmsodoies
ures;s oljod ¢ adA|
9,0 (@8-19 L2 (€2-29v9 (08-09) 02 (1'8-29) L'2 (e8-29) 2L (r8-€9) g2 (1'2-29)99 (1D %S6) ueew ouaWosb ‘| ND
(e66-8'v2 ‘8°1e) (8°0v-1'92 ‘1'ee) (62v—6'22 ‘1'GE) (L'vv-9°62 ‘6°9¢) (0°€v-9'82 ‘9°Ge) (6ev—-£'62 ‘v'98) (8'€6-892 ‘€0€)
00t S 95 65 29 ¥9 9 161 (1D %G6 ‘%) U ‘enmsodoies
uress oljod gz adA|
€20 (66-2°2) ¥'8 (66-€2) 58 (ror-z2) L8 (o121 v8 (99-1'9) '8 (96-22) €8 (201-06) 86 (1D %G6) Uesw ouewosb ‘| ND
(L06-v'se ‘62y) (016-9'GE ‘T eh) (68v-9¢€ ‘L'Lp) (€716-8°GE ‘G'ep) (6°Sv—2 ke ‘e88) (025-6'9¢ ‘€ v¥) (L'€S-v'SY ‘2 '6Y)
vL0 €L €L 69 €l 69 8. 0ze (1D %G6 ‘%) u ‘ensodoseg
uresis oljod | adA|

00+ (L'vv) 9L (e'2¥) 08 (9'09) g8 (Z'1v) oL (L'oy) €8 (0'09) 88 (S 1¥) 022 Slewa4
00'L (€'59) 6 (2729) 68 (r'ev) €8 (€'89) 86 (6'€9) 26 (0°09) 88 (5'89) 08¢ ClEN
(%) u xS
€'/%5°0.L G'/¥€0. 0'8%L°LL 1'2%79°0. 9'/F%°0. 8'/¥G0. 1'8¥G°¢. as ¥ ueauw ‘(sAep) oby
(0£1=N) (691=N) (891=N) (891=N) (081=N) (921=N) 1(059=N)
aneA d AdOA-AdOA-AdIS AdOWAIO-AID  AdOWAdIS-AIS  AdOY-AdIP-AdI® AdOI-AdIS-AdIS AdOI-AdOI-AdI? AdOHADOHADO} Jeroweled

9107 pue Z10 ur39s [od0301d 1od ur onpayds uoneziunuiul orjod Jo SULId) UT SYUBJUT PIIBUIIIBA ) JO SONSLIDIOBIRYD dUl[aseq | S[qe],

Ann Transl Med 2021;9(3):253 | http://dx.doi.org/10.21037/atm-20-2537

© Annals of Translational Medicine. All rights reserved.



hedules

ion sc

t

10 Immuniza

ity and safety of poli

ICI

Zhao et al. Immunogen

Page 6 of 11

*J91I} UBSW 211BWOo9b ‘| ND {[BAISIUI DDUBPIIUOD ‘| ‘BulddBA ShuIAoljod pajeAlloeul paseq
-UleJ}S UIgesS ‘AdIS ‘euldoeA ojjod [edo jusjeAlq ‘AdOJ ‘DuIddeA sniIAoljod pajeAl}oBUl [BUOIIUSAUOD ‘Ad|O BUIDOBA oljod [BJO JUdBAL} ‘AdO} "BUIYD Ul ZL0Z PUB | |0g Uusamiaq
P8}oNpUOD [Bl} [EDIUIID 8Y} WO} [[82 Asupiy Asxuow Jo |90 plojdip uewny woi} Jayld paAusp SAdO} 8y} 4o} eyep pajood ‘, "BUIYD Ul 9102 PUB G0 Usemiaq palonpuod
[ed} [eD1UlO € Ul pasedwod aiem AdOI-AdOA-AdIS PUE AdOFAIO-AdIO AdOFAIS-AIS ‘AdOA-AdIP-AdIP AdOA-AdIS-AdIS ‘AdOA-AdOT-AdIO J0 S8|NPayos [enusnbes ay |

(rosv'i—cyel't)  (€891'c-0'65et)  (L9ve'e-96e’l)  (820e'e-LGrhe'e)  (6'89v'c-Le6v'e)  (GGEP I-ECEL ) (2°9e5-€°0PY) (1D %S6) uesw

L00°0> 1682k 99LL} SLLLY ¥'€8.°2 1162 6.2t L'o8y ouewosb I ND

(0001896 ‘v'66)  (666-8'G6 ‘8'86)  (v'66-076 ‘9'/6)  (6'66-8'G6 ‘886) (000696 ‘v'66)  (0°00L—6'96 ‘v'66)  (S26-G'¥6 ‘0°96) (10 %56

