
Vaccine 37 (2019) 366–371
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vaccine
Review
Causal relationship between immunological responses and adverse
reactions following vaccination
https://doi.org/10.1016/j.vaccine.2018.11.045
0264-410X/� 2018 Published by Elsevier Ltd.

E-mail address: tetsuo-n@lisci.kitasato-u.ac.jp
Tetsuo Nakayama
Kitasato Institute for Life Sciences, Laboratory of Viral Infection, 5-9-１ Shirokane Minato-ku, Tokyo 108-8641, Japan
a r t i c l e i n f o a b s t r a c t
Article history:
Received 28 June 2018
Received in revised form 19 September
2018
Accepted 29 September 2018
Available online 30 November 2018

Keywords:
Gelatin allergy
Anaphylaxis
Influenza vaccine
Adverse events
Adverse reaction
Vaccine adverse events and controversial safety issues have occurred in recent decades in Japan: aseptic
meningitis following the measles-mumps-rubella combined vaccine (MMR), anaphylaxis after immu-
nization with live virus vaccines and inactivated split influenza vaccine, an increased incidence of febrile
illness following the simultaneous administration of inactivated vaccines, and chronic pain with neuro-
logical illness after immunization with the human papilloma virus vaccine (HPV). Vaccine adverse events
are a matter of concern for the public as well as general practitioners; some are within the range of
assumptions that adverse reactions after live attenuated vaccines are related to the nature of their par-
ental wild-type viruses. Vaccines stimulate the innate immunity of host immunological defense mecha-
nisms and induce the development of specific acquired immunity. Some adverse events related to
autoimmune responses have been reported, such as idiopathic thrombocytopenic purpura and acute dis-
seminated encephalomyelitis (ADEM). Although a plausible relationship was not demonstrated, the pos-
sibility of an association cannot be denied. The pathogenicity of adverse reactions was investigated for
anaphylactic reactions, systemic and local reactions following vaccinations. Initial innate immune
responses are essential for the development of acquired immunity and are related to adverse events from
different viewpoints.

� 2018 Published by Elsevier Ltd.
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1. Introduction

Vaccine adverse events are a matter of great concern for the
general public. Although vaccine adverse events are the events
observed following immunization, a plausible relationship has
not yet been scientifically demonstrated. Vaccine adverse events
include incidental events, and vaccine adverse reactions indicate
the events for which a relationship is scientifically explained. In
Japan, unfavorable events after vaccinations are registered by the
Ministry of Health, Labor and Welfare as vaccine adverse reactions
without evaluating the relationship. Therefore, vaccine adverse
events are all reported as vaccine adverse reactions. The general
public worldwide, not only in Japan, has great concerns about
adverse reactions. The misunderstandings associated with vaccine
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adverse reactions need to be clarified in order to investigate the
causal relationships between vaccinations and adverse events.

There is a long history of vaccine adverse events. Encephalitis
after the smallpox vaccination was a controversial issue in 1960–
70 [1], and two accidental deaths after immunization with the
whole cell pertussis vaccine combined with diphtheria and tetanus
toxoids (DTwP) were reported in 1974/75 [2]. Although a direct
relationship to the vaccination was not demonstrated in these
cases, they were handled as adverse reactions because of the time
course of the events. DTwP was discontinued temporarily and
began to be used at � 2 years of age; however, vaccine coverage
remained at low levels. The number of patients with pertussis
and pertussis deaths increased until the acceptance of the new
type of acellular pertussis vaccine that was developed and a com-
bined vaccine (DTaP) was introduced into recommended immu-
nization practice in 1981 [3,4]. After 1981, the number of
pertussis patients decreased; however, the recent resurgence of
pertussis is a matter of great concern because of the short duration
of the vaccine immunity of DTaP [5,6]. The adverse events of this
vaccine (DTwP) triggered the development of a new vaccine with
less adverse reactions.

