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ABSTRACT
Human enterovirus 71 (EV71) is a causative agent of hand, foot, and mouth disease (HFMD). In a previous
phase III trial in children, a human diploid cell-based inactivated EV71 vaccine elicited EV71 specific
immune responses and protection against EV71 associated HFMD. This study aimed to assess the factors
influencing the severity of adverse events observed in this previous trial. This was a randomized, double-
blinded, placebo-controlled, phase III clinical trial of a human diploid vaccine carried out in 12,000 children
in Guangxi Zhuang Autonomous Region, China (ClinicalTrials.gov: NCT01569581). Solicited events were
recorded for 7 days and unsolicited events were reported for 28 days after each injection. Age trend
analysis of adverse reaction was conducted in each treatment group. Multiple logistic regression models
were built to identify factors influencing the severity of adverse reactions. Fewer solicited adverse
reactions were observed in older participants within the first 7 days after vaccination (P < 0.0001), except
local pain and pruritus. More severe adverse reactions were observed after the initial injection than after
the booster injection. Serious cold or respiratory tract infections (RTI) were observed more often in
children aged 6–36 months than in older children. Only the severity of local swelling was associated with
body mass index. Children with throat discomfort before injection had a higher risk of serious cold or RTI.
These results indicated that the human diploid cell-based vaccine achieved a satisfactory safety profile.
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Introduction

Hand, foot, and mouth disease (HFMD) is an acute viral
skin disease primarily observed in children under the age of
5.1,2 The symptoms of HFMD include low fever, followed
by blistering and ulceration of the mouth, and rashes on
the hands and feet. HFMD can also lead to complications
such as central nervous system (CNS) injury and cardiopul-
monary failure.2-5 HFMD is caused by polioviruses, cox-
sackieviruses, echoviruses, and enteroviruses.1,6 Although
HFMD outbreaks are more commonly associated with cox-
sackievirus 16 (CA16),5 enterovirus 71 (EV71) has been
reported to be significantly associated with most global out-
breaks, particularly with outbreaks with high mortality,7-16

as was also observed in China.1,6,7,14,15 The number of
reported HFMD cases has sharply increased in almost all
Chinese provinces since the first EV71 infection-related out-
break in Fuyang in 1995.1,6,8,14,15 In addition to HFMD,
EV17 infection can also cause herpangina, aseptic meningi-
tis, febrile illness, viral exanthema, and airway
infection.2,16,17

As no pharmacological intervention has been found to
prevent and control EV71, a vaccine is urgently sought to
control EV71 epidemics.18-22 Several candidate EV71 vac-
cines have been developed10,23-25 and clinical trials have
been carried out around the globe.9, 13, 26-34 A 400U vero-

based vaccine,33 a 320U vero cell-based vaccine,19 and a
100U human diploid cell-based vaccine32 have demon-
strated good efficacy and adequate safety in mainland
China. The latter was developed by the Institute of Medical
Biology, Chinese Academy of Medical Sciences and cultured
in a human diploid cell line (KMB17 stain).32,34 This inacti-
vated EV71 vaccine was prepared from a genotype C4 strain
isolated during a pandemic in Fuyan, China, in 2008.35 In a
randomized, double-blinded, placebo-controlled, phase III
clinical trial of this vaccine in 12,000 children in the
Guangxi Zhuang Autonomous Region, China (Clinical-
Trials.gov: NCT01569581) neutralizing antibodies against
EV71 were observed in all subjects, while evidence of pro-
tection against HFMD caused by other enteroviruses such
as CA16 was not observed.32

As no EV71 vaccine has been widely used in the popu-
lation and since the vaccine recipients are young children,
comprehensive safety assessments and targeted vaccination
guidance are essential.10,18,22 Within 7 days of immuniza-
tion in the previously described trial, systemic adverse
events occurred at a higher frequency in vaccine recipients
compared to controls.32 Commonly reported adverse
events included fever, diarrhea, nausea, and vomiting. The
frequency of local adverse events (including pain, redness,
swelling, and itching at the injection site) was also higher
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in the vaccine group compared to the placebo group.32

Therefore, we performed a comprehensive analysis of the
safety data from this phase III trial to further probe the
safety profile of this efficacious vaccine.