G0'0> 691 /91 el 99} 6.k G/t 29 ‘%) U ‘enlysodoseg
uresis oljod g adA|

(ov1-86) (2oev'1-6'620°1)  (1'889°1-G'6€2'1) (r'18-2799) (2°68-1"09) (222511 (269-£°596) (1D %S6) uesw

L00°0> L1 1612k GOyl 0'89 v'eL 4] ¥'609 ouewosb N

(65-0tv ‘8'LS) (666866 ‘9'86)  (666-8'G6 ‘8'86)  (998-2¥. 018  (1'S8-8'2L V6l  (G19-92S ‘209) (c'66-1"26 ‘2'86) (10 %56

L00°0> 88 /91 99} oct eyt 90l 8¢9 ‘%) U ‘enlyisodoseg
uresis oljod gz adA|

(G'10L'9-5019)  (@29S'1-2'€L0t) (€6LL'S-00r9'e)  (06622-20V6'L)  (906v'8-26.€9)  (600v'2—622L1)  (OVSHy—088.C) (1D %S6) uesw

L00°0> 6°€08‘S Y62 L9LEY ¥'0e€2 9'6GE°, 1’9902 0Ly ouewosb N

(0001896 ‘v'66) ('66-L¥6‘9L6) (966-6176 ‘286)  (6'66-8G6 ‘886)  (6'66-0°06 ‘6'86)  (666-0"96 ‘6°86) (8°66-£"86 ‘1°66) (10 %56

2L0 691 ete] ete] 99} 8/t vl ) ‘%) U ‘enlysodoseg
uresis oljod | adA|
(021=N) (691=N) (891=N) (891=N) (081=N) (921=N) (059=N) Jojeoipul
enEAd AdOA-AdOA-AdIS  AdOWAdIP-AID  AJOWAdIS-AdIS  AdOA-AdIP-AdI?  AdOA-AdIS-AdIS  AdOI-AdOA-AdI®  AdOWAJOALO} Ayolusbounwiwy

910Z Pue ¢10C Wt

sisAeue 305 [000101d 1od UT SOINPAYDS UONEZIUNUILIT JUSIDJJIP JO SISOP I} IJe SA. ue ‘I1 T sod£ snaraorjod 3sureSe 1010 uedW DLW PUE AILI UOISIOAUODO0IIS 7 J[qe
ISA] I I So[npay; Hezl ! P ¥ P 99143 193} P 8CIIPUt II T Laory ! ! ! P ! S TRIqEL

Ann Transl Med 2021;9(3):253 | http://dx.doi.org/10.21037/atm-20-2537

© Annals of Translational Medicine. All rights reserved.



Annals of Translational Medicine, Vol 9, No 3 February 2021

Type 1

Type 2

100

—
o
o

75

~
(o]

50

25

N
(6]

Proportion of patients (%)
Proportion of patients (%)
()

o

............

34567 891011121
log, titre

e

34567 8910111213
log, titre

Page 7 of 11

- sIPV-sIPV-tOPV
-e- sIPV-sIPV-bOPV
- sIPV-bOPV-bOPV
-=- cIPV-cIPV-tOPV
- clPV-cIPV-bOPV
-~ cIPV-bOPV-bOPV
- tOPV-tOPV-tOPV

Proportion of patients (%)

34567 8910111213
log, titre

Figure 2 Reverse cumulative distribution curves showing the titers of serum antibodies neutralizing poliovirus types I, IT and III.

infection by wild poliovirus or VDPV strains largely
depends on the level of neutralizing antibodies in the sera
of an individual (9,10). We observed high GMTs for all
three types of poliovirus after immunization with tOPV-
tOPV-tOPV, which is consistent with a previous report (11).
The IPV-bOPV-bOPV and IPV-IPV-bOPV schedules,
regardless of whether sIPV or cIPV was used, were capable
of eliciting high GMTs against poliovirus types I and
III (Table 2, Figure 2). However, the IPV-bOPV-bOPV
schedule induced a lower level of antibody response against
type II poliovirus, regardless of whether sIPV or cIPV
was used. Although the IPV-IPV-bOPV group exhibited a
relatively high level of antibodies against type 11 poliovirus,
this level was still lower than those in the IPV-IPV-tOPV
groups (Table 2, Table S4, Figure 2).