Vaccine adverse events and critical events after 1990 are shown
in Fig. 1. The measles-mumps-rubella combined vaccine (MMR)
was implemented in 1989 but was discontinued in 1993 because
of an unexpectedly high incidence of aseptic meningitis due to
the mumps vaccine component [7]. Anaphylactic cases were
reported after immunization with live vaccines in 1994 [8,9].
Post-marketing activity was enhanced, and serum samples were
obtained from patients with allergic illness [10]. Acute dissemi-
nated encephalomyelitis (ADEM) was reported after immunization
with the mouse brain-derived Japanese encephalitis vaccine and
was associated with the potential risk of allergic encephalitis
[11]. This prompted the development of a tissue culture-based vac-
cine that was introduced in 2009 [12]. A higher incidence of febrile
illness was observed in young children immunized in the H5N1
pandemic vaccine clinical trial [13]. The Haemophilus influenzae
type B vaccine (Hib) was licensed in 2008 and the pneumococcus
vaccine (PCV) and human papilloma vaccine (HPV) were subse-
quently introduced. Incidental death was reported in seven young
infants immunized with the inactivated vaccine alone or a simulta-
neous administration with Hib, PCV, or DTaP (Ministry of Health,
Labor and Welfare homepage: www.mhlw.go.jp/stf/houdou/
2r98520000014ac1.html). Hib and PCV were suspended but were
restarted one month later because the incidence of serious adverse
Fig. 1. Vaccine adverse events and critical events after 1990 in Japan. Measles
outbreaks in 2001 and 2007 and the outbreak of rubella in 2013 were not adverse
events, but associated with an indecisive governmental immunization strategy.
events was similar to that reported worldwide. The incidence of
fever � 38.0 �C in the concomitant administration group (DPT-
hepatitis B vaccine (HBV)-IPV-Hib with PCV7) was significantly
higher than that reported in the separate vaccination group,
whereas no significant difference was observed in the incidence
of fever � 39.0 �C [14]. Similarly, increased febrile illness was
observed in subjects immunized with PCV7 simultaneously with/
without Hib and/or DTaP. G-CSF levels were higher in serum sam-
ples obtained from the recipients with febrile illness within 48 h of
simultaneous immunization [15]. Chronic pain with cognitive or
neurological disorders was reported in female adolescents immu-
nized with HPV [16]. Most of the reported cases were incidental
events and no significant difference was reported between the inci-
dence of these symptoms in subjects immunized with HPV and
those without HPV [17]. Vaccine adverse events have occurred
over a few decades, with some resulting in a distrust of vaccines
due to irresponsible rumors or misunderstandings. Measles and
rubella outbreaks occurred in 2007 and 2013, respectively
[18,19]. These outbreaks were not vaccine adverse events, but they
were associated with an indecisive governmental immunization
strategy due to a fear of adverse events.
2. Gelatin allergy

An expanded programme on immunization (EPI) implemented
the measles vaccination at 9 months of age, and the number of
reported cases of measles and vaccine coverage reported by the
WHO after the introduction of EPI. The number of laboratory diag-
nosed measles cases reported was approximately 4 million with
less than 20% worldwide coverage of the measles vaccine in 1980
[20]. The number of laboratory confirmed reported cases declined
gradually with an increase in vaccine coverage. However, the num-
ber of measles patients under 9 months of age did not decrease in
developing countries in the late 1980s. Several strategic actions
were conducted, and a regular dose of the measles vaccine was
administered to young infants < 9 months of age. The standard
potency of measles vaccines showed poor immunogenicity when
administered to infants < 9 months of age because of the presence
of maternal conferred immunity. Clinical trials using several
strains with high potency measles vaccines containing 50-100-
fold higher infectivity were conducted for infants aged 4–6 months
in several developing countries and higher mortality was reported
three years later in subjects immunized with high potency vacci-
nes than in those with standard potency [21]. These findings were
attributed to other infectious diseases due to the transient
immunosuppression of high titered vaccines. However, the stan-
dard potency of the AIK-C strain induced a stronger serological
response than other high titered measles vaccines and the AIK-C
strain was expected for the EPI vaccine in infants < 9 months in
developing countries [22,23,24]. These developing countries are
in tropical areas without cold-chain system and, thus, temperature
stability needs to be improved for tropical use. The measles vaccine
licensed in Japan at that time contained 0.2% bovine gelatin but
was heat labile and not appropriate for tropical use. Hydrolyzed
porcine gelatin was used at 2.0% for the heat-stable measles vac-
cine. The findings of temperature stability are shown in Fig. 2.
The infectivity of the conventional measles vaccine decreased by
more than 10-2 at 37�C for 7 days, whereas reductions in the
potency of the heat-stable vaccine containing 2.0% hydrolyzed por-
cine gelatin was within 10-1 drop. The measles vaccine using a new
stabilizer was introduced on the market in 1993 and anaphylactic
adverse reactions were reported after its introduction. These reac-
tions were initially considered to be due to an egg allergy [25].
Between 1994 and 1997, 366 cases of allergic reactions were
reported to the post-marketing research unit of Kitasato Institute
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Fig. 2. Heat stability of the measles vaccine. The conventional formulation of the
stabilizer was 0.2% of purified gelatin, and 2.0% of hydrolyzed gelatin was used for
heat-stable vaccines. Vaccines are kept at 37�C and infectivity is measured. Heat
stability means that the reduction in infectivity for 7 days at 37�C is within 10-1.
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and serum samples were obtained from 27 patients with anaphy-
laxis, 48 with urticaria, 90 with systemic eruptions, 41 with local
eruptions, and 29 with non-adverse events. The findings of the
IgE antibody against gelatin are shown in Fig. 3. The IgE antibody
was detected in 25/27 (93%) cases of anaphylaxis, 27/48 (56%) of
urticaria, 8/90 (9%) of systemic eruptions, and none of the local
eruptions and controls [8]. As previously reported, anaphylaxis
occurred after administration of medicines, such as gelatin-
capsulated suppositories, and consumption of confections, such
as gelatin-containing jelly, besides inoculation with a live inacti-
vated vaccine, posing a social problem [26]. The mechanism of
gelatin sensitization should be elucidated to resolve gelatin allergy.
Fig. 3. IgE antibodies in different categories of allergic reactions. Twenty-seven
cases of anaphylaxis, 48 of urticaria, 90 of generalized eruption, 41 of local reactions,
and 29 of control (from Ref. [8]. J Allergy Clin Immunol 1999; 103:321–5.).
No anaphylaxis had been reported when or before MMR vaccine
was used. After the adverse events of DTwP in 1974/75, the DTwP
vaccine was recommended for infants of 2 years of age after the
measles vaccination. The less reactogenic DTaP was developed in
1981 and the recommended age for the DTaP vaccine gradually
shifted to <1 year of age before the measles vaccination during
the MMR period. Most patients with anaphylaxis who tested pos-
itive for gelatin IgE antibodies had a history of immunization with
the gelatin-containing DTaP vaccine. Acellular pertussis showed
poor immunogenicity and an alum adjuvant was added. We inves-
tigated whether the gelatin-containing DTaP vaccine induced sen-
sitization against gelatin. The IgE antibody against gelatin was
detected in 2 out of 103 subjects immunized with gelatin-
containing DTaP, but not in 62 subjects immunized with gelatin-
free DTaP. Therefore, DTaP showed a causal relationship and the
small amount of gelatin with the alum adjuvant promoted its sen-
sitization after being administered three times. Kumagai et al. [27]
reported a lymphoproliferative response against gelatin in patients
with a gelatin allergy. Pertussis components is sticky in nature and
gelatin was used for pre-coating in some devices to prevent the
loss of the materials during purification procedures. Gelatin was
removed from all DTaP and live vaccines in Japan from 2000, and
the number of anaphylactic reactions markedly decreased [9,10].