Results

Of the 14,445 children assessed for eligibility, 12,000
(83.1%) were enrolled and randomly assigned to receive the
vaccine
(n D 6000) or placebo (n D 6000). Among them, 10,988
(91.6%) participants received the second dose of vaccine (n
D 5486) or placebo (n D 5502). Therefore, the first safety
set included 12,000 participants, and the second safety set
included 10,988 participants (Fig. 1). Among the 6000 par-
ticipants who received the first vaccine injection, there were
3151 (52.52%) males and 2849 (47.48%) females. Among
the 6000 participants who received the first placebo injec-
tion, there were 3099 (51.65%) males and 2901 (48.35%)
females. There were 514 participants in the vaccine group
(protocol violation, n D 2; parents or guardians declined
the second dose, n D 469; missed the second dose, n D 43)
and 498 in the placebo group (protocol violation, n D 2;

parents or guardians declined the second dose, n D 470;
missed the second dose, n D 26) who discontinued the
study; they were excluded from the analyses (Fig. 1).

Safety profile

Between March 2012 and February 2013, although more
adverse events were found in the vaccine group (3878 (64.63%)
vs. 3759 (62.65%), P D 0.025), significantly fewer serious
adverse events were reported in the vaccine group than in the
placebo group (68 (1.13%) vs. 125 (2.08%), P < 0.001). Within
7 days after each injection, significantly higher incidences of
solicited events, systemic events, and local events were observed
in the vaccine group compared to the placebo group (all P <

0.001) (Table 1).
The incidence of adverse reactions associated with injection

was significantly higher in the vaccine group (2195 (36.58%) vs.
1584 (26.40%), P < 0.001). Two participants in each group
reported serious adverse reactions. Within the first week after
injection, significantly higher incidences of solicited reactions,
systemic reactions, and local reactions were found in the vac-
cine group compared to the placebo group (all P < 0.001)
(Table 1).

Figure 1. Randomized and safety analysis set. A total of 14,445 children, 6–71 months of age, were assessed for eligibility. 12,000 eligible participants, who were ran-
domly assigned to received vaccine or placebo, were defined as the 1st safety analysis population. 5486 of vaccine group and 5502 of placebo group were injected with
successive second dose and eligibly included in the per-protocol analysis were defined as the 2nd safety analysis population.
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Unsolicited adverse events within 28 days were similar in 2
treatment groups (2507 (41.78%) vs. 2563 (42.72%), P D
0.309). Unsolicited adverse reactions within 28 days were also
more frequent in the vaccine group compared to the placebo
group (122 (2.03%) vs. 89 (1.48%), P D 0.026). More partici-
pants caught HFMD in the placebo group during the whole
study (197 (3.28%) vs. 388 (6.47%), P < 0.001). In addition,
fewer participants were hospitalized in the vaccine group (67
(1.12%) vs. 125 (2.08%), P < 0.001). In the vaccine group, 41
(0.68%) participants were hospitalized for HFMD, compared to
88 (1.47%) in the placebo group (P < 0.001) (Table 1). No
HFMD in the vaccine group was found to be associated with
EV71 virus, and all participants recovered within 3 days after
hospitalization. One participant in the placebo group died
because of severe EV71-associated HFMD. One patient in the
vaccine group died because of a traffic accident.

Age trends in safety assessment

In the vaccine group, the incidence of each solicited reaction
within 7 days after injection showed a significant trend with
age except allergy (Table 2). Fewer participants in older age
strata had reactions within 28 days after vaccination

Table 1. Safety profile.

No. of participants with event or reaction (%)

Vaccine (ND6000) Placebo (ND6000) P

AE 3878 (64.63) 3759 (62.65) 0.025�

AE D28 3794 (63.23) 3595 (59.92) <0.001���

Solicited AE D7 2759 (45.98) 2287 (38.12) <0.001���

Systemic AE D7 2657 (44.28) 2237 (37.28) <0.001���

Local AE D7 354 (5.90) 136 (2.27) <0.001���

Unsolicited AE D28 2507 (41.78) 2563 (42.72) 0.309
Serious AE 68 (1.13) 125 (2.08) <0.001���

AR 2195 (36.58) 1584 (26.40) <0.001���

AR D28 2195 (36.58) 1583 (26.38) <0.001���

Solicited AR D7 2161 (36.02) 1554 (25.90) <0.001���

Systemic AR D7 2022 (33.70) 1491 (24.85) <0.001���

Local AR D7 352 (5.87) 135 (2.25) <0.001���

Unsolicited AR D28 122 (2.03) 89 (1.48) 0.026�

Serious AR 2 (0.03) 2 (0.03) 1.000
HFMD 197 (3.28) 388 (6.47) <0.001���

Hospitalization 67 (1.12) 125 (2.08) <0.001���

Hospitalized for HFMD 41 (0.68) 88 (1.47) <0.001���

AE: adverse event; AR: adverse reaction; D7: within 7 days; D28: within 28 days;
HFMD: hand-foot-mouth disease.

�P < 0.05;���P < 0.001.
#Fisher exact test was used for categorical data.

Table 2. Cochrane-Armitage age trend test for major adverse reactions in the vaccine and placebo groups.

