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ABSTRACT

The presence of maternal poliovirus antibodies may interfere with the immune response to inactivated polio
vaccine (IPV), and its influence on the safety of vaccination is not yet understood. A total of 1146 eligible infants
were randomly assigned (1:1) to the IPV and Sabin IPV (SIPV) groups to compare and analyze the efficacy of the
two vaccines in preventing poliovirus infection. We pooled the SIPV and IPV groups and reclassified them into the
maternal poliovirus antibody-positive group (MAPG; >1: 8) and the maternal poliovirus antibody-negative group
(MANG; <1: 8). We evaluated the impact of maternal poliovirus antibodies by comparing the geometric mean titer
(GMT), seroconversion rate, and geometric mean increase (GMI) of types I-lll poliovirus neutralizing antibodies
post-vaccination, and incidence rates of adverse reactions following vaccination between the MAPG and MANG.
Respective seroconversion rates in the MAPG and MANG were 94% and 100%, 79.27% and 100%, and 93.26% and
100% (all serotypes, P < .01) for types I—Ill poliovirus, respectively. The GMT of all types of poliovirus antibodies in
the MAPG (1319.13,219.91, 764.11, respectively) were significantly lower than those in the MANG (1584.92, 286.73,
899.59, respectively) (P < .05). The GMI in the MAPG was significantly lower than that in the MANG (P < .05). No
statistically significant difference in the incidence of local and systemic adverse reactions was observed between
the MAPG and MANG. Thus, the presence of maternal poliovirus antibodies does not affect the safety of IPV but
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can negatively impact the immune responses in infants after IPV vaccination.

Introduction

Poliomyelitis, commonly known as polio, is an acute infec-
tious disease that largely affects the health of children. The
global goal of eliminating polio is yet to be achieved. It has
been reported that there are still two countries worldwide,
Pakistan and Afghanistan, with endemic polio." If people is
not eradicated from the remaining endemic areas, interna-
tional trade or means of transportation are highly suscep-
tible to causing poliovirus epidemics in the polio-eradicated
countries, for example, the imported poliovirus outbreak in
Xinjiang, China in 2011.> Therefore, the WHO also listed
China as one of the countries with the highest risk of
poliovirus eradication.’

In the global polio eradication campaign, oral poliovirus vac-
cine (OPV) and inactivated polio vaccine (IPV) are used to prevent
polio. In rare cases, the vaccine virus may recirculate and mutate.
Neurovirulence is reacquired during this process, which is referred
to as circulating vaccine-derived poliovirus (VDPVS). The con-
tinuous use of OPV makes it difficult to avoid the threat of VDPVs
to unvaccinated populations.* To fundamentally eliminate polio,
including VDPVS, the Global Polio Eradication Initiative’s
(GPETI’s) polio eradication and termination strategic plan 2013-
2018 recommends the introduction of at least one dose of IPV
vaccine in the routine immunization program, which will even-
tually transform OPV immunity into full IPV immunity.>®

Maternal antibodies transmitted to the infants through
the placenta protect newborns from viral infections for
a short period of time. However, studies have shown that
after the infants are vaccinated, positive maternal antibo-
dies can suppress the vaccine-induced immune response
to a certain extent.””® Preexisting maternal antibodies may
affect the level of antibodies in the infant during initial
immunization such as rotavirus vaccine, OPV, and
measles vaccine.” ' Currently, evidence of adverse reac-
tions remains inconclusive, and previous studies have
explored the factors influencing adverse reactions after
vaccination. Some studies have shown a relationship
between antibody levels after human papillomavirus vac-
cination and adverse reactions, although not polio
vaccine.! Maternal antibody being an influencing factor
for antibody levels may affect the incidence rates of
adverse reactions. According to a few studies, the presence
of antibodies in the body may lead to a higher incidence
of adverse events after vaccination, such as the combina-
tion measles-mumps-rubella-varicella vaccine (MMRV)."
The relative importance of maternal antibodies has been
extensively discussed, but the impact of maternal antibo-
dies on the safety and immunogenicity of infants vacci-
nated with IPV needs further study.
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This study was based on the safety and primary immuniza-
tion data of phase III non-inferiority clinical trial of the Sabin
IPV (SIPV) vaccine to analyze whether maternal antibodies
affect the safety and immunogenicity of IPV.