3. Anaphylaxis after immunization with influenza vaccine

Similar anaphylactic events occurred in 2011/12. Anaphylaxis
was reported after immunization with inactivated influenza vacci-
nes using 2-phenoxyethanol (2-PE) as the preservative. Most
patients were 3–8 years of age and the incidence of anaphylaxis
was estimated to be 1.4 in 100,000 doses in 2011/12 compared
with an incidence of <0.4 in 100,000 doses of the other brands
[28]. Allergic reactions after vaccination with influenza vaccines
were attributed to an egg allergy for a long time; however, the con-
centration of ovalbumin in influenza vaccines was less than 1 ng/
ml [29,30]. The IgE antibody against influenza components was
detected in sera obtained from patients with anaphylaxis [31].
How were patients sensitized to the allergen? The presence of
the IgE antibody against influenza vaccine was sporadically
reported in a small study [32,33]. The influenza split vaccine has
theoretically no ligand to the pattern recognition receptors (PRRs)
of innate immunity and only induces Th2 responses [34]. A plausi-
ble explanation indicated that the presence of the IgE antibody
against influenza vaccines developed with yearly immunizations,
and the development of the IgE antibody was investigated before
and one month after the 1st and 2nd doses in different age groups
[35]. The IgE antibody against H1N1, H3N2, and B influenza vaccine
components increased among 30% of subjects �3 years of age after
vaccinations and developed at a lower incidence in older children
(Fig. 4). The IgE antibody did not develop after natural infection
with H1N1 pdm. The split influenza vaccine induces IgE sensitiza-
tion in young children, particularly those �3 years of age. The
influenza vaccine volume for the inoculation was changed from
the 2011/12 season. Prior to the 2011/12 season, the inoculation
volume was 0.1 ml for <1-year, 0.2 ml for 1–6 years, 0.3 ml for 6–
12 years, and a single dose of 0.5 ml for >13 years. It was amended
in volume: two doses of 0.25 ml for <3 years and two doses of
0.5 ml for 3–13 years [35]. The mechanisms responsible for the
influence of 2-PE have not been elucidated. It was speculated that
the size of antigen particles may have increased slightly during the
preservation period. In the following year, 2-PE was replaced with
thimerosal as a preservative. The incidence of anaphylaxis
returned to that observed in the previous year. Several cases of
anaphylaxis are reported every year and, among them, the IgE anti-
body against influenza vaccine materials was detected. New influ-
enza vaccines need to induce Th1 and Th2 responses.



