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Abstract This article critically reviews HPV vaccine serious
adverse events described in pre-licensure randomized trials
and in post-marketing case series. HPV vaccine randomized
trials were identified in PubMed. Safety data were extracted.
Post-marketing case series describing HPV immunization ad-
verse events were reviewed. Most HPV vaccine randomized
trials did not use inert placebo in the control group. Two of the
largest randomized trials found significantly more severe ad-
verse events in the tested HPV vaccine arm of the study.
Compared to 2871 women receiving aluminum placebo, the
group of 2881 women injected with the bivalent HPV vaccine
had more deaths on follow-up (14 vs. 3, p = 0.012). Compared
to 7078 girls injected with the 4-valent HPV vaccine, 7071
girls receiving the 9-valent dose had more serious systemic
adverse events (3.3 vs. 2.6%, p = 0.01). For the 9-valent dose,
our calculated number needed to seriously harm is 140 (95%
CI, 796–53). The number needed to vaccinate is 1757 (95%
CI, 131 to infinity). Practically, none of the serious adverse
events occurring in any arm of both studies were judged to be
vaccine-related. Pre-clinical trials, post-marketing case series,
and the global drug adverse reaction database (VigiBase) de-
scribe similar post-HPVimmunization symptom clusters. Two
of the largest randomized HPV vaccine trials unveiled more
severe adverse events in the tested HPV vaccine arm of the
study. Nine-valent HPV vaccine has a worrisome number
needed to vaccinate/number needed to harm quotient. Pre-

clinical trials and post-marketing case series describe similar
post-HPV immunization symptoms.

Keywords Adverse events . Chronic fatigue syndrome .

Fibromyalgia . HPV vaccine . Postural orthostatic tachycardia
syndrome

There is an ongoing debate on HPV vaccine safety. On the one
hand, international regulatory health agencies have endorsed
HPV vaccine security [1, 2]. On the other hand, clinicians
from different parts of the world have independently described
a disabling multisystem illness occurring rarely after HPV
immunization [3–14]. In response to adverse events reports,
Japan’s Health Ministry suspended HPV immunization pro-
gram in 2013. Internet-based social media have also published
dramatic cases of HPV vaccine adverse events. This informa-
tion led to decreased vaccine uptake in several countries [15].
HPV vaccine is given to healthy youngsters; therefore, of
outmost importance is the continuous safety surveillance.

Three different types of HPV vaccine are currently marketed:
Cervarix (GlaxoSmithKline) is a bivalent HPV vaccine directed
at types 16, 18.Cervarix contains 20 μg of HPV-16 L1 protein
and 20 μg of HPV-18 L1 protein assembled as virus-like parti-
cles as the vaccine antigens. The L1 proteins are formulated
with the adjuvant containing aluminum salts system, which is
composed of 50 μg of 3-O-desacyl-4′-monophosphoryl lipid A
and 500 μg of aluminum hydroxide salt. Gardasil or Silgard
(Merck & Co) is a quadrivalent human recombinant papilloma-
virus vaccine adsorbed on 225 μg amorphous aluminum
hydroxyphosphate sulfate adjuvant and directed at serotypes 6,
11, 16, and 18. There is a new approved HPV vaccine;
Gardasil 9, directed at HPV serotypes 6, 11, 16, 18, 31,
33, 45, 52, and 58, adsorbed on 500 μg of amorphous
aluminum hydroxyphosphate sulfate adjuvant [16].
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This article critically reviews the adverse events, particu-
larly those of serious nature, described in HPV vaccine pre-
licensure randomized studies as well as in post-marketing case
series.

Methods

Randomized controlled trials on HPV vaccine published up to
January 31, 2017 were identified in PubMed with the key-
words BHPV vaccine^ and the filter BClinical trial.^ Results
were screened for randomized controlled trials testing any of
the three currently licensed HPV vaccines. The following data
were extracted from each randomized study: vaccine type,
comparator composition, number of subjects in each arm of
the study, gender, age range, adverse events, serious adverse
events, vaccine-related serious adverse events, and most fre-
quent adverse symptoms.