6–11 months 12–23 months 24–35 months 36–71 months
Vaccine n (%) n (%) n (%) n (%) Z P

N 1750 1750 1500 1000
AR D28 741 (42.34) 704 (40.23) 461 (30.73) 289 (28.90) ¡8.654 <0.001���

Solicited AR D7 735 (42.00) 691 (39.49) 456 (30.40) 279 (27.9) ¡8.914 <0.001���

Systemic AR D7 708 (40.46) 665 (38.00) 422 (28.13) 227 (22.70) ¡10.868 <0.001���

Fever 569 (32.51) 562 (32.11) 351 (23.40) 186 (18.60) ¡9.040 <0.001���

Diarrhea 99 (5.66) 70 (4.00) 40 (2.67) 10 (1.00) ¡6.682 <0.001���

ANV 153 (8.74) 125 (7.14) 67 (4.47) 31 (3.10) ¡6.718 <0.001���

IDF 143 (8.17) 86 (8.17) 37 (2.47) 27 (2.70) ¡7.769 <0.001���

Allergy 35 (2.00) 23 (1.31) 20 (1.33) 12 (1.20) ¡1.729 0.084
Local AR D7 111 (6.34) 74 (4.23) 75 (5.00) 92 (9.2) 2.350 0.019�

Pain 41 (2.34) 39 (2.23) 48 (3.20) 82 (8.20) 7.274 <0.001���

Redness 63 (3.60) 34 (1.94) 18 (1.20) 14 (1.40) ¡4.59 <0.001���

Pruritus 11 (0.63) 15 (0.86) 16 (1.07) 16 (1.60) 2.500 0.012�

Swelling 54 (3.09) 20 (1.14) 19 (1.27) 12 (1.20) ¡3.867 0.001��

Induration 34 (1.94) 13 (0.74) 10 (0.67) 6 (0.60) ¡3.630 0.003��

Unsolicited AR D28 30 (1.71) 40 (2.29) 18 (1.20) 34 (3.40) 1.762 0.078
Cold/RTI 30 (1.71) 39 (2.23) 18 (1.20) 32 (3.20) 1.511 0.131

Placebo
N 1750 1750 1500 1000
AR D28 509 (29.09) 482 (27.54) 375 (25.00) 217 (21.70) ¡4.470 <0.001���

Solicited AR D7 499 (28.51) 473 (27.03) 373 (24.87) 209 (20.90) ¡4.484 <0.001���

Systemic AR D7 482 (27.54) 459 (26.23) 354 (23.60) 196 (19.60) ¡4.817 <0.001���

Fever 335 (19.14) 357 (20.40) 279 (18.60) 164 (16.40) ¡1.836 <0.001���

Diarrhea 105 (6.00) 62 (3.54) 46 (3.07) 15 (1.50) ¡6.084 <0.001���

ANV 129 (1.37) 84 (4.80) 57 (3.80) 35 (3.50) ¡5.044 <0.001���

IDF 99 (5.66) 64 (3.66) 39 (2.60) 25 (2.50) ¡4.866 <0.001���

Allergy 19 (1.09) 23 (1.31) 14 (0.93) 7 (0.70) ¡1.120 0.263
Local AR D7 38 (2.17) 29 (1.66) 35 (2.33) 33 (3.30) 1.941 0.052
Pain 12 (0.69) 19 (1.09) 21 (1.40) 28 (2.80) ¡4.425 <0.001���

Redness 18 (1.03) 3 (0.17) 5 (0.33) 6 (0.60) ¡1.728 0.084
Pruritus 8 (0.48) 7 (0.40) 11 (0.73) 4 (0.40) 0.389 0.698
Swelling 12 (0.69) 2 (0.11) 2 (0.13) 6 (0.60) ¡0.890 0.373
Induration 2 (0.11) 4 (0.23) 2 (0.13) 3 (0.30) 0.795 0.427
Unsolicited AR D28 25 (1.43) 29 (1.66) 11 (0.73) 24 (2.40) 0.810 0.418
Cold/RTI 25 (1.43) 29 (1.66) 11 (0.73) 23 (2.30) 0.642 0.521

N: the number of participants; n: the number of participants with adverse reaction.
RTI: respiratory tract infection; ANV: anorexia/nausea/vomiting; IDF: irritability/drowsiness/fatigue.
�P < 0.05;��P < 0.01���P < 0.001.
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(Z D ¡8.654, P < 0.001). The incidence of solicited adverse
reactions within a week after injection was significantly lower
with increasing age (Z D ¡8.914, P < 0.001). The incidence of
systemic reactions was usually lower with age, except allergy
(Table 2). Although fewer local reactions were observed in
older children, higher incidence of pain and pruritus was
reported in older children (pain: ZD 7.274, P< 0.001; pruritus:
Z D 2.500, P D 0.012) (Table 2). There was no trend of unsolic-
ited reaction within 28 days in 4 age strata. However, partici-
pants aged 36–71 months had a significantly higher incidence
of unsolicited reactions compared to participants aged 6–35
months (88 (1.76%) vs. 34 (3.40%), P D 0.002).

