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Background. This study evaluated the 2-year efficacy, immunogenicity, and safety of the Vigoo enterovirus 71 (EV71) vaccine.
Method. In an initial phase 3 study, we randomly assigned healthy infants and children aged 6–35 months (ratio, 1:1) to receive 2

doses of either EV71 vaccine (5120 participants) or placebo (5125 participants) at days 0 and 28, and followed them for 12 months
after vaccination. In this extended follow-up study, we continued to evaluate the efficacy, immunogenicity, and safety of the EV71
vaccine for up to 2 years.

Results. Overall efficacy was 94.84% (95% confidence interval [CI], 83.53%–98.38%) during the 2-year follow-up period
(P < .0001), and the vaccine efficacy during the second year was 100.00% (95% CI, 84.15%–100.00%) against EV71-associated
hand-foot-and-mouth disease (HFMD; P < .0001). Geometric mean titers of neutralizing antibody in participants remained high
during the 2-year follow-up period, and no vaccine-related serious adverse events were recorded.

Conclusions. Two doses of Vigoo EV71 vaccine could provide sustained protection against EV71-associated HFMD in healthy
Chinese children.

Clinical Trials Registration. NCT01508247.
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Enterovirus 71 (EV71) is a small, single-stranded, positive-sense
RNA virus from Enterovirus genus in the family Picornaviridae,
which was first isolated in California in 1969 [1–3]. Since then,
EV71-associated epidemics of hand-foot-and-mouth disease
(HFMD) were reported all over the world [4]. Recently, large
EV71 epidemics have occurred almost exclusively in the Asia-
Pacific region, including Taiwan, the mainland of China,
Hong Kong, Malaysia, Vietnam, Singapore, and Thailand
[5–7], which has made EV71 a serious threat to public health
[8, 9]. Most of the hospitalized EV71-associated HFMD cases
with complications occur in children aged <5 years, while
young children <3 years of age are most susceptible to severe
or fatal EV71-associated neurological diseases, which is why
the pathogen has captured much attention [8, 10–14]. A vaccine
against EV71 is urgently needed to prevent and control epidem-
ics of EV71 [15, 16].

Since 2010, 3 inactivated alum-adjuvant EV71 vaccines
(Vigoo, Sinovac, and CAMS) were evaluated in clinical trials

in the mainland of China. In the early phase 1 and phase 2 clin-
ical trials, Vigoo EV71 vaccine showed a satisfactory safety and
immunogenicity in adults, children, and infants [17–19]. Subse-
quently, we performed a phase 3 trial of Vigoo EV71 vaccine
in young children and infants between January 2012 and
March 2013 to assess the efficacy and safety of the vaccine for
prevention of disease associated with EV71. In the first year of fol-
low-up, the EV71 vaccine was highly efficacious against EV71-
associated HFMD in young children and infants, as reported
previously [20]. However, evaluation of the long-term efficacy
of this EV71 vaccine is required to determine the need for booster
injections, for licensing, and to determine its clinical application.
Here, we report the efficacy, immunogenicity, and safety of the
Vigoo EV71 vaccine over the 24-month follow-up period.

METHODS

Vaccine
Vigoo EV71 vaccine is an inactivated alum-adjuvanted EV71
vaccine (Vero cell) containing 320 U of antigen and 0.18 mg
of alum. The vaccine was developed and manufactured by the
Beijing Vigoo Biological with a seed virus (GenBank accession
number JX025561) of EV71 strain FY7VP5/AH/CHN/2008
(genotype C4, which is the predominant strain in the mainland
of China). Each dose of placebo contains 0.18 mg of alum ad-
juvant and no EV71 antigen [17].
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Study Design and Participants
In 2012, we recruited 10 245 healthy children aged 6–35
months (at enrollment) into a randomized, double-blinded,
placebo-controlled, phase 3 clinical trial (clinical trials regis-
tration NCT01508247) to evaluate the 1-year efficacy of the
Vigoo EV71 vaccine [20]. In this trial, Vigoo EV71 vaccine
or placebo was administered according to a 2-dose schedule
(on day 0 and day 28), and recipients were followed for a
12-month surveillance period (from day 56 through month
14) for EV71-associated disease and HFMD. After the comple-
tion of the first-year follow-up study to determine the efficacy
of the EV71 vaccine, we performed an extra follow-up study
lasting up to 2 years, for an overall follow-up period of 24-
month after vaccination. Because masking in the initial
study was partially removed at month 14, at the end of the
first year of follow-up, surveillance for EV71-associated
HFMD during the extended second year of follow-up was
open labeled; the investigators who measured antibody levels
and tested for the presence of pathogen remained masked with
respect to vaccine or placebo allocation. The study was con-
ducted in accordance with the Declaration of Helsinki and
the International Conference on harmonization good clinical
practice guidelines. The study protocol was approved by the
ethics committee of the Jiangsu Provincial Center for Disease
Control and Prevention. Written informed consent was ob-
tained from each participant before they underwent extended
follow-up.

