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Enterovirus 71 (EV71) is the key pathogen for Hand, Foot, and Mouth Disease (HFMD) and can result in severe
neurological complications and death among young children. Three inactivated-EV71 vaccines have gone through
phase III clinical trials and have demonstrated good safety and efficacy. These vaccines will benefit young children
under the threat of severe HFMD. However, the potential immunization-related compatibility for different enterovirus
vaccines remains unclear, making it hard to include the EV71 vaccine in Expanded Program on Immunization (EPI).
Here, we measured the neutralizing antibodies (NTAbs) against EV71, Coxsackievirus A16 (CA16) and Poliovirus from
infants enrolled in those EV71 vaccine clinical trials. The results indicated that the levels of NTAb GMTs for EV71
increased significantly in all 3 vaccine groups (high, middle and low dosages, respectively) post-vaccination.
Seroconversion ratios and Geometric mean fold increase were significantly higher in the vaccine groups (�7/9 and 8.9
～228.1) than in the placebo group (�1/10 and 0.8～1.7, P < 0.05). But no similar NTAb response trends were found in
CA16 and 3 types of Poliovirus. The decrease of 3 types of Poliovirus NTAb GMTs and an increase of CA16 GMTs post-
EV71-vaccination were found in vaccine and placebo groups. Further animal study on CA16 and poliovirus vaccine co-
immunization or pre-immunization with EV71 vaccine in mice indicated that there was no NTAb cross-activity between
EV71 and CA16/Poliovirus. Our research showed that inactivated-EV71 vaccine has good specific-neutralizing capacity
and can be included in EPI.

Introduction

Enterovirus 71 (EV71) is the main pathogen for hand, foot,
and mouth disease (HFMD) and associated with severe neuro-
logical diseases in young children.1-3 EV71 was responsible for
the increase in the severity of HFMD onset, the incidence of
severe HFMD cases, and the number of mortalities in the Asia-
Pacific region.4-7 Since no vaccine is available, EV71 is now con-
sidered the most dangerous neurotropic enterovirus in the post-
polio era.5,6 Three inactivated-EV71 vaccines had gone through
Phase I-III clinical trials from December 2010 to March 2013 in
China.8-15 Those vaccines showed very good safety among chil-
dren 6 m-5 y old. In addition, the vaccine efficacy in preventing
EV71-associated HFMD was higher than 90%.10,13,15 Recently,
another EV71 vaccine clinical trial in Taiwan started the patient
enrollment for 2-month old children (ClinicalTrials.gov No.
NCT02200237). Therefore, EV71 vaccine will become another
new enterovirus vaccine for infants and young children after
polio vaccine.

EV71, CA16 and poliovirus all belong to the EVs genus of
Picornaviridae family with similar gene and protein structures.16

Exposure to and infections with multiple EVs are very common,
and thus immunity should prevail in the general population.17

Among those EVs, CA16 is believed to be another main patho-
gen of HFMD in young children. CA16 often prevails indepen-
dently or co-circulates with EV71 in different regions from time
to time.18,19 In addition, CA16 has the highest gene sequence
homology (about 70%) with EV71.20,21 Poliovirus is another
important virus in EVs genus. To eradicate polio globally, poliovi-
rus vaccination has been included in routine immunization in
most countries in the world. The recommended immunization
schedule by WHO is 3-4 doses with 1-2 month intervals for 1.5-
2 month newborns.22 Some reports showed that the cross-reac-
tive antibodies and T cellular immune responses were well con-
served within each enterovirus group.23,24 EV71 and CA16 did
show some cross-reactions in IgG, IgM and neutralizing antibod-
ies25,26 Cross-protection of Poliovirus vaccine on EV71 has also
been reported.27 Co- or pre-vaccination with CA16 or poliovirus
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is a challenge for inactivated-EV71 vaccine to be used in infants
and young children.

Here, NTAbs against EV71, CA16 and types 1, 2, 3 Poliovi-
ruses in serum samples from 3 EV71 vaccine clinical trials were
measured to investigate the impact of EV71 vaccination on
NTAbs of CA16 and polioviruses. And CA16 and poliovirus vac-
cine pre-vaccination or co-vaccination with EV71 vaccine was
carried out in mice to investigate the compatibility of inacti-
vated-EV71 vaccine with CA16 and Poliovirus immunizations.

Results

The cross-activity of EV71 vaccination with NTAb of CA16
in infants and children

Three phase I clinical trials of EV71 inactivated vaccines were
carried out in Guangxi province and Jiangsu province from
December 2010 (Table 1). 101 paired sera (0d and 56d respec-
tively) samples were collected from 3 EV71 vaccine clinical trials
(Trials1-3, Table 1). EV71 and CA16 NTAbs of every sample
were measured by CPE assay (Table 2).

