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ABSTRACT

A new vaccination schedule with one dose of inactivated polio vaccine (IPV) followed by three doses of
bivalent oral attenuated live polio vaccine (bOPV) was introduced in China in 2016. Both Sabin IPV (sIPV)
and Salk IPV (wIPV) sequentially with bOPV were accepted in the Chinese routine vaccination schedule.
We intended to assess the immunogenicity of the current primary schedule (s/wIPV-bOPV-bOPV) and the
schedule in the early stage of the switch (tOPV-bOPV-bOPV), and compare immunogenicity between the
groups with different polio virus strains. Healthy infants aged 60-89 days were recruited in hospitals in
Chonggqing. Infants were assigned to one of three treatments (tOPV-bOPV-bOPV, sIPV-bOPV-bOPV or
wlIPV-bOPV-bOPV) by enrollment time. Polio neutralizing antibody (NA) assays were conducted to assess
immunity. 1027 eligible infants were enrolled. Over 95% seroprotection rates against type | poliovirus
(PV1) and type Il poliovirus (PV3) were observed in all groups. Infants who received tOPV-bOPV-bOPV had
higher antibody titers against type Il poliovirus (PV2) than did the IPV-bOPV-bOPV. The geometric mean
titers (GMTs) of PV2 were only ~20 in the IPV-bOPV-bOPV. GMTs of PV1 were higher than PV3 in s/wIPV-
bOPV-bOPV. The primary schedule of s/wIPV-bOPV-bOPYV is insufficient to protect children against PV2,
and the NA titer to PV3 is lower. Higher antibody responses were induced in sIPV-bOPV-bOPV than that in
wIPV-bOPV-bOPV. Supplementary vaccination with one dose of IPV is necessary for children who had no
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tOPV immune history or had only one IPV to induce higher levels of immunity against PV2 and PV3.

1. Background

During Poliomyelitis elimination, polio vaccines have gone
through multiple selections recommended by WHO.
Following the elimination of PV2, the Strategic Advisory
Group of Experts on Immunization endorsed a globally syn-
chronized switch from tOPV to bOPV1&3."* The Global Polio
Eradication Initiative also recommended at least one dose of
IPV in routine vaccination schedules when switching from
tOPV to bOPV to avoid the potential risk of outbreaks by
pv2?

The use of tOPV was successfully withdrawn from vaccina-
tion schedules in China on May 1, 2016, and a new routine
schedule was introduced with one IPV dose given at 2 months
of age, followed by one bOPV at 3 months, 4 months, and
4 years of age, respectively. Vaccination with sIPV and wIPV
were provided to infants as the first dose of polio vaccine
routine schedule for free. Although studies have shown that
sequential schedules of wIPV with bOPV*” and sIPV with
tOPV®'? are sufficient for immunization, the immunogenicity
of sequential schedules of different virus strain IPVs with
bOPV remains unclear. Differences in the vaccines or the
populations might affect immunogenicity.'"'* Since wIPV is
no longer the only IPV vaccine for polio eradication due to its
higher cost, sIPV has become more popular in low-income and
middle-income countries. It is important for policy makers to
know whether the immune effect of sIPV sequential with

bOPV is the same as wIPV sequentially with bOPV, and
whether there is adequate protection for PV2. We assessed
the immunogenicity of the routine primary poliovirus vaccina-
tion schedule (s/wIPV-bOPV-bOPV) and the schedule in the
early stage of the switch (tOPV-bOPV-bOPV) in China, and
compared the immunogenicity of sequential vaccination of
different strains of polio vaccines to provide scientific evidence
for the conversion of polio vaccination procedures.

2. Methods
2.1. Study design and participants

According to per capita disposable income of rural residents in
Chongging, we divided 39 districts into three groups (high/
middle/low) by economic level. Two districts in each level were
selected by simple random sampling method. Finally, the fol-
lowing 6 areas were selected in the sero-epidemiological sur-
vey: (1) Jiangbei district and Fuling district (high level); (2)
Hechuan district and Liangping district (middle level); (3)
Fengjie district and Pengshui district (low level). In each dis-
trict, the largest scale hospital was selected as the survey site.
Infants aged 60-89 days that came for vaccination of first dose
of polio vaccine were invited to participate in our study by
convenience sampling. Infants who were immunodeficient or
had taken immunosuppressant drugs during the last 2 months
and had contraindications to polio vaccine were excluded from
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our study. Sample size was calculated based on an assumed
seroprotection rates of 90%, error margin of+10%, o = 0.05.
The sample was further inflated by approximately 20% to
account for potential non-response, which resulted in a final
sample size of 1140. There were 190 participants in each dis-
trict and 380 in each level area. Questionnaires were used to
collect subjects’ personal information (gender, age, region,
vaccination history, etc.) and 3 ml of venous blood was col-
lected from each subject at 4-5 weeks after the third dose of
poliovirus vaccine for testing NA to PV.