Serious adverse event is conventionally defined as any ad-
verse event or adverse reaction that results in death, is life-
threatening, requires hospitalization or prolongation of
existing hospitalization, results in persistent or significant dis-
ability or incapacity, or is a congenital anomaly or birth defect
[17].

Post-marketing adverse events case series were identified
in PubMed with the keyword BHPV vaccine,^ linked to the
diagnoses that have been associated to HPV vaccination; com-
plex regional pain syndrome, fibromyalgia, chronic fatigue
syndrome, postural orthostatic tachycardia syndrome, or ovar-
ian failure. Post-marketing studies on HPV vaccine safety and
international health authorities’ stance in the matter were also
analyzed.

Results

Table 1 contains all reviewed HPV vaccine randomized trials
[18–33]. The relatively small HPV vaccine randomized
double-blind studies did not find significantly increased sys-
temic adverse events in the HPV vaccine group vs. the control
group. These studies did not use inert placebo as comparator
but rather an aluminum adjuvant or a previously licensed
aluminum-containing vaccine (Table 1).

Only one quadrivalent HPV vaccine randomized double-
blind trial utilized inert saline placebo [20]. In this trial, boys
(n = 842) and girls (n = 939) from 9 to 15 years of age were
given the quadrivalent HPV vaccine (n = 1184) or saline pla-
cebo (n = 597). When describing efficacy outcomes, boys and
girls were separately evaluated. When describing adverse
events, they were analyzed in a single group. Safety data in-
cluded 1165 individuals in the HPV vaccine group vs. 584 in
the saline placebo group. The percentage of adverse events
was 46.4% in the active ingredient group vs. 44.5% in the

placebo group. The difference has no statistical significance.
Our calculated 2 × 2 contingency table is p value = 0.24.
Serious adverse events occurred in 5 (0.4%) of HPV-
vaccinated subjects and none in the placebo group. None of
the serious adverse events were considered vaccine-related. In
the BDiscussion^ section, the authors stated BRegardless of
vaccination group, a higher proportion of girls than boys re-
ported adverse experiences, although no formal comparisons
between genders were performed^ [20].

Nine-valent HPV vaccine was compared to saline placebo
in only one randomized trial [32]. In this study, 608 females
12–26 years of age were compared to 305 who receive saline
placebo. Systemic adverse events were more common in the
9-valent group (59.7 vs. 55.7% in the placebo group). But the
difference was not significant (our calculated p value is 0.27).

The FDA webpage on approved products contains the re-
sults of several clinical trials in 3088women from8 to 26 years
of age injected with Gardasil, compared to 3470 age matched
women injected with placebo containing amorphous alumi-
num hydroxyl phosphate sulfate and to 320 women given
saline placebo. Injection site swelling developed in 25.4% of
women injected with Gardasil, 15.8% injected with aluminum
placebo, and 7.3% receiving saline placebo. The intergroup
differences are obvious [16].

The bivalent HPV vaccine-manufacturing company per-
formed a pooled safety analysis of all trials comparing biva-
lent HPV vaccine vs. hepatitis Avaccine. Analysis comprised
29,953 girls and women. In all age groups, some solicited
general symptoms reported during the 7-day period after each
vaccine dose (fatigue, arthralgia myalgia, and others) were
significantly higher in the HPV vaccine group when compared
to those of the hepatitis A vaccine cohort [34].

Two of the largest HPV vaccine randomized trials did
find significantly more severe adverse events in the tested
vaccine group vs. the comparator group: The 4-year inter-
im follow-up VIVIANE study safety analysis compared
2881 healthy women older than 25 years injected with
the bivalent HPV vaccine vs. 2871 age-matched women
injected with aluminum placebo [29]. As expected in
large randomized trials, both groups displayed remarkably
similar baseline characteristics. General solicited symp-
toms during the 7-day post-vaccination period occurred
more often in the HPV vaccine group (65%) than those
in the control group (58%). Our calculated 2 × 2 contin-
gency table p value was <0.01. Vaccine-related general
solicited symptoms during the 7-day post-vaccination pe-
riod were also more frequent after HPV vaccination
(41%) than those after placebo inject ion (36%)
p < 0.001. Fourteen deaths occurred in the vaccine group
vs. three deaths in the control group (p = 0.012 by
Fisher’s exact test). None of the deaths were believed to
be related to vaccination. One less death was reported in
the 84-month follow-up VIVIANE study, a woman
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diagnosed with breast cancer 6 months after the third
dose of the vaccine [35]. Even after this correction, the
death rate difference (13 vs. 3) remains significant
(p = 0.021).