Efficacy Assessments and Case Definition
In the second-year follow-up study, the primary outcome
was the efficacy of Vigoo EV71 vaccine against HFMD.
HFMD cases were identified through a well-established
HFMD surveillance system covering the area of study,
which has already been described previously [20]. Clinical
HFMD cases were defined as participants with any suspected
symptoms of clinical HFMD, such as fever, skin eruptions
on hands and feet, and vesicles in the mouth. Throat,
anal, and stool swab specimens were collected from these
children for virological confirmation. EV71-associated
HFMD was confirmed clinically on the basis of either posi-
tive results of at least 2 consecutive real-time polymerase
chain reaction (PCR) analyses (ie, fluorescence assays in-
volving an EV71 RNA diagnostic kit) or detection of
EV71 in at least 1 of the throat, anal, or stool swab speci-
mens [21]. EV71-associated disease was defined on the
basis of clinical symptoms, including HFMD, herpangina,
neurological signs (aseptic meningitis or encephalitis) with
or without serious sequelae, and nonspecific illnesses (eg, fe-
brile illness, viral exanthema, and respiratory infection) that
are caused by EV71, and either isolation of EV71 on culture
or positive results of at least 2 consecutive EV71-specific
RNA tests [20].

Immunogenicity Assessments
Blood samples were collected from a subset of participants in
the immunogenicity cohort, described previously, on days 0
and 56 in the initial study [20] and during months 8, 14, and
26 in the extended follow-up period. Researchers at the Chinese
National Institute for Food and Drug Control measured titers of
neutralizing antibodies against EV71, using a modified cyto-
pathogenic effect assay [20, 22], which were the same as those
in the initial phase 3 study. The dilution of serum ranged from
1:8 to 1:16 384.

Safety Assessments
During the extended second-year follow-up (frommonths 15 to
26), any serious adverse event (SAE) reported by the guardians
of participants was recorded. The occurrence of SAEs in the in-
tention-to-treat population was assessed. All SAEs were classi-
fied using the terminology specified in the Medical Dictionary
for Drug Regulatory Activities. The relationship between the
SAEs and vaccine was determined by the principal investigator.

Statistical Analysis
Both the overall 2-year vaccine efficacy and the second-year vac-
cine efficacy were estimated in the study. Vaccine efficacy was
calculated as follows: [1 – (vaccine incidence density rate)/(pla-
cebo incidence density rate)] × 100. We defined 2 cohorts for
the vaccine efficacy analyses: an intention-to-treat analysis co-
hort, which included all participants who received at least 1
dose of either the EV71 vaccine or placebo; and a per-protocol
analysis cohort, which included all participants who completed
2-dose immunization with EV71 vaccine or placebo.

To evaluate the persistence of immunogenicity, we included
participants in the immunogenicity cohort who received 2
doses and had serologic test results available at baseline, day
56, and at least 1 later time point (eg, months 8, 14, or 26).
The proportions of participants achieving an EV71 neutralizing
antibody titer of 1:8, 1:16, or 1:32 after vaccination in different
treatment groups were calculated. The seronegative samples at
antibody titers lower than 1:8, which was the threshold of detec-
tion, were assigned values of 1:4 for the calculation of geometric
mean titers (GMTs).

