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bstract

General physicians, pediatricians and parents realize that serious adverse events occur with an extremely rare incidence, but have no
nformation on the incidences of vaccine-associated adverse events. A proper understanding of vaccine adverse events would be helpful
n promoting an immunization strategy. Causal association can rarely be determined in adverse events through laboratory examinations.

e examined the cases reported in the post-marketing surveillance of the Kitasato Institute, categorizing them into two groups: allergic
eactions and severe systemic illnesses. Anaphylactic patients with gelatin allergy after immunization with live measles, rubella and mumps
onovalent vaccines have been reported since 1993, but the number of reported cases with anaphylaxis dramatically decreased after 1999
hen gelatin was removed from all brands of DPT. The incidence of anaphylactic reaction was estimated to be 0.63 per million for Japanese

ncephalitis virus (JEV) vaccine, 0.95 for DPT and 0.68 for Influenza vaccine, but the causative component has not yet been specified. Among
7.2 million immunization practices, 6 cases with encephalitis or encephalopathy, 7 with acute disseminated encephalomyelitis (ADEM),
0 with Guillain–Barré syndrome and 12 with idiopathic thrombocytopenic purpura (ITP) were reported. The wild-type measles virus
enome was detected in a patient with encephalitis and in two of four bone marrow aspirates obtained from ITP after measles vaccination.
nterovirus infection was identified in two patients after mumps vaccination (one each with encephalitis and ADEM), one patient with
ncephalitis after immunization with JEV vaccine, and one with aseptic meningitis after immunization with influenza vaccine. The total

stimated incidence of serious neurological illness after vaccination was 0.1–0.2 per million immunization practices. We found that enterovirus
r wild-type measles virus infection was coincidentally associated with vaccination in several cases suspected of being vaccine adverse
vents.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

The number of patients with vaccine-preventable diseases
as decreased since the introduction of effective vaccines,
nd many kinds of vaccines are used in developed countries

1]. But, in Japan, acellular pertussis vaccine combined with
etanus and diphtheria toxoids (DPT), inactivated Japanese
ncephalitis vaccine, live polio vaccine, further attenuated
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easles vaccine and rubella vaccines are recommended for
outine immunization. Mumps and varicella vaccines are vol-
ntary and the immunization strategy is therefore stagnant.
ne of the reasons for this is the issue of vaccine safety, and

ome parents and physicians worry unnecessarily about vac-
ine adverse events. This has been an obstacle to increasing
accine coverage and we should therefore clarify this matter

o catch up with the worldwide standards [1].

There is no vaccine that is absolutely safe, and subse-
uently, increased vaccine usage inevitably results in an
ncreased number of adverse medical events associated with

mailto:tetsuo-n@lisci.kitasato-u.ac.jp
dx.doi.org/10.1016/j.vaccine.2006.05.130
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irritation (headache, vomiting, or stiff neck) with pleocytosis
in the CSF (>15/mm3). Acute disseminated encephalomyeli-
tis (ADEM) is diagnosed by several neurological signs
(decreased level of consciousness, visual disturbance, motor

Table 1
Vaccine adverse events

Allergic reactions
Anaphylaxis
Urticarial eruption
Generalized eruption
Severe local reaction

Severe systemic illness
Encephalitis/encephalopathy
Aseptic meningitis
Acute disseminated encephalomyelitis (ADEM)
Guillain–Barré syndrome
T. Nakayama, K. Onoda

accination. A key issue is to achieve a better understand-
ng of the balanced concept of potential risk, vaccine effi-
acy, and the incidence of vaccine adverse events. The
ncidence of adverse events was evaluated at the time of
eld trials before the licensure of vaccine. It covered only
ild well-known reactions, including systemic reactions,

uch as febrile illness, eruption and local reactions. Gen-
ral physicians, pediatricians, and parents realize that serious
dverse events occur but have no information on the inci-
ence of vaccine-associated serious adverse events. A proper
nderstanding will depend upon the post-marketing surveil-
ance (PMS) research. Indistinct information and rumors
bout serious adverse events influence the popularity of
accines.