In the placebo group, a similar trend for overall adverse
reactions within 28 days after injection was observed, i.e. fewer
adverse reactions were reported in older participants
(Z D ¡4.470, P < 0.001). Systemic reactions were also more
rare in older patients, aside from allergy (Table 2), and of all
reported local reactions, only pain was reported significantly
more often in older participants (Z D ¡4.425, P < 0.001). No
significant age trend was found in other local or unsolicited
reactions (Table 2). However, participants aged 36–71 months
had a significantly higher incidence of unsolicited reactions
compared to participants aged 6–35 months (65 (1.30%) vs. 24
(2.40%), P D 0.014).

Safety assessment in the 2 safety analysis populations

The relative risk (RR) of overall solicited adverse reactions
within 7 days of the first injection was higher in the vaccine
group than in the placebo group (27.75% vs. 18.23%, RR (95%
confidence interval (CI)): 1.72 (1.58–1.88)), and the difference
remained significant following the booster injection (15.97% vs.
11.67%, RR (95% CI): 1.44 (1.29-1.60)). Systemic adverse reac-
tions were observed more frequently in the vaccine group than
in the placebo group, except diarrhea and allergy (Table 3).
Local reactions were also reported more frequently in the

vaccine group (Table 3). No matter the safety analysis set, no
significant differences were found in unsolicited reaction
between the 2 treatment groups.

In the vaccine group, significantly fewer solicited adverse
reactions within 7 days were reported after the booster injection
than after the initial injection (27.75% vs. 15.97%, RR (95% CI):
2.02 (1.84-2.22)). To each specific solicited adverse reaction
(including systemic and local adverse reactions), higher mor-
bidity was expected after the initial vaccination (Fig. 2A), aside
from allergy. However, the incidence of unsolicited adverse
reactions after the second vaccination was similar to that after
the first injection (Fig. 2A).

In the placebo group, a similar pattern was observed. Aside
from induration, the relative risk of solicited adverse reaction
within 7 days was higher after the initial injection than that
after the booster injection (Fig. 2B), and a similar incidence of
unsolicited adverse reactions was reported in the first and sec-
ond safety populations (Fig. 2B).

Risk factors of adverse reaction severity

The severity of each major adverse reaction in the 2 treatment
groups is presented in Table 4. Although adverse reactions
were often observed after injection, the severity was mainly
mild and moderate. Rare severe local reactions or unsolicited
reactions were observed is both groups (Table 4).

The severity of the adverse reactions within 28 days after injec-
tion was significantly affected by the different safety analysis popu-
lations (after initial injection or booster injection) and body mass
index (BMI) (BMI<18.5 kg/m2 or >18.5 kg/m2). Specifically,
more severe reactions were observed after the initial injection
(odds ratio (OR) (95% CI): 0.86 (0.75, 0.98)) or in participants with
a BMI <18.5 kg/m2 (OR (95% CI): 1.19 (1.03, 1.37). Although
BMI affected the severity of overall systemic reactions (OR
(95%CI): 1.17 (1.01, 1.35)), the pattern was not observed in specific
reactions except swelling (OR (95%CI): 2.84 (1.21, 6.66)). More

Table 3. Occurrence of major adverse reactions after the different injections.

First safety analysis population Second safety analysis population

Vaccine(N D 6000) Placebo(ND 6000) Vaccine (N D 5486) Placebo(ND 5502)
% (95% CI) % (95% CI) RRa (95% CI) % (95% CI) % (95% CI) RRa (95% CI)