A χ2 or Fisher exact test was used to compare categorical data,
while the Student t test was used to compare log-transformed
neutralizing antibody values. All reported P values were 2
sided, and values of <.05 were regarded as statistically signifi-
cant. Statistical analyses were done by an independent, external
statistician, using SAS software, version 9.2 (SAS Institute).

RESULTS

Study Participants
A total of 10 245 participants were randomly assigned in a ratio
of 1:1 to receive the vaccine (n = 5120) or placebo (n = 5125) in
the initial study and were followed over 1 year after receipt of 2
doses of EV71 vaccine [20]. Of them, 10 100 (98.59%) were
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enrolled at the start of the extended second-year follow-up
study, and 9655 (94.24%) completed the 2-year follow-up
until month 26 (Figure 1).

There were 5056 participants in the vaccine group and 5044
in the placebo group who were rerecruited and included in the
intention-to-treat efficacy analysis. The mean follow-up period
(±SD) of the cohort during the whole study was 23.47 ± 2.16
months in the vaccine group and 23.38 ± 2.52 months in the
placebo group; no significant difference was found between
the 2 treatment group (P = .0687).

Table 1 shows baseline demographic characteristics of the
participants rerecruited in this extended follow-up study. We
noted no significant difference in terms of sex, age, weight,
and height between the vaccine group and the placebo group.
At the end of the extended follow-up study, 487 of 636 vaccine
recipients (76.57%) and 479 of 647 placebo recipients (74.03%;
P = .3009) from the initial immunogenicity subgroup [20] un-
derwent serologic testing and were included in the immunoge-
nicity analysis.

Efficacy
A total of 61 cases of EV71-associated HFMD were confirmed
during the 2-year study period in the intention-to-treat

Figure 1. Participant flow through the initial and follow-up studies. The intention-to-treat (ITT) cohort efficacy analysis, including all participants who received at least 1 dose
and entered into surveillance. All immunogenicity analyses were performed on the per-protocol sets (PPSs), including participants in an immunogenicity subset who received 2
doses of vaccine and had results of serologic tests at baseline, day 56, and at least 1 later time point. Numbers in parentheses indicate participants in the immunogenicity
subset. Abbreviation: AE, adverse event.

Table 1. Baseline Demographic Characteristics of Participants in the
Extended Follow-Up

Characteristic Vaccine Group Placebo Group

Efficacy analysis (intention-to-treat cohort)

Participants, no. 5056 5044

Age, mo 18.56 ± 8.08 18.58 ± 8.13

Male sex, no. (%) 2891 (57.18) 2771 (54.94)

Height, cm 81.59 ± 8.16 81.67 ± 8.14

Weight, kg 12.46 ± 2.23 12.44 ± 2.23

Immunogenicity analysis (per-protocol cohort)

Participants, no. 487 479

Age, mo 18.86 ± 8.06 18.70 ± 7.86

Male sex, no. (%) 285 (58.52) 264 (55.11)

Height, cm 82.19 ± 8.05 82.12 ± 7.91

Weight, kg 12.35 ± 2.26 12.34 ± 2.16

Data are means ± SD, unless otherwise indicated.
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cohort, including 36 cases that were captured in the initial
study (3 in the vaccine group vs 33 in the placebo group)
[20] and 25 cases in the extended follow-up study (0 in the vac-
cine group vs 25 in the placebo group; Supplementary Table 1).
During the extended second year of follow-up, no severe or
hospital-based EV71-associated HFMD events were recorded.
In the intention-to-treat cohort, the 2-year efficacy of the vac-
cine against EV71-associated HFMD was 94.84% (95% confi-
dence interval [CI], 83.53%–98.38%) during the overall
follow-up period and 100% (95% CI, 84.15%–100.00%) during
the extended second-year follow-up period (Table 2). Mean-
while, in the per-protocol cohort, 57 and 24 cases of EV71-
associated HFMD were confirmed during the overall and
second-year follow-up periods, respectively, resulting in vac-
cine efficacies against EV71-associated HFMD of 94.42%
(95% CI, 82.16%–98.25%) and 100.00% (95% CI, 83.34%–

