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Abstract

Human papillomavirus vaccination (HPVV) was included in the national immunization program in 2013 in
Japan. However, the Japanese government suspended proactive recommendations 2 months after this deci-
sion because various adverse events following the vaccination were reported by the media. More than
6 years have already passed since the suspension of proactive recommendations of all available vaccines in
Japan. Although no causal relationship between the adverse effects and HPVV has been confirmed, the Japa-
nese government has not withdrawn the suspension. Thus, it is important to show various possible causes
of the adverse events other than HPVV. It is attempted to describe the possible contribution of the misunder-
standing regarding the symptoms of postural tachycardia syndrome, deconditioning, and exercise-induced
hyperalgesia as the adverse effects of HPVV in this review article.
Key words: deconditioning, exercise-induced hyperalgesia, human papillomavirus vaccination, postural
tachycardia syndrome.

Introduction

Human papillomavirus vaccination (HPVV) was
implemented in 2010 for Japanese girls aged
12–16 years, and the vaccine was included in the
national immunization program since 2013. However,
the Japanese Ministry of Health, Labor and Welfare
(MHLW) suspended the proactive recommendations
for the HPVV 2 months after the implementation
because various adverse effects were reported after
the vaccination by the media and the government
was unable to confirm the safety of the vaccine. The
issue started when Asahi Shimbun, one of the most
influential newspapers in Japan, reported the case of
an adolescent girl who experienced severe difficulties
walking and found it difficult to perform mathematical

calculation after HPVV in March 2013. Thereafter,
similar incidences were reported regarding the possi-
ble adverse effects of HPVV by multiple media
platforms, such as newspapers, television and social
media. The contents of these reports were emotional
and sensational.
In 2014, a group of researchers termed the set of

diverse physical and psychological symptoms appearing
after HPVV as HPVV-associated neuro-immunopathetic
syndrome (HANS) and stated that no treatments had
been established for these health issues.1 Typical mani-
festations of the diverse symptoms after HPVV include
chronic pain, fatigue, dysfunction of the autonomic ner-
vous system, learning impairment leading to lack of
motivation and poor concentration1–3 (Table 1). Various
motor, sensory, autonomic and cognitive/emotional
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symptoms manifested over time after HPVV. The
timing of the vaccination is not temporally related to
onset of symptoms in adolescents who were healthy
prior to the vaccination. Although no objective exami-
nation detected any abnormalities, the researchers
speculated that an immune system disorder caused
by hypothalamic lesions integrated many of these
symptoms,1–3 instead of orthostatic intolerance and
postural tachycardia syndrome those were already

reported as adverse events of HPV vaccination.4 Thus,
the vaccination rate dropped from 70% to <1%.5

In January 2014, the Vaccine Adverse Reactions
Review Committee that was investigating these
adverse events regarded ‘functional physical symp-
toms’ as the cause of these adverse reactions.6 The
researchers and the patients refused to accept these
symptoms as psychological and appealed to law
courts across Japan. The results of a population-based
study performed in Nagoya City revealed that there
was no evidence to suggest a causal association
between HPVV and the reported adverse events that
occurred after the vaccination.7 However, the matter
is ongoing in the court, and the MHLW continues to
suspend the proactive recommendation of HPVV con-
sidering that no cause has been established for the
adverse effects. The current issue would be resolved if
pathways other than the polarized etiologies are
detected that term the symptoms after HPVV as
immune abnormalities or psychological symptoms
that are not associated with the HPVV. Such path-
ways are known to exist. In this article, it is attempted
to describe the pathogenesis of various symptoms of
postural tachycardia syndrome (POTS) as a coinciden-
tal event, deconditioning and exercise-induced
hyperalgesia as the possible secondary phenomena of
physical inactivity after vaccination.