AR D28 28.18 (27.05–29.34) 18.60 (17.62–19.61) 1.72 (1.58–1.87) 16.37 (15.40–17.37) 11.94 (11.10–12.83) 1.44 (1.30–1.61)
Solicited AR D7 27.75 (26.62–28.90) 18.23 (17.26–19.23) 1.72 (1.58–1.88) 15.97 (15.01–16.96) 11.67 (10.83–12.55) 1.44 (1.29–1.60)
Systemic AR D7 25.45 (24.35–26.57) 17.27 (16.32–18.25) 1.64 (1.50–1.79) 15.07 (14.14–16.05) 11.41 (10.59–12.28) 1.38 (1.23–1.54)
Fever 20.35 (19.34–21.39) 12.25 (11.43–13.11) 1.83 (1.66–2.02) 12.45 (11.59–13.35) 9.18 (8.43–9.97) 1.41 (1.25–1.59)
Diarrhea 2.95 (2.54–3.41) 2.87 (2.46–3.32) 1.03 (0.83–1.27) 0.93 (0.69–1.22) 1.13 (0.87–1.44) 0.82 (0.57–1.19)
ANV 4.78 (4.26–5.35) 3.90 (3.42–4.42) 1.24 (1.04–1.48) 2.21 (1.83–2.63) 1.67 (1.35–2.05) 1.33 (1.01–1.74)
IDF 3.78 (3.31–4.30) 2.95 (2.54–3.41) 1.29 (1.06–1.58) 1.68 (1.35–2.05) 1.18 (0.91–1.50) 1.43 (1.04–1.96)
Allergy 0.95 (0.72–1.23) 0.72 (0.52–0.96) 1.33 (0.89–1.98) 0.64 (0.44–0.89) 0.38 (0.24–0.58) 1.68 (0.97–2.88)
Local AR D7 4.77 (4.24–5.34) 1.95 (1.62–2.33) 2.52 (2.02–3.13) 1.86 (1.52–2.25) 0.51 (0.34–0.73) 3.70 (2.43–5.64)
Pain 2.77 (2.37–3.21) 1.12 (0.87–1.42) 2.52 (1.89–3.35) 1.13 (0.87–1.45) 0.36 (0.22–0.56) 3.13 (1.89–5.19)
Redness 1.73 (1.42–2.10) 0.47 (0.31–0.67) 3.76 (2.47–5.72) 0.60 (0.41–0.84) 0.11 (0.04–0.24) 5.54 (2.32–13.24)
Pruritus 0.67 (0.48–0.91) 0.40 (0.26–0.59) 1.67 (1.01–2.78) 0.35 (0.21–0.54) 0.11 (0.04–0.24) 3.18 (1.27–7.98)
Swelling 1.35 (1.07–1.68) 0.37 (0.23–0.55) 3.72 (2.32–5.96) 0.58 (0.40–0.82) 0.05 (0.01–0.16) 10.75 (3.29–35.14)
Induration 0.80 (0.59–1.06) 0.15 (0.07–0.28) 5.37 (2.63–10.95) 0.36 (0.22–0.56) 0.04 (0.00–0.13) 10.06 (2.35–43.07)
Unsolicited AR D28 1.20 (0.94–1.51) 0.93 (0.71–1.21) 1.29 (0.91–1.83) 0.91 (0.68–1.20) 0.71 (0.50–0.97) 1.29 (0.85–1.96)
Cold/RTI 1.17 (0.91–1.47) 0.92 (0.69–1.19) 1.28 (0.89–1.82) 0.89 (0.66–1.18) 0.71 (0.50–0.97) 1.26 (0.83–1.93)

RTI: respiratory tract infection; ANV: anorexia/nausea/vomiting; IDF: irritability/drowsiness/fatigue; 95% CI: 95% confidence interval.
Bold numbers means significant relative risk (RR).
arelative risk compared vaccine group with placebo group.
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severe diarrhea and digestive discomforts (anorexia, nausea or
vomiting, ANV) were reported after the initial injection (diarrhea
(OR (95% CI): 0.58 (0.37, 0.92); ANV (OR (95% CI): 0.68 (0.47,

0.98)). The severity of local reactions was mainly affected by treat-
ment except pruritus and induration (Table 5). Participants in pla-
cebo group had higher severity of local reactions (OR (95% CI):

Figure 2. Comparison of the 2 safety sets in the vaccine group or in the placebo group. The rate of adverse reactions in the first safety analysis population was compared
to the rate of adverse reactions in the second safety analysis population in the vaccine group (A) and placebo group (B).
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0.31 (0.17, 0.56)). The severity of the unsolicited reactions within
28 days after injectionwas affected by the safety analysis population
and age strata. Higher severity of unsolicited reactions was found
after the initial injection (OR (95% CI): 0.27 (0.14, 0.51)) and youn-
ger age strata (OR (95%CI): 0.32 (0.16, 0.64)).

In the vaccine group, no factor affected the occurrence of
solicited reactions within 7 days except age strata on irrita-
bility, drowsiness, or fatigue (IDF) and BMI on swelling
(Table 5). More severity of unsolicited reactions within
28 days were observed in younger participants (OR (95%
CI): 0.27 (0.11, 0.65)) or those without throat discomfort
before vaccination (OR (95% CI): 0.27 (0.11, 0.66)).