100.00%), respectively. Figure 2 shows the Kaplan–Meier cu-
mulative event survival curves of EV71-associated HFMD,

which demonstrated very similar trends between the inten-
tion-to-treat cohort and the per-protocol cohort during the
2-year follow-up period after the first dose of vaccination.
Furthermore, the estimated 2-year vaccine efficacy against
EV71-associated disease was 95.84% (95% CI, 86.81%–

98.69%) and 100.00% (95% CI, 90.11%–100.00%) during the
overall and extended follow-up study periods, respectively, in
the intention-to-treat cohort and 95.57 (95% CI, 85.93–98.61)
and 100.00 (95% CI, 89.78–100.00), respectively, in the per-
protocol population, respectively (Supplementary Table 2).
The Kaplan–Meier cumulative event survival curves of
EV71-associated disease also demonstrated very similar trends
between the intention-to-treat cohort and the per-protocol co-
hort (Supplementary Figure 1).

Immunogenicity
EV71 vaccines elicited a substantial specific immune response
after 2 doses, compared with placebo, with GMTs of EV71

Table 2. Enterovirus 71 (EV71) Vaccine Efficacy Against EV71-Associated Hand-Foot-and-Mouth Disease (HFMD) in the Whole Surveillance Period,
Combined With the Initial Study (Day 56–Month 26) and the Extended Follow-Up (Months 15–26)

HFMD

Vaccine Group Placebo Group Efficacy

Person-Years
at Risk

Cases,
No.

ID Rate, Cases/
1000 Person-Years

Person-Years
at Risk

Cases,
No.

ID Rate, Cases/
1000 Person-Years

Percentage
(95% CI) P Value

Intention-to-treat cohorta

Overall follow-up
(d 56–mo 26)

10 022.07 3 0.30 9993.94 58 5.80 94.84 (83.53–98.38) <.0001

Extended follow-
up (mos 15–26)

4982.45 0 0.00 4967.24 25 5.03 100.00 (84.15–100.00) <.0001

Per-protocol cohort

Overall follow-up
(d 56–mo 26)

9628.80 3 0.31 9655.79 54 5.59 94.42 (82.16–98.25) <.0001

Extended follow-
up (mos 15–26)

4787.44 0 0.00 4800.97 24 5.00 100.00 (83.34–100.00) <.0001

Abbreviations: CI, confidence interval; ID, incidence density.
a Included all participants who received at least 1 dose and entered the surveillance period.

Figure 2. Kaplan–Meier survival analysis of cumulative risk of hand-foot-and-mouth disease caused by enterovirus 71 (EV71) from day 56 through month 26, according to the
intention-to-treat population (A) and per-protocol set (B).
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neutralizing antibody peaking at day 56. The EV71 neutraliz-
ing antibody in the vaccine group waned significantly from
day 56 through month 8 and then remained stable for the
next 6 months, up to month 14 [20].We continued measuring
the GMT of EV71 neutralizing antibody in participants dur-
ing the extended second-year follow-up study, from months
15 to 26 (Figure 3). However, no sign of a decline in the
EV71 neutralizing antibody was observed in the vaccine
group during the second-year follow-up study; instead,
GMTs of EV71 neutralizing antibody in vaccine recipients

increased from 325.3 (95% CI, 284.8–371.7) at day 56 to
685.7 (95% CI, 591.4–795.1) at month 26. Similarly, the
GMTs of EV71 neutralizing antibody in the placebo group
also gradually increased during this period, from 13.0 (95%
CI, 11.1–15.2) at day 56 to 39.1 (95% CI, 31.0–49.2) at
month 26. However, the GMT of EV71 neutralizing antibody
in the vaccine group (GMT, 685.7 [95% CI, 591.4–795.1]) was
still significantly higher than that in the placebo group at the
end of the follow-up period (ie, month 26; P < .0001). The
proportions of participants in the vaccine group with an

