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Abstract: Gardasil 4, a human papilloma virus vaccine, has been shown to protect against various
cancers, including cervical cancer. Common side effects include injection site pain, fever, headaches,
and muscle aches. In some individuals, the severe side effect of postural orthostatic tachycardia
syndrome (POTS) has been reported. POTS is characterized by the abnormal response of lighthead-
edness, blurry vision, and dizziness while transitioning to an upright posture. POTS predominately
affects women, with more than eighty-five (85) percent of POTS patients being female. POTS, on
average, takes five years and eleven months to receive diagnosis. Additionally, a strong association
between POTS and Ehlers–Danlos Syndrome Type III (EDS) exists. Eighty (80) percent of patients
with EDS have POTS. This severe side effect indicates that providers need to be aware of this strong
association of HPV vaccinations and POTS. In this report, we will present a case of a young women
with a past medical history significant for EDS type III who was diagnosed with POTS after receiving
Gardasil 4 vaccination. This case demonstrates the need for physicians to be aware of the association
of POTS with EDS type III and HPV vaccination. Physician awareness of the associations, signs, and
symptoms of POTS and earlier testing at the first presentation of signs and symptoms will limit the
negative impact on patient’s quality of life.

Keywords: Ehlers–Danlos syndrome; vaccine adverse events; postural orthostatic tachycardia
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1. Introduction

The Gardasil 4 vaccine, which protects against nine strains of the Human Papilloma
Virus (HPV), was first approved in 2006. Gardasil 9, currently the most frequently adminis-
tered HPV vaccine, was approved in December of 2014 [1] and has been shown to reduce
the risk of developing various cancers, including cervical cancer [2]. Common side effects
of the vaccine include injection site pain, fever, headaches, and muscle aches; however,
the vaccine has been known to cause severe adverse events for some individuals, such as
postural orthostatic tachycardia syndrome (POTS) [1].

POTS is a form of orthostatic intolerance associated with excessive tachycardia upon
standing, which is typically relieved by recumbence and often accompanied by many
other symptoms [3,4]. Before the COVID-19 pandemic, POTS was estimated to impact 1 to
3 million Americans, with the majority being women between the ages of 15 and 50 [5,6].
POTS morbidity derives primarily from symptom burden and functional impairment,
including profound fatigue, cognitive dysfunction, headaches, gastrointestinal disturbance,
syncope, and presyncope, which limit physical activity [3,4]. POTS has significant impacts
on daily life, including a 52% unemployment rate among patients, 70.5% with income loss,
and 95% with significant medical expenses. POTS-related work and financial instability
highlight the need for improved diagnoses and treatments [7].
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POTS can be triggered by diverse initiating events, often making its exact initiating
event challenging to pinpoint. Commonly, POTS is preceded by a viral infection, which can
disrupt the autonomic nervous system’s functioning. In some individuals, POTS may also
emerge following significant physical or emotional stress, surgery, or pregnancy, indicating
a potential link to bodily stressors and changes [8]. Additionally, while rare and not well
understood, there are documented cases where POTS symptoms have developed after
vaccination [9,10]. While the initiating events are poorly understood, some potential risk
factors have been identified. Further, evidence is limited for vaccination, including the
HPV vaccination, in the initiating events for POTS [11].

Ehlers–Danlos Syndrome (EDS) Type III, now commonly referred to as Hypermobile
EDS (hEDS), is considered by some to be a risk factor for Postural Orthostatic Tachycardia
Syndrome (POTS). The joint hypermobility and connective tissue fragility characteristic
of hEDS can impact the cardiovascular system, potentially predisposing individuals to
POTS [12]. This relationship highlights the potential for shared underlying pathophysio-
logical mechanisms between hEDS and POTS, possibly leading to common symptoms such
as rapid heart rate upon standing and autonomic dysregulation [13].

Here, we report on one young woman with a past medical history of hEDS who
was diagnosed with POTS after receiving the Gardasil 4 vaccine. This case highlights
the importance of physicians’ ability to recognize the associations, signs, and symptoms
of POTS to reach a quicker diagnosis and highlights associated with EDS, POTS, and
HPV vaccination.

2. Case Presentation Section

A 42-year-old female received the Gardasil 4 vaccine on 14 January 2014. Her past
medical history indicated migraines and EDS type III. The patient was diagnosed with EDS
in 2010 and presented with a Beighton score of 7 out of 9. Medications the patient was
taking at time of vaccination include bupropion 100 mg twice daily, fluoxetine 60 mg once
daily, indomethacin 25 mg three times daily, and topiramate 100 mg twice daily.