Methods
Study design

This study is a post hoc analysis based on a randomized, con-
trolled, non-inferiority clinical trial of the Sabin strain polio
vaccine (NCT03526978)** that has been carried out. The clin-
ical trial was conducted from August 2017 to January 2018 in
Pizhou and Guanyun, Jiangsu Province, China. A total of 1200
healthy 2-month-old infants were randomized (1:1) to receive
the SIPV vaccine (600 infants) and IPV vaccine (600 infants) at
0, 1, and 2 months after enrollment. Blood samples were col-
lected from all infants immediately before the first vaccination
and 30 days after the third vaccination to detect neutralizing
antibodies against poliovirus type I, II, and IIL

All infants who had completed three doses of vaccination (at
0, 1, and 2 mouths) and had antibody test results before and
after the three doses of vaccination were included in this
analysis. All the infants in the group were two 2 months old,
and their clinical characteristics were balanced. Poliovirus neu-
tralizing antibodies present in the infants before vaccination
were considered maternal antibodies. We divided infants into
two subgroups according to the level of pre-immune antibo-
dies, namely the maternal antibody-negative group (MANG,
<1:8) and the maternal antibody-positive group (MAPG, >1:8).

Vaccine

The SIPV used in this study was developed by Beijing Sinovac.
It was made by inoculating poliovirus type I, type II, and III
(Sabin strain) into Vero cells, which were then inactivated. The
antigen content of the SIPV was type I antigen 15 D-antigen
unit (DU), type II antigen 45 DU, type III antigen 45 DU. The
control vaccine IPV was developed by Sanofi. It was manufac-
tured by inoculating Vero cells with type I (Mahoney strain),
type II (MEF-1 strain) and type III (Saukett strain) poliovirus.
The antigen content of IPV was type I antigen 40 DU, and type
IT antigen 8 DU, type III antigen 32 DU. Both vaccines were in
liquid form, and administered at .5 mL per dose.

Determination of neutralizing titers

Venous blood samples were collected before immunization to
measure the presence of antibodies against poliovirus type I, II,
and III before the vaccination. One month after the immuniza-
tion, venous blood samples were collected again to measure
antibody levels of the three types of poliovirus. Each serum
sample was heat-inactivated at 56°C for 30 min. Two-fold serial
dilutions of the samples were carried out after an initial dilu-
tion of 1:4 (2 well-repeat). The viral suspension was then
diluted to 100 median cell culture infective dose (CCID50)
per .05 mL. Equal volumes (50 uL) of diluted serum and virus
suspension were mixed. The plate was then incubated for 3 h
(37°C and 5% CO2). Subsequently, 100 uL of Hep-2 cell

suspension at a cell density of .8—1.0 x 105 cells/mL was
added to each well and incubated at 35°C The cells were
incubated for seven days to observe the cytopathic effect. The
neutralizing antibody titer of the serum sample was deter-
mined based on the observation results. Serum with
a neutralizing antibody titer >1:8 was considered positive.

Assessment of safety

Safety assessment mainly refers to the performance of adverse
reactions after vaccination. Its main indicators include the
incidence rate of systemic events, such as fever(axillary tem-
perature >37.1°C), activity levels-weaken/reinforce, loss of
appetite, running nose, cold and cough, rash, swallow red(red-
ness inside throat), loose stools, indigestion, conjunctival con-
gestion, abdominal pain, and local reactions (induration,
redness, swelling, rash, and itching) within seven days after
vaccination.'” In this study, adverse reactions related to vacci-
nation were analyzed, classified based on the severity according
to the standard guidelines issued by the State Food and Drug
Administration, and evaluated for the relationship between
adverse events and immunization.