Postural Tachycardia Syndrome

Postural tachycardia syndrome is one of the most
common manifestations of orthostatic intolerance.8,9

In 1982, Rosen and Cryer10 reported a patient with
disabling postural tachycardia without postural hypo-
tension had symptoms that included palpitation,
weakness, abdominal and leg pain, light-headedness,
headache on upright position as postural tachycardia
syndrome. The diagnostic criteria of POTS have been
defined by a heart rate increment of 30 beats/min or
more within 10 min of standing or head-up tilt in the
absence of orthostatic hypotension.9 For individuals
aged 12–19 years, the required increment is at least
40 beats/min.11 POTS is observed more frequently in
women than in men, and most cases occur in those
aged 15–25 years of age.9

The clinical features of POTS are heterogeneous,
and orthostatic tachycardia is accompanied by symp-
toms of cerebral hypoperfusion and sympathetic
hyperactivity. Orthostatic symptoms characterized by
dizziness lightheadedness, palpitations and blurred

Table 1 Diagnostic criteria for suspected adverse effects
after human papilloma virus vaccination (HPVV)3

I. Prerequisite
1. At least one exposure to HPVV
2. No abnormality of a physical or psychological
condition before HPV vaccination

3. Appearance of clinical manifestations after HPV
vaccination

II. Major symptoms
1. Prolonged general fatigue (lasting for more than
4 weeks)

2. Chronic headache, especially after standing up
3. Widespread pain (migratory joint pain, limb pain, or
myalgia)

4. Limb shaking (tremor or myoclonus like)
5. Dysautonomic symptoms (orthostatic fainting,
postural orthostatic tachycardia, or delayed or rapid
gastrointestinal motility)

6. Motor dysfunction (frequent sudden falls, limb
weakness or paralysis, gait disturbance)

7. Abnormal sensation (coldness in limbs, limb
paresthesia, photophobia)

8. Sleep disturbance (hypersomnia, insomnia)
9. Learning impairment (memory impairment,
difficulties in concentration, verbal dyspraxia)

10. Menstrual abnormality (amenorrhea,
hypermenorrhea, irregular menstruation)

III. Objective findings
1. Persistent hypotension
2. Orthostatic hypotension or postural tachycardia on
standing or tilt table test (Schellong test)

3. Decreased skin temperature
4. Peripheral plateau pattern in digital plethysmogram
5. Decreased cognitive function test
6. Decreased regional cerebral blood flow as shown in
brain single-photon emission computerized
tomography

IV. Exclusion
1. Abnormality in routine blood laboratory data
2. Conditions compatible with diagnostic criteria of
other diseases (e.g., juvenile idiopathic arthritis,
epilepsy and autism spectrum disorder)

3. HPV vaccination after 30 years of age

Definite case: more than 5 of 10 major symptoms plus more
than three of six objective findings plus no exclusive conditions.
and Probable case: more than 5 of 10 major symptoms plus no
exclusive conditions.
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vision as well as nonorthostatic symptoms, including
dry eye/mouth, bloating, nausea, vomiting, constipa-
tion, diarrhea and migraine headache have been
documented in POTS.12 Orthostatic headaches related
to decrease in spinal venous pressure and volume of
cerebrospinal fluid due to orthostatic hypovolemia.13

POTS has also been known to coexist with chronic
fatigue syndrome (CFS) and functional gastrointestinal
disorders; furthermore, POTS has been associated with
fatigue, chronic pain and altered temperature sensa-
tion.14 Patients with POTS also complain of ‘memory
problems’ and ‘mental clouding’, these might actually
represent decreased attention and concentration15 and
sleep disturbance such as poorer sleep quality, more
daytime sleepiness.16 Shortness of breath, chest pain
are also common17 and acrocyanosis possibly related
to abnormal cutaneous nitric oxide activity.18 In case
of pediatric patients, POTS is known to cause sleep
abnormalities, chronic pain, gastrointestinal symp-
toms, headache and Raynaud-like symptoms.14 Clini-
cal symptoms of POTS were summarized in the
review of Fedorowski19 (Table 2).

