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Abstract: We examined a large number of sudden infant death syndrome victims in order to point out a possible causal
relationship between a previous hexavalent vaccination and the sudden infant death. We selected 110 cases submitted to
in-depth histological examination of the autonomic nervous system and provided with detailed clinical and environmental
information. In 13 cases (11.8%) the death occurred in temporal association with administration of the hexavalent vaccine
(from 1 to 7 days). In none of these victims congenital developmental alterations of the main nervous structures regulating
the vital functions were observed. Only the hypoplasia of the arcuate nucleus was present in 5 cases. In one case in par-
ticular an acquired hyperacute encephalitis of the tractus solitarii nucleus was diagnosed in the brainstem. This study does
not prove a causal relationship between the hexavalent vaccination and SIDS. However, we hypothesize that vaccine
components could have a direct role in sparking off a lethal outcome in vulnerable babies. In conclusion, we sustain the
need that deaths occurring in a short space of time after hexavalent vaccination are appropriately investigated and submit-
ted to a post-mortem examination particularly of the autonomic nervous system by an expert pathologist to objectively
evaluate the possible causative role of the vaccine in SIDS.
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INTRODUCTION

During the first year of life, babies receive several
immunizations. In particular, hexavalent vaccines protect
babies from six infectious diseases: poliomyelitis, diphtheria,
tetanus, pertussis, Haemophilus influenzae type b and hepati-
tis B. The rationale to combine these vaccines into one sy-
ringe was to reduce the number of injections and thereby to
increase the vaccination coverage [1].

In 2000 two hexavalent products were licensed in the
European Union (EU) through a centralized license proce-
dure: Hexavac (by Aventis Pasteur MSD) and Infanrix hexa
(by Glaxo SmithKline Biologicals). Since licensure, the two
vaccines are extensively used in EU countries, with an im-
munization schedule including three doses at the 3, 5™, and
11™/12™ month of life. Only in Germanx four admmlstra-
tions are recommended, at the 2™, 3, 4™ and between the
11™ and 15™ month.

In Italy, that represents the second largest market of Hex-
avac in the world, no signal of a possible association with the
occurrence of sudden infant death syndrome (SIDS) emerged
from the pharmacovigilance system report. Also publications
addressing the onset of SIDS after hexavalent vaccination in
the first year of life [2-9], refuted the causal association be-
tween the administration of the vaccine and death. On the
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contrary, most of these studies indicated a “protective effect”
of vaccination against SIDS [3-7].

Nevertheless, in 2003 a German study gave rise to the
suspicion of a possible association between administration of
hexavalent vaccines and SIDS [10]. The signal was based on
the observation of three deaths which occurred between
November 2000 and June 2003 in toddlers in their second
year of life (more properly SUD-sudden unexplained death,
since SIDS is referred to death in the first year of life) within
48 hrs following the administration of the fourth dose. More
recently, again in Germany, Zinka et al. [11], in an
afterwards much discussed and criticized letter [12-14],
reported six cases of SIDS which occurred 1-2 days after the
hexavalent vaccine administration.

Therefore, starting from these reports, we decided to re-
examine our wide survey of infant deaths, collected on the
basis of the Italian law no.31#, in order to highlight a
possible causal relationship between hexavalent vaccination
and sudden infant death.

The strength of our analytical approach, compared to
others reported in the literature, is that it may be able to

# The Italian law no.31 (2006) “Regulations for Diagnostic Post Mortem
Investigation in Victims of Sudden Infant Death Syndrome (SIDS) and Sud-
den Intrauterine Unexpected Death (SIUD)” decrees that all infants with
suspected SIDS who died suddenly in Italian regions within the first year of
age, as well as all fetuses who died after the 25" week of gestation without

any apparent cause, must undergo an in-depth anatemical-and pathological

examination, particularly of the autonomic nervous system.

© 2013 Bentham Science Publishers
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determine true cases of SIDS on the basis of the in-depth
i i ion, of the autonomic
nervous system (ANS) as required by the Italian guidelines.