The vaccine adverse event reporting system (VAERS) was
eveloped in the US to increase the capacity to evaluate vac-
ine safety [2–4]. Approximately 6 million members (2%
f the US population) participated and became a valuable
esource for information on vaccine safety. Causal associ-
tion between the vaccine and adverse events can rarely be
etermined through specific examinations, and false assump-
ions regarding causality are likely to occur without careful
nvestigation of etiology and pathogenesis [5].

In this study, we analyzed the cases reported in the PMS
f the Kitasato Institute and they were classified into two cat-
gories: allergic reactions and systemic serious illnesses. We
erformed virological examinations in the patients who had
xperienced serious adverse events after vaccination. Virus
solation and genomic diagnosis were performed to detect the
orresponding virus species. We also performed the exami-
ation to detect the enterovirus genome in samples obtained
rom sterile sites, such as cerebrospinal fluids, and sera in
ddition to the virological diagnostic procedures related to
he vaccine virus species.

. Patients and methods

.1. Data collection and definition

In Japan, physicians who experience cases with seri-
us vaccine-associated events after vaccination should report
hese to the regional government through the regional Public
ealth Center. The case is then registered by the Ministry
f Health, Welfare and Labor, through legitimate channel,
s shown in Fig. 1. Clinical samples are obtained and spe-
ific diagnostic examinations are principally carried out at
he Regional Institutes for Public Health. Also, the case is
eported to the respective vaccine manufacture and should be
egistered through the private manufacturer’s channel. The
ccuracy of the case identification is confirmed through both
hannels. In this study, clinical samples obtained by physi-

ians were transferred to our laboratory and clinical data was
lso obtained from the physicians (Fig. 1).

We summarized the data reported in the PMS Research
nit of the Kitasato Institutes for Biologicals from April 1994
ig. 1. Reporting system for serious vaccine-associated adverse events after
accination in Japan.

o December 2004. Reported cases were classified into two
roups: allergic reactions and severe systemic illnesses, as
hown in Table 1. In the allergic reactions observed within
8 h after vaccination, we classified them into four categories:
naphylaxis, urticaria, eruption, and local reaction. Details of
he clinical case definition and co-relation with the presence
f IgE antibodies against gelatin were reported previously
6,7]. Briefly, anaphylaxis is defined as the case where the
atient demonstrated urticaria or angioedema with respira-
ory symptoms, cardiovascular shock, or both. The second
roup consists of the case with only urticaria as their reac-
ions. The third group consists of those with generalized
ruption different from nature of urticaria. The fourth, local
eactions are defined as redness and swelling greater than
cm in diameter. The systemic serious illnesses reported
re also shown in Table 1. Criterion of encephalitis and/or
ncephalopathy is acute onset of fever with neurological
ymptoms such as seizure, decreased level of consciousness,
nd positive findings with electroencephalography (EEG)
r computerized tomography (CT). Aseptic meningitis is
efined the occurrence of a febrile illness with meningeal
Acute cerebellar ataxia
Acute hemiplegia
Idiopathic thrombocytopenic purpura (ITP)
Allergic purpura



5 / Vacc

n
n
G
s
l
p
a

a
a
a
t
v

2

(
m
t
s
t
a
[

p
t
m
T
(
r
n
w

v
a
e
c
d
d

2

t
m
w
a
R
p
P
s
u

3

3

r
t
m

F
m
w
r

72 T. Nakayama, K. Onoda

euron disorders, etc.), and by the presence of demyeli-
ating changes in magnetic resonance imaging (MRI) [8].
uillain–Barré syndrome is diagnosed by clinical symptoms,

uch as progressive muscle weakness and loss or decreased
evel of deep tendon reflex [9]. Idiopathic thrombocytopenic
urpura (ITP) is diagnosed by a tendency to bleed along with
decreased number of thrombocyte count (<100,000/mm3).