In the placebo group, the severity of adverse reactions
within 28 days after injection was affected by the different
safety analysis populations (OR (95% CI): 0.75 (0.61, 0.92))
and BMI (OR (95% CI): 1.26 (1.01, 1.57)). More serious
diarrhea was observed after the initial injection (OR (95%
CI): 0.46 (0.26, 0.85)). BMI affected the severity of ANV
(OR (95%CL): 1.74 (1.01, 3.01)) and pain (OR (95% CI):
5.73 (1.02, 32.10)). Local reactions were not affected by any
factor except pain. More severe unsolicited reactions within
28 days after injection were usually observed after the initial
injection compared to the booster injection (OR (95% CI):
0.11 (0.04, 0.32)).

Table 5. Multiple stepwise cumulative odds logistic regression analysis of the adverse reaction severity.

All participants Vaccine Placebo

Variable b’ OR Variable b’ OR Variable b’ OR

AR D28 Num ¡0.04 0.86 (0.75,0.98) Throat ¡0.05 0.68(0.48,0.98) Num ¡0.08 0.75 (0.61,0.92)
BMI 0.04 1.19 (1.03,1.37) BMI 0.06 1.26 (1.01,1.57)

Solicited AR D7 BMI 0.04 1.19 (1.03,1.38) – – – Num ¡0.06 0.79 (0.65,0.97)
BMI 0.05 1.25 (1.00,1.56)

Systemic AR D7 BMI 0.04 1.17 (1.01,1.35) – – – – – –
Fever – – – – – – – – –
Diarrhea Num ¡0.13 0.58 (0.37,0.92) – – – Num ¡0.19 0.46 (0.26,0.85)
ANV Num ¡0.09 0.68 (0.47,0.98) – – – BMI 0.14 1.74 (1.01,3.01)
IDF – – – Age 0.19 3.21 (1.18,8.74) – – –
Allergy – – – – – – – – –
Local AR D7 Group ¡0.29 0.31 (0.17,0.56) – – – – – –
Pain Group ¡0.36 0.23 (0.10,0.57) – – – BMI 0.37 5.73 (1.02,32.10)
Redness Group ¡0.57 0.07 (0.01,0.57) – – – – – –
Pruritus – – – – – – – – –
Swelling Group ¡0.47 0.11 (0.01,0.84) BMI 0.28 3.06 (1.28,7.32) – – –

BMI 0.26 2.84 (1.21,6.66)
Indurations – – – – – – – – –
Unsolicited AR D28 Num ¡0.35 0.27 (0.14,0.51) Age ¡0.32 0.27 (0.11,0.65) Num ¡0.60 0.11 (0.04,0.32)

Age ¡0.28 0.32 (0.16,0.64) Throat ¡0.33 0.27 (0.11,0.66)
Cold/RTI Num ¡0.36 0.27 (0.14,0.51) Age ¡0.31 0.30 (0.11,0.68) Num ¡0.60 0.11 (0.04,0.33)

Age ¡0.28 0.32 (0.16,0.64) Throat ¡0.33 0.27 (0.11,0.67)

Dependent variable was the severity of each adverse reaction (mild, moderate, and severe), and independent variables included group (vaccine or placebo) (only for all
participants), different safety analysis population (after initial injection or booster injection) (Num), age strata (6–35 or 36–71 months), BMI (<18.5 or >18.5 kg/m2),
gender (male or female), and throat status (whether or not the participant experienced throat discomfort before injection). b ’ : standard estimate of parameter. OR:
Odds ratio.

Table 4. Severity of major adverse reaction in vaccine and placebo groups.

Vaccine (N D 6000) n (%) Placebo (N D 6000) n (%)

Mild Moderate Severe Mild Moderate Severe

AR D28 1103 (18.38) 1021 (17.02) 71 (1.18) 841 (14.02) 686 (11.43) 56 (0.93)
Solicited AR D7 1085 (18.08) 1007 (16.78) 69 (1.15) 826 (13.77) 672(11.20) 56 (0.93)
Systemic AR D7 1012 (16.87) 943 (15.72) 67 (1.12) 772 (12.87) 663 (11.05) 56 (0.93)
Fever 811 (13.52) 796 (13.27) 61 (1.02) 559 (9.32) 526 (8.77) 50 (0.83)
Diarrhea 157 (2.62) 60 (1.00) 2 (0.03) 161 (2.68) 64 (1.07) 3 (0.05)
ANV 290 (4.83) 84 (1.40) 2 (0.03) 220 (3.67) 84 (1.40) 1 (0.02)
IDF 176 (2.93) 115 (1.92) 2 (0.03) 143 (2.38) 81 (1.35) 3 (0.05)
Allergy 64 (1.07) 31 (0.52) 1 (0.02) 46 (0.77) 19 (0.32) 0 (0.00)
Local AR D7 446 (7.43) 157 (2.62) 2 (0.03) 171 (2.85) 16 (0.27) 0 (0.00)
Pain 172 (2.87) 55 (0.92) 1 (0.02) 80 (1.33) 7 (0.12) 0 (0.00)
Redness 97 (1.62) 39 (0.65) 1 (0.02) 33 (0.55) 1 (0.02) 0 (0.00)
Pruritus 51 (0.85) 8 (0.13) 0 (0.00) 23 (0.38) 7 (0.12) 0 (0.00)
Swelling 77 (1.28) 36 (0.60) 0 (0.00) 24 (0.40) 1 (0.02) 0 (0.00)
Induration 49 (0.82) 19 (0.32) 0 (0.00) 11 (0.18) 0 (0.00) 0 (0.00)
Unsolicited AR D28 106 (1.77) 49 (0.82) 1 (0.02) 83 (1.38) 43 (0.72) 0 (0.00)
Cold/RTI 103 (1.72) 48 (0.80) 1 (0.02) 82 (1.37) 43 (0.72) 0 (0.00)