Fig. 4. Development of IgE antibodies against the influenza H1N1 antigen before (Pre) and one month after the first dose (1X) and second dose (2X). The number of significant
increases (more than a two-fold increase after vaccination) in IgE antibodies is shown (from Ref. [35]. Vaccine 2015; 33: 6099–105.).
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4. Febrile illness after vaccinations with inactivated vaccines

A febrile reaction after vaccinations with inactivated vaccines is
a common adverse reaction. The mechanisms responsible for the
febrile reaction currently remain unclear. A conventional whole
virion-inactivated influenza vaccine and whole cell pertussis vac-
cine frequently caused febrile adverse reactions within 24 h of
the vaccination, and influenza split and acellular pertussis vaccines
were developed with a lower incidence of febrile illness [2,3]. The
resurgence of H5N1 in 2003 resulted in concerns regarding a
potential pandemic. An alum-adjuvanted whole virion-
inactivated formulation was developed for the H5N1 pandemic
vaccine. High fever �38 �C was observed in approximately 60% of
subjects <3 years. Cytokine production was investigated in periph-
eral blood mononuclear cells (PBMCs) stimulated with alum alone,
the whole virion-inactivated antigen, and adjuvanted whole
virion-inactivated antigen, and the alum-adjuvanted vaccine
enhanced the production of IL-1b, IL-6, IL-17, IFN-c, and TNF-a
[13]. The production of high levels of inflammatory cytokines
was associated with stronger immune responses and a febrile
reaction.

After the introduction of Hib and PCV into the recommended
routine immunization schedule, seven accidental deaths following
simultaneous administration were reported and, thus, these vacci-
nes were temporarily stopped. One month later, they were
restarted because the incidence of serious adverse reactions was
similar to that reported outside of Japan. However, the mecha-
nisms responsible for the safety of simultaneous administration
have not yet been elucidated in detail. A more familiar adverse
event was febrile illness and the incidence of high fever increased
following simultaneous administration. We obtained 61 serum
samples when high fever was noted, 18 without febrile illness after
vaccination, and 10 from normal subjects. Although no significant
differences were noted in inflammatory cytokines, such as IL-1b,
TNF-a, and IL-6, among sera obtained from subjects with or with-
out febrile reactions, a markedly higher level of G-CSF was
observed in sera obtained from vaccine recipients with febrile ill-
ness after immunization, particularly simultaneous administration,
including PCV [15]. The simultaneous administration increased the
incidence of febrile illness in the study, and similar findings
showed that only PCV7 was associated with an independently
increased risk of febrile convulsions, and the risk of febrile convul-
sions increased when an inactivated influenza vaccine was given
concomitantly with a PCV- or DPT-containing vaccine or when all
three vaccines were administered together [36].

Human peripheral lymphocytes were stimulated with DPT, Hib,
or PCV alone, or a simultaneous stimulation. Cytokine production
was investigated in PBMC cultures stimulated with various combi-
nations of inactivated vaccines. High levels of IL-6 were produced
when they were stimulated with Hib alone or simultaneously stim-
ulated with DPT and/or PCV. Higher levels of IL-1b, TNF-a, and G-
CSF were produced with the simultaneous stimulation [15]. These
findings may associate with the increased incidence of febrile ill-
ness following simultaneous administration.

Effective vaccines for Hib and PCV were introduced in Japan in
2008 and 2010, respectively, and simultaneous administration was
implemented in pediatric general practice. However, the biological
mechanisms responsible for the synergistic responses of combined
administration currently remain unclear. We need to consider the
combination of different types of vaccines to reduce febrile adverse
reactions.
5. Adverse reactions of live attenuated vaccines

Live attenuated vaccines have the original biological character-
istics of their parental wild-type viruses, implying the possibility of
causing illness observed as complications of natural infection. A
febrile reaction was noted among 10–15% of recipients within sev-
eral days of vaccinations with measles-containing vaccines. The
incidence of common adverse reactions after immunization with
live vaccines depends on the growth of a virus in the body. During
virus replication, viral genomic RNA and double-stranded RNA
stimulate the innate immune system, resulting in the production
of cytokines and chemokines [37]. A biological marker of attenua-
tion is lower viral growth than parental wild-type viruses. The AIK-
C measles vaccine strain is a further attenuated live measles strain
developed by small plaque cloning at 32.5 �C that exhibits unique
biological temperature-sensitive characteristics and small plaque
formation: poor or no virus growth at a higher temperature of
39 �C (ts). The molecular backgrounds for the attenuation were
investigated, generating infectious cDNA of the AIK-C by reverse
genetics. Using this system, Pro at the position of 439 amino acid
protein of phospho (P) protein was a critical amino acid for the ts
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phenotype and Leu at the position 278 of the fusion (F) protein was
responsible for small plaque formation [38,39].