A few days later, on 20 January 2014, the patient returned to the clinic complaining of
unilateral left eye pain, a severe headache, and experiencing symptoms of POTS, specifically
tachycardia. The patient experienced frequent bouts of syncope, impacting her daily life.
The patient stated that when her POTS worsened, she had more than 20 POTS episodes
per day. While the patient began experiencing symptoms of POTS in 2014, it took several
doctor visits complaining of POTS symptoms before a table tilt test was performed. This
resulted in a diagnosis not being made until 2021. Table 1 shows the patient’s positive
table tilt test with pulses measuring to a maximum of 158 bpm with seventy (70) degrees
of tilting. After the patient’s POTS diagnosis, Modafinil was prescribed and resolved the
patient’s POTS symptoms.

Table 1. Vital signs recorded during the patient’s table tilt test. Results show a positive table tilt test
diagnostic for POTS.

Degree of Tilt
17 February 2021 1020 17 February 2021 1019 17 February 2021 1018

70 Degrees 70 Degrees 70 Degrees

Heart Rate 144 bpm 145 bpm 136 bpm
Blood Pressure 115/82 122/90 132/84

Adverse symptoms of POTS following the Gardasil 4 vaccine has had a severe impact
on the patient’s daily life. The patient claimed she went from a very sociable person to
an introvert. The patient fears having a POTS episode when she is alone. She also fears
leaving home and having an episode away from home.
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3. Discussion

Case reports have documented adolescent girls developing symptoms of orthostatic
intolerance and excessive tachycardia consistent with POTS in the days and weeks following
Gardasil immunization [10,11]. Butts et al. provide a review of the current literature on
the potential association between the HPV vaccine and POTS [12]. Chandler et al. discuss
safety concerns with the HPV vaccine and reports of adverse events, including POTS [1,13].
Barboi et al. (2020) present a position statement from the American Autonomic Society on
the HPV vaccine and autonomic disorders, including POTS [14]. The mechanisms linking
the Gardasil vaccination to POTS are not well understood but may involve autoimmune or
autonomic dysfunction triggered by the vaccine. Further research is warranted to elucidate
the potential association between POTS and the Gardasil vaccination, given the potential
impact on the lives of young vaccine recipients.

There is evidence that HPV vaccinations can trigger mast cell activation syndromes [15].
This can explain the association of HPV-triggered POTS and the association of EDS type
III. Mast cell syndrome, specifically mast cell activation syndrome (MCAS), is a disorder
characterized by the abnormal release of mast cell mediators, leading to a wide variety of
symptoms, including itching, flushing, abdominal pain, and anaphylaxis. Mast cells are
key players in allergic reactions and immune responses, but in MCAS, they become hyper-
reactive, releasing their contents in response to triggers that would not normally provoke
a reaction. Research indicates that MCAS can be triggered by various factors, including
infections, stress, and environmental exposures. MCAS can present with diverse symptoms
affecting multiple organ systems, often leading to misdiagnosis and undertreatment [16].
However, MCAS also has a distinct clinical treatment because it may respond to targeted
therapy [11]. Up to 30 percent of POTS patients have mast cell activation syndrome, and
it is well known that EDS type III is a mast cell activation disorder [17–19]. POTS as an
adverse event to HPV vaccine and the connection with EDS could be explained by mast
cell activation causing POTS and EDS to present in patients post HPV-vaccination.

POTS symptoms can take months or even years to manifest fully, making accurate
tracking and quantification of POTS incidence following vaccination challenging. Further-
more, the lack of awareness of POTS diagnostic criteria among providers and terminology
varying from postural orthostatic tachycardia syndrome to chronic fatigue syndrome con-
found efforts to definitively diagnose and document POTS cases that may be linked to
vaccinations. These factors make determining the true prevalence and causal association
between POTS and vaccination, like Gardasil, difficult to ascertain [20–23].

POTS can have a significant impact on patients’ lives. Some patients report mild
symptoms and can continue normal daily activity. Others live through symptoms severe
enough that everyday activities, such as walking, bathing, housework, and even eating, are
significantly limited [3,4]. High out-of-pocket medical costs related to POTS are a burden
on patients seeking a diagnosis or treatment [7].