N: the number of participants; n: the number of participants with major adverse reaction.
RTI: respiratory tract infection; ANV: anorexia/nausea/vomiting; IDF: irritability/drowsiness/fatigue.
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Discussion

The objective of this study was to assess the factors influencing
the incidence and the severity of adverse events observed in a
randomized, double-blinded, placebo-controlled, phase III clin-
ical trial of a human diploid cell-based inactivated EV71 vac-
cine. The trial enrolled 12,000 children randomized to receive
the vaccine or placebo. Of these, 10,988 received the second
dose of vaccine or placebo. Reporting of local and systemic
reactions was solicited within the 7 days after injection, and for
a further 21 days.

Fever was the most common systemic reaction reported in
the 2 arms, as has been previously reported for other inacti-
vated vaccines.27,28,36 Systemic reactions (excluding allergy)
were reported significantly more frequently in younger vaccine
recipients, suggesting better tolerance with increasing age.37

Since a similar trend was observed in the placebo group, these
reactions may be attributed to the adjuvant.38 The most fre-
quently reported local reaction (pain) was more common in
older participants in both groups.38 Pain and induration were
reported more often in older children in the vaccine group,
probably due to higher capacity to express this symptom in
older children.37,38 However, children over 36 months of age
also reported a substantially higher rate of cold or RTI.

Within seven days of immunization systemic adverse events
occurred in roughly half of the vaccine recipients, but signifi-
cantly fewer placebo recipients, and the rate of local adverse
events was also higher in the vaccine group than in the placebo
group, suggesting that these adverse events occur in response
to the vaccine antigen.39 However, in both arms the rate of
adverse events was dramatically lower following booster injec-
tions,40,41 as has been previously reported for other
vaccines.39,42

The Cochrane-Armitage analysis showed that in the vaccine
group age was associated with the occurrence of adverse effects.
In general, solicited adverse reactions were more frequent in
younger patients, including fever, diarrhea, ANV, IDF, redness,
swelling, and induration. On the other hand, solicited adverse
reactions like pain and pruritus and unsolicited adverse reac-
tions like cold/RTI were more frequent in older children. Simi-
lar patterns were observed in the placebo group, except for
cold/RTI that showed no difference between age groups. These
results are supported by previous studies.39-42

Factors for adverse reaction severity were assessed by multi-
ple stepwise cumulative odds logistic regression. Gender did
not affect the severity of any reaction. Severity of reactions after
the initial injection was usually higher than that after the
booster injection. Participants with a BMI < 18.5 kg/m2, who
were weak and prone to diseases, did not show more serious
reactions except swelling. Younger children had more severity
of unsolicited reactions within 28 days after injection. Partici-
pants in the placebo group had less local reactions within
7 days after injection, but the severity was higher compared to
those in the vaccine group, which also suggested that adjuvant
itself might cause side effects.38 Although children aged 36 to
71 months had a higher risk of cold and RTI, these symptoms
were less severe, reflecting the improved immunity in children
of this age. In this study, underweight children (suggesting
poor immunity) tolerated the vaccine well except slightly

higher severity of swelling. But in the placebo group under-
weight children were observed higher severity of ANV and
pain.

These results demonstrate that this inactivated diploid vac-
cine had a favorable safety profile, and was well tolerated when
administered to children aged <71 months.32,34 This finding is
consistent with previous reports of trials of other inactivated
EV71 vaccines (320U/0.5 mL for Vigoo and 400U/0.5 mL for
Sinovac).19,33

While the safety profile of this vaccine appears to be favor-
able, this study has several limitations. Some participants were
too young to express their discomfort with any precision, prob-
ably leading to imprecise results in younger children. In addi-
tion, if further demographic and clinical characteristics of
participants were collected before immunization, the factors
affecting the rate and severity of adverse events may have been
better characterized. In the subsequent post-marketing phase
IV clinical trial, a substantially larger group of participants will
be involved and accompanied by a strong network of safety sur-
veillance to characterize further the safety profile of this
vaccine.