The live attenuated rubella Takahashi KRT strain was developed
at 35 �C in rabbit kidney cells, demonstrating poor or no virus
growth at 39 �C. We also developed a reverse genetic system of
KRT and a recombinant infectious cDNA analysis showed that His
at position 1042 of the p150 region of KRT was responsible for
weaker virus growth at 39 �C of the ts phenotype [40]. The mumps
Hoshino vaccine strain was developed in chicken embryogenic
cells at a lower temperature; however, the vaccine strain did not
have a strict ts phenotype. The only biological marker was small
plaque formation in Vero cells and no viral growth in B95a cells.
A fusion assay was performed using expression plasmids of the F
and HN proteins from the Hoshino vaccine and circulating wild-
types. Leu at position 383 of the F protein of the Hoshino vaccine
strain induced no fusion on B95a and small plaques in Vero cells,
suggesting weaker virus growth [41]. These findings for the molec-
ular mechanisms underlying the development of attenuation are
linked to vaccine safety and provide a clearer understanding of
vaccine adverse events.
6. Immunological reactions following immunization

Cytokine production in peripheral lymphocyte cultures stimu-
lated with inactivated vaccines and the production of inflamma-
tory cytokines of IL-1b, TNF-a, and G-CSF were observed in
lymphocyte cultures stimulated with DTaP, PCV, and Hib.
Enhanced production was observed when stimulated with a com-
bination of two or three vaccines [15]. These findings were consis-
tent with an increased incidence of febrile illness, with high levels
of G-CSF correlating with febrile illness within 48 h following
immunization with inactivated vaccines [15]. These cytokines
and G-CSF are related to the reactogenicity and immunogenicity
of vaccines [37].

In 2011, two types of HPV vaccines were introduced into rou-
tine immunization and were discontinued because of cases of local
pain and some of chronic pain in remote regions besides the injec-
tion site as well as autonomic nervous disorders [16,42]. Thirty out
of 120 patients were diagnosed with vaccine-related symptoms
and 42 were suspected of vaccine-related illness, and the time
from the vaccination to onset ranged between 1 and 1532 days
(average 319.7 ± 349.3 days) [42]. Neurological symptoms devel-
oped long after the initial HPV vaccination and are questionable
because of the finding of the same symptoms being observed
among subjects without immunization with HPV [17]. Hib, PCV,
DPT, and HPV vaccines were inoculated into mice and the sequen-
tial local production of inflammatory cytokines and G-CSF was
investigated [43]. These cytokines were produced from 3 h and
peaked 48 h after the immunization of mice with 2-valent HPV
combined with adjuvant of alum and monophosphryl lipid A (Cer-
varix). The production of IL-4, MCP-1, and TNF-a peaked 5 or
7 days after an immunization with alum-adjuvanted 4-valent
HPV (Gardasil). These cytokines decreased after 7 days of immu-
nizations with Cervarix and Gardasil and thereafter. Vaccine for-
mulations and adjuvants stimulate the innate immune system
and induce the production of inflammatory cytokines and chemo-
kines. Local histological examinations were conducted following
immunization in mice, and inflammatory nodules were detected
at the injection site of adjuvanted vaccines, but not after non-
adjuvanted vaccines [44]. These inflammatory nodules remained
for more than 6 months after immunization with decrease in size
and no inflammatory reactions being suggested. These findings
indicate that local pain at the injection site was closely related to
the HPV vaccination, whereas chronic pain was scientifically
unexplainable.
7. In summary

We investigated the vaccine adverse events since 1990 in Japan.
Two events of anaphylaxis of gelatin allergy and following immu-
nization with influenza split vaccine were related to the IgE sensi-
tization. Anaphylaxis is an extremely rare event and a febrile
reaction is a common adverse reaction following immunization.
Inflammatory cytokines and G-CSF were detected in subjects with
febrile illness and inflammatory responses inducing inflammatory
cytokines and G-CSF were also detected at the injection site. Initial
innate immune responses are essential for the development of
acquired immunity and are related to adverse events from differ-
ent viewpoints. More detailed knowledge on innate immunity
has recently promoted immunological analyses for a better under-
standing on the development of adaptive immune responses and
biomarkers for vaccine safety and immunogenicity.
Acknowledgments