Accurate diagnosis of POTS is a crucial yet difficult milestone for patients. POTS can
be misdiagnosed because patients may present with a variety of symptoms without any
clinically significant findings. Physicians may misdiagnose POTS as anxiety, panic attacks,
vasovagal syncope, or inappropriate sinus tachycardia. Many patients are inappropriately
diagnosed with psychiatric disorders and consequently may distrust the medical com-
munity [24–26]. Symptoms can be present for months or years before a final diagnosis of
POTS is made. Some patients may wait two to seven years before receiving a diagnosis,
and many patients who first suggest a diagnosis of POTS to their physicians must present
symptoms to several practitioners before receiving a POTS diagnosis [25]. In this case, it
took six years before a table tilt was performed and POTS was diagnosed. Additionally
in our patient’s case, there were minimal diagnostic tests run to determine cardiac and
hemodynamic status, adding to the time to POTS diagnosis and further showing clinicians’
lack of awareness of POTS symptoms.

The long period from symptom presentation to diagnosis is frustrating for patients
because medical costs can accumulate, and they may not receive the proper medical
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treatment when the correct diagnosis is not made. Knowing the strong association between
hEDS and POTS, and POTS as a potential adverse event to the HPV vaccine, is crucial
to reduce the time between the presentation and diagnosis of POTS. Patients with hEDS
should be more frequently tested for POTS, especially after receiving an HPV vaccine.
Patients with hEDS should also be educated about the potential risk for developing POTS
as part of pre-vaccination education.

This report is not meant to be construed as an anti-vaccination statement but rather as
an opportunity to improve patient care.

A potential association between POTS and hEDS exists [24]. We recognize that the
incidence of POTS associated with hEDS is low; however, given the clear considerations and
impacts for patients with hEDS, additional monitoring in these cases is warranted before
administering HPV vaccinations, as the vaccine may initiate POTS. Here, we recommend
additional research and vigilance to identify potential associations with patients with hEDS
developing POTS after HPV vaccination.

Author Contributions: Conceptualization, N.S., M.W. and B.B.; methodology, N.S., M.W. and B.B.;
formal analysis, N.S., M.W., A.R. and B.B.; investigation, N.S., M.W., A.R. and B.B.; resources, N.S.,
M.W., A.R. and B.B.; data curation, N.S.; writing—original draft preparation, N.S., M.W. and A.R.;
writing—review and editing, B.B.; supervision, B.B.; project administration, B.B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of ROCKY VISTA UNIVERISTY on
08/03/2023 (protocol code 2023-164).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent has been obtained from the patient to publish this paper.

Data Availability Statement: Supporting data may be found in the Vaccine Adverse Event
Reporting System.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Use of 9-Valent Human Papillomavirus (HPV) Vaccine: Updated HPV Vaccination Recommendations of the Advisory Com-

mittee on Immunization Practices—PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/25811679/ (accessed on
30 October 2023).

2. A Review of Clinical Trials of Human Papillomavirus Prophylactic Vaccines—ScienceDirect. Available online: https://www.
sciencedirect.com/science/article/pii/S0264410X12009516?via=ihub (accessed on 30 October 2023).

3. Grubb, B.P. Postural Tachycardia Syndrome. Circulation 2008, 117, 2814–2817. [CrossRef] [PubMed]
4. Benarroch, E.E. Postural Tachycardia Syndrome: A Heterogeneous and Multifactorial Disorder. Mayo Clin. Proc. 2012, 87,

1214–1225. [CrossRef] [PubMed]
5. Dysautonomia International: Postural Orthostatic Tachycardia Syndrome. Available online: https://www.dysautonomiainternational.

org/page.php?ID=30 (accessed on 30 October 2023).
6. Sheldon, R.S.; Grubb, B.P.; Olshansky, B.; Shen, W.-K.; Calkins, H.; Brignole, M.; Raj, S.R.; Krahn, A.D.; Morillo, C.A.; Stewart, J.M.;

et al. 2015 heart rhythm society expert consensus statement on the diagnosis and treatment of postural tachycardia syndrome,
inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm. 2015, 12, e41–e63. [CrossRef] [PubMed]

7. Bourne, K.M.; Chew, D.; Stiles, L.; Shaw, B.H.; Shibao, C.A.; Okamoto, L.E.; Garland, E.M.; Gamboa, A.; Peltier, A.; Diedrich, A.;
et al. Postural Orthostatic Tachycardia Syndrome is Associated with Significant Employment and Economic Loss. J. Intern. Med.
2021, 290, 203–212. [CrossRef] [PubMed]

8. Zhao, S.; Tran, V.H. Postural Orthostatic Tachycardia Syndrome. In StatPearls; StatPearls Publishing: St. Petersburg, FL, USA,
2024. Available online: http://www.ncbi.nlm.nih.gov/books/NBK541074/ (accessed on 6 February 2024).