For EV71 NTAb: After 2-dose EV71 vaccinations (56d),
seroconversion ratio of each vaccine group in all 3 clinical trials
was higher than 7/9 and was significantly higher than that for
each corresponding placebo group (all lower than 1/10, P value
all <0.01). From 0d to 56d, GMTs increased from 26.9～79.7
to 1109.4～4019.4 for the high-dosage group, from 4.7～29.7
to 208.6～6762.4 for the middle-dosage group, and from 10.5
～35.1 to 93.5～886.8 for the low-dosage group (P-values for all
groups were <0.01), while GMTs for placebo groups were rela-
tively flat during the same period, changing from 76.1 to 63.7,
from 4 to 4, and from 27.4 to 46.3 in clinical trials 1, 2 and 3,
respectively (P-values were all >0.05). Geometric mean fold
increases (GMFIs) were 19.1～149.3, 41.6～228.1 and 1.7～
25.3 for high-dosage, middle-dosage, and low-dosage groups
respectively, which were significantly higher than those of pla-
cebo groups (0.8, 1.0 and 1.7, P value all <0.001).

For CA16 NTAb: Seroconversion ratios were 1/10～2/8, 0～
2/11 and 2/9～4/10 for the vaccine groups in clinical trial 1, 2
and 3 (Table 1) on 56d respectively, not significantly different
from those for the corresponding placebo groups (2/11, 0/8 and
4/10, P value all >0.05). GMTs increased from 11.4～53.9 on
0d to 22.1～65.5 on 56d for high-dosage group, from 4～9.5 to

4～15.2 for the middle-dosage group, and from 6～9.3 to 11～
26.3 for the low-dosage group (P values were all >0.05), while
GMTs in the corresponding placebo groups increased from 39.1
to 58.3, from 4 to 4 and from 4.5 to 15.5 respectively after
boosted by EV71 vaccine (P value all >0.05). GMFIs for clinical
trial 1, 2 and 3 were 1.2～2.3, 1.0～1.6 and 1.9～2.8, respec-
tively, which were not different from those in the corresponding
placebo groups (1.5, 1 and 3.5, respectively; P value >0.05).
CA16 GMTs increased to similar extent in both placebo group
and vaccine group, while EV71 GMTs only increased in vaccine
group but not in placebo group. This indicated that the increase
of CA16 NTAb was not induced by EV71 vaccination but was
associated with CA16 epidemic.

The cross-activity of EV71 vaccination with the NTAbs
of types 1, 2 and 3 polioviruses in infants and children

One phase II clinical trials (Clinical Trial 4 of EV71 inacti-
vated vaccines was carried out in Jiangsu Province (Table 1). 20
pairs of sera samples (0d and 56d) were collected from 6～12
month old infants in each vaccine group (dosages: 640U, 320 U,
160 U respectively) and placebo group (Table 1). EV71 NTAb
and types 1, 2 and 3 Poliovirus NTAbs in all sera were measured
with CPE assay (Table 3).

For EV71 NTAb: EV71 NTAb seroconversion ratios were
20/20, 20/20, 19/20 and 1/20 in the 640U, 320U, 160U and
placebo groups respectively in clinical trial 4 on 56d (P < 0.01).
GMTs increased from 8.6 on 0d to 691.7 on 56d, from 8.1 to
714.2 and from 6.1 to 689 for 640U, 320U, and 160U groups
respectively (P value all <0.001), while GMTs for the placebo
group increased from 11.9 on 0d to 18.2 on 56d (P D 0.285).
GMFI of each vaccine group was 80.2, 88.2 and 113.8 respec-
tively, significantly higher than that for the placebo group (1.5,
P < 0.0001).

For Poliovirus NTAb: Seropositive ratios for types 1, 2 and 3
poliovirus NTAbs were all higher than 19/20 in both vaccine
and placebo groups in clinical trail 4 on 0d (P > 0.05). GMTs of
types 1, 2 and 3 poliovirus NTAbs were 1229-2037, 494-689.9
and 205-298.5 on 0d (P > 0.05), respectively. After the 2nd
EV71 vaccination, GMTs of types 1, 2 and 3 poliovirus were
1069.9-2766.8, 380.5-761 and 128.4-282.6, respectively. The
seroconversion ratios of types 1, 2 and 3 Poliovirus NTAbs were
0/20～2/20, 0/20～2/20 and 0/20～4/20 (P value all >0.05),
respectively. And GMFIs of types 1, 2 and 3 Poliovirus NTAbs