The contents of the study were presented in a lecture for the
12th Takahashi Award at the 21st Annual Meeting of the Japanese
Association of Vaccinology. I thank many following pediatricians
who participated in the clinical research: Dr. Takuji Kumagai
(Kumagai Pediatric Clinic), Dr. Teruo Okafuji and Dr. Takao Okafuji
(Okafuji Pediatric Clinic), Dr. Eitaro Suzuki (Suzuki Pediatric Clinic),
Dr. Akiko Miyata (Saiwai Children’s Clinic), Dr. Takao Nagai (Nagai
Pediatric Clinic), Dr. Takao Ozaki (Kohnan Kosei Hospital), Dr.
Yasuyo Kashiwagi and Dr. Hisashi Kawashima (Tokyo Medical
University), Dr. Kenji Okada (Fukuoka Nursing College), the late
Dr. Toshiaki Ihara and the late Dr. Hitoshi Kamiya (National Mie
Hospital)
Disclosure statement

The corresponding author T. Nakayama has received research
funding from Daiichi Sankyo Pharmaceutical and Kitasato-Daiichi
Sankyo Vaccine.
References

[1] Gurvich EB, Vilesova IS. Vaccinia virus in postvaccinal encephalitis. Acta Virol
1983;27:154–9.

[2] Kuno-Sakai H, Kimura M, Watanabe H. Verification of components of acellular
pertussis vaccines that have been distributed solely, been in routine use for the
last two decades and contributed greatly to control of pertussis in Japan.
Biologicals 2004;32:29–35.

[3] Nakayama T. Vaccine chronicle in Japan. J Infect Chemother 2013;19:787–98.
[4] Sato Y, Kimura M, Fukumi H. Development of a pertussis component vaccine in

Japan. Lancet 1990;336:30–2.
[5] Hara M, Fukuoka M, Tashiro K, Ozaki I, Ohfuji S, Okada K, et al. Pertussis

outbreak in university students and evaluation of acellular pertussis vaccine
effectiveness in Japan. BMC Infect Dis 2015 Feb;6(15):45. https://doi.org/
10.1186/s12879-015-0777-3.

[6] Oguchi K, Miyata A, Kazuyama Y, Noda A, Suzuki E, Watanabe M, et al.
Detection of antibodies against fimbria type 3 (Fim3) is useful diagnostic assay
for pertussis. J Infect Chemother 2015;21:639–46. https://doi.org/10.1016/j.
jiac.2015.05.006.

[7] Kimura M, Kuno-Sakai H, Yamazaki S, Yamada A, Hishiyama M, Kamiya H, et al.
Adverse events associated with MMR vaccines in Japan. Acta Paediatr Jpn
1996;38(3):205–11.

[8] Nakayama T, Aizawa C, Kuno-Sakai H. A clinical analysis of gelatin allergy and
determination of its causal relationship to the previous administration of
gelatin-containing acellular pertussis vaccine combined with diphtheria and
tetanus toxoids. J Allergy Clin Immunol 1999;103:321–5.

[9] Nakayama T, Aizawa C. Change in gelatin content of vaccines associated with
reduction in reports of allergic reactions. J Allergy Clin Immunol
2000;106:591–2.

[10] Nakayama T, Onoda K. Vaccine adverse events reported in post-marketing
study of the Kitasato Institute from 1994 to 2004. Vaccine 2007;25:570–6.

[11] Kurane I. Evaluation of mouse brain-derived, inactivated Japanese encephalitis
vaccine. Uirusu 2005;55:307–12 (in Japanese).

http://refhub.elsevier.com/S0264-410X(18)31568-8/h0005
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0005
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0010
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0010
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0010
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0010
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0015
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0020
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0020
https://doi.org/10.1186/s12879-015-0777-3
https://doi.org/10.1186/s12879-015-0777-3
https://doi.org/10.1016/j.jiac.2015.05.006
https://doi.org/10.1016/j.jiac.2015.05.006
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0035
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0035
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0035
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0040
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0040
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0040
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0040
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0045
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0045
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0045
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0050
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0050
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0055
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0055


T. Nakayama / Vaccine 37 (2019) 366–371 371
[12] Sugawara K, Nishiyama K, Ishikawa Y, Abe M, Sonoda K, Komatsu K, et al.
Development of Vero cell-derived inactivated Japanese encephalitis vaccine.
Biologicals 2002;30:303–14.

[13] Nakayama T, Kashiwagi Y, Kawashima H, Kumagai T, Ishii KJ, Ihara T. Alum-
adjuvanted H5N1 whole virion inactivated vaccine (WIV) enhanced
inflammatory cytokine productions. Vaccine 2012;30:3885–90.