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS 21.0).
When the virus-neutralizing antibody titer was lower than 1:8, it
was directly assigned a ratio of 1:4, which is convenient for
statistical analysis, with a confidence interval of 95%. To study
maternal antibodies and their effects on the safety and immu-
nogenicity of IPV, we categorized those with a neutralizing anti-
body titer <1:8 before immunization as the group without
maternal antibodies and those with a neutralizing antibody
titer >1:8 after immunization as the group with maternal anti-
bodies. Seroconversion of poliovirus neutralizing antibody was
defined as positive if the neutralizing antibody titer <1:8 before
immunization was converted to >1:8 following immunization,
or if the poliovirus neutralizing antibody titer >1:8 before immu-
nization was increased by four times following immunization.
The chi-square test was used to compare and analyze the factors
that affected the positive conversion rate of maternal antibodies,
as well as the difference in the incidence rates of adverse reac-
tions between the MANG and MAPG following IPV. Differences
in post-immunization poliovirus antibody-positive conversion
rate, geometric mean titer (GMT), and geometric mean increase
(GMI) between the two groups were evaluated using the t-test.
Differences were considered statistically significant at P < .05.

Result
Basic characteristics of study participants

Figure 1 shows that a total of 1146 infants were finally included
in this analysis with 566 infants being vaccinated with SIPV and
580 infants were vaccinated with IPV. The seropositivity rate of
maternal antibodies before vaccination in 1146 infants was
63.96% for type I poliovirus, 50.52% for type II poliovirus, and
24.61% for type IlIpoliovirus. The baseline characteristics were
similar between the MAPG and MANG subjects (Table 1). The
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Participants screened
n=1200
|
e 1 self-withdrew SIPV group IPV group ¢ 2 self-withdrew
3 were refused to have blood =600 =600 * 2 were refused to have blood
specimen collected after vaccination specimen collected after vaccination
¢ 6 did not have blood specimen * 4 did not have blood specimen
collected within required time collected within required time
¢ 11 moved away ¢ 6 moved away
7 did not received second dose ¢ 2did not received second dose
* 5did not received third dose 566 infants completed 580 infants completed ¢ 3 did not received third dose
o 1 did not received three doses three-dose vaccination three-dose vaccination o 1 received OPV
[ ]
1146 infants included in analysis
I
MAPG : MANG :
Typel : 733 Typel: 413

Figure 1. Flowchart of the studies. Participant flow through the study. IPV:inactivated polio vaccine;SIPV:inactivated polio vaccine based on Sabin strain. MANG:negative

maternal antibody group;MAPG:positive maternal antibody group.

Table 1. Baseline characteristics of participants.

Types | Il 1]
Sex P P P
Male Positive (%) 404 (63.82%) 0914 318 (50.24%) 0.829 156 (24.64%) 0.974
Negative (%) 229 (36.28%) 315 (49.76%) 477 (75.36%)
Female Positive (%) 329 (64.13%) 261 (50.88%) 126 (24.56%)
Negative (%) 184 (35.87%) 252 (49.12%) 387 (75.44%)
Age-Days
(Mean=+SD)
Positive 73341824 0.002 73.15+8.24 0.002 7246 +8.04 0.001
Negative 74.96 £ 8.56 74.72 £ 8.47 74.40 = 8.45
Vaccine
SIPV Positive (%) 356 (62.90%) 0.459 286 (50.53%) 0.997 138 (24.38%) 0.861
Negative (%) 210 (37.10%) 280 (49.47%) 428 (75.62%)
IPV Positive (%) 377 (65.00%) 293 (50.52%) 144 (24.83%)
Negative (%) 203 (35.00%) 287 (49.48%) 436 (75.17%)
Seropositive, no. (%) 733 (63.96) 579 (50.52) 282 (24.61)
GMT (95%C1) 27.95 (26.01, 30.03) 21.92 (20.33,23.63) 21.18 (18.85,23.81)
Cl: Confidence interval; SD: Standard Deviation.
Table 2. Comparison of GMT, GMIs and seroconversion rate of three type-specific neutralizing antibodies between two groups after three doses®.
GMT (95%Cl) GMI (95%Cl) Seroconversion rate, % (95%Cl)
Type MAPG MANG P MAPG MANG P MAPG MANG P
| 1319.13 1584.92 <.05 47.20 396.27 <.01 94.00 100.0 <.01
(1197.98, 1452.53) (1368.48, 1835.98) (41.51, 53.67) (342.12,459.00) (92.04,95.50) (99.56, 100)
Il 21991 286.73 <.01 10.03 71.68 <.01 79.27 100.0 <.01
(201.26, 240.28) (264.22, 311.16) (8.82,11.41) (66.05,77.79) (75.78, 82.37) (99.33, 100)
1] 764.11 899.59 <.05 36.07 224.90 <.01 93.26 100.0 <.01
(676.74, 862.77) (842.48, 960.57) (30.05,43.30) (210.62,240.14) (89.71, 95.64) (99.56, 100)