As already stated [36], the largest Gardasil randomized
double-blind HPV vaccine study contrasted the 9-valent
dose vs. the quadrivalent formulation [30]. The new 9-
valent formulation has more than double virus-like particles
and aluminum adjuvant than the 4-valent counterpart. The
study pre-specified primary end-points were the following:
development of high-grade cervical epithelial neoplasia, ad-
enocarcinoma in-situ, cervical cancer, high-grade vulvar
intraepithelial neoplasia, high-grade vaginal intraepithelial
neoplasia, vulvar cancer, and vaginal cancer. Again, both
groups had very similar baseline features. Safety analysis
evaluated 7071 women (16 to 26 years of age) immunized
with the HPV 9-valent dose vs. 7078 women injected with
the quadrivalent HPV formula. Severe (>5 cm) injection site
swelling was seen more often in the 9-valent group; 3.8 vs.
1.5% (p < 0.01). Vaccine-related systemic events occurred
significantly more frequently in the 9-valent group (n = 2086
or 29.5%) than those in the 4-valent group (n = 1929 or
27.3%). Our calculated p value is 0.003. Serious systemic
adverse events were more frequent in the 9-valent arm of the
study; 233 (3.3%) vs.183 (2.6%) in the quadrivalent arm.
Our calculated p value is 0.0125. Oddly, only two serious
adverse events (0%) in each arm of the study were deemed
by the investigators to be vaccine-related. In both groups, the
most common systemic adverse events related to vaccination
(incidence ≥2%) were headache, pyrexia, nausea, dizziness,
and fatigue [30].

We characterize the likelihood to be helped or harmed by
the 9-valent HPV vaccine as compared to the 4-valent ver-
sion. The average number needed to vaccinate with the 9-
valent dose to prevent one episode of the pre-specified pri-
mary end-points that would not otherwise have been
prevented by the 4-valent immunization is 1757 with 95%
CI ranging from 131 to infinity. The number needed to harm
indicates how many individuals on average need to be vac-
cinated with the 9-valent dose to cause harm (in this case, a
serious adverse event) in one individual who would not oth-
erwise have been harmed by the 4-valent dose. This number
is 140 with 95% CI ranging from 79 to 653. Therefore, the
likelihood to be helped or harmed by the 9-valent HPV vac-
cine is 0.07.

HPV vaccine adverse events: post-marketing case series

Table 2 contains case reports and case series of chronic ill-
nesses developing soon after HPV vaccination. Independent
case series have described similar clinical features of head-
ache, fatigue, musculoskeletal pain, and orthostatic intoler-
ance symptoms. Nevertheless, this cluster of symptoms wasT
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labeled with different diagnoses such as chronic fatigue
syndrome/myalgia encephalomyelitis [7, 10], postural ortho-
static tachycardia syndrome [6, 7, 10, 12], fibromyalgia [11],
or complex regional pain syndrome [3, 5]. Available follow-
up information disclosed that the vast majority of affect-
ed individuals remain disabled. There are case reports of
ovarian insufficiency after HPV vaccination [4, 9].
Some of these cases also had headache, sleep distur-
bances, and arthralgia [4].

Post-marketing safety reviews

The United Kingdom Medicines and Healthcare Products
Regulatory Agency looked at the UK incidence rate of fatigue
syndromes in girls before and after the start of the HPV vac-
cination campaign. There was no change in the incidence of
fatigue syndromes in girls aged 12–20 years after the intro-
duction of the HPV vaccination despite high uptake [37].