The conventional treatment of POTS consists of non-
pharmacologic and pharmacologic approaches.9,19,20

Patient education, physical countermeasures such as
leg crossing, sodium and water intake, support gar-
ments such as compression stockings and exercise
training are widely used as nonpharmacologic thera-
peutic options.9,19 Pharmacological treatment of POTS
includes α1-adrenergic agonist midodrine, the mineralo-
corticoid fludrocortisone, β-blockers including propran-
olol and the cholinesterase inhibitor pyridostigmine.9

Similarities between the Diverse
Symptoms after HPVV and POTS

A comparison of the symptoms of the diverse symp-
toms after HPVV in Table 1 and POTS in Table 2
show that several adverse effects that are believed to
be caused by HPVV may be attributable to POTS.
However, it is not well known in Japan that POTS
presents various cardiovascular symptoms and non-
cardiovascular symptoms, such as nervous, musculo-
skeletal, gastrointestinal, respiratory and urological
symptoms. In the Japanese clinical guidelines for juve-
nile orthostatic dysregulation21 that are cited in the
article about the diverse symptoms after HPVV,22

POTS is explained as a subtype of orthostatic dys-
regulation. This classification is different from that
used in other countries. In the guidelines, POTS is

simply described as a condition involving postural
tachycardia while in the upright position; the various
nonorthostatic symptoms observed in POTS are
merely mentioned. In several articles of the diverse
symptoms after HPVV,1–3,22 the researchers have men-
tioned that POTS or orthostatic hypotension is preva-
lent among patients with the diverse symptoms after
HPVV; however, they appear to focus on tachycardia

Table 2 Clinical presentations of postural tachycardia
syndrome19

Cardiovascular systems (pathognomonic)
Cardiovascular Main: Orthostatic intolerance,

orthostatic tachycardia,
Systems Palpitations, dizziness,

lightheadedness,
presyncope, exercise

intolerance
Other frequent
symptoms:
dyspnea, chest
pain/discomfort,
acrocyanosis,
Raynaud’s
phenomenon,
venous pooling,
limb edema:

Noncardiovascular symptoms (accompanying)
General symptoms General deconditioning,

chronic fatigue, exhaustion,
heat intolerance, fever,
debility, bedriddenness

Nervous system Headache/migraine, mental
clouding (‘brain fog’),
cognitive impairment,
concentration problems,
anxiety, tremulousness, light
and sound sensitivity,
blurred/tunnel vision,
neuropathic pain (regional),
sleeping disorders,
involuntary movements

Musculoskeletal system muscle fatigue, weakness,
muscle pain

Gastrointestinal
system

Nausea, dysmotility,
gastroparesis, constipation,
diarrhea, abdominal pain,
weight loss

Respiratory system Hyperventilation, bronchial
asthma, shortness of breath

Urogenital system Bladder dysfunction, nycturia,
polyuria

Skin Petechiae, rashes, erythema,
telangiectasias,

abnormal sudomotor
regulation, diaphoresis,
pallor, flushing
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or hypotension while in the upright position rather
than on the heterogeneous symptoms related to POTS.
Symptoms described as the adverse events after
HPVV should be discussed as appearing coinciden-
tally with POTS. Finally, the American Autonomic
Society stated that there are no data to support a
causal relationship between HPVV and complex
regional pain syndrome (CRPS), chronic fatigue, and
POTS to other forms of dysautonomia.23

Deconditioning

Next, it is necessary to address ‘deconditioning’ that
also causes various symptoms like those observed in
POTS. The other diverse symptoms that are noted
after the vaccination may manifest via two pathways
when the physical activity of a healthy adolescent
decreases because of adverse reactions to the vaccine,
including pain. The first pathway is that of
deconditioning24 that refers to decreased physical
function as a result of decreased activity, leading to
impairment of muscular, skeletal and cardiovascular
functions. The most common symptom of cardiovas-
cular deconditioning is orthostatic intolerance. POTS
is suggested to be strongly associated with cardiovas-
cular deconditioning.25 A typical example of cardio-
vascular deconditioning is cardiovascular changes
appeared in healthy individuals during prolonged
bedrest as simulated microgravity of space flight.
Several studies on individuals with bedrest in Japan

have reported that orthostatic intolerance, including
postural tachycardia due to deconditioning appeared
among healthy Japanese young people.26–28 These
studies reported that when a healthy, young Japanese
individual rest in beds and has restricted physical
activity, he/she develops orthostatic intolerance
within a relatively short period of time, such as
10–20 days. If the physical activity of young girls is
reduced because of the pain caused by vaccination,
they might develop orthostatic intolerance because of
deconditioning. It is noteworthy that a recent article
has mentioned that all patients with severe adverse
events after HPVV showed findings of sarcopenia, a
condition characterized by degenerative loss of skele-
tal muscle mass, quality and strengths associated with
aging and immobility.29 The findings indicated that
deconditioning was caused among patients with
severe adverse events after HPVV. Deconditioning is
also believed to play an important role in interpreta-
tion of various adverse effects after HPVV.