We produce three kinds of live attenuated measles, rubella
nd mumps vaccines, and three kinds of inactivated JEV, DPT
nd Influenza virus vaccines. Live vaccines are packaged in
single dose but inactivated vaccines before 2003 contain

wo doses per package. We calculated the shipping doses of
accine as the estimated number of immunization practices.

.2. Virus isolation and detection of the viral genome

We obtained clinical samples of nasopharyngeal secretion
NPS), cerebrospinal fluid (CSF), peripheral venous blood
ononuclear cells (PBMC) or bone marrow aspirates from

he patients suspected of having vaccine adverse events. The
amples were transferred within 48 h from individual hospi-
als. B95a cells for measles virus, Vero cells for mumps virus
nd RK13 cells for rubella virus were used for virus isolation
10–12].

Total RNA was extracted from 200 �l of clinical sam-
les and genomic RNA was transcribed by AMV reverse
ranscriptase at 50 C for 1 h using virus-specific primers for

easles virus, rubella virus, mumps virus, and enterovirus.
he measles virus genome was amplified in the nucleocapsid
N) and hemagglutinin (H) regions by RT-PCR, as previously
eported [13]. The phospho (P) protein and hemagglutinin-
euraminidase (HN) protein regions of the mumps virus
ere amplified [14,15], and NS4 and E1 regions of rubella

s
g
g
g

ig. 2. Annual number of reported cases with allergic reactions, anaphylaxis, urt
easles, mumps and rubella vaccines. The 0.2% bovine gelatin was used in all live v
as used in mumps and measles vaccines from 1998 to 2002 and removed from the

epresents the annual shipping doses of three live vaccines in million.
ine 25 (2007) 570–576

irus were used for RT-PCR amplification [16]. We designed
nested RT-PCR to detect the 5′ non-coding region of

nterovirus genome, which is considered to be a relatively
onserved region among different serotypes. We reported the
etection of enterovirus genome from sera, CSF and NPS,
espite being negative for virus isolation [17,18].

.3. Differentiation between vaccine and wild strains

The measles AIK-C vaccine strain was differentiated from
he wild-type strains using restriction fragment length poly-

orphism (RFLP) of the PCR products of the H gene, which
as digested by Ava II, Bst P I, and Hpa II [19]. The differenti-

tion of mumps Hoshino vaccine strain was performed using
FLP of the HN gene digested by Alw 44 I and Sca I, as
reviously reported [15]. As for the rubella Takahashi strain,
CR products were excised from the gel and the nucleotide
equence was determined with the dye terminator method,
sing ABI 377 A.

. Results

.1. Allergic reactions

Among vaccine adverse events, anaphylactic reaction is
are event, but is sometime serious. From 1993, allergic reac-
ions were increasingly reported after vaccination with live

easles, mumps and rubella monovalent vaccines, and are

ummarized in Fig. 2. After 1999, when the trace amount of
elatin was removed from all brands of DPT, the incidence of
elatin allergy decreased, along with the modification of the
elatin material as a stabilizer [20]. No anaphylactic reaction

icaria, local reaction and generalized eruption, after vaccination with live
accines. Gelatin was removed from rubella vaccine in 1999. Porcine gelatin
m in 2002. Gelatin was removed from all brands of DTaP in 1999. The dot
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Table 2
Incidence of allergic reaction after vaccination with inactivated JEV, DPT, and Influenza vaccines, 1994–2004

Allergic reaction JEV DPT Influenza

P-M P-P G.T. (−) Gel. (−) G.T. (−) P-M P-P Gel. (−) G.T. (−)

Anaphylaxis 2 3 1 9 1 0 4 19 3
Urticaria 3 6 1 6 0 0 2 28 1
Eruption 7 1 1 91 11 5 65 196 9
Local reaction 3 4 1 70 19 4 95 131 14

Shipping (million) 4.78 3.22 1.45 9.68 0.88 0.58 2.12 32.86 2.46

JEV DPT Influenza

P-M P-P G.T. (−) Gel. (−) G.T. (−) P-M P-P Gel. (−) G.T. (−)

Incidence of anaphylaxis (cases/1 million doses)
Thimerosal (+) 0.63 0.93 1.48 0.58
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Thimerosal (−) 0.69

-M, porcine gelatin (Merck) 0.02%; Gcl. (−), gelatin free; P-P, porcine gel
irus vaccine.

as reported after vaccination of live vaccines in PMS after
999 and now, gelatin allergy is settled.