Safety evaluation

The safety of the tOPV-tOPV-tOPV schedule has
been demonstrated over its >50 years of use in Chinese
children (12); the primary safety concern for this approach
is the rare cases of VAPP (6,13). As part of new poliovirus
eradication strategy, the final goal of which is to adopt
an IPV-only immunization schedule and eradicate all
wild polioviruses and VDPVs, a switch from tOPV to
bOPV is necessary, and the safety of this change must be
evaluated. One of the included clinical trials reported a
total of 951 AEs, and the other reported 918 AEs (7able 3).
The incidences of fever were 28.0% (335/1,195) in the
tOPV-tOPV-tOPV schedule and 49.9% (598/1,198) for all
sequential schedules combined. Additionally, the incidences
of abnormal irritability were 5.9% and 20.9%, the
incidences of local reactions (e.g., pain, redness, swelling,
and induration) were 0% and 1.3%, and the incidences of
gastrointestinal symptoms were 10.0% and 6.7% in the

© Annals of Translational Medicine. All rights reserved.

tOPV-tOPV-tOPV schedule and for all sequential schedules
combined, respectively. SAEs were reported in 5.9%
(71/1,195) of participants in the tOPV-tOPV-tOPV group
and in 5.0% (60/1,198) of participants who were vaccinated
with a sequential schedule (7able 3, Table S5). The injected
IPV was associated with a relatively high incidence of AEs,
even though most of the reported AEs were identified as
being unrelated to inoculation with poliovirus vaccine.

Discussion

The sequential removal of Sabin poliovirus strains leading
up to a full replacement of OPV with IPV is a goal
established by the Global Polio Eradication Initiative
[2015] for the eradication of poliomyelitis caused by all
wild polioviruses and VDPVs in children worldwide. As the
first step towards this goal, the strategy of using sequential
immunization schedules combining bOPV with IPV
by removing Sabin type II should maintain an adequate
immune protective effect against any possible infection by
wild poliovirus strains or VDPVs (14).

From 2011 to 2012, we conducted a clinical trial
to evaluate the safety and immunogenicity of the live
attenuated OPV (human diploid cell; ClinicalTrials.
gov number: NCT02231632). Vaccination with three
doses of tOPV administered at 2, 3, and 4 months of
age, respectively, was the immunization strategy against
poliomyelitis in mainland China until April 2016 (15).
Since then, global immunization strategies for poliovirus
have changed. Clinical trial NCT03614702 was carried out
from 2015 to 2016 in Guangxi Province, China to examine
the immunogenicity and safety of sequential immunization
schedules with sIPV+bOPV. The present study is a
comprehensive analysis of these two clinical trials in which
the changes induced by switching the immunization strategy

Ann Transl Med 2021;9(3):253 | http://dx.doi.org/10.21037/atm-20-2537
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from only tOPV to IPV+bOPV can be observed. Although
some published reports describe other clinical trials on
sequential immunization with IPV and OPV, most of the
previous studies on sequential poliovirus immunization used
conventional IPV and did not incorporate the use of sIPV.
Our study supplements the existing data by addressing the
use of sIPV in sequential immunization.

This post hoc analysis compared the immune effects
induced by a tOPV-tOPV-tOPV schedule with those
induced by various sequential schedules using IPV (sIPV
or cIPV) followed by bOPV. Vaccine-induced immunity
to poliovirus must be maintained at an adequate level in
Chinese children during the transition from IPV-bOPV
combination schedules to the complete cessation of OPV
administration and the sustained use of an IPV-only
schedule. Our results confirm that, similar to the tOPV-
tOPV-tOPV schedule, schedules containing one or two
IPV doses (sIPV or cIPV) followed by one or two doses
of bOPV could induce high seroconversion rates against
poliovirus type I and III, associated with high neutralizing
antibody titers. However, the administration of one IPV
dose followed by two doses of bOPV failed to induce an
adequate level of seroconversion or neutralizing antibody
titer against type II poliovirus. Thus, the application of a
schedule with a single IPV dose during the transition period
may lead to an increased risk of infection with type II
circulating vaccine-derived poliovirus (cVDPV). In contrast,
the administration of two IPV doses followed by one dose
of bOPV elicit higher levels of seroconversion and antibody
titers against type II poliovirus.