Figure 3. Geometric mean titer of enterovirus 71 (EV71) neutralizing antibodies at various time points after the first vaccination, from day 56 through month 26. Error bars and
data in parentheses indicate 95% confidence intervals (CIs). The limit of detection was a titer of 1:8, and the seronegative samples were assigned values of 1:4 for the
calculation of geometric mean titers (GMTs). A, Results for the per-protocol immunogenicity cohort. B, Results for the per-protocol immunogenicity cohort, in which all par-
ticipants had a prevaccination titer of <1:8. Abbreviation: CI, confidence interval.
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EV71 neutralizing antibody GMT of ≥1:8, 1:16, or 1:32 were
significantly higher than in the placebo group during the
whole study period (P < .0001; Table 3).

A total of 333 of 1219 participants (27.32%) in the initial im-
munogenicity subset were seropositive for EV71 neutralizing
antibody at enrollment, with a baseline neutralizing antibody
titer of ≥1:8. Analysis of participants who were seronegative
at baseline was also performed, and results revealed a dynamic
trend in EV71 neutralizing antibody levels similar to that for the
whole immunogenicity cohort.

Safety
During the 2-year follow-up period, 180 of 10 245 participants
(1.76%) reported SAEs (78 of 5120 [1.52%] in the vaccine group
and 102 of 5125 [1.99%] in the placebo group), with a similar
incidence of occurrence between the groups (P = .0834; Supple-
mentary Table 3), whereas in the second-year follow-up study,
40 of 10 245 (0.39%) reported SAEs (14 [0.27%] in the vaccine
group and 26 [0.51%] in the placebo group; P = .0801; Supple-
mentary Table 3). The most common SAEs during the 2-year
follow-up period were infections and infestations, followed by
gastrointestinal disorders, whereas the most common SAEs
during the second-year follow-up period were infections and in-
festations, followed by injury. Six participants died in the sec-
ond-year follow-up period (Supplementary Table 4), with 1
death in the vaccine group (due to unintentional injury) and
5 in the placebo group (2 due to unintentional injury, 1 due

to diabetic ketoacidosis, 1 due to cerebroma, and 1 due to
acute myeloid leukemia subtype M2). None of the SAEs were
considered to be associated with vaccination.

DISCUSSION

The second-year extended follow-up study showed that the
Vigoo EV71 vaccine provided sustained high protection against
EV71-associated HFMD and persistent immunity in children
aged 6–35 months for up to 2 years after the 2-dose vaccination.
No safety concerns about the EV71 vaccine were identified dur-
ing the 2-year follow-up study.

The capture of HFMD cases in this follow-up study was based
on a previously established surveillance system in the initial study
[20]. But unlike the initial study, in which we followed all poten-
tial cases with any clinical symptoms or illness and tested for
pathogens to confirm EV71-associated disease, in this second-
year follow-up study we conducted surveillance only for
HFMD-like cases and obtained samples from affected individuals
for pathogenic tests. Since HFMD is the most common and typ-
ical disease caused by EV71, with characteristic clinical symp-
toms for identification, capturing HFMD-like cases saved
substantial time and effort in terms of sampling and laboratory
analysis and was therefore a more efficient strategy for long-term
surveillance [23]. Compared with the initial study, the sensitivity
for HFMD surveillance in the second-year follow-up period may
have declined because of possible underreporting of mild or

Table 3. Neutralizing Antibody Titer Against Enterovirus 71 (EV71) in the Per-Protocol Immunogenicity Cohort (PPC) at the End of the Extended Follow-Up
Period (Month 26)

Variable Vaccine Group Placebo Group P Value

PPC participants

Overall, no. 487 479

Titer ≥ 1:8 <.0001

No. 472 229

Percentage (95% CI) 96.92 (94.97–98.27) 47.81 (43.26–52.39)

Titer ≥ 1:16 <.0001

No. 472 226

Percentage (95% CI) 96.92 (94.97–98.27) 47.18 (42.64–51.76)

Titer ≥ 1:32 <.0001

No. 470 225

Percentage (95% CI) 96.51 (94.47–97.95) 46.97 (42.43–51.55)