According to enrollment time, infants were assigned to
receive polio vaccine schedules: the first group received one
dose of tOPV at age 2 months, followed by two doses of bOPV
at ages 3 and 4 months (tOPV-bOPV-bOPV); the second
group received one dose of sIPV followed by two doses of
bOPV (sIPV-bOPV-bOPV); and the third group received one
dose of wIPV followed by two doses of bOPV (wIPV-bOPV-
bOPV).

2.2. Procedures

The Sabin IPV (sIPV) used in this study was manufactured by
the Chinese Academy of Medical Sciences, it contains at least
15 D-Antigen unit of poliovirus serotype I, 45 D-Antigen unit
of poliovirus serotype II, and 45 D-Antigen unit of poliovirus
serotype III. The Salk IPV is manufactured by Sanofi Pasteur
SA, France, it contains inactivated poliovirus serotype
I (Mahoney strain; 40 D-Ag units), poliovirus serotype II
(MEE-1 strain; 8 D-Ag units), and poliovirus serotype III
(Saukett stain; 32 D-Ag units). The tOPV and bOPV used in
this study are manufactured by the China National
Pharmaceutical Group Corporation. tOPV is formulated to
contain at least 5.8 IgCCID50 per dose of poliovirus serotype
1,4.8 1gCCID50 of poliovirus 2,5.3 1gCCID50 of poliovirus III.
bOPV is formulated to contain at least 6.0 IgCCID50 per dose
of poliovirus serotype I and 5.5 IgCCID50 of poliovirus III.

Blood Samples were immediately placed in ice boxes and
transported to the laboratory of local Center for Disease
Control and Prevention (CDC). After centrifugation of blood,
the serum was separated and then stored in refrigerator under
—-20°C . The samples were then transported to the polio labora-
tory of Chinese Academy of Medical Sciences for testing.
Microneutralization assay was verified as gold standard by
the Global Polio Laboratory Network,'® it was recommended
by WHO to measure the presence of type-specific neutralizing
antibodies against Sabin-strain poliovirus types 1, 2, and 3.
Before testing, each serum sample was inactivated at 56°C for
30 minutes and then diluted from 1:8 to 1:1,024 in two-fold
serial dilutions. Each sample was incubated in duplicate wells
for 3 hours at 36°C with 50% tissue culture infective doses
(TCID50) of poliovirus antigen. After incubation for 7 days,
the highest dilution of serum that protected 50% of the cultures
was recorded.

2.3. Statistical analyses

Seropositivity rates and GMTs of antibodies were calculated for
each group. When the titer of antibody was < 1:8, it was
assigned a titer of 1:1, and when the titer was above the

upper limit of detection (1/1024),it was assigned a titer of 1/
2048. Serum sample with a titer of >1:8 for each PV was
considered positive."” Cell controls and a reference serum
were included in each test to examine reproducibility of results.

Statistical tests were performed using SPSS 23.0 software.
Chi-square test or Fisher’s exact tests were used to determine
the difference of antibody sero-positivity among demographic
characteristics (schedule & region). Kruskal-Wallis and
Wilcoxon test were used to compare neutralizing antibody
titers. P-values less than 0.05 was considered to be significant.

3. Result

A total of 1040 children were eligible and assigned to three
treatment groups, 1027 (98.75%) of 1040 participants com-
pleted all study vaccinations, and their blood samples were
tested. Of the respondents (1027), 335(32.62%) were assigned
to wIPV-bOPV-bOPV group, 358(34.86%) were assigned to
sIPV-bOPV-bOPV group and 334 (32.52%) were assigned to
tOPV-bOPV-bOPV group.