But some anaphylactic reactions were reported after the
dministration of inactivated vaccines and the results of PMS
tudy for allergic reactions are shown in Table 2. The compo-
ents of gelatin as a stabilizer and thimerosal as preservatives
ere modified during the study period of Japanese encephali-

is virus vaccine (JEV), DPT and Influenza vaccines. Gelatin
as not been used in Kitasato DPT, but the incidence of
naphylaxis is calculated as 0.93 per million immunization
ractices (nine cases/9.68 million doses). That of DPT free of
himerosal was 1.14 per million doses (one case/0.88 million
oses) after 2003. A total incidence of anaphylaxis was 0.95
er million doses of DPT (10 cases/10.56 million doses). We
nvestigated the serum IgE against vaccine components, but
e could not identify the causal relationship of the anaphylac-

ic reactions. The incidence of anaphylactic reaction is 0.63
er million for JEV (6 cases/9.45 million doses), and 0.68

or Influenza vaccine (26 cases/38.02 million doses). Most
nactivated vaccines have been free of gelatin and thimerosal
ince 2003, but the incidence of anaphylaxis seemed to be
imilar, irrespective of the removal of thimerosal.

m
l
w
i

able 3
umber of patients with severe adverse events after vaccination, 1994–2004

Measles Rubella

ncephalitis 2a 1
septic meningitis 0 0
DEM 0 1
cute cerebellar ataxia 0 0
uillain–Barré syndrome 0 1
cute hemiplegia 1 0

TF 5a 4
llergic purpura 0 1
oxic shock syndrome 1 0
hipping doses (million) 3.64 4.00

EV, Japanese encephalitis virus vaccine.
a Wild-type measles.
b Enterovirus infection.
1.148 1.22

onex) 0.02%; G.T. (−), gelatin, thimerosal free; JEV, Japanese encephalitis

.2. Incidence of serious adverse events after
accination

We summarized the data reported to the PMS Research
nit from April 1994 to December 2004. Table 3 shows

he number of reported cases diagnosed as encephalitis and
ncephalopathy, aseptic meningitis, ADEM, acute cerebellar
taxia, Guillain–Barré syndrome, acute hemiplegia, ITP, and
llergic purpura. Shipping doses of measles, rubella, mumps,
PT, JEV, and influenza vaccine are also shown in Table 3.
Among 3.64 million doses of measles vaccine, encephali-

is and/or encephalopathy were reported in two patients. One
atient with encephalitis had a high fever, measles like erup-
ion, convulsion and loss of consciousness 9 days after vacci-
ation in 2002, and the H1 genotype of the measles virus was
etected, which was the circulating genotype in 2002, dif-
erent from the AIK-C vaccine strain [13]. Among five ITP
ases, four bone marrow aspirates were examined and two
easles wild-type D5 lineage genomes were detected, circu-
ating strain from 1990 to 1997 [13]. An acute hemiplegia
as reported in one case that was diagnosed with congenital

ntracranial arterial malformation, Moya-moya disease.