Table 1. Clinical trials for 3 human Enterovirus 71 (EV71) vaccines

Clinical trials Institute Time Place Age Group
ClinicalTrials.gov

Identifier

1 Beijing Vigoo Biological Co., LTD January 2011 Jiangsu, China 13-60 m, 6-12 m 160U, 320U, 640U
vaccine and Placebo

NCT01313715

2 Sinovac Biotech Co., Ltd December 2010 Guangxi, China 3–11 y, 6–35 m 100U, 200U, 400U
vaccine and Placebo

NCT01273246

3 Institute of Medical Biology, CAMS February 2011 Guangxi, China 18–49 y, 3–11 y,
and 6–35 m

160Eu, 320Eu and Placebo NCT01391494

4 Beijing Vigoo Biological Co., LTD August 2011 Jiangsu, China 6–12 m, 13–36 m 160U, 320U, 640U
vaccine and Placebo

NCT01399853
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were 0.6～1.4, 0.7～1.1 and 0.6～0.9 (P < 0.01, >0.05 and
>0.05), respectively. Poliovirus GMTs in most infants decreased
after EV71 vaccination, with type 1 Poliovirus NTAb the only
exception. GMT for type 1 Poliovirus increased significantly in
320U/Dose group on 56d, and the GMFI of this group was sig-
nificantly higher than that in other groups (P< 0.01). This result
showed that the increase of Poliovirus NTAb was associated with
vaccine-derived poliovirus (VDPV), not with EV71 vaccination,
because no increase of poliovirus NTAb was observed in neither
640 U/Dose group nor 160 U/Dose group.

The compatibility of CA16 and poliovirus vaccine
pre-immunity with the EV71 vaccination in mice

Because no CA16 vaccine is available commercially and new-
borns should have the poliovirus vaccination, it is difficult to

investigate the compatibility of CA16 or poliovirus pre-immu-
nity and co-immunity with EV71 vaccination in young children.
To explore whether CA16 or Poliovirus antibodies affect the
inactivated-EV71 vaccine immune response, 3 groups of BALB/c
mice were immunized with CA16 vaccine, Poliovirus vaccine or
adjuvant without any antigen (adjuvant group) respectively (n D
10 per group) twice (day 0 and day 21). The existing antibody
reached the peak one week after the vaccination before those
mice were injected with inactivated-EV71 vaccine in 4 w and
7 w (200 U per mice). Sera were collected in 4 w (pre-EV71 vac-
cination) and 8 w (post- EV71 vaccination) from each group to
measure NTAbs for EV71, CA16, and types 1, 2 and 3 Poliovi-
rus. Control group was treated with saline. Results were listed in
Table 4 and Figure 1. The results showed that for EV71 NTAb
response, seropositive ratios were all 0/10 in CA16, poliovirus

Table 4. The seropositive ratios of NTAb for inactivated-EV71 vaccination after CA16 or Poliovirus vaccination

Seropositive ratio

Group Time for NTAb test EV71 NTAb* CA16 NTAb* Poliovirus I NTAb* Poliovirus II NTAb* Poliovirus III NTAb*

CA16 Pre-EV71 0/10 10/10 0/10 0/10 0/10
Post-EV71 10/10 9/10 0/10 0/10 0/10

Poliovirus Pre-EV71 0/10 0/10 10/10 10/10 10/10
Post-EV71 10/10 0/10 9/10 10/10 10/10

Adjuvant Pre-EV71 0/10 0/10 0/10 0/10 0/10
Post-EV71 10/10 0/10 0/10 0/10 0/10

Negative control / 0/10 0/10 0/10 0/10 0/10

*: There are significant differences of seropositive ratios among these groups（P < 0.05）.
“Pre” and “Post” are equal to before (28 day) and after (56 day) EV71 vaccination.

Table 3. The change of EV71 and Poliovirus NTAbs in infants and children from clinical trial 4

Seropositive ratio GMTs (95%CI)

NTAb Group Number Pre Post Pre Post P Seroconversion ratio GMFI

EV71 640 U/Dose 20 4/20 20/20 8.6 (4.1～18.1) 691.7 (403.4～1185.9) <0.001 20/20 80.2
320 U/Dose 20 4/20 20/20 8.1 (3.8～17.0) 714.2 (354.8～1437.7) <0.001 20/20 88.2
160 U/Dose 20 2/20 20/20 6.1 (3.3～11.0) 689.9 (351.5～1354.0) <0.001 19/20 113.8
Placebo 20 6/20 7/20 11.9 (4.8～29.0) 18.2 (5.9～56.2) 0.285 1/20 1.5*