The seroprotection rates and GMTs of PV antibodies were
measured at 5 to 11 months of age after completion of different
schedules of primary polio vaccination series. The overall ser-
oprotection rates of 1027 subjects in primary series ranged
from 98.5 to 99.7% for PV1, from 74.58% to 98.8% for PV2,
and from 97.9 to 100% for PV3 (Figure 1) . For PV1, there was
no significant difference among different schedule groups. For
PV2, the seroprotection rate in sSIPV-bOPV-bOPV group was
significantly lower than that in other two groups, the seropro-
tection rates between each two groups differed significantly
(P < .05). For PV3, the seroprotection rate in sIPV-bOPV-
bOPV group was significantly higher than that in tOPV-
bOPV-bOPV(P = .01). The GMTs ranged from 781 to 3244
for PV1, from 15 to 771 for PV2, and from 274 to 1199 for PV3.
GMTs of PV2 were only ~ 20 in both wIPV-bOPV-bOPV and
sIPV-bOPV-bOPV, which were quite lower than GMTs of PV1
and PV3. And GMT of PV3 in tOPV-bOPV-bOPV was lower
than that of PV1 and PV2. GMTs in every serotype signifi-
cantly differed by pairwise comparison, except for GMTs of
PV2 and PV3 between wIPV-bOPV-bOPV and sIPV-bOPV-
bOPV (Table 1).

According to different regional economical level, the sub-
jects were divided into three levels(high, middle, low). Of the
respondents (1027), 213(20.74%) were from high economic-
level areas(H), 375(36.51%) were from middle economic-level
areas(M) and 439 (42.75%) were from low economic-level
areas(L). In H area, the seroprotection rates ranged from
98.59% to 100% for PV1, from 90.14 to 100% for PV2, and
from 98.57 to 100% for PV3. In M area, the seroprotection
rates ranged from 97.56 to 100% for PV1, from 68.84 to 99.19%
for PV2, and from 98.37 to 100% for PV3. In L area, the
seroprotection rates ranged from 98.56 to 100% for PV1,
from 72.48 to 97.84% for PV2, and from 96.40 to 100% for
PV3. Totally, there was no significant difference of seroprotec-
tion among areas for PV1 and PV3, except for the seroprotec-
tion rates of PV2 among three areas (Pyp = 0.000,Pyp
= 0.000). The differences were mainly observed in sIPV-
bOPV-bOPV and wIPV-bOPV-bOPV by layout of areas
(Figure 2) . There were significant differences among three
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Figure 1. Seroprotection against type |, Il and Il poliovirus after different routine vaccination schedules. PV1 = type | poliovirus;PV2 = type Il poliovirus;PV3 = type IlI
poliovirus; IPV = Sabin strain inactivated polio vaccine; wIPV = Salk strain inactivated polio vaccine; bOPV = bivalent oral polio vaccine; tOPV = trivalent oral polio
vaccine. error bar: standard error.(a)Significant difference of seroprotection in PV2 between each two groups;(b)Significant difference of seroprotection in PV3 between

sIPV-bOPV- bOPV and tOPV-bOPV- bOPV.

Table 1. GMTs of antibody against type |, Il and Il poliovirus after routine immunization among children of three groups.

pPV1? pv2° PV3©
Group GMT (1) 95%(! GMT (1) 95%C] GMT (19) 95%(/
A(WIPV-bOPV- bOPV) 1557 1390-1744 20 16-24 977 891-1117
B(sIPV-bOPV- bOPV) 2896 2586-3244 19 15-25 1079 972-1199
C(tOPV-bOPV- bOPV) 930 781-1106 674 589-771 318 274-370
F/H 136.466 461.765 198.037
p 0.000 0.000 0.000
*Pac 0.000 0.000 0.000
*Ppc 0.000 0.000 0.000
*Pag 0.000 0.000 0.000

PV = poliovirus; GMTs = geometric mean titers; Cl = confidence intervals; sIPV = Sabin strain inactivated polio vaccine; wIPV = Salk strain inactivated polio vaccine;

bOPV = bivalent oral polio vaccine; tOPV = trivalent oral polio vaccine.

“Significant difference of GMT in PV1 between each two groups based on Wilcoxon test;
bSignificant difference of GMT in PV2 between wIPV-bOPV- bOPV and tOPV-bOPV- bOPV,sIPV-bOPV- bOPV and tOPV-bOPV- bOPV based on Wilcoxon test;
“Significant difference of GMT in PV3 between wIPV-bOPV- bOPV and tOPV-bOPV- bOPV,sIPV-bOPV- bOPV and tOPV-bOPV- bOPV based on Wilcoxon test;

areas for GMTs in PV2 and PV3, respectively(P,,, = 0.000,
Pyys = 0.011) . For PV2, the GMT in H area was significantly
higher than that in the other two areas(Pyp = 0.000,Py .y
= 0.000). For PV3, the GMT in H area was significantly higher
than that in L area (P = .008) (Table 2).

