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patient’s symptoms could be attributed to OD. In addition,
the patient’s peripheral sympathetic nerve response based on
variations in the plasma noradrenalin level during position
changes was inadequate (31).

POTS is a disorder of the autonomic nervous system that
develops in adolescents and young people, with females be-
ing predominant. The orthostatic symptoms of POTS include
lightheadedness, visual blurring or tunneling, palpitations,
tremulousness and weakness, especially in the legs. Symp-
toms such as hyperventilation, anxiety, chest wall pain. acral
coldness and pain occur less frequently (17, 32). Orthostatic
stress can easily evoke intense fear or panic in some predis-
posed individuals (32). It is also noted that there is a consid-
erable overlap between POTS and chronic fatigue syn-
drome (33), and patients with both disorders have been re-
ported to complain of cognitive impairments, low energy
and/or pronounced sleep disturbances, with the inability to
complete normal educational activities or occupational du-
ties (34). These symptoms are so severe that the lives of the
patients and their families are seriously disrupted. However,
these complicated conditions are not widely recognized
among physicians or pediatric specialists, and many patients
are misdiagnosed as having psychiatric diseases (34).

The present Cases 2 and 3, which involved orthostatic in-
tolerance, are representative in that the patients were not
adequately diagnosed and/or treated at previous institutes.
For example, the visual symptoms and occurrence of tran-
sient left hemiparesis just after waking up seen in Case 2
may be caused by OH, while the chest discomfort and psy-
chological symptoms noted in Case 3 may be produced by
POTS. Additionally, the patient in Case 5, with a confirmed
diagnosis of CRPS-I and POTS, exhibited slight cognitive
decline, as shown on a conventional WAIS examination.
Similar information regarding a decreased ability to learn
was collected from 40% of the patients in our series.

Concerning the causative relationship between the above
sympathetic nerve-mediated manifestations and the use of
HPV vaccines, our patients had three main disorders, includ-
ing CRPS-I, OH and POTS. OH is well known to develop
spontaneously in many adolescent girls: however, OH was
accompanied by CRPS-I in the present study. The combina-
tion of both disorders is rarely seen in the normal popula-
tion of adolescent Japanese girls. Another orthostatic intoler-
ance disorder, POTS. is classitied as an attenuated form of
acute autonomic neuropathy or acute pandysautonomia (35).
and an autoimmune origin has been implicated in the patho-
genesis of this disease. For example, viral infections very
occasionally precede the onset of symptoms (17. 35). and
the Mayo clinic’s experience with 152 patients with POTS
found that 90.5% of the patient’s had a history of an antece-
dent viral infection (32). In addition, an interesting case of a
patient who developed POTS after vaccination with Gar-
dasil® was recently reported from the U.S. (36). In contrast,
tour of the present girls, including those in Cases 3 and 5,
who were shown to have POTS, lacked any antecedent viral
infections; therefore, a possible predisposing factor was

HPYV vaccination.
Movement disorders

One initial adverse event seen in post-vaccinated Japanese
eirls that was also noticed by mass media was violent limb
tremulousness and bizarre gait disturbances. CRPS is known
to be accompanied by various neurologic manifestations, in-
cluding limb paresis, incoordination, tremors, myoclonus
and dystonia (37). Similarly, tremulousness and limb weak-
ness are frequently observed in patients with POTS (38).
These involuntary movements can be diminished or abol-
ished by successful sympathetic blockade; thus, increased
peripheral atferent input associated with overactivity of the
peripheral sympathetic nervous system appears to play an
important role in the pathogenesis of this condition (34, 35).
Denervated supersensitivity of peripheral adrenoreceptors is
another candidate inducing the above abnormal move-
ments (17, 25). The violent limb tremulousness observed in
the affected girls temporally appeared in the early stage of
the disease. Electromyograms recorded in our Case 2 indi-
cated that the involuntary movements closely resembled
myoclonus (39) and may be induced peripherally, since the
myoclonic electromyographic discharge was not associated
with any preceding electroencephalographic activity (40).

Concerning gait disturbances, symptoms such as limb
pain, tremulousness and weakness are thought to be respon-
sible. The limb weakness noted in 15 of our girls was dis-
proportionate to the patient’s muscle strength on manual
muscle testing and was not attributable to disturbed neural
control of the voluntary movement system, including the py-
ramidal tract and peripheral somatic motor nerves. It is
therefore supposed that the limb weakness was initially re-
lated to CRPS or POTS and later enhanced by psychoso-
matic conditions, such as severe anxiety and/or prolonged
asthenia. Consequently, 13 of our 15 girls with gait distur-
bances discontinued their normal school lives. A decreased
ability to learn and/or not attending school among post-
vaccinated girls is an important social problem.

Etiology

It has been reported that some autoimmune neurological
diseases have developed in post-vaccinated girls, including
Guillain-Barré syndrome (4), acute disseminated encephalo-
myelitis (41) and multiple sclerosis (42, 43). Among these
patients. 69 treated with Gardasil® vaccination who subse-
quently developed Guillain-Barré syndrome were collected
in the U.S. between 2006 and 2009 (44). The onset of
symptoms was within six weeks after vaccination, and the
estimated weekly rate of reporting of post-Gardasil™
Guillain-Barré syndrome within the first six weeks (6.6 per
10.000.000) was higher than that observed in the general
population. Although CRPS is not generally accepted to be
an autoimmune disorder, our patients with proven CRPS-I
concomitant with OH or POTS had evidence of post-
canglionic sympathetic neuropathy, such as a decreased
plasma level of noradrenalin (31). abnormal MIBG cardiac
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scintigram findings, as observed in the present Case
3 (15, 16), and an ultrastructural pathology of intradermal
unmyelinated nerve fiber degeneration, all of which support
that this condition is a form of autonomic neuropathy. Fur-
thermore, POTS is now regarded to be an immune-mediated
disorder (32). Based on the temporal relationship between
immunization and the development of symptoms, we cannot
deny the possibility that immunization with HPV vaccines
may secondarily induce sympathetically mediated disorders,
including CRPS-I, OH and POTS.

Recently, the presence of gAChR antibodies in the serum
has been noted to be involved in the pathogenesis of various
autonomic disorders (45). Such antibodies act against neuro-
nal acetylcholine receptors in the autonomic ganglia and are
frequently found in patients with autoimmune autonomic
ganglionopathy. Additionally, two rare cases of Rasmussen
encephalitis with o7 AChR antibodies have been re-
ported (46). It has also been reported that a low titer of
gAChR antibodies is detected in the serum in a small num-
ber of patients with POTS (32). In contrast, this autoanti-
body was undetectable in 14 of our girls, including four
with POTS. The negative findings observed in our series of
eirls with autonomic symptoms indicates that the post-
eanglionic peripheral sympathetic nerve lesions produced
autonomic dystunction in these cases. Finally, the above pe-
ripheral sympathetic nerve disorders have not been reported
in foreign cohort studies of human HPV vaccines (47, 48)
and it thus remains unclear why Japanese girls are more fre-
quently involved. It is unlikely that the Japanese environ-
ment plays a role in the pathogenesis of this unique auto-
nomic disorder, as the patient in our Case 5, who received
vaccination in the U.S.. developed similar adverse reactions.
Studies with large-scale investigations and experimental ap-
proaches are needed to further answer these questions.
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