P >0.05 <0.01 >0.05 <0.0001 <0.01 <0.0001
Poliovirus I 640 U/Dose 20 20/20 20/20 2037.4 (1476.2～2811.8) 1748.3 (1080.3～2829.2) 0.281 1/20 0.9

320 U/Dose 20 20/20 20/20 1917.1 (1082.2～3396.3) 2766.8 (1564.9～4891.7) 0.016 2/20 1.4*
160 U/Dose 20 20/20 20/20 2020.1 (1215.5～3357.3) 1287.4 (797.4～2078.3) 0.004 0/20 0.6
Placebo 20 19/20 20/20 1229 (520.9～2899.4) 1069.9 (440.8～2597.0) 0.462 0/20 0.9

P >0.05 / >0.05 >0.05 >0.05 <0.01
Poliovirus II 640 U/Dose 20 20/20 20/20 689.9 (441.7～1077.5) 492 (275.3～879.2) 0.043 0/20 0.7

320 U/Dose 20 20/20 20/20 689.9 (421.3～1129.6) 761 (424.7～1363.4) 0.531 2/20 1.1
160 U/Dose 20 20/20 20/20 494.8 (306.3～799.1) 380.5 (243.1～595.5) 0.094 0/20 0.8
Placebo 20 20/20 20/20 545.9 (312.4～953.9) 519.8 (282.6～956.1) 0.802 0/20 1.0

P / / >0.05 >0.05 >0.05 >0.05
Poliovirus III 640 U/Dose 20 20/20 20/20 205.1 (131.6～319.6) 150.5 (96.4～235.0) 0.071 1/20 0.7

320 U/Dose 20 20/20 19/20 298.5 (181.1～492.0) 282.6 (145.7～548.0) 0.830 4/20 0.9
160 U/Dose 20 20/20 19/20 216.7 (132.6～354.2) 128.4 (72.0～229.2) 0.005 0/20 0.6
Placebo 20 20/20 19/20 205.6 (112.5～375.9) 149.7 (74.5～300.4) 0.062 0/20 0.7

P / >0.05 >0.05 >0.05 >0.05 >0.05

P value is the comparison result for each category in each clinical trial. Seropositivity is defined as NTAb titers equal to or greater than 1:8. Seroconversion is
defined with at least 4-fold increase in post-vaccination titer compared to the pre-vaccination titer. GMT D geometric mean titer. GMFI D geometric mean
fold increase.
*:There are significant differences with other groups in that clinical trial.
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and adjuvant groups in 4 w while CA16 and poliovirus NTAbs
already showed high titers. After the second EV71 vaccination,
EV71 NTAb seropositive ratios were all 10/10 in CA16, Poliovi-
rus and adjuvant groups in 8 w, and GMTs were 68.8, 84.4 and

44.8, respectively. No significant difference was observed among
those groups (P > 0.05), which indicated that CA16 and poliovi-
rus pre-immunity would not interfere with the EV71 NTAb
response.

Figure 1. The NTAb GMTs for inactivated-EV71 vaccination after CA16 or Poliovirus vaccination. BALB/c mice (n D 10 per group) were subcutaneously
injected with CA16 virus (VR18, genebank no：JX481738, 4.8 £ 105 PFU/mouse), inactivated-Poliovirus vaccine (Sanofi Pasteur, lot：G0510-1, Type I 20
DU/mouse, Type II 4 DU/mouse, Type III 16 DU/mouse), or aluminum adjuvant (Adjuvant). All animals were boosted in week 3 after priming. One week
after the boost, all mice took the first inactivated-EV71 vaccination (SINOVAC BIOTECH CO.,LTD., 200 U/mouse), followed by the second inactivated-EV71
vaccination 3 weeks later. Negative control group was just inoculated with saline. Sera were collected on day 28 (7 days after the 2nd boost) and day 56.
All the sera were stored at ¡20�C. Neutralization titers (NTs) of the sera for EV71 NTAb, CA16 NTAb and Polio I, II, III NTAb were determined. Data were
expressed as means § SEM. “Pre” and “Post” are equal to before (on 28 day) and after (on 56 day) EV71 vaccination. For analysis of GMTs, the data were
transformed using the log 2 of the original values. Panels a-e separately show CA16, Polio I-III and EV71 neutralization titers for each group before and
after EV71 vaccination and panel f shows immunization design for this experiment. Note: * means the GMTs were significantly different after vaccination
(P < 0.05).*** means the GMTs were very significantly different after vaccination (P< 0.0001).
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For CA16 NTAb response: Seropositive ratio of CA16 pre-
immunity group was 10/10 in week 4 and 9/10 in week 8 (P >

0.05), and GMTs decreased from 64.0 in week 4 to 36.0 in week
8 (P > 0.05). These results suggested that EV71 vaccination
didn’t impact CA16 NTAb.