[14] Olivier C, Belohradsky BH, Stojanov S, Bonnet E, Petersen G, Liese JG.
Immunogenicity, reactogenicity, and safety of a seven-valent pneumococcal
conjugate vaccine (PCV7) concurrently administered with a fully liquid DTaP-
IPV-HBV-Hib combination vaccine in healthy infants. Vaccine
2008;26:3142–52.

[15] Kashiwagi Y, Miyata A, Kumagai T, Maehara K, Suzuki E, Nagai T, et al.
Production of inflammatory cytokines in response to diphtheria-pertussis-
tetanus (DPT), haemohpilus influenzae type b (Hib), and 7-valent
pneumococcal (PCV7) vaccines. Hum Vac Immunother 2014;10:677–85.

[16] Kinoshita T, Abe R, Hineno A, Tsunekawa K, Nakane S, Ikeda S. Peripheral
sympathetic nerve dysfunction in adolescent Japanese girls following
immunization with the human papillomavirus vaccine. Intern Med
2014;53:2185–200.

[17] Suzuki S, Hosono A. No association between HPV vaccine and reported post-
vaccination symptoms in Japanese young women: results of Nagoya study.
Papillomavirus Res 2018;5:96–103.

[18] Nagai M, Ji YX, Yoshida N, Miyata A, Fujino M, Ihara T, et al. Modified adult
measles in outbreaks in Japan, 2007–08. J Med Virol 2009;81:1094–101.

[19] CDC. Nationwide Rubella Epidemic-Japan. MMWR 2013;2013(62):457–62.
[20] Progress CDC. toward global measles control and regional elimination, 1990–

1997. MMWR 1998;47:1049–54.
[21] Garenne M, Leroy O, Beau JP, Sene I. Child mortality after high-titre measles

vaccines: prospective study in Senegal. Lancet 1991;338:903–7.
[22] Tidjiani O, Guérin N, Lecam N, Grunitsky B, Lévy-Bruhl D, Xuereff C, et al.

Serological effects of Edmonston-Zagreb, Schwarz and AIK-C measles vaccine
strains given at ages 4–5 or 8–10 months. Lancet 1989;2:1357–60.

[23] Bolotovski VM, Grabowsky M, Clements CJ, Albrecht P, Brenner ER,
Zargaryantzs AI, et al. Immunization of 6 and 9 month old infants with AIK-
C, Edmonston-Zagreb, Leningrad-16 and Schwarz strains of measles vaccine.
Int J Epidemiol 1994;23:1069–77.

[24] Nkrumah FK, Osei-Kwasi M, Dunyo SK, Koram KA, Afari EA. Comparison of AIK-
C measles vaccine in infants at 6 months with Schwarz vaccine at 9 months: a
randomized controlled trial in Ghana. Bull WHO 1998;76:353–9.

[25] Sakaguchi T, Ogura H, Inouye S. IgE antibody to gelatin in children with
immediate-type reactions to measles and mumps vaccines. J Allergy Clin
Immunol 1995;96:563–5.

[26] Sakaguchi T, Nakayama T, Inouye S. Food allergy to gelatin in children with
systemic immediate-type reactions, including anaphylaxis, to vaccines. J
Allergy Clin Immunol 1996;98:1058–61.

[27] Kumagai T, Nakayama T, Kamada M, Igarashi C, Yuri K, Furukawa H, et al. The
lymphoproliferative response to enzymatically digested gelatin in subjects
with gelatin hypersensitivity. Clin Exp Allergy 2000;30:1430–5.

[28] Report on the anaphylaxis following vaccination with influenza HA vaccine
from The Chemo-Sero-Therapeutic Research Institute. http://www.mhlw.go.
jp/stf/shingi/2r9852000002c06s-att/2r9852000002c0cb.pdf
[29] Kelso JM. Administering influenza vaccine to egg-allergic persons. Exp Rev
Vaccines 2014;13:1049–57.

[30] Li JT, Rank MA, Squillace DL, Kita H. Ovalbumin content of influenza vaccines. J
Allergy Clin Immunol. 2010;125:1412–4.

[31] Nagao M, Fujisawa T, Ihara T, Kino Y. Highly increased levels of IgE antibodies
to vaccine components in children with influenza vaccine-associated
anaphylaxis. J Allergy Clin Immunol. 2016;137:861–7.

[32] Smith-Norowitz TA, Kusonruksa M, Wong D, Norowitz MM, Joks R, Durkin HG,
et al. Long-term persistence of IgE anti-influenza A HIN1 virus antibodies in
serum of children and adults following influenza A vaccination with
subsequent H1N1 infection: a case study. J Inflamm Res 2012;5:111–6.