4. Discussion

The Polio Eradication and Endgame Strategic Plan’s globally
synchronized switch from tOPV to bOPV was accomplished on
May 1st, 2016 in all OPV-using countries to mitigate the potential
risk of outbreaks by type 2 poliovirus. And a new polio routine
vaccination schedule was introduced with one IPV dose. It is
important for policy makers to know whether current polio
schedule is adequate for type 2 protection in countries with one
dose of IPV, and to be informed of the immunological effect of
sequential schedules with different strains IPV followed by bOPV.

Our study showed that all three sequential schedules resulted
in high antibody titers against PV1 and PV3. However, the
immune effect in different economical level areas were different,
it might be attributed to complicated factors such as individual
differences, cold storage condition of vaccine, the direction of

needles, interference from maternal antibodies and circulation of
some poliovirus in the environment, etc.

Our study have found that the seroprotection rates of PV1
and PV3 were above 95%, but the schedules with IPV only
elicited higher antibody titers against PV1 and PV3 than the
schedule with no IPV, that was the same with Saleem AF and
Wright PF’s finding.'*"> The result also showed that sSIPV-bOPV
-bOPV induced stronger immunity than wIPV-bOPV-bOPV
against PV1. This phenomenon might be explained as that
Sabin strain was used to detect neutralizing antibodies in our
NA assays.'® Production of sSIPV and bOPV were all using the
same vaccine strain (Sabin-strain), so the immune effect of
sequential schedule with the same strain vaccines might be better
than schedule with different strains(Salk-strain and Sabin-strain)
. There were few studies reported the immune effect of sequen-
tial schedule with different poliovirus-strains vaccines. Further
studies are needed to verify the assumptions.

For PV2, the IPV-bOPV-bOPV groups did not induce
a strong immunity comparing with tOPV-bOPV-bOPV
group. The seroprotection rates of PV2 were below 85% in
two IPV-bOPV-bOPV groups, and it was even lower of 74.58%
in sIPV-bOPV-bOPV in some studies."”*'* GMTs of PV2 in
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Figure 2. Seroprotection against type |, Il and Il poliovirus after routine vaccination of three schedules in different areas. PV1 = type | poliovirus;PV2 = type Il poliovirus;
PV3 = type Il poliovirus;; sIPV = Sabin strain inactivated polio vaccine; wIPV = Salk strain inactivated polio vaccine; bOPV = bivalent oral polio vaccine; tOPV = trivalent
oral polio vaccine. error bar: standard error. There were no significant differences of seroprotection among areas in PV1 and PV3. (a)Significant difference of
seroprotection in PV2between high economic level area and middle economic level area. (b) Significant difference of seroprotection in PV2 between high economic

level area and low economic level area.

two IPV-bOPV-bOPV groups were also lower than that in
tOPV-bOPV-bOPV group, very close to the clinically protec-
tive level (1:8). Although there was only one dose of live polio
vaccine containing type 2 virus in tOPV-bOPV-bOPV group,
the seroprotection rate of PV2 was nearly 100% and GMT of
PV2 was up to 1:674. The results showed that the sequential
schedule of tOPV- bOPV- bOPV had significantly better effect
than IPV- bOPV-bOPV on immunity of PV2.Compared to
one dose of IPV, one dose of tOPV expressed a great antigeni-
city immunogenicity. It indicated that only one dose of IPV
followed by bOPV cannot produce enough antibodies of PV2.
Although IPV at the first dose can reduce the risk of paralytic
polio from OPV or wild poliovirus, but it was less immuno-
genic for poliovirus type 2.

The presence of type 2 maternally derived antibodies are
reported to be prominent at 36 weeks of age and are associated
with lower rate of seroprotection in infants who received
a single dose of IPV. Therefore, most countries or researchers
would adopt at least two IPVs followed by OPVs*!'>!772% to
offset the interference.”> We believe that adding a second TPV
dose will lead to higher sero-conversion rates and will induce
higher antibody titers against type 2 poliovirus. We suggested
that more than one dose of IPV should be brought into polio
vaccination schedule and supplementary doses of IPVs should
be given to the children who only received one IPV before.