For poliovirus NTAb response: Seropositive ratios were
10/10 in week 4 vs 9/10 jn week 8, 10/10 (week 4) vs 10/10
(week 8) and 10/10 (week 4) vs 10/10 (week 8) (P > 0.05)
for types 1, 2 and 3 polioviruses, respectively. And GMTs of
types 1, 2 and 3 polioviruses were 113.6 vs 50.0, 244.8 vs
43.6 and 96.0 vs 82.4, during the same timeframe (week
4 vs. week 8) respectively. Except for GMT of type 2 of
poliovirus which decreased significantly after EV71 vaccina-
tion (p D 0.0199), no significant difference was found for
types 1 and 3 poliovirus NTAbs between pre- and post-EV71
vaccination groups (P > 0.05). Three types of poliovirus
NTAbs were negative in other groups, which indicated EV71
vaccination didn’t impact NTAb of poliovirus.

The compatibility of CA16 and poliovirus co-immunity
with EV71 vaccination in mice

To study the compatibility of CA16 and poliovirus co-immu-
nity with EV71 vaccination, we immunized mice with CA16 or
Poliovirus vaccine alone or co-immunized mice with CA16 vac-
cine/EV71 vaccine or Poliovirus vaccine/EV71 vaccine. One con-
trol group was immunized with only EV71 vaccine. Sera were
collected on 0d and 28d after the boost to measure the NTAbs
for EV71 and CA16, types 1, 2 and 3 Polioviruses. Results were
listed in Table 5 and Figure 2. For EV71 NTAbs, EV71 group,
EV71 & CA16 group, and EV71 & Poliovirus group showed
100% seroconversion with GMTs at 126, 76, and 60.4, respec-
tively. There was no significant difference among these groups (P
> 0.05) with the single factor analysis. For CA16 NTAbs, CA16
group and CA16 & EV71 group had 100% seroconversion with
GMTs at 64 and 53.6, respectively. There was no significant dif-
ference between these 2 groups (P > 0.05). For Poliovirus
NTAbs， Poliovirus group and EV71 & Poliovirus group had
100% seroconversion (all 3 types of Polioviruses) in week 4 with
GMTs at 200.8 and 113.6 for type 1 (P > 0.05), 112 and 244.8
for type 2 (P > 0.05), 67.6 and 96 for type 3 (P > 0.05), respec-
tively. The above resulted showed that EV71 had no obvious
impact on those neutralizing antibodies when it was co-

immunized with CA16 or Poliovirus vaccine. Therefore, it is pos-
sible to have inactivated-EV71 vaccine to be co-administered
with CA16 or Poliovirus vaccines.

Discussion

Human enteroviruses (EVs) are quite similar in compositions,
structural features and gene sequences. All EVs are small non-
enveloped icosahedral viruses that contain a positive-sense and
single-stranded RNA genome of about 7,400 nucleotides. The
conserved sequence in Poliovirus Capsid Protein VP1 is widely
maintained among members of Genus Enterovirus.24,28 How-
ever, Tan’s study showed that the cross-reactivity with CA16 or
poliovirus vaccination was limited in EV71-infected popula-
tion.29 Whether EV71 vaccine has a cross-neutralization or cross-
immune compatibility with other EVs is important for the EV71
vaccination.

According to a study by Wu in 2007, EV71 and CA16
immune serum showed weak cross-protective phenomenon.30 In
2011，Lin’s study of 79 HFMD patients showed that 18.9%
CA16-infected patients and 11.1% EV71-infected patients pre-
sented high cross-neutralization antibodies, which suggested that
the immune reactivity to EV71 infection could be impacted by
CA16, and Vice versa.31 In 2013, Chou’s clinical study of EV71
vaccine showed that adults with EV71 immunization had low
cross antibodies against CA16.26 CA16 infection, sometimes co-
existing with EV71 in HFMD patients,32,33 were common in
Asia and other countries,34-38 making it difficult to draw a con-
clusion for NTAb cross-activity, especially without a placebo
group as the negative control. To avoid this problem, sera from
children (6-month to 5-year old) in 3 inactivated-EV71 vaccine
trials were collected in this research. A total of 101 paired sera
from vaccine groups and the placebo group were collected and
the neutralizing antibodies of EV71 and CA16 in those samples
were measured. The results showed that in the 3 clinical trials,
seroconversion ratios of EV71 vaccine groups (with different vac-
cine doses) were all significantly higher than those of the control
groups after the boost. Although seroconversions of CA16
occurred in all vaccine groups too, seroconversion ratios and
GMFIs showed no significant difference between vaccine groups
and the placebo group (P > 0.05). The above results showed that
EV71 immunization had no obvious impact on CA16 NTAb.
Since those 3 clinical trials were carried out in the spring of