MATERIAL AND METHODS
Study Subjects

From the large number of victims of sudden infant death
(SIDS) (147 cases collected in the 2000/2010 decade), sent
to our Research Center according to the guidelines estab-
lished by the Italian law no.31 [15, 16], we selected 110
cases, aged from 1 to 10 postnatal months. These cases were
selected on the basis of completeness of data, namely a
detailed histological examination particularly of the ANS,
and collection of clinical/environmental information, such as
prematurity, sleep position, maternal smoking, maternal drug
abuse, type of feeding, etc. In particular, in accordance with
the aim of the study, the vaccination history of the victims
was documented (type of vaccine, time of vaccination, etc.).
The hexavalent vaccines (combined diphtheria, tetanus, per-
tussis, hepatitis B, poliomyelitis and Haemophilus influenzae
type b) usually used were the “Hexavac” (Aventis Pasteur
MSD) and “Infanrix Hexa” (Glaxo SmithKline Biologicals).

Below we briefly summarize the protocol applied to the
study subjects for the examination of the brainstem and cere-
bellum, where the main structures involved in the control of
the vital functions (cardiorespiratory, arousal, upper diges-
tive tract, etc.) are located.

After fixation in 10% phosphate-buffered formalin, the
brainstem and cerebellum were processed and paraffin-
embedded. Transverse serial sections of the midbrain, pons,
medulla oblongata and cerebellar hemispheres were made at
intervals of 50-60 pm. For each level, serial 5 um sections
were obtained, three of which were routinely stained for his-
tological examination using hematoxylin-eosin, Kliiver-
Barrera and Bielschowsky methods and the remaining sec-
tions were submitted to specific immunohistochemical tech-
niques for visualization of neurotransmitters (such as soma-
tostatin, serotonin, tyrosine-hydroxylase), apoptosis and gli-
osis.

The routine histological evaluation of the brainstem was
focused on the locus coeruleus and the parabrachial/Kdlliker-
Fuse complex in the rostral pons/caudal mesencephalon, on
the retrotrapezoid nucleus, the superior olivary complex and
the facial/parafacial complex in the caudal pons; on the hy-
poglossus, the dorsal motor vagal, the tractus solitarii, the
ambiguus, the pre-Botzinger, the inferior olivary, the raphé
and the arcuate nuclei in the medulla oblongata. In the cere-
bellum, the cortex layers (external granular layer, molecular
layer, Purkinje cell layer and internal granular layer) and the
medullary deep nuclei (the dentate nucleus, the fastigial nu-
cleus, the globose nucleus and the emboliform nucleus) were
examined.

A more detailed description of the histological proce-
dures and the localization of the structures subjected to the
microscopic examination can be found in our previous publi-
cations [15-21].

Ethics - Ethics approval for this study was granted by the
Italian Health’s Ministry in accordance with the above-
mentioned Italian law no. 31.
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RESULTS

From the thorough analysis of our series of infants who
died suddenly (110 cases), we extracted 13 victims of SIDS
(11.8%), 6 females and 7 males aged from 2 to 10 months,
died in temporal association with the inoculation of hexava-
lent vaccine, without specific clinical symptoms. Only in 2
cases slight fever and diarrhea episodes were reported within
two days after the first dose of the vaccine.

Most of these babies died at 2-3 months of life (8/13),
shortly after the first dose of the vaccine (precisely 6 cases
within the first three days and 2 cases in fifth and sixth day,
respectively). In 4 cases, aged 4-5 months, the death oc-
curred within 3 days from the second dose of vaccine and in
1 case, 10 months old, one week after the third administra-
tion.

The examination of other circumstances and potential
risk factors, such as maternal smoking and prematurity, did
not provide any relevant information. In fact, all 13 infants
were born at more than 37 weeks' gestation with a birth
weight >2,500 g, and all mothers declared no history of ciga-
rette smoking abuse.

The in-depth examination of the ANS, particularly of the
brainstem and cerebellum in serial histological sections, re-
vealed aspecific findings such as brain edema and congestion
in all the victims. In no case we observed congenital devel-
opmental alterations of the main ANS structures that control
vital functions, with the exception of the hypoplasia of the
arcuate nucleus in the medulla oblongata (a very frequent
defect observable in both victims of sudden death and con-
trols) found in 6 cases. These results allowed to formulate a
diagnosis of true “SIDS” (Sudden Infant Death Syndrome) in
12 of the 13 victims.

In one case, a 3 month-old male, the only neuropa-
thological finding was represented by an acquired hyperacute
encephalitis of the tractus solitarii nucleus, viral in nature, as
indicated by the presence of necrosis, degeneration of mye-
lin-sheaths and breaking of nerve fibers, without inflamma-
tory cells and astrocytes (Fig. 1). This death cannot be classi-
fied as unexplained, but more precisely as “borderline”. Ta-
ble 1 summarizes all the data related to the 13 cases with a
recent history of hexavalent vaccine administration.