9. Tv, P.; Tran, T.T.; Hao, H.T.; Hau, N.T.H.; Jain, N.; Reinis, A. Postural orthostatic tachycardia syndrome-like symptoms following
COVID-19 vaccination: An overview of clinical literature. Hum. Antibodies 2023, 31, 9–17. [CrossRef] [PubMed]

10. Arana, J.; Mba-Jonas, A.; Jankosky, C.; Lewis, P.; Moro, P.L.; Shimabukuro, T.T.; Cano, M. Reports of Postural Orthostatic
Tachycardia Syndrome After Human Papillomavirus Vaccination in the Vaccine Adverse Event Reporting System. J. Adolesc.
Health Off. Publ. Soc. Adolesc. Med. 2017, 61, 577–582. [CrossRef] [PubMed]

https://pubmed.ncbi.nlm.nih.gov/25811679/
https://www.sciencedirect.com/science/article/pii/S0264410X12009516?via=ihub
https://www.sciencedirect.com/science/article/pii/S0264410X12009516?via=ihub
https://doi.org/10.1161/CIRCULATIONAHA.107.761643
https://www.ncbi.nlm.nih.gov/pubmed/18506020
https://doi.org/10.1016/j.mayocp.2012.08.013
https://www.ncbi.nlm.nih.gov/pubmed/23122672
https://www.dysautonomiainternational.org/page.php?ID=30
https://www.dysautonomiainternational.org/page.php?ID=30
https://doi.org/10.1016/j.hrthm.2015.03.029
https://www.ncbi.nlm.nih.gov/pubmed/25980576
https://doi.org/10.1111/joim.13245
https://www.ncbi.nlm.nih.gov/pubmed/33586284
http://www.ncbi.nlm.nih.gov/books/NBK541074/
https://doi.org/10.3233/HAB-220013
https://www.ncbi.nlm.nih.gov/pubmed/37248893
https://doi.org/10.1016/j.jadohealth.2017.08.004
https://www.ncbi.nlm.nih.gov/pubmed/29061232


Reports 2024, 7, 36 5 of 5

11. Valent, P.; Akin, C.; Arock, M.; Brockow, K.; Butterfield, J.H.; Carter, M.C.; Castells, M.; Escribano, L.; Hartmann, K.; Lieberman,
P.; et al. Definitions, Criteria and Global Classification of Mast Cell Disorders with Special Reference to Mast Cell Activation
Syndromes: A Consensus Proposal. Int. Arch. Allergy Immunol. 2011, 157, 215–225. [CrossRef] [PubMed]

12. Butts, B.; Fischer, P.R.; Mack, K.J. Human Papillomavirus Vaccine and Postural Orthostatic Tachycardia Syndrome: A Review of
Current Literature. J. Child Neurol. 2017, 32, 956–965. [CrossRef]

13. Chandler, R.; Juhlin, K.; Fransson, J.; Caster, O.; Ir, E.; Norén, G.N. Current Safety Concerns With Human Papillomavirus Vaccine:
A Cluster Analysis of Reports in VigiBase®. Drug Saf. 2016, 40, 81–90. [CrossRef]

14. Barboi, A.; Gibbons, C.H.; Axelrod, F.B.; Benarroch, E.E.; Biaggioni, I.; Chapleau, M.W.; Chelimsky, G.; Chelimsky, T.; Cheshire,
W.P.; Claydon, V.E.; et al. Human Papillomavirus (HPV) Vaccine and Autonomic Disorders: A Position Statement From the
American Autonomic Society. Auton. Neurosci. 2020, 223, 102550. [CrossRef]

15. Afrin, L.B.; Dempsey, T.T.; Weinstock, L.B. Post-Hpv-Vaccination Mast Cell Activation Syndrome: Possible Vaccine-Triggered
Escalation of Undiagnosed Pre-Existing Mast Cell Disease? Vaccines 2022, 10, 127. [CrossRef] [PubMed]

16. Molderings, G.J.; Brettner, S.; Homann, J.; Afrin, L.B. Mast Cell Activation Disease: A Concise Practical Guide for Diagnostic
Workup and Therapeutic Options. J. Hematol. Oncol. 2011, 4, 10. [CrossRef]

17. Weinstock, L.B.; Brook, J.B.; Myers, T.L.; Goodman, B. Successful Treatment of Postural Orthostatic Tachycardia and Mast Cell
Activation Syndromes Using Naltrexone, Immunoglobulin and Antibiotic Treatment. BMJ Case Rep. 2018, 2018, bcr-2017-221405.
[CrossRef] [PubMed]

18. Mast Cell Activation Disorder Archives. Available online: https://www.ehlers-danlos.org/what-is-eds/information-on-eds/
mast-cell-activation-disorder (accessed on 12 January 2024).