Table 5. The Seropositive ratio of NTAb for inactivated-EV71 vaccine co-immunized with CA16 or Poliovirus

Seropositive ratio

Group EV71 NTAb* CA16 NTAb* Poliovirus I NTAb* Poliovirus II NTAb* Poliovirus III NTAb*

EV71 10/10 0/10 0/10 0/10 0/10
CA16 0/10 10/10 0/10 0/10 0/10
PV 0/10 0/10 10/10 10/10 10/10
EV71&CA16 10/10 10/10 0/10 0/10 0/10
EV71&PV 10/10 0/10 10/10 10/10 10/10
Adjuvant 0/10 0/10 0/10 0/10 0/10

*: There are significant differences of seropositive ratios among these groups（P < 0.05).
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Figure 2. The NTAb GMTs for inactivated-EV71 vaccine co-immunized with CA16 or Poliovirus vaccine. 60 pathogen-free BALB/c mice (6–8 weeks，
female，purchased from Vital River Lab Animal Technology Co., Ltd, Beijing, China) were used. BALB/c mice (n D 10 per group) were subcutaneously
injected with inactivated-EV71 vaccine (SINOVAC BIOTECH CO.,LTD., 200 U/mouse), CA16 virus (VR18, genebank accession no：JX481738, 4.8 £ 105

PFU/mouse), inactivated-Poliovirus vaccine (Sanofi Pasteur, lot：G0510-1, Type I 20 DU/mouse, Type II 4 DU/mouse, Type III 16 DU/mouse), or co-immu-
nized with inactivated-EV71 vaccine (EV71 & CA16 group and EV71 and polio group). The control group was just inoculated with aluminum adjuvant
(Adjuvant). The animals were boosted in week 3 after priming. All the sera were collected one week after the boost and stored at ¡20�C. Neutralization
titers (NTs) of the sera were determined for EV71 NTAb, CA16 NTAb and Polio I, II, III NTAb. Data were expressed as means § SEM. For analysis of GMTs,
the data were transformed using the log 2 of the original values. Panels a-e separately show EV71, CA16 and Polio I-III neutralization titers for each group,
and panel f shows immunization design for this experiment. Note: *** means this group were significantly different when compared with other groups
without *** label (P < 0.0001).
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2011, the peak of EV71 and CA16 epidemic in China, CA16
neutralizing antibody increase in those groups might be caused
by a small scale CA16 epidemic.

Further studies were carried to explore the co-immunization
of EV71 and CA16 or the EV71 immunization with pre-existing
antibodies of CA16, and mice were used as the research subjects.
Results showed that neither pre- nor co-immunization affected
EV71 or CA16 neutralizing antibody response ratios and
response intensities. Therefore, there was no cross neutralization
or interference between these 2 vaccines. Our research confirmed
similar results from the cross-activity studies of EV71 and CA16
in rhesus monkeys.39 OPV and IPV have been widely used
around the world for decades. Polio cases globally dropped from
350 000 cases in 1998 to 223 cases in 2012.40,41 To achieve the
goal of polio eradication, since 1978 China has implemented 3-
dose OPV on newborns in months 2, 3 and 4 and an extra dose
at 4 year old.42 And poliovirus vaccination for the infants and
young children was very popular in the rest of world. If 6-month
infants to 5-year old children take EV71 vaccination, high titer
poliovirus NTAb should exist in these young children. In 2011,
Deng’s study showed that the irregularity of OPV vaccination
was highly correlated to HFMD severity, especially pulmonary
edema.43 We measured NTAbs of EV71 and types 1, 2 and 3
polioviruses in 20 paired sera from 6-12 month old infants in
each vaccine and control group. Results showed that EV71 sero-
conversion rate was over 95% in each vaccination group，signifi-
cantly higher than control group. On the other hand, types 1，2
and 3 poliovirus NTAbs for most groups declined after the
EV71-vaccination, except that type 1 Poliovirus NTAb increased
significantly in 320U/Dose group. This result indicated that
EV71 vaccination did not impact those 3 types poliovirus
response. Because no wild poliovirus has been found in china
since 2000,44 poliovirus NTAb increase in several infants should
be related to OPV vaccination domestically. Mouse study
showed that neither pre-immunization nor co-immunization
with poliovirus vaccines had any impact on NTAb response of
EV71 vaccination, and confirmed that no cross-activity was
found between NTAb of EV71 and 3 types of polioviruses. The
studies of neutralizing linear epitopes helped us to better under-
stand the neutralizing capability of antibodies against viruses.
Most structural information about poliovirus interaction with
neutralizing antibodies was revealed in the 1980s by using neu-
tralization escape mutants. Four neutralizing antigenic sites were
identified,45,46 with one continuous antigenic site in BC loop of
VP1 and the other 3 discontinuous sites in different capsid pro-
teins of 3 poliovirus serotypes.47,48