DISCUSSION

The acceptance of vaccinations by population is essential
to control vaccine-preventable diseases; in particular, hex-
avalent vaccines allow babies a primary immunization with
the simultaneous administration in a single injection of six
vaccines containing antigens to immunize against diphtheria,
tetanus, pertussis, poliomyelitis, hepatitis B and Haemophi-
lus influenzae type b [22].

The advantage of this type of immunization, in that
reducing the number of injections represents a good solution
to parental concerns, has nonetheless given rise to the need
to study the risk of adverse events associated with
simultaneous administration of multiple antigens [23, 24]. In
particular, the association between vaccinations and SIDS
has been frequently investigated, but most of the studies
rejected any causal relationship [2-9].
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Fig. (1). Case no.11. Necrotic focus (see arrow) with degeneration of myelin-sheaths and nerve fibers in the tractus solitarii nucleus.

Bielschowsky method, magnification 400x.

Table 1. Features of the 13 Infants Suddenly Died in Temporal Association with Hexavalent Vaccination: Correlation with Auto-
nomic Nervous System Findings, Prematurity and Maternal Smoking Habit
Case No. A%;;)tnl:lf;th Sex Prematurity lz‘i(;l(::eSince \;&:ﬂc :lionszltion ;I:,ag;:e Maternal Smoking Neuropathologic Findings
1 2 F - 2 - Arcuate nucleus hypoplasia
2 3 F - 1 - Arcuate nucleus hypoplasia
3 3 F - 6 - -
4 3 M - 3 - -
5 5 F - 3 - -
6 3 M - 1 - Arcuate nucleus hypoplasia
7 3 M - 2 - Arcuate nucleus hypoplasia
8 3 M - 5 - Arcuate nucleus hypoplasia
9 10 F - 7 - -
10 4 M - 2 - -
1 3 M ) 3 ) Hyperacutt.: enfephalitis
tractus solitarii nucleus
12 5 M - 3 - -
13 5 F - 3 - Arcuate nucleus hypoplasia

In Europe, the European Medicines Agency (EMEA)
commissioned in 2003 a Committee for Medicinal Products
for Human Use (CHMP), constituted by a panel of police
doctors, cardiologists and neuro-pathologists to investigate
five cases of SIDS which occurred in Germany within 24 hrs
from inoculation of hexavalent vaccines and to discuss in a
multidisciplinary meeting the plausible link between immu-

nization and infant death. The experts concluded that a direct
etiologic relationship between vaccination and death cannot
be proven. Thus, despite of the possibility that SIDS may be
triggered in rare instances after hexavalent vaccination, the
EMEA declared that no regulatory action was necessary
concerning this type of immunization [25].
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Nevertheless, the same CHMP, in a subsequent meeting
in 2005, after the identification of a decreased
immunogenicity (the ability to stimulate an immune
response) of the hepatitis B component, recommended, as a
precautionary measure, the suspension of the marketing
authorization for the “Hexavac” vaccine [26]. Currently,
with the support of the German Health Survey for Children
and Adolescents [27], the use of this vaccine is suspended in
all the European Union [28]. Moreover, in March 2011,
Japan's Health Ministry ordered doctors to stop immunizing
infants with hexavalent vaccines in relation to the sudden
death of five babies within a short period of time after its
administration [29].

The definition of “SIDS” reported in literature for sudden
infant deaths after hexavalent vaccination is rather
questionable, since in such cases a post-mortem examination
is not routinely performed or alternatively, it is performed in
a superficial way, without an in-depth study of the ANS. An
example is the work of Von Kries et al. [10]. These authors
reported as neuropathological findings after the autopsy in-
vestigation only brain edema, presence of cytolitic neurons
and rare inflammatory cells, without examining the vital
centers of the brainstem.

We strongly sustain that only a deep examination in se-
rial histological sections of the ANS, particularly of the
brainstem where the main vital centers are located, allows to
formulate a diagnosis of SIDS. In 2002 we formulated a pre-
cise definition of SIDS as “the sudden death of an infant
under one year of age which remains unexplained after a
thorough investigation of the case, including the perform-
ance of a complete autopsy with in-depth histological ex-
amination of the autonomic nervous system only by an expe-
rienced, reliable pathologist” [30]. Thus, in the absence of
this in-depth examination, we maintain that the reports of the
Italian Health Institute on SIDS mortality, based on the death
certificates collected by the Italian National Institute of Sta-
tistics (approximately 0.6 deaths per 10,000 newborns) are
unreliable.