There are still pandemics of infection with wild
poliovirus strains in at least two countries that border China
(5,16). To improve immunity against type II poliovirus, two
or more doses of IPV should be administered before the
administration of bBOPV in a sequential schedule. A previous
study of IPV also reported that one dose of IPV induced
seroconversion rates of 19-46%, 32-63%, and 28-54% for
poliovirus types I, 11, and III, respectively (17). A boost with
poliovirus vaccine is important for the establishment of
effective immunity against poliovirus (18,19). Importantly,
all these data suggest that a schedule using one dose of IPV
followed by two doses of bOPV is not suitable for poliovirus
immunization during the transition period, especially in
developing countries where tOPV had been used alone for a
long time and where there is still a risk of the spread of wild
poliovirus strains and VDPVs (20,21). At this stage, using at
least two doses of IPV will be a better option for a routine
poliovirus immunization schedule to maintain an adequate

© Annals of Translational Medicine. All rights reserved.
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level of population immunity to all poliovirus types and
avoid the emergence of epidemic cases of paralysis induced
by wild poliovirus strains or VDPVs.

The safety evaluation results suggest that sequential
immunization schedules combining OPV with IPV are
associated with a higher incidence of some AEs, such as
fever and local reactions, which may be due to the inclusion
of one or two injections in these schedules. Although both
included clinical trials were completed in the same region,
they were not conducted during the same period, and
there were also some small differences in their methods of
AE collection, so the AE differences between poliovirus
vaccination schedules may be caused by factors other than
the immunization procedure.

In conclusion, during the transition from a tOPV-only
immunization schedule to an IPV-bOPV immunization
schedule, sequential schedules containing two IPV doses
are a reasonable option that align with current WHO
recommendations. Our findings may help decision-makers
in developing countries to better optimize poliovirus
vaccination policies.
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Supplementary

Table S1 Statistical analysis of baseline characteristics of the
vaccinated infants in terms of polio immunization schedule in per
protocol set

Table S2 Statistical analysis of seroconversion rate and geometric
mean titer against poliovirus (types 1, 2, and 3) 28 days after three
doses of different immunization schedules in per protocol set

Parameter Test method P value
Age (days), mean + SD
Sex, n (%)
Male Pearson CHI-SQUARE  1.00
Female Pearson CHI-SQUARE  1.00

Type 1 polio strain
Seropositive, n (%, 95% Cl) Pearson CHI-SQUARE 0.14
GMT, geometric mean (95% CI) ANOVA 0.23
Type 2 polio strain
Seropositive, n (%, 95% Cl) Pearson CHI-SQUARE  1.00
GMT, geometric mean (95% ClI) ANOVA 0.76
Type 3 polio strain
Seropositive, n (%, 95% CI) Pearson CHI-SQUARE  1.00

GMT, geometric mean (95% CI) ANOVA 0.38

analysis

Immunogenicity indicator Test method P value
Type 1 polio strain

Seropositive, n (%, 95% Cl) Fisher exact test 0.72
GMT, geometric mean (95% Cl) ANOVA <0.001

Type 2 polio strain
Seropositive, n (%, 95% Cl) Pearson CHI-SQUARE <0.001
GMT, geometric mean (95% Cl) ANOVA <0.001
Type 3 polio strain
Seropositive, n (%, 95% Cl) Fisher exact test <0.05

GMT, geometric mean (95% Cl) ANOVA <0.001

SD, standard deviation; Cl, confidence interval; GMT, geometric
mean titer; ANOVA, analysis of variance.

© Annals of Translational Medicine. All rights reserved.

Cl, confidence interval; GMT, geometric mean titer; ANOVA,
analysis of variance.
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Table S3 Multiple comparisons of seroconversion rate against poliovirus (types 1, 2, and 3) 28 days after three doses of different immunization

schedules

Immunogenicity indicator

Group

vs.

Group

Test method

P value

Type2 polio strain

Type3 polio strain

cIPV-bOPV-bOPV

sIPV-sIPV-tOPV

sIPV-sIPV-bOPV

clPV-cIPV-tOPV

clPV-cIPV-bOPV

sIPV-bOPV- bOPV
cIPV-bOPV-bOPV

sIPV-sIPV-tOPV

sIPV-sIPV-bOPV

clPV-cIPV-tOPV

clPV-cIPV-bOPV

sIPV-bOPV- bOPV

VS.

VSs.

Vs.

Vs.

vs.

Vs.

VS.

VS.

VSs.

Vs.

VS.