Six no-overlapping EV71-neutralizing linear epitopes (3 in
VP1, one in VP2, 2 in VP3) and CA16-neutralizing linear epito-
pes within the VP1 protein were reported.49-54 Among them,
one EV71 epitope in VP1 (residues: 215-219) overlapped with
one CA16 linear neutralizing epitope PEP71 (VP1: 211–225)
and type 2 poliovirus neutralizing site 2a (VP1: 217-221), but
the sequence was not conserved in CA16 or other polioviruses.52

EV71 neutralizing epitope VP2-28 (VP2:136–150) showed a
high degree of homology with CA16 sequence which was
believed to be across-reactive epitope (Table 6). Another EV71

neutralizing epitope SP2 (VP1:145–159) also had a high degree
of homology with CA16 sequence (Table 6). However, our study
showed that no cross-activity of NTAb response was found
between EV71 and CA16 or Polio, either pre-vaccination or co-
immunity in mice or clinical trial data. Since those cross-reactive
epitopes didn’t have specific cross-activity with EV71 NTAb, the
key neutralizing sites or conformational neutralizing epitopes
might play an important role in neutralizing activities.

In summary, although EV71, CA16 and polioviruses shared
some highly conservative antigen epitopes, including cellular
immune epitopes, their neutralizing antibodies demonstrated
high specificity. Therefore, it is possible to include EV71 vaccina-
tion in EPI for infants and young children to prevent HFMD or
other EV71-related diseases, and the combined vaccines could be
developed to simplify immunization procedures in future.

Materials and Methods

The cross-activity of EV71 vaccination with NTAb of CA16
in infants and children

Paired sera from a total of 101 subjects with EV71 vaccination
were collected before (0d) vaccination and after (56d) boosted
and EV71 and CA16 neutralizing antibodies were measured to
evaluate the impact of EV71 vaccination on CA16 neutralization
antibodies. Samples were from 3 inactivated-EV71 vaccine clini-
cal trials (Clinical Trials 1-3, Table 1). Each trial included 3 vac-
cine groups based on vaccine dosage (high dose, middle dose and
low dose) and the placebo group.

The cross-activity of EV71 vaccination with NTAb of types
1, 2 and 3 polioviruses in infants and children

80 paired sera were collected from 6～12-month old infants
with EV71 vaccination before (0d) vaccination and after (56d)
boosted. Neutralizing antibodies for EV71, Polio I, Polio II and
Polio III were measured to evaluate the impact of EV71 vaccina-
tion on Polio I、Polio II and Polio III neutralizing antibody
titer. Samples were from the clinical trial 4 (Table 1) which
includes 3 vaccine groups with high, middle and low dose and
the placebo group (n D 20 for each group).

The compatibility of CA16 and poliovirus vaccine
pre-immunity with EV71 vaccination in mice

All institutional (National Institutes for Food and Drug Con-
trol) guidelines for animal care and usage were strictly followed.
Thirty pathogen-free BALB/c mice (6–8 week old，female，

Table 6. Homology of 2 EV71 neutralizing epitopes with CA16 and
poliovirus

VP2-28(VP2:136–150) SP2(VP1:145 -159)