PPC participants with baseline titer <1:8

Overall, no. 354 351

Titer ≥ 1:8 <.0001

No. 341 104

Percentage (95% CI) 96.33 (93.80–98.03) 29.63 (24.90–34.71)

Titer ≥ 1:16 <.0001

No. 341 101

Percentage (95% CI) 96.33 (93.80–98.03) 28.77 (24.09–33.82)

Titer ≥ 1:32 <.0001

No. 339 100

Percentage (95% CI) 95.76 (93.11–97.61) 28.49 (23.82–33.52)

Abbreviation: CI, confidence interval.
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atypical cases of HFMD and of other non-HFMD diseases or
symptoms caused by EV71. However, in the second-year fol-
low-up period, we continued to use 2 consecutive by real-time
PCR analyses and viral isolation of EV71 for laboratory case con-
firmation, to achieve a high specificity. Lachenbruch [24] report-
ed that fluctuation in the specificity was more essential than
fluctuation in the sensitivity for estimates of vaccine efficacy.
Thus, the declining sensitivity is less likely to bias the EV71 vac-
cine efficacy significantly. In addition, owing to the protection of
vaccine, EV71-associated HFMD in recipients of vaccine might
be milder or more atypical than that in placebo recipients,
which may have resulted in the underreporting of milder
HFMD cases in the vaccine group, yielding a higher estimated
efficacy in the second-year follow-up period.

Vaccine efficacy did not appear to be attenuated over time,
and sustained vaccine efficacy observed during the entire 2-
year follow-up period was associated with persistent immunity
elicited by EV71 vaccine receipt. Previous studies with the EV71
vaccine (Vigoo and Sinovac) indicated that a titer of 1:16 might
be correlated with the vaccine’s protection against EV71-associ-
ated diseases [20, 25]. In our study, 96.33% participants in the
vaccine group with a titer of≥ 1:16 was observed at the end of
the extended follow-up study, which was consistent with the
high vaccine efficacy.

Although titers of EV71 vaccine–induced neutralizing anti-
bodies decreased quickly during the first 6 months after peaking
on day 56, a slight increase was observed during the subsequent 6
months. A more significant increase was observed during the sec-
ond-year follow-up period, and the antibody titers reached a level
even higher than that at day 56. At month 26, 53.75% and 24.84%
of participants in the immunogenicity cohort who received EV71
vaccine and placebo, respectively, had a 4-fold increase in neu-
tralizing antibodies levels as compared to those at month 15,
which indicated that the increased antibody titers may have
been associated with the prevalence of EV71 in the second-
year follow-up period. The natural exposure to EV71 among
the vaccine recipients might boost the specific neutralizing anti-
bodies to levels even higher than those in the placebo recipients.

There were several limitations of this study. First, we only ob-
served the vaccine efficacy against the subgenotype C4 strain of
EV71 in this study, since the C4 type is the only predominant
strain that has been found in the mainland of China [26]. How-
ever, because multiple EV71 subtypes have been reported to be
circulating or cocirculating in some regions, such as Malaysia,
the United States, Taiwan, and Japan [26], vaccine efficacy
against EV71 subgenotypes (eg, A, B1-B5, C1-C5, D, E,
and F) needs to be investigated in future studies. Second, the
high protection afforded by the EV71 vaccine could reduce an
individual’s exposure to EV71 infection, which might delay the
acquisition of natural immunity and shift the risk of EV71-
associated disease to older individuals in the future. Third, we
did not estimate the protection against EV71 subclinical

infections, but they can contribute to the EV71 transmission
as a source of infections [7]. Fourth, the sustained high efficacy
against EV71-associated HFMD during the second-year follow-
up period might be caused not only by vaccine-induced immu-
nity, but also caused by boosting via natural exposure to EV71.

In conclusion, the Vigoo EV71 vaccine induced a sustained
high level of antibodies and protection against EV71-associated
HFMD for at least 2 years in healthy Chinese children and had a
good safety profile. These findings might play an important role
in its licensing, clinical application, and decisions about mass
administration of EV71 vaccine for controlling EV71-associated
HFMD epidemics in the future.

Supplementary Data
Supplementary materials are available at http://jid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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