GMT:geometric mean titer; GMI: geometric mean increases; Cl: confidence interval.
?Adjusted for infant age(days).

GMT of maternal antibodies before vaccination in the MAPG
was 27.95 (95% CI: 26.01-30.03) for type I poliovirus, 21.92 (95%
CI: 20.33-23.63) for type II poliovirus and 21.18 (95% CI: 18.85-
23.81) for type III poliovirus (Table 1).

The impact of maternal antibodies on
immunogenicity

In the MAPG and MANG, the significant differences in the
seroconversion rates of the three types of poliovirus-
neutralizing antibodies after vaccination were observed

(Table 2). In the MANG, the seroconversion rate of the
three types of poliovirus in all infants were 100.0%, whereas
the seroconversion rates were 94% (92.04-95.50), 79.27%
(75.78-82.37), and 93.26% (89.71-95.64), respectively for
types I, II, and III poliovirus in the MAPG. Significant
differences were also observed in the seroconversion rates
between the groups regardless of the type of poliovirus (all
serotypes, P <.01).

Table 2 shows the GMTs of poliovirus antibodies after
vaccination in the two groups. The GMTs of different types
of polioviruses weas expressed at lower levels in the MAPG
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than that in the MANG. The difference was considered statis-
tically significant for all types of poliovirus antibodies between
the two groups (P <.05). The GMT of the three types of
polioviruses-neutralizing antibodies increased in the two
groups. Among these, the GMT of type I was the highest
(1584.92, 95%CI:1368.48-1835.98). In addition, the GMIs of
all three types of poliovirus antibodies in infants in the MANG
was significantly higher than those in the MAPG (all serotypes,
P <.01). Meanwhile, the seroconversion rate in the infants of
the maternal polio-virus antibody-negative was 100%, regard-
less of received IPV or SIPV, higher than the infants of the
maternal polio-virus antibody-positive (all P <.05). These
results indicate that positive maternal poliovirus antibodies
before vaccination can attenuate the immune response to
vaccination.

The impact of maternal antibodies on safety

During the follow-up period, among these infants, 714 infants
experienced adverse reactions. Local reactions occurred in 52
of 1146 infants and systemic adverse reactions occurred in 705
of 1146 infants. Most reactions were grade 1 or 2, including 14
with induration, 42 with redness, 5 with rash, and 10 with
swelling. Four infants experienced grade 3 local reactions,
including one with redness and three with a rash. Among 703
infants, most of experienced systemic reactions of fever, diar-
rhea, and vomiting.

There was no significant difference in the incidence of
adverse reactions between the two groups. In this study, there
were 714 infants experienced vaccination-related adverse reac-
tions. The incidence rates of adverse reactions in the MAPG
were 61.12%, 64.08%, and 62.06% for the three types of polio-
viruses, respectively. Except for the incidence rate of adverse
reactions for type III poliovirus (62.38%) in the MANG, which
was higher than in the MAPG, the other two types of poliovirus
in MANG showed lower incidence rate (I: 60.41%; II: 60.49%)
that those in the MAPG.