In conclusion, this inactivated human diploid cell-based
EV71 vaccine showed satisfactory safety. Side effects after vac-
cination were normal and acceptable.

Methods

Study design

A randomized, double-blinded, placebo-controlled phase III
trial (ClinicalTrials.gov number: NCT01569581) was con-
ducted by the Institute of Medical Biology, Chinese Academy
of Medical Science in 7 counties in the Guangxi Zhuang Auton-
omous Region, China. The study was approved by the Ethics
Committee of the research center. Healthy children aged 6–71
months, whose parent or legal guardian provided written
informed consent, were eligible for enrollment in this study.

Vaccine

This human cell-based inactivated EV71 vaccine was developed
with the seed virus EV71 strain KMB17 (subgenotype C4), and
contained 100U of inactivated viral antigen with aluminum
hydroxide adjuvant. The placebo contained aluminum hydrox-
ide diluents with no EV71 antigen; both were packaged in
syringes (0.5 mL/vial). The vaccine and placebo were supplied
in coded, identical-appearing, single-dose vials and were
administered intramuscularly in the deltoid region on days 0
and 28. Both vaccine and placebo were prepared using Good
Manufacturing Practices and tested by the Chinese National
Institute for Food and Drug Control before the study began.

Participants

A total of 12,000 eligible healthy Chinese children between 6
and 71 months old were enrolled. Children with a history of
HFMD disease or vaccination with EV71 vaccine and those
with acute febrile disease on the day of enrollment were
excluded. The participants were randomized in a 1:1 ratio in
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blocks of 8 to receive EV71 vaccine or placebo, according to a
randomization list that was generated by an independent
statistician.

Participants who were randomized to receive the first injec-
tion were included in the first safety analysis set and the partici-
pants who successfully received 2 injections were included in
the second safety analysis set.

Safety assessment

Participant demographics (e.g., age, weight) were collected on
recruitment. Adverse events occurring immediately after vac-
cine administration were reported by the participants’ parents
or legal guardians in diary cards. The solicited adverse events
including systemic events (e.g., fever, irritability) and local
events (e.g., pain, redness), were listed on the diary cards.
Unsolicited adverse events were reported spontaneously by the
participants’ parents or guardians. An adverse event was
defined as an adverse reaction when the association with injec-
tion was possible, probable, or definite.

A serious adverse event was defined as any health-related
problem that was life-threatening, necessitated hospitalization,
or resulted in death, disability or incapacity. Serious adverse
events were recorded throughout the entire study period.
Parents and legal guardians were asked to contact the investiga-
tor immediately in the event of any serious adverse event.

Adverse reaction was defined as an adverse event that was
associated with the injection itself.

An independent data and safety monitoring board, whose
members were blinded to the study assignments, periodically
reviewed all reports of serious adverse events to assess the cau-
sality of events and to determine associated secondary diagno-
ses and other underlying conditions.

Statistical methods

A sample size of 6000 participants per group was required for
95% statistical power to detect vaccine efficacy of 75% between
2 arms at a 2-sided significance level of 0.05. In order to ensure
an equal distribution of ages, the enrolled participants were
divided into 4 age groups: 6–11, 12–23, 24–35, and 36–71
months.

The safety assessment was performed in the intention-to-
treat population who received at least one injection (vaccine or
placebo) and for whom safety data was available. Cases, inci-
dence, and corresponding 95% confidence intervals (CIs) of
adverse events in each safety analysis set were separately deter-
mined. The Fisher exact test was used for categorical data. The
RR with 95% CI of each group was compared. The Cochrane-
Armitage trend test was conducted to assess the influence of
age strata (6–11, 12–23, 24–35, and 36–71 months) on the inci-
dence of adverse reaction. Multiple stepwise cumulative odds
logistic regression models were used to analyze the factors
influencing the severity of reactions for all participants and also
in the 2 different treatment groups. Criteria for entering and
keeping a variable into the multivariate models were all set as
P < 0.05. The dependent variable was the severity of each
adverse reaction (mild, moderate, and severe), and the indepen-
dent variables included the treatment groups (vaccine and

placebo; only for all participants), the safety analysis population
(after initial injection or booster injection), age strata (aged 6–
35 or 36–71 months), BMI (<18.5 or �18.5 kg/m2), gender
(male or female), and throat status (whether or not the partici-
pant experienced throat discomfort before injection).

Hypothesis testing was 2-sided with an alpha value of 0.05.
All data were handled and analyzed using SAS version 9.3 (SAS
Institute, Cary, NC).
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