An investigation done in the Valencian Community of
Spain contrasted the HPV vaccine adverse events rate vs. oth-
er types of vaccines given to girls of similar age. Data included
all notification from doctors and nurses to the health authori-
ties between 2007 and 2011. HPV vaccine-related adverse
events had an approximate incidence rate of 1 per 1000 inoc-
ulations. This incidence was ten times higher than the ones
described with other types of vaccines administered to girls of
similar age. The authors suggested that this marked difference
was due to HPV vaccine bad publicity. Thirty-two percent of
the HVP vaccine adverse events were classified as Bsevere.^
The most frequent post-HPV vaccination symptoms were diz-
ziness, headache, and syncope [38].

Investigators from Alberta Canada identified all reported ad-
verse events after HPV immunization between 2006 and 2014
and all emergency department utilization or hospitalizations
within 42 days following HPV vaccination. Approximately 1
of 1000 vaccinees had an adverse event. Allergic reaction, other
unusual events, other rash, and pain/swelling were the most fre-
quently coded adverse events. Ten percent of all HPV vaccinated
individuals visited a hospital emergency department within
42 days after immunization. The authors did not elaborate on
this later finding [39].

A USKaiser Permanent Health System study compared the
risk of emergency department visits and hospitalizations dur-
ing the interval soon after vaccination with risk during a com-
parison interval more remote from vaccination. The studied
population comprised all females (n = 189,629) who received
one or more doses of HPV vaccine between August 2006 and
March 2008. Skin infections during days 1 to 14 post-
vaccination and syncope on day of vaccination were noted
by an independent Safety Review Committee as likely asso-
ciations with HPV vaccine. The emergency department visit
rate was not described [40].

A large Scandinavian hospital-based retrospective analysis
found no increased incidence of specific autoimmune, neurolog-
ical, or thromboembolic disease entities after immunization of
adolescent girls with the quadrivalent HPV vaccine [41].

A meta-analysis of two quadrivalent vaccine studies and
eight bivalent vaccine studies conducted in six Asian coun-
tries included 4681 individuals receiving HPV vaccine com-
pared to 4524 injected with placebo. The risks of arthralgia
(RR at 1.94; 95% CI 1.55–2.43) and myalgia (RR at 1.84;
95% CI 1.61–2.10) were higher in the vaccinated groups than
those in the control groups. The risk of overall systemic ad-
verse events in the vaccinated groups was higher than that in
the controls (RR at 1.33; 95% CI 1.18–1.50). This meta-
analysis did not evaluate serious adverse events [42].

The Slovenian Adverse Events Following Immunization
Registry analyzed the school-based quadrivalent HPV vacci-
nation program from 2009 to 2013. There were 149 quadriva-
lent HPV vaccine adverse events reported per 100,000 distrib-
uted doses. Serious adverse events reports were 8 per 100,000
distributed doses. The most frequent notified events were as
follows: fatigue, headache, fever, sleep disorder, dizziness,
and syncope [43].

Case series of HPV vaccine adverse events originated from
Denmark and other countries, led by the Danish Health and
Medicines Authorities in 2015 to ask the European Medicines
Agency to give its opinion on whether there is a causal asso-
ciation between HPV vaccines and the two syndromes: com-
plex regional pain syndrome and/or postural orthostatic tachy-
cardia. The agency review found no evidence that the overall
occurrence of these illnesses in vaccinated girls was different
from that expected in these age groups, even taking into ac-
count a variety of possible scenarios for underreporting and
reports that did not fully meet diagnostic criteria for these
syndromes [1].

The World Health Organization has the largest internation-
al database of suspected adverse drug reactions (VigiBase).
VigiBase used a novel data-driven cluster analysis approach
to study HPV vaccine adverse events. All individual case
safety reports for HPV vaccines until January 2015 were iden-
tified. Cluster analysis revealed reports of adverse events fol-
lowing HPV vaccination that were serious in nature but did
not contain explicit diagnoses. The most commonly reported
adverse events terms were headache, dizziness, fatigue, and
syncope. This cluster of symptoms was more common and
more severe in HPV vaccine reports compared with non-
HPV vaccine reports for females of similar age [44].