Mumps DPT JEV Influenza

1b 1 1b 0
134 0 0 1b

1b 0 2 3
1 0 0 1
0 0 0 9
0 0 0 0
1 0 0 2
1 0 0 0
0 0 0 0
1.53 10.56 9.45 38.02
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One case each of encephalitis, ADEM and Guillain–Barré
yndrome and four cases of ITP were reported among 4.00
illion doses of rubella vaccine.
Among 1.53 million doses of mumps vaccine, one case

ach of encephalitis, ADEM, acute cerebellar ataxia, and
TP and 134 cases of aseptic meningitis were reported.
hrough virological examinations, the enterovirus genome
as detected in the CSF despite being negative for the
etection of the mumps virus genome in each patient
ith encephalitis and ADEM. One hundred and thirty-

our patients with aseptic meningitis were reported and we
btained 55 CSF samples from the patients with aseptic
eningitis. Mumps virus genome was detected in 40 of them

nd 35 were identified as the vaccine strain and five as the
ild-type.
One patient with encephalitis/encephalopathy was

eported out of 10.56 million doses of DPT.
One patient with encephalopathy and two with ADEM

ere reported among 9.45 million doses of JEV vaccine. The
atient was diagnosed as encephalitis caused by enterovirus
ype 71 infection after a virological examination performed
y the Regional Institute for Public Health.

One patient with aseptic meningitis, three with ADEM,
ine with Guillain–Barré syndrome, and two with ITP were
eported among 38.02 million doses of influenza vaccine. The
nterovirus genome was detected in the CSF obtained from
he patient with aseptic meningitis.

. Discussion

The reliability of the surveillance of vaccine adverse
vents depends on how accurately the surveillance system
icks up the cases. The limitation of this study is the self-
eporting system by physicians or parents. We realized that
he number of mild cases might be underestimated, but the
ases with serious illness requiring medical treatment in hos-
italization would most likely be registered without missing,
ecause the medical costs for vaccine adverse events are
ompletely compensated under the decision in the advisory
ommittees organized in the regional government or the Min-
stry of Health, Welfare and Labour by the immunization
emedy law, and the cases are verified through legitimate and
anufacturer’s channels.
Gelatin allergy was first reported after MMR vaccination

n the USA [21] and we reported that the anaphylactic reaction
as caused by gelatin allergy, with a high prevalence of IgE

ntibodies against gelatin [6,7]. We speculated that the rep-
titious administration of DPT containing gelatin enhanced
he sensitization against gelatin. After 1999, when even trace
mounts of gelatin were removed from all brands of DPT, the
ncidence of gelatin allergy decreased, along with the modifi-

ation of gelatin material [20]. No anaphylactic reaction has
een reported after immunization with live vaccines in PMS
ince 1999. In the US, trace amounts of hydrolyzed gelatin
re used in DPT and there is 14,500 ug of gelatin in live vac-

t
n
G

ine 25 (2007) 570–576

ines. The VAERS study group examined 22 subjects with
naphylactic reaction and anti-gelatin IgE was demonstrated
n 6(27%). The incidence of anaphylactic reaction was 1.8 per

illion doses at the time, 1991–1997, and did not increase
fter the introduction of DTaP containing gelatin [22]. A dif-
erent incidence of gelatin allergy between Japan and the US
as thought to depend on the quality of gelatin used and
enetic predisposition [23]. In the case of inactivated vac-
ines, the incidence of anaphylactic reaction was 0.63 per
illion for JEV, 0.95 for DPT, and 0.68 for influenza vaccine.
ost inactivated vaccines, DPT, JEV, and influenza vaccines

ave been free of gelatin and thimerosal since 2003, but there
as no significant difference in the incidence of anaphylaxis

mong vaccines with or without gelatin or thimerosal. We
ould not identify the substances responsible for the allergic
eactions, and some patients were reported to have gelatin
llergy [24].

Further attenuated vaccines, although extremely less
athogenic, have similar characteristics to their respective
ild-types. The wild-type strains have neuro-tropic charac-

eristics by nature [25–27]. Adverse reactions after vacci-
ation were inevitable, and the incidence of encephalitis or
ncephalopathy was reported as 0.3 cases per 1 million doses
f measles vaccine [25]. Measles inclusion body encephalitis
MIBE) and ADEM cases were reported after MMR vacci-
ation, but the causal relationship remains unidentified. One
eport suggested that the measles virus genome obtained from

IBE after MMR vaccination had a similar sequence to the
accine strain [28]. Cases of encephalitis after the admin-
stration of mumps or rubella vaccines are supposed to be
xtremely rare events after vaccination.