19. Roma, M.; Marden, C.L.; De Wandele, I.; Francomano, C.A.; Rowe, P.C. Postural tachycardia syndrome and other forms of
orthostatic intolerance in Ehlers-Danlos syndrome. Auton. Neurosci. 2018, 215, 89–96. [CrossRef]

20. Gensemer, C.; Burks, R.; Kautz, S.; Judge, D.P.; Lavallee, M.; Norris, R.A. Hypermobile Ehlers-Danlos syndromes: Complex
phenotypes, challenging diagnoses, and poorly understood causes. Dev. Dyn. Off. Publ. Am. Assoc. Anat. 2021, 250, 318–344.
[CrossRef]

21. Blitshteyn, S. Postural tachycardia syndrome following human papillomavirus vaccination. Eur. J. Neurol. 2014, 21, 135–139.
[CrossRef]

22. Ozawa, K.; Hineno, A.; Kinoshita, T.; Ishihara, S.; Ikeda, S. Suspected Adverse Effects After Human Papillomavirus Vaccination:
A Temporal Relationship Between Vaccine Administration and the Appearance of Symptoms in Japan. Drug Saf. 2017, 40,
1219–1229. [CrossRef] [PubMed]

23. Kavi, L.; Gammage, M.D.; Grubb, B.P.; Karabin, B.L. Postural tachycardia syndrome: Multiple symptoms, but easily missed. Br. J.
Gen. Pract. 2012, 62, 286–287. [CrossRef]

24. Shaw, B.H.; Stiles, L.E.; Bourne, K.; Green, E.A.; Shibao, C.A.; Okamoto, L.E.; Garland, E.M.; Gamboa, A.; Diedrich, A.; Raj, V.;
et al. The face of postural tachycardia syndrome—Insights from a large cross-sectional online community-based survey. J. Intern.
Med. 2019, 286, 438–448. [CrossRef]

25. Knoop, I.; Gu, S.; Fareghzadeh, S.; Jones, A.S.K.; Gall, N.; Moss-Morris, R. Exploring the complexities of illness identity and
symptom management in seeking a diagnostic label of postural orthostatic tachycardia syndrome (POTS): An inductive approach.
Br. J. Health Psychol. 2023, 29, 297–316. [CrossRef]

26. Grigoriou, E.; Boris, J.R.; Dormans, J.P. Postural orthostatic tachycardia syndrome (POTS): Association with Ehlers-Danlos
syndrome and orthopaedic considerations. Clin. Orthop. 2015, 473, 722–728. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000328760
https://www.ncbi.nlm.nih.gov/pubmed/22041891
https://doi.org/10.1177/0883073817718731
https://doi.org/10.1007/s40264-016-0456-3
https://doi.org/10.1016/j.autneu.2019.05.002
https://doi.org/10.3390/vaccines10010127
https://www.ncbi.nlm.nih.gov/pubmed/35062788
https://doi.org/10.1186/1756-8722-4-10
https://doi.org/10.1136/bcr-2017-221405
https://www.ncbi.nlm.nih.gov/pubmed/29326369
https://www.ehlers-danlos.org/what-is-eds/information-on-eds/mast-cell-activation-disorder
https://www.ehlers-danlos.org/what-is-eds/information-on-eds/mast-cell-activation-disorder
https://doi.org/10.1016/j.autneu.2018.02.006
https://doi.org/10.1002/dvdy.220
https://doi.org/10.1111/ene.12272
https://doi.org/10.1007/s40264-017-0574-6
https://www.ncbi.nlm.nih.gov/pubmed/28744844
https://doi.org/10.3399/bjgp12X648963
https://doi.org/10.1111/joim.12895
https://doi.org/10.1111/bjhp.12700
https://doi.org/10.1007/s11999-014-3898-x
https://www.ncbi.nlm.nih.gov/pubmed/25156902

	Introduction 
	Case Presentation Section 
	Discussion 
	References