Discussion

This critical review of HPV vaccine randomized controlled
trials and post-marketing adverse events case series raises sev-
eral safety concerns.
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1. The lack of inert placebo in the vast majority of pre-
licensure HPV vaccine randomized studies

The overwhelming majority of randomized HPV vaccine
trials did not use inert placebo. They used aluminum-
containing placebo or other aluminum-adjuvanted vaccines.
For c l in ica l s tud ies , a p lacebo is de f ined as a
Bpharmaceutically inert substance.^ This definition cannot
be applied to an adjuvant substance. Aluminum adjuvant
mechanism of action remains poorly understood and its safety
has been questioned. Aluminum adjuvants are known to stim-
ulate TH2 immune response, activate dendritic cells, and ac-
tivate NLRP3 inflammasome [45, 46].

Aluminum adjuvants have been implicated in the develop-
ment of chronic illnesses such as the autoimmune/
inflammatory syndrome induced by adjuvants (ASIA) syn-
drome and macrophagic myofasciitis. In 2011, Shoenfeld
and Agmon-Levin suggested the name ASIA to a syndrome
that may appear after the exposure to an adjuvant substance.
Myalgia, muscle weakness, arthralgia, chronic fatigue, and
neurological manifestations are the main clinical features of
the ASIA syndrome [47].

Macrophagic myofasciitis is a multisystem illness that oc-
curs rarely after vaccination, particularly after hepatitis B im-
munization. The clinical features of chronic macrophagic
myofasciitis are myalgia, chronic fatigue, and cognitive im-
pairment among others [48]. The ASIA syndrome and mac-
rophagic myofascitis symptoms cluster are similar to those
reported after HPV vaccination.

2. Large randomized trials disclosed significantly more se-
vere adverse events in the tested HPV vaccine cohort

In randomized double-blind trials, confounding variables
are canceled out minimizing the influence of external factors
on the results. In large randomized drug trials, the comparison
groups are expected to have similar incidence of drug-
independent adverse events.

The two relatively small randomized trials testing HPV
vaccine against true inert saline placebo revealed a tendency
to have more adverse events in the vaccine group.
Unfortunately, Reisinger et al. safety analysis lumped boys
and girls in a single group even though girls reported more
adverse events than boys [20].

Two of the largest HPV vaccine randomized trials showed
significantly more severe adverse events in the investigated
vaccine arm of the study: Compared to aluminum placebo,
bivalent HPV immunization was accompanied by significant-
ly more vaccine-related general solicited symptoms during the
7-day post-vaccination period and a statistically significant
four-fold increase in death rate [29]. Compared to the 4-
valent formula, the Bhigh dose^ 9-valent HPV vaccine was
associated to significantly more severe local swelling, more

vaccine-related systemic adverse events, and more serious
systemic adverse events [30]. These disparities suggest that
HPV immunization adverse events may be dose-dependent.
In contrast to the 9-valent vs. 4-valent group significant dif-
ference in serious adverse events, vaccine-related serious ad-
verse events were reported as being 0% in both groups [30].
This incongruity advocates that at least in the 9-valent group,
vaccine-related serious adverse events were under-recognized.
Furthermore, this large trial disclosed a disturbing 9-valent
HPV vaccine number needed to vaccinate/number needed to
harm ratio.

The unquestionable statistical results derived from two of
the largest HPV vaccine randomized trials must take preemi-
nence over the investigators’ judgment ascribing the dispro-
portionate severe adverse events and excessive death rate to
external factors. One possible explanation for the apparent
severe side-effects under-recognition might be that HPV vac-
cine adverse reaction may not look as the usual drug-related
untoward response. Another possible explanation would be
the investigator leniency towards a promising vaccine trial,
which would decrease vaccine-related adverse events in both
arms of the study.