EV71 AGGTGTEDSHPPYKQ EVVPQLLQYMFVPPG
CA16 AGGTGNENSHPPY ELVPQLLQYMYVPPG
Polio I SHHLYK QIMYVPPG
Polio II AGQASTEGDS QIMYIPPG
Polio III SHHLYK QIMYIPPG
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purchased from Vital River Lab Animal Technology Co., Ltd,
Beijing, China) were used. BALB/c mice (n D 10 per group)
were subcutaneously injected with CA16 virus (VR18, genebank
no：JX481738, 4.8 £ 105 PFU/mouse), inactivated-Poliovirus
vaccine (Sanofi Pasteur, lot：G0510-1, Type I 20 DU/mouse,
Type II 4 DU/mouse, Type III 16 DU/mouse), or aluminum
adjuvant (Adjuvant). All the animals were boosted in week 3 after
priming. One week after the boost, all mice were injected with
the first dose of inactivated-EV71 vaccine (SINOVAC BIO-
TECH CO., LTD., 200 U/mouse), followed with the second
dose of inactivated-EV71 vaccine 3 weeks later. The control
group was just inoculated with saline. Sera were collected on day
28 (7 days after the 2nd boost) and day 56. All the sera were
stored at ¡20�C. Neutralization titers (NT) of the sera for EV71
NTAb, CA16 NTAb and Polios I, II, III NTAb detections were
determined.

The compatibility of CA16 and poliovirus vaccine
co-immunity with EV71 vaccination in mice

Sixty pathogen-free BALB/c mice (6－8weeks，female，pur-
chased from Vital River Lab Animal Technology Co., Ltd, Bei-
jing, China) were used. BALB/c mice (n D 10 per group) were
subcutaneously injected with inactivated-EV71 vaccine (SINO-
VAC BIOTECH CO.,LTD., 200 U/mouse), CA16 virus
(VR18, genebank accession no：JX481738, 4.8 £ 105 PFU/
mouse), inactivated-Poliovirus vaccine (Sanofi Pasteur, lot：
G0510-1, Type I 20 DU/mouse, Type II 4 DU/mouse, Type III
16 DU/mouse) respectively, or co-immunized with inactivated-
EV71 vaccine (EV71 & CA16 group and EV71 and polio
group). The control group was just inoculated with aluminum
adjuvant (Adjuvant). The animals were boosted in week 3 after
priming. All sera were collected one week after the boost and
stored at ¡20�C. Neutralization titers (NT) of the sera were
determined for EV71 NTAb, CA16 NTAb and Polio I, II, III
NTAb.

EV71 or CA16 NTAb assay
The titers of NTAb against EV71 or CA16 were measured for

all samples with the cytopathogenic effect (CPE) assay.10,26

Blood samples were diluted 1:8, and the serum was inactivated at
56�C for 30 min. Fifty microliters of each serum dilution (rang-
ing from 1:8 to 1:16384) were mixed with 100 TCID50 EV71
or CA16 (EV71/523-07T, C4 genotype; CA16/G10, genebank
accession number: U05876, A genotype) per well in a 96-well
micro-plate (Thermo Fisher Scientific, NUNC, Denmark). The
resulted mixture was incubated at 37�C for 2 h, before 100 ml
suspension of rhabdomyosarcoma cells (RD cells: ATCC,
CCL-136, a gift from the National Vaccine & Serum Institute)
(1»2 £ 105 cells/ml) was added into each well. Each assay
included a cell control, a virus control (no serum) and EV71
national standard or/ a CA16 in-house reference serum.55 The

plate was incubated in a CO2 incubator at 35
�C for 7 days before

CPEs were observed with microscopy. NATb titers were defined
as the highest dilution capability of 50% CPE inhibition. NTAb
titers against EV71 or CA16 were defined as positive if equal to
or greater than 1:8. NTAb titers equal to or greater than 1:16384
were assigned a value of 1:16384.

NTAb assay of types 1, 2, or 3 Poliovirus
To assess cross-immunity between EV71 and poliovirus, the

NTAb titers of types 1, 2, or 3 Poliovirus were measured with
the standard poliovirus neutralization assay recommended by
WHO (an exploratory analysis based on the protocol) in all sam-
ples against Sabin strains 1, 2, and 3, respectively.56 Neutralizing
antibody titers of types 1, 2, or 3 Poliovirus were defined as the
dilution ratios showing 50% inhibition on the cytopathogenic
effect. Neutralizing antibodies equal to or greater than 1:8 were
defined seropositive. NTAb titers against types 1, 2, or 3 Poliovi-
rus were defined as positive if the neutralizing antibodies equal to
or greater than 1:8. NTAb titers equal to or greater than 1:16384
were assigned a value of 1:16384.

Statistical methods
Seropositive ratios were analyzed by chi-square test. For the

statistical analysis of GMTs, all data were converted from the
original values using the log 2 formula form and the resulted data
were analyzed with SPSS 10.0 software. This transformation was
effective in stabilizing the dispersion and rendered the variances
independent of the means. If the titers of neutralizing antibodies
were negative, they were set as 1:4 for calculation purpose. A
paired t-test with P< 0.05 was considered statistically significant.
Seroconversion is defined with at least 4-fold increase on titer
post-vaccination.
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