In a total of 67.2 million immunization practices, 6 cases
ith encephalitis, 135 aseptic meningitis, 7 ADEM, 10
uillain–Barré syndrome, 1 hemiplegia, 12 ITP, 2 allergic
urpura, and 1 toxic shock syndrome were reported. Two
atients with encephalitis were reported after vaccination
ith measles and the wild-type measles genome was detected

rom the NPS obtained from one patient. In another case of
ncephalitis reported after measles immunization, the patient
eveloped febrile reactions with neurological symptoms 3 h
fter vaccination, and we supposed that it seemed to be a coin-
idental infection with other pathogens because the events
ttributed to vaccination occurred between days 6 and 14, at
peak of day 10 after MMR vaccination [29]. MMR vaccine
ontaining the Urabe strain was withdrawn from the market in
993 because of an unexpectedly high incidence of vaccine-
ssociated aseptic meningitis [30]. The results in this study,
sing the Hoshino strain, estimated the incidence of asep-
ic meningitis to be one case in 10,000 vaccine recipients.
mong 40 cases where the mumps genome was detected, the
accine strain was detected in 35, but five were identified as
ild strains.

A long-term discussion has been carried out about

he causal relationship between vaccines and miscella-
eous demyelinating neurological diseases, such as ADEM,
uillain–Barré syndrome, and multiple sclerosis [31,32].



/ Vacc

T
s
u
i
c
c
0
l
B
t
1
r
0

m
o
v
w
c
B
t
r
i
a
d
i
o
a
a
a
o
7

b
w
c
v
t
a
i
m

A

o
a
o
J

R

[

[

[

[

[

[

[

[

[

[

[

T. Nakayama, K. Onoda

he patho-physiological mechanisms are not fully under-
tood, but possible mechanisms have been proposed; molec-
lar mimicry between vaccine antigen and myelin protein,
mmunological stimulation by exogenous materials in vac-
ine components and immunological toxicity of vaccine
omponents. The total estimated incidence of ADEM was
.10 per million immunization practices and 0.15 per mil-
ion immunization practices for Guillain–Barré syndrome.
ehringwerke reported that the estimated incidence of cen-

ral nervous system demyelinating illness was 3.5 cases per
0 million within a month of vaccination in 10 years of PMS
esults [33], similar to our results. The incidence of ITP was
.18 per million immunization practices.

Enterovirus infection was identified in two patients after
umps vaccination (one each with encephalitis and ADEM),

ne patient with encephalitis after immunization with JEV
accine and one with aseptic meningitis after immunization
ith influenza vaccine. Enterovirus consists of 61 serotypes:

oxsackie virus type A (23 serotypes), coxsackie virus type
(6 serotypes), echovirus (28 serotypes), and enetrovirus

ypes 68–71 (4 serotypes) [34]. It causes a variety of illnesses,
anging from minor respiratory illness to generalized serious
llness, with a short incubation period. In addition, it causes
septic meningitis, encephalitis, myositis and acute cardiac
iseases. Aseptic meningitis is the most common clinical
llness caused by enterovirus infection. In Taiwan, epidemics
f enterovirus 71 were associated with a high incidence of
septic meningitis and severe cases with encephalitis had
relatively high case fatality rate in different geographic

reas, ranging from 7.7% to 31% [35]. In the present study,
ne case with encephalitis was diagnosed with enterovirus
1 infection.

In conclusion, several serious vaccine-adverse events have
een reported in the PMS study, although the incidence
as extremely low, at less than 0.2 per million doses. The

oincidental enterovirus infection was identified in some
accine-adverse events through specific virological labora-
ory examinations. Thus, we believe that vaccines are safe
nd that vaccine-adverse events should be continuously mon-
tored with specific laboratory based surveillance to prevent

isunderstandings of the causality.
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