There was no significant difference in the incidence rate
of adverse reactions between the MAPG and MANG
regardless of the poliovirus type (all serotypes, P>.05).
when infants were stratified based on maternal antibody
levels, a significant difference in the incidence rate of
adverse reactions was not observed in the three types of
poliovirus (all serotypes, P >.05).

Figure 2 shows the incidence rate of local and systemic
adverse reactions. A total of 703(61.34%) infants showed sys-
temic adverse reactions. In the MAPG, the incidence rates of
systemic adverse reactions were 60.3%, 62.9%, and 62.1% for
types I, II, and III, respectively. Meanwhile, the incidence rates
of systemic adverse reactions were 63.2%, 59.8%, and 61.1% for
the three types of poliovirus in the MANG, respectively. For
the three types of polioviruses, there was no significant differ-
ence between the MAPG and MANG with respect to the over-
all incidence of systemic adverse reactions (all serotypes P
>.05). Moreover, there were no significant differences between
the two groups in terms of adverse reaction, including vomit-
ing, cold and cough, loss of appetite, and other reactions (all
serotypes, P >.05).

In this study, 52 (4.54%) infants experienced local reactions,
with redness and induration being the most common reac-
tions, at the vaccination site. The incidence rates of local reac-
tions in the MAPG and the MANG were 5.05% and 3.63% for
type I poliovirus; 5.35% and 3.70% respectively for type II
poliovirus, and 4.96% and 4.40% for type III poliovirus, respec-
tively (all serotypes, P >.05). The incidence rates of rash and
swelling at the vaccination site were too low to assess
a significant difference. These results indicate that regardless
of the presence or absence of maternal poliovirus antibodies in
infants, the incidence rate of adverse reactions to vaccination
was not significantly affected.

The incidence of local adverse reactions and systemic
adverse reactions, including type I, II, and III of polio-virus,
in the maternal antibody-positive group and negative group.

“Rash occurring at the injection site;"Rash occurring on the
body;*Maternal antibody positive group; “Maternal antibody
negative group

Discussion

Poliomyelitis largely endangers human health. As the target
date for polio eradication is near, every infant should receive
a polio vaccine that is crucial to polio eradication efforts.
Factors affecting the effectiveness and safety of IPV should be
considered. This study aims to assess the influence of maternal
antibodies on immunogenicity and the safety of poliovirus
vaccination in infants. Maternal antibodies are passed to the
newborn through the placenta in the third trimester of preg-
nancy that protects the newborn against infections for a few
months after birth.'®'” The most clinically relevant finding to
emerge from this analysis was that the presence of maternal
polio-virus antibodies could produce a lower immune effect
after IPV but would not impart an adverse reaction burden.

In our study, the seropositivity rates of infants before immu-
nization ranged from 24.6% to 62.3% for the three poliovirus
types. The population with high poliovirus antibody levels may
be due to many years of polio vaccination programs in China
that led to the presence of maternal poliovirus antibodies in
infants. The presence of maternal antibodies is a factor that
affects the immunity of infants after vaccination. Treating
maternally transmitted antibodies as preexisting antibodies
may affect the immune response after vaccination. This phe-
nomenon of maternal antibodies interference has weakened
the performance of many vaccines such as adenovirus-based,
flu, and pertussis vaccines.'®?° In our study, except for the
GMT of type III poliovirus that showed a non-significant
difference between the two groups, other data, including GMI
and seroconversion rate, were significantly different for the
three types of poliovirus between the two groups. These results
corroborate the finding that maternal poliovirus antibodies can
interfere with the immune response to polio vaccination in
infants. In addition, our study included two types of IPV, and
the phenomenon that maternal antibody could reduce anti-
body levels after immunization was observed in both types.
Stratified analysis of vaccine-type did not affect the final results,
indicating that adequate weakening effect of maternal antibo-
dies on the immunogenicity was observed for both IPV.
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Figure 2. The incidence rate of adverse reaction between two groups.