Recently we published a study performed on a very large
sample of fetal and infant deaths (313 victims including 95
unexpected perinatal deaths, 140 SIDS and 78 controls) [31],
in which one or more congenital ANS abnormalities were
found in 90% of SIDS victims. The presence of a subgroup
of infant deaths without developmental neuronal defects has
been confirmed in the present study on 110 SIDS victims
selected on the basis of the completeness of the anamnestic,
clinical, environmental and neuropathological data. In par-
ticular, the 13 cases who suddenly died in temporal associa-
tion with administration of hexavalent vaccines were charac-
terized by the absence of congenital alterations of the nerv-
ous vital centers. The only developmental alteration was the
hypoplasia of the arcuate nucleus that we considered a
poorly significant finding, given that it is frequently present
in control subjects who died from known causes. Similarly,
specific findings such as edema and congestion were ob-
served in both controls and SIDS cases and were apparently
unrelated to vaccination.

The acquired alteration of encephalitic type of the tractus
solitarii nucleus observed in one case was noteworthy. The
main histological findings were necrosis, absence of inflam-
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matory cells and loss of astrocytes and myelinated fibers. A
similar pattern of histological abnormalities was reported by
Drobysky et al. [32] in two distinct regions of the cerebral
cortex in a patient subjected to allogenic bone transplantation
for relapsed Hodgkin’s disease. These authors diagnosed an
encephalitis limited to these areas and demonstrated, by im-
munohistochemical and molecular techniques, the direct
implication of the human herpes virus-6 (HHV-6) as etio-
logic agent.

Of additional relevance, Aydin ef al. [33] reported a case
of acute necrotizing encephalopathy (ANE) involving thal-
ami, brainstem and cerebellum and secondary to vaccination
with diphtheria, tetanus toxoid and pertussis booster. Neuro-
pathologically, ANE lesions are characterized by oedema,
petechial haemorrhage and necrosis, thus suggesting a local
breakdown of the blood brain barrier (BBB). In this context,
Aydin et al. suggest [33] that the breakdown of the BBB
may occur due to pro-inflammatory cytokine release by the
glial macrophages which can be stimulated either by viral
infection or vaccination. Indeed, in a comprehensive study
on ANE, Mizuguchi [34] showed in more than 50 cases
through MRI and computed tomography (CT) ANE lesions
in both the gray and white matter, with neuropathological
evidence of a local breakdown of the BBB. It was speculated
that in these cases viral infections were involved. In sum-
mary, in the case here examined, we can hypothesize either a
vaccine or viral involvement in triggering the tractus solitarii
nucleus necrotizing encephalitis (characterized by extensive
necrosis, breaking of nerve fibers and loss of myelinated
fibers, in the absence of inflammatory cell infiltrates). This
lesion could imply a glossopharyngeal-vagal activation, with
consequent fatal compromising of breathing, heart activity
and upper digestive tract kinetics.

In summary, our report does not prove a causal relation-
ship between hexavalent vaccination and SIDS. Despite the
limitation of our observations, it is likely that the mechanism
of death after hexavalent vaccination cannot be attributed to
particularly significant brain abnormalities. We can however
suppose a direct role of vaccine components in triggering a
lethal outcome in a vulnerable baby. We know in fact that
many infants are vaccinated but not everyone dies or has an
adverse reaction following vaccination. Hence clearly, there
are both specific genetic and constitutional factors of suscep-
tibility which could define how one reacts to a vaccine. In
particular, we hypothesize that several compounds and im-
munopotentiation adjuvants of the hexavalent vaccine might
easily go beyond the BBB, that in the first months of life is
still immature and quite permeable [35], inducing neuronal
molecular alterations in DNA, RNA, and proteins of brain-
stem eenters regulating vital functions, with consequent fatal
disorganization of respiratory control in particularly predis-
posed infants. Notably, the neurotoxicity of the aluminium
adjuvant in vaccine-relevant exposures has been experimen-
tally demonstrated, including its ability to cross the BBB and
induce inflammatory and neurodegenerative changes
[36-38].

In conclusion, the present work constitutes a basis for in-
tensifying surveillance after the hexavalent vaccination. In
particular, it is necessary that deaths occurring short time
after hexavalent vaccination are appropriately investigated
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and submitted to an expert pathologist for an objective
evaluation of the possible causative role of vaccines in SIDS.
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