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Abstract:

We herein report a 15-year-old girl who developed rapid progressive muscle weakness soon after the third
injection of a bivalent human papilloma virus (HPV) vaccine. Although immunotherapies were performed for
possible vaccine-related disorders, she died of respiratory failure 14 months after the onset of the disease. A
genetic analysis identified a heterozygous p.P525L mutation of the fused in sarcoma (FUS) gene, and a histo-
pathological analysis was also consistent with FUS-associated amyotrophic lateral sclerosis (ALS) without
any evidence of neuroinflammation. We concluded the diagnosis to be FUS-ALS, although we cannot com-

pletely rule out the possibility that the vaccination worked as a trigger.
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Introduction

The vaccine against a human papilloma virus (HPV) has
become a hot topic in political as well as medical fields. In
particular, there is a controversy over the safety of the HPV
vaccine. The public report of serious adverse effects, even if
they are rare and not clearly related to the vaccine, is affect-
ing the rate of the HPV vaccine coverage in many countries
and having great impact on vaccine policy in some countries
such as Japan. We herein firstly reported a genetically diag-
nosed and pathologically proven amyotrophic lateral sclero-
sis (ALS) case after HPV vaccination with detailed clinical
information.

Case Report

A 15-year-old girl presented with left lower limb weak-
ness 1 week after the third injection of Cervarix® (GSK,
London, UK), a bivalent human papilloma virus vaccine, in

October 2013. She had also noticed transient left upper limb
weakness after the second injection five months earlier, in
May 2013; however, the left upper limb weakness had been
transient and had almost completely recovered. Her symp-
toms deteriorated rapidly, and three months later, she suf-
fered from difficulty writing and standing up alone, at which
point she was admitted to our neurological institute. She had
generally been in good health for the first 15 years of her
life, with no family history of neurological disorders. A neu-
rological examination demonstrated proximal dominant mus-
cle weakness and atrophy in all extremities. The cranial
nerves were intact, the deep tendon reflexes were preserved,
and there was no pathological reflex or fasciculation. The
sensory, cognitive, autonomic, and cerebellar functions were
normal. Lasegue’s sign was positive.

Blood tests revealed no remarkable results for her symp-
toms, except for minimally elevated levels
acetylcholine receptor and GalNAc-GDla IgM receptor anti-
bodies. A cerebrospinal fluid test showed a mild increase in
the IgG index (0.77) with normal cell counts and protein
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Figure 1. Sequencing chromatograms of the p.P525L muta-
tion in the FUS gene. The green box shows the position of a C-
to-T transition at nucleotide 1574 (c.1574 C>T).

concentrations. Electromyography and a nerve conduction
study showed active and chronic denervation in all limbs
and paraspinal muscles without any obvious conduction
block.

Based on the clinical course and mild inflammatory
changes in the cerebrospinal fluid as well as the positive
Lasegue’s sign, we initially suspected immune-mediated
polyradiculopathy associated with vaccination and chose im-
munotherapy as the treatment. However, the symptoms were
unresponsive to intravenous immunoglobulins, plasmaphere-
sis, and high-dose steroids. In July 2014, she became bed-

Figure 2. The histopathological analysis of the patient. (A) Kluver-Barrera’s stain of the cervical
spinal cord showed the extensive demyelination in the lateral column. (B) Hematoxylin and Eosin
staining sections of the lumbar cord revealed marked neuronal loss in the anterior horn. (C, D) The
remaining motor neurons contained basophilic and FUS-positive neuronal cytoplasmic inclusions. (E,
F) Immunohistochemical staining for leukocyte common antigen and CD68 showed the mild infiltra-
tion of macrophages and scattered lymphocytes in the lumbar cord. KB: Kluver-Barrera’s stain,

LCA: leukocyte common antigen
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ridden and dependent on noninvasive positive pressure venti-
lation throughout the day. Subsequently, a genetic analysis
revealed a heterozygous missense mutation, c.1574 C>T;
p.P525L, in the fused in sarcoma (FUS) gene (Fig. 1). The
patient was negative for mutations of superoxide dismutase
1 (SODI) and TAR DNA-binding protein 43 (TDP-43)
genes. She ultimately died of respiratory failure in Decem-
ber 2014, 14 months after the second onset of the disease.

An autopsy was performed. The loss of motor neurons
was marked in the spinal cord (Fig. 2A and B), moderate in
the primary motor cortex, and mild in the hypoglossal and
facial nerve nuclei. The remaining motor neurons contained
intracytoplasmic basophilic inclusions, remarkably in the
spinal cord. These basophilic inclusions were strongly posi-
tive for FUS but negative for TDP-43 (Fig. 2C and D) (1).
Immunohistochemistry for CD68 and leukocyte common an-
tigen demonstrated mild macrophage infiltration and scat-
tered lymphocytes in the spinal cord, which may have been
the result of a secondary reaction to the severe neuronal de-
generation (Fig. 2E and F) (2, 3). No significant cell infiltra-
tion was detected in the spinal roots.

Discussion

This is the first published case report of a genetically and
pathologically proven ALS with detailed clinical informa-
tion, including a history of HPV vaccination. There are two
other reported cases of ALS that were diagnosed after HPV
vaccination (4), and nine events had been submitted to the
Vaccine Adverse Event Reporting System (VAERS) of Cen-
ters for Disease Control and Prevention (CDC) as of Octo-
ber 25, 2017. In one case, an autopsy confirmed motor neu-
ron disease (4). In the present case, the histopathological
study revealed the FUS pathology and no evidence of
immune-mediated inflammatory changes. The young age at
onset as well as the rapid progressive course of the disease
are also consistent with the previous case reports of ALS
with an FUS P525L mutation (5, 6). Of note, approximately
50% of cases harboring this mutation have been reported to
be sporadic, with a high proportion of de novo muta-
tions (5, 6).

There has never been any statistical evidence linking seri-
ous conditions such as death or ALS to the adverse effects
of the HPV vaccine (7). Furthermore, the World Health Or-
ganization also concluded that HPV vaccines have an excel-
lent safety profile and reiterates its recommendation that
HPV vaccines be included in national immunization pro-
grams (8). Nonetheless, concerns regarding the vaccine’s ad-
verse effects persist, and the rate of increase in HPV vaccine
coverage has slowed over time. Our case demonstrated the
necessity of more extensive studies and scientific validation,
including autopsies, especially in cases with serious adverse
effects. Without such clarifications, this case may be mistak-

enly reported as a possible case of HPV vaccine-triggered
ALS.

Another issue we should consider in this case is the pos-
sibility that the HPV vaccine accelerated the ALS patho-
genesis and hastened the disease onset. The HPV vaccine
contains a potent toll-like receptor 4 activator as an adju-
vant, and recent animal studies have shown that toll-like re-
ceptor 4 activation is involved in the pathogenesis of
ALS (9, 10). Thus, at this time, it is too premature to con-
clude whether or not the HPV vaccine is completely safe in
individuals with neurological conditions, and further investi-
gations are needed. However, of note, these individual cases
should not immediately influence ongoing vaccine policies
unless enough scientific evidence for the association of neu-
rological conditions with HPV vaccines can be demon-
strated.
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