Maternal antibodies in infants can inhibit the immune antibodies on antibody levels in infants after polio
responses to several vaccines, particularly IPV. ! There have vaccination.’””*> The influence of maternal antibodies was
been a few studies on the inhibitory effect of maternal studied extensively by Merryn et al.*' There were 20 antigens
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that could inhibit the immune response of prime vaccination in
their findings. The phenomenon of inducing a weakened
immune response to IPV was observed, and the GMTs
decreased with an increase in maternal antibody levels. Our
results indicated that maternal antibodies can affect the level of
antibody level after immunization. Delayed IPV vaccination
has a higher seroconversion rate, as maternal antibodies
decline with time in infants.** This result should be considered
for the routine immunization programs involving polio
vaccines.

The most prominent finding to emerge from the analysis
was that the presence of maternal antibodies is not an influen-
cing factor for adverse reactions in infants vaccinated with IPV.
Our study did not find a significant difference between the two
groups, regardless of the reaction type.”>*” However, most
previous studies have endpoints for the adverse events after
the second immunization, and there are few studies focused on
the relationship between maternal antibodies and the safety
after vaccination. Our research is the first, to the best of our
knowledge, to explored whether the presence of maternal anti-
bodies is an influencing factor for adverse reactions after IPV.
Our study showed that maternal antibodies had no effect on
the incidence of adverse reactions after polio vaccination based
on either IPV or SIPV. Moreover, the type of IPV did not affect
the outcome. Fever is a common adverse event associated with
polio vaccination in infants.”® In the present study, among all
adverse events, the incidence rate of fever was higher in the
SIPV group than in the IPV group, which might be due to the
higher concentration of D-antigen in SIPV.

Since China included OPV vaccination in its immuniza-
tion program in 1978, most mothers had received OPV
when they were newborns; therefore, most infants in
China have detectable maternal poliovirus antibodies at
the time of birth.

Moreover, by comparing the seroconversion rate of mater-
nal poliovirus antibodies, we found that the positive rates of
maternal antibodies in infants in the two regions were different
in type I and type II. This might be due to the immunization
gap between the regions when the mother was at the age of
vaccination. Considering that maternal antibodies will affect
the immune response of vaccinated infants, the difference in
the positive rate of maternal antibodies between the regions
may cause a differences in the positive rates of poliomyelitis
antibodies in infants from different regions.

The present study had a number of limitations need to be
noted regarding the present study. Our data were derived from
a phase III clinical trial that used the Sabin strains to measure the
neutralizing antibodies induced by the two vaccines. The Salk
strains used for producing the control IPV was not used in the
assay, which might have affected antibody titers. Nevertheless,
data of SIPV clinical trials have shown satisfactory cross-
neutralization ability among different wild poliovirus strains."*
Since mothers have been vaccinated a long time back, it is
difficult for us to collect information about their poliovirus anti-
body levels. In addition, we did not collect the birth information
of the infants included in the study, such as the infant’s BMI,
pregnancy method, and pregnancy time. Considering that these
may be factors may affect an infant’s maternal antibodies levels,
future studies should collect relevant information to provide

a more comprehensive analysis for similar research in the future.
Notwithstanding the relatively limited sample size, this study
offers valuable results on the impact of maternal antibodies.

Conclusion

Poliovirus antibodies enter the newborn’s body through the
placenta during pregnancy, and provide short-term protection
to the newborn against infection. The presence of maternal
antibodies in infants does not affect the safety of IPV but
weakens the immune response after vaccination to a certain
extent. The positive rates of maternal antibodies in different
regions may differ. In the early stages of the global goal of
eradicating polio and the preexistence of poliomyelitis virus
antibodies in the population, the vaccination rate of newborns
should be universalized, comprehensive, and jointly promote
the steps of global eradication of polio.

Abbreviations

GMT geometric mean titers

GPEI Global Polio Eradication Initiative

PV inactivated polio vaccine

MMRV measles-mumps-rubella-varicella vaccine
MANG negative maternal antibody group

OPV oral polio vaccine

MAPG positive maternal antibody group

SIPV inactivated polio vaccine based on Sabin strain
VDPVs vaccine-derived polio-virus
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