3. Pooled safety analysis found more post-immunization
symptoms in bivalent HPV vaccine vs. hepatitis A
vaccine

Pooled analysis of all trials comparing 29,953 healthy girls
andwomen injectedwith bivalent HPV vaccine vs. hepatitis A
vaccine showed significantly more post-immunization symp-
toms in the HPV vaccine group. This difference was present in
all studied age groups [34].

4. Post-marketing HPV vaccine adverse events case series
describe similar cluster of symptoms than those reported
in pre-clinical trials

Both pre-licensure randomized trials and post-
marketing-independent reports describe similar cluster of
adverse events symptoms, namely, headache, fatigue, diz-
ziness, musculoskeletal pain, and gastrointestinal symp-
toms among others (Tables 1 and 2). In the post-
marketing studies, this cluster of symptoms was labeled
with different diagnoses such as complex regional pain
syndrome, chronic fatigue syndrome, fibromyalgia, or
postural orthostatic tachycardia syndrome. When looking
at these diagnoses separately, HPV vaccine safety signals
may be diluted. This possible post-marketing HPV vac-
cine adverse reaction under-recognition is reinforced by
the recent WHO VigiBase report [44]. Symptoms clusters
of headache and dizziness with either fatigue or syncope
were found to be more commonly described, and more
severe, in HPV vaccine reports compared with non-HPV
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vaccine reports for females of similar age. Only a minor-
ity of reports included in these clusters contained specific
diagnoses to explain these symptoms.

5. The European Medicines Agency report on HPV vaccine
safety looked at specific diagnoses and not at symptoms
clusters

The European Medicine Agency investigation found no
evidence that the overall rates of complex regional pain syn-
drome and/or postural orthostatic tachycardia in vaccinated
girls were different from expected rates in these age groups
[1]. Nevertheless, as recognized in the European Medicine
Agency report, there is great variability in the background
yearly incidence for these syndromes [49]. Complex regional
pain syndrome and postural orthostatic tachycardia syndrome
are difficult to diagnose clinical entities. Many physicians pre-
fer to ignore them or to reject them [50].

6. In-depth analysis of some supportive post-marketing
HPV vaccine safety studies discloses disquieting findings

HPV vaccine post-marketing safety studies done in
Valencia, Spain, and Alberta, Canada, endorsed HPV vaccine
safety. Nevertheless, these investigations contain disquieting
findings. It seems perilous to blame Bbad press^ for the 10
times higher than expected HPV vaccine adverse events noti-
fication by Valencian doctors and nurses [38]. Similarly in-
triguing is the description of 10% of HPV-vaccinated healthy
Canadian girls needing to visit a hospital emergency depart-
ment within 42 days following HPV immunization [39].

HPV vaccine adverse events: possible pathogenetic
mechanisms

As already stated, at this stage of knowledge, it seems prema-
ture and risky to propose any pathogenetic mechanism linking
HPV vaccination to the purported adverse events. Based on
our previous fibromyalgia research, we speculate that in sus-
ceptible individuals, the HPV virus-like particles and/or alu-
minum adjuvant may be neurotoxic, damaging the dorsal root
ganglia and triggering dysautonomia and small fiber neurop-
athy [51]. The recent case reports describing antibodies to
different autonomic nervous system receptors in patients that
became ill after HPV immunization go along with this hypoth-
esis [6, 12].

Conclusion

Scrutiny of two of the largest randomized trials unveiled sig-
nificantly more serious adverse events in the investigated
HPV vaccine arm of the study. Compared to the 4-valent dose,

9-valent HPV vaccine had significantly more serious adverse
events. Considering this statistical difference, the reported 0%
incidence of vaccine-related serious adverse events is proba-
bly an under-estimation. Nine-valent HPV vaccine has a wor-
risome number needed to vaccinate/number needed to harm
quotient. Nine-valent vs. 4-valent HPV vaccine local and sys-
temic adverse events disparities raise the possibility of a dose-
dependent untoward effect. Compared to aluminum placebo,
the group of individuals receiving the bivalent HPV vaccine
had more deaths on follow-up. Pre-clinical randomized trials
and independent post-marketing case series describe similar
post-HPV immunization symptom clusters.

These findings raise further doubt on HPV vaccine safety.
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