The trial in Chile using IPV followed by bOPV sequential
schedules (WIPV-bOPV1&3-bOPV1&3) demonstrated that
bOPV could enhance antibody level against type 2 polio virus,
and there are some cross-booster effect against PV2 by the other
two serotypes included in bOPV.*** However, we didn’t
observe the same result above in our study. Further studies on
cross-reinforcing effect by bOPV on PV2 should be studied.

The immunity level of PV3 is the lowest among all types of
poliovirus in many studies, it can be explained by a reduced
antigenicity immunogenicity of PV3 when compared to PV1
and PV2.°* It would be further studied in future vaccine
development and optimization of immunity to PV3 is a matter
of urgency.” Therefore, continuing polio vaccination campaigns
(IPV or bOPV1&3) are as important as monitoring the popula-
tion’s immunity to sustain the present polio-free situation.

This study also has limitations. Firstly, we did not collect
blood sample before the first poliovirus vaccine to assess
maternal poliovirus neutralizing antibodies pre-vaccination.
Though interference of maternal antibodies with infant
immune responses to polio vaccination appeared to be one
potential barrier to children’s polio sero-conversion rates
after vaccination®, we think this effect could be minimized
by giving three doses of polio vaccines during the first year of
life with optimal spacing. Secondly, due to the insufficient
supply of IPV and bOPV in the beginning of vaccination
schedules switch, it was difficult to administer the polio routine
vaccination at 2,3,4 month timely, but all subjects finished
primary routine vaccination before 7 month.

5. Conclusion

One dose of IPV (Sabin or Salk) followed by two doses of bOPV is
insufficient to protect population against type 2 poliovirus.
A second dose of IPV has already been recommended into routine
vaccination schedules in China on January 1, 2020.* But there are
risks of infecting type 2 poliovirus for the children with only one
IPV vaccination history, we suggest that supplementary vaccina-
tion with one IPV for these children as soon as possible.



Table 2. GMTs against type |, Il and Il poliovirus after different primary immunization schedules among children in areas with different economical levels.

tOPV-bOPV-bOPV

sIPV-bOPV-bOPV

wIPV-bOPV-bOPV

PV3

PV2

PV1

PV3

PV2

PV1

PV3

PV2

PV1

95%Cl
280-482
319-514

GMT
368
405
238

95%Cl
712-1144

800-1190

GMT
903
976

418

95%Cl
646-1326
900-1687
566-931

3.516

GMT
925
1232
726

95%Cl
1020-1958

GMT
1413

95%Cl

82-340
8-16
9-15

40.529
0.000

GMT

167

95%Cl
1477-2777
2588-3642
2770-3820

4934

GMT
2025
3070
3253

95%Cl
964-1786
647-968
910-1201

5.367

MT
1312
0.005
0.002

792
1045

G

95%Cl
43-138

GMT

95%Cl
1583-2787

1080-1647

GMT
2101
1334
1523

Group

77

H(high economic-level area)

711-979
1061-1369

835
1205

1"

9-16
12-20
29.878

12
16

M(middle economic-level area)
L(low economic-level area)

F/H
P

185-307

5.266
0.006
0.637

335-521
19.368

1318-1759

412
0.017

17.838

0.000

0.031

0.000
0.000
0.417

0.008
0.009
0.003

0.000

0.659

0.232

0.000

0.000

0.005

Pum

0.032

0.000

0.301

0.000

0.132
0.033

0.000

0.035

PhoL

1.000 0.007 0.008 0.000 0.002

0.652

0.154

0.309

I:’M-L
PV1 = type | poliovirus; PV2 = type Il poliovirus; PV3 = type Il poliovirus; GMTs = geometric mean titers; Cl = confidence intervals
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Abbreviations

PV Poliovirus

GMTs Geometric mean titers

NA Neutralizing antibodies

WPV Wild poliovirus

GPEI Global Polio Eradication Initiative

EPI Expanded Immunization Program
OPV Oral attenuated polio vaccine

bOPV Bivalent oral polio vaccine

tOPV Trivalent oral polio vaccine

PV Inactivated polio vaccine

sIPV Sabin strain IPV

wiIPV Salk strain IPV

SIAs Supplementary immunization activities
TCID Tissue culture infective doses

CDC Center for Disease Control and Prevention
CI Confidence interval
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