Vs.

sIPV-sIPV-tOPV
sIPV-sIPV-bOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
sIPV-sIPV-bOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
tOPV-tOPV-tOPV
sIPV-sIPV-tOPV
sIPV-sIPV-bOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
sIPV-sIPV-bOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
clPV-cIPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
clPV-cIPV-bOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
sIPV-bOPV- bOPV
tOPV-tOPV-tOPV
tOPV-tOPV-tOPV

Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Fisher exact test
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Fisher exact test
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Fisher exact test
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Fisher exact test
Fisher exact test
Fisher exact test
Fisher exact test
Pearson CHI-SQUARE
Pearson CHI-SQUARE
Fisher exact test
Fisher exact test
Fisher exact test
Fisher exact test
Pearson CHI-SQUARE
Fisher exact test
Fisher exact test
Fisher exact test
Pearson CHI-SQUARE
Fisher exact test
Fisher exact test
Pearson CHI-SQUARE
Fisher exact test
Pearson CHI-SQUARE
Pearson CHI-SQUARE

<0.001
<0.001
<0.001
<0.001
0.13
<0.001
<0.001
1.00
<0.001
<0.001
0.75
<0.001
0.79
<0.001
<0.001
<0.001
<0.001
0.75
<0.001
<0.001
<0.001
0.21
1
0.62
0.62

<0.05
0.20
0.45
0.69
0.21
0.49
0.61
0.61

<0.05
1
0.62
0.09
0.62
0.09
<0.05

tOPV, trivalent oral polio vaccine; clPV, conventional inactivated poliovirus vaccine; bOPV, bivalent oral polio vaccine; sIPV, Sabin strain-

based inactivated poliovirus vaccine.
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Table S4 Multiple comparisons of antibody geometric mean titer against poliovirus (types 1, 2, and 3) 28 days after three doses of different
immunization schedules

Immunogenicity indicator Group Vs. Group Test method P value
Type1 polio strain clPV-bOPV-bOPV VS. sIPV-sIPV-bOPV T test <0.001
clPV-cIPV-bOPV T test 0.30
sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-bOPV VS. clPV-cIPV-bOPV T test <0.001
sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.01
tOPV-tOPV-tOPV T test <0.001
clPV-cIPV-bOPV Vs. sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-tOPV Vs. clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test 0.08
tOPV-tOPV-tOPV T test 0.59
clPV-cIPV-tOPV VS. sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-bOPV- bOPV Vs. tOPV-tOPV-tOPV T test <0.01
Type2 polio strain clPV-bOPV-bOPV Vs. sIPV-sIPV-bOPV T test <0.001
clPV-cIPV-bOPV T test <0.001
sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-bOPV VS. clPV-cIPV-bOPV T test 0.53
sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
clPV-cIPV-bOPV Vs. sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-tOPV VS. clPV-cIPV-tOPV T test 0.17
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
clPV-cIPV-tOPV VS. sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-bOPV- bOPV vs. tOPV-tOPV-tOPV T test <0.001
Type3 polio strain clPV-bOPV-bOPV vs. sIPV-sIPV-bOPV T test <0.001
clPV-cIPV-bOPV T test <0.001
sIPV-sIPV-tOPV T test <0.05
clPV-cIPV-tOPV T test <0.05
sIPV-bOPV- bOPV T test 0.95
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-bOPV VS. clPV-cIPV-bOPV T test 0.68
sIPV-sIPV-tOPV T test <0.001
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
clPV-cIPV-bOPV VS. sIPV-sIPV-tOPV T test <0.01
clPV-cIPV-tOPV T test <0.001
sIPV-bOPV- bOPV T test <0.001
tOPV-tOPV-tOPV T test <0.001
sIPV-sIPV-tOPV VS. clPV-cIPV-tOPV T test 0.82
sIPV-bOPV- bOPV T test <0.05
tOPV-tOPV-tOPV T test <0.001
clPV-cIPV-tOPV Vvs. sIPV-bOPV- bOPV T test <0.05
tOPV-tOPV-tOPV T test <0.001
sIPV-bOPV- bOPV VS. tOPV-tOPV-tOPV T test <0.001

tOPV, trivalent oral polio vaccine; clPV, conventional inactivated poliovirus vaccine; bOPV, bivalent oral polio vaccine; sIPV, Sabin strain-
based inactivated poliovirus vaccine.
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Table S5 Statistical analysis of incidence of adverse events in
the infants after immunization with different polio vaccination
schedules in safety set analysis

Adverse event Test method P value
Any adverse event Pearson CHI-SQUARE 0.60
Serious adverse events Pearson CHI-SQUARE 0.97

Unsolicited adverse events Pearson CHI-SQUARE  <0.001
Solicited adverse events Pearson CHI-SQUARE  <0.001

Fever Pearson CHI-SQUARE  <0.001
Abnormal irritability Pearson CHI-SQUARE  <0.001
Drowsiness Pearson CHI-SQUARE  <0.001

Gastrointestinal symptoms ~ Pearson CHI-SQUARE <0.05

Diarrhea Pearson CHI-SQUARE 0.59
Allergy Fisher exact test 0.09
Local reactions® Pearson CHI-SQUARE  <0.001

¢, including pain, redness, swelling, and induration.
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