Deconditioning is caused by physical inactivity
which indicates that exercise training is essential for
the treatment. Cardiovascular deconditioning is often
discussed as a consequence of microgravity of space
flight. The effectiveness of exercise training is also
evaluated in the area of aerospace medicine.24,30

Exercise-Induced Hyperalgesia

However, further interpretation is needed to explain
the chronic pain. The second pathway is that of
exercise-induced hyperalgesia31 caused by physical
inactivity wherein physical activity is decreased to
rest because of pain. The pain is further aggravated
by hyperalgesia when one abruptly begins to exercise
while the muscle and joint functions are poor. The
fear avoidance model plays an essential role in
chronic musculoskeletal pain. Fear avoidance, which
refers to the avoidance of movements or activities
based on fear, has been put forth as a central mecha-
nism in the development of long-term back pain prob-
lems and is believed to be crucial in the so-called
deconditioning syndrome.32 If the symptoms that
manifest after vaccination are secondary symptoms,
such as deconditioning and hyperalgesia due to phys-
ical inactivity, it is not surprising that despite the lack
of signs of inflammation, symptoms of autoimmune
diseases, such as general fatigue and loss of con-
sciousness, lead to intractable pain.

Steps for the Future

We need to take effective countermeasures for
addressing the adverse reactions of vaccination. If the
adverse events of HPVV can be explained by POTS,
deconditioning and exercise-induced hyperalgesia that
are caused by reduced physical activities, what should
we do for the patients? The common treatment approach
for the treatment of POTS, deconditioning, and exercise-
induced hyperalgesia is exercise. If the symptoms are
attributable to physical inactivity, the patient should
perform physical exercise as treatment,15,33 instead of
undergoing therapy for patients with the diverse symp-
toms after HPVV as immune abnormalities. Physical
exercise is more effective when combined with cogni-
tive behavioral therapy. Promotion of this knowledge
is important for enabling an accurate diagnosis and
treatment plan when a patient has symptoms similar
adverse events after HPVV.
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The Global Advisory Committee on Vaccine Safety
(GACVS), WHO has introduced the concept of
‘immunization stress-related responses (ISRR)’.34

Before publishing the report, GACVS received reports
from the major stakeholders or experts, and social
media in several countries where clusters of anxiety-
related reactions after immunization had adversely
affected immunization programs. Subsequently,
GACVS commissioned a group of experts to explore
and determine the etiology and characteristics of
those events. ISRR35 was described as a response to
the stress some individuals may feel about getting
an injection, and the spectrum of manifestations
described as ‘adverse events following immunization
arising from anxiety about the immunization.’ The
response to a stress may include an acute stress
response such as a vasovagal reaction (fainting),
hyperventilation or a dissociative neurological symp-
tom reaction including non-epileptic seizures (for-
merly known as a conversion reaction). In contrast
to other adverse events following immunization, an
ISRR may only affect an individual or groups of indi-
viduals resulting in a cluster which is often referred to
as mass psychogenic illness.35 Whereas ISRR contains
the broad range of responses that can be experienced
in relation to immunization, CRPS, POTS and CFS are
not a part of ISRR. Because the management of ISRR
are fundamental to avoid mistrust in immunization
programs, communication strategies are also
discussed.34

This review illustrated different interpretation of
symptomatic adverse reactions following HPVV. Cer-
vical cancer can be prevented effectively and signifi-
cantly reduced and even eliminated in near future.
Japan should take actions to resume proactive recom-
mendations for HPVV among younger population for
this vaccine-preventable disease.
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