[33] Rouleau I, De Serres G, Drolet JP, Banerjee D, Lemire C, Moore A, et al. Allergic
symptoms after pandemic influenza vaccination rarely mediated by vaccine-
specific IgE. J Allergy Clin Immunol 2012;130:1423–6.

[34] Hale BG, Albrecht RA, Garcia-Sastre A. Innate immune evasion strategies of
influenza viruses. Future Microbiol 2010;5:23–41. https://doi.org/10.2217/
fmb.09.108.

[35] Nakayama T, Kumagai T, Nishimura N, Ozaki T, Okafuji T, Suzuki E, et al.
Seasonal split influenza vaccine induced IgE sensitization against influenza
vaccine. Vaccine 2015;33:6099–105.

[36] Duffy J, Weintraub E, Hambidge SJ, Jackson LA, Kharbanda EO, Klein NP, et al.
Febrile Seizure risk after vaccination in children 6 to 23 Months. Pediatrics
2016;138. pii e20160320.

[37] Nakayama T. An inflammatory response is essential for the development of
adaptive immunity – immunogenicity and immunotoxicity. Vaccine
2016;34:5815–8.

[38] Komase K, Nakayama T, Iijima M, Miki K, Kawanishi R, Uejima H. The
phosphoprotein of attenuated measles AIK-C vaccine strain contributes to its
temperature-sensitive phenotype. Vaccine 2006;24:826–34.

[39] Nakayama T, Komase K, Uzuka R, Hoshi A, Okafuji T. Leucine at position 278 of
the AIK-C measles virus vaccine strain fusion protein is responsible for
reduced syncytium formation. J Gen Virol 2001;82:2143–50.

[40] Sakata M, Nakayama T. Protease and helicase domains are related to the
temperature sensitivity of wild-type rubella viruses. Vaccine
2011;29:1107–13.

[41] Yoshida N, Nakayama T. Leucine at position 383 of fusion protein is
responsible for fusogenicity of wild-type mumps virus in B95a cells.
Intervirology 2010;53:193–202.

[42] Ozawa K, Hineno A, Kinoshita T, Ishihara S, Ikeda SI. Suspected adverse effects
after human papillomavirus vaccination: a temporal relationship between
vaccine administration and the appearance of symptoms in Japan. Drug Saf
2017;40:1219–2129.

[43] Nakayama T, Kashiwagi Y, Kawashima H. Long-term regulation of local
cytokine production following immunization in mice. Microbiol Immunol
2018;62:124–31.

[44] Kashiwagi Y, Maeda M, Kawashima H, Nakayama T. Inflammatory responses
following intramuscular and subcutaneous immunization with alum-
adjuvanted or non-adjuvanted vaccines. Vaccine 2014;32:3393–401.

http://refhub.elsevier.com/S0264-410X(18)31568-8/h0060
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0060
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0060
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0065
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0065
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0065
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0070
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0070
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0070
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0070
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0070
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0075
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0075
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0075
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0075
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0080
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0080
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0080
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0080
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0085
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0085
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0085
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0090
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0090
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0095
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0100
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0100
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0105
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0105
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0110
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0110
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0110
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0115
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0115
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0115
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0115
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0120
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0120
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0120
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0125
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0125
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0125
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0130
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0130
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0130
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0135
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0135
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0135
http://www.mhlw.go.jp/stf/shingi/2r9852000002c06s-att/2r9852000002c0cb.pdf
http://www.mhlw.go.jp/stf/shingi/2r9852000002c06s-att/2r9852000002c0cb.pdf
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0145
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0145
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0150
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0150
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0155
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0155
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0155
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0160
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0160
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0160
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0160
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0165
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0165
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0165
https://doi.org/10.2217/fmb.09.108
https://doi.org/10.2217/fmb.09.108
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0175
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0175
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0175
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0180
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0180
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0180
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0185
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0185
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0185
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0190
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0190
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0190
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0195
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0195
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0195
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0200
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0200
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0200
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0205
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0205
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0205
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0210
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0210
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0210
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0210
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0215
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0215
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0215
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0220
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0220
http://refhub.elsevier.com/S0264-410X(18)31568-8/h0220

	Causal relationship between immunological responses and adverse reactions following vaccination
	1 Introduction
	2 Gelatin allergy
	3 Anaphylaxis after immunization with influenza vaccine
	4 Febrile illness after vaccinations with inactivated vaccines
	5 Adverse reactions of live attenuated vaccines
	6 Immunological reactions following immunization
	7 In summary
	ack9
	Acknowledgments
	Disclosure statement
	References


