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Abstract: Vaccines have represented the breakthrough in the fight against COVID-19. Based on
reported headache attacks after vaccination in randomized controlled trials, we focused on the
effects of COVID-19 vaccine administration on the migraine population, using an online question-
naire published on Italian Facebook groups oriented to headache patients. We collected data about
the demographics and clinical parameters of migraine severity, COVID-19 infection, vaccination,
and characteristics of headaches following vaccination. Out of 841 migraine patients filling in the
questionnaire, 66.47% and 60.15% patients experienced a headache attack (from 1 hour to 7 days) after
the first and the second vaccine dose, respectively. The main finding concerns headaches perceived
by 57.60% of patients: attacks following vaccination were referred to as more severe (50.62% of
patients), long-lasting (52.80% of patients) and hardwearing (49.69% of patients) compared to the
usually experienced migraine attacks. This could be related to the production of inflammatory
mediators such as type Iβ interferon. Considering the high prevalence of migraine in the general
population, awareness of the possibility of headaches worsening following COVID-19 vaccination
in these patients may allow both patients and clinicians to face this clinical entity with conscious
serenity, and to reduce the waste of resources towards inappropriate health-care.

Keywords: migraine with aura; migraine without aura; COVID-19; vaccine; headache

1. Introduction

Despite the uncountable measures employed to restrict the spread of COVID-19,
the breakthrough in the fight against COVID-19 has been represented by the production
and distribution of specific COVID-19 vaccines. Indeed, since 21 December 2020 the Euro-
pean Medicines Agency has approved Comirnaty (Pfizer-BioNTech), an mRNA vaccine,
as the first vaccine against SARS-CoV 2 in the European Union. Shortly after, mRNA-1273
(Moderna, 6 January 2021), Vaxzevria (29 January 2021), and Janssen (Ad26.COV2.S—
Johnson&Johnson, 11 March 2021) were approved [1]. Although vaccines’ safety and
efficacy have been widely documented, randomized controlled trials (RCTs) have reported
several systemic reactions in the hours/days following vaccine administrations [2]. Among
the various systemic adverse reactions, headache attacks were reported in a high percentage
of people after either administration, or both the first and the second [3–6]. Very recently,
the high prevalence of headaches after COVID-19 vaccination with Vaxzevria and Comirnaty
has been confirmed in a large population, and clinical features of both acute and persistent
headache attributed to COVID-19 vaccination have been defined [7–9]. Interestingly, in a
post-hoc analysis comparing people with and without primary headaches, patients with
pre-existing headaches showed increased attack duration and intensity after COVID-19
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vaccination. In line with this observation, in our clinical practice at the University Headache
Centre, a high percentage of migraine patients reported headache episodes—described as
different from those generally experienced, due to worse pain intensity, attack duration and
response to painkillers—in the days following the vaccine administration.

To substantiate the hypothesis of a causative correlation between vaccine adminis-
tration and worsening of headaches in patients with pre-existing migraine, we aimed to
investigate the clinical pattern of headache episodes following COVID-19 vaccine admin-
istration (independently of the type of vaccine) in a large sample of headache patients.
Furthermore, we analyzed whether the clinical parameters of migraine severity, as well
as the type of vaccine administered and/or previous COVID-19 infection, were able to
predict the occurrence of headache after COVID-19 vaccine administration in these patients.
Finally, we speculated on the putative pathophysiological mechanisms linking COVID-19
vaccination and headache occurrence.

2. Materials and Methods

A self-administered, publicly available online questionnaire was developed to col-
lect the following information on patients with migraine: (i) demographic and clinical
parameters such as age, diagnosis of previous headaches (migraine without aura, migraine
with aura, chronic migraine), disease duration (years), frequency of attacks (headache
days/month), ongoing preventive treatments; (ii) data related to previous COVID-19 in-
fection and vaccination, type of vaccine administered and number of doses completed;
and finally, (iii) headache episodes occurring in the days immediately following COVID-19
vaccination, focusing on the differences between these headache attacks and those gener-
ally experienced by patients in terms of intensity, duration, and response to painkillers.
An electronic 15-point questionnaire was created using Google Forms, and administered
to 20 non-headache, healthy subjects without a family history of headaches, in order to
assess its readability. Subsequently, the questionnaire link was published on Italian Face-
book groups oriented to headache patients, with at least 1000 members (such as “Cefalee
Campania”, “Forum Emicrania”, “Ho mal di testa”, “Che mal di testa”, “Emicrania Ass.
Cefalea Ticino e Le parole dell’emicrania” and, “Alleanza Cefalalgici Al.Ce.”), for 10 days
(from 9–19 June). The answers were collected in an online database.

2.1. Standard Protocol Approvals, Registrations, and Patient Consents

The study was approved by the local ethics committee of the University of Campania
“Luigi Vanvitelli”. The ethics committee board determined that participant consent was
not required. The participants were informed that data (i) were collected anonymously
in compliance with the recommendations of the ethics committee of the University of
Campania “Luigi Vanvitelli” and (ii) due to the anonymization, it was not possible to
revoke participation in the study after any answers had been sent.

2.2. Statistical Analysis

No statistical power calculation was conducted prior to the study, and the sample size
was based on the available data. Categorical data were reported as number and percent-
age, while continuous data were reported as mean ± standard deviation (SD). We used
the chi-square test to compare categorical variables and the independent sample t-test to
compare continuous variables. Tetrachoric correlation was used to identify the association
between dichotomous variables (the occurrence of headaches and other systemic reactions
after vaccine administration). Statistical significance was set at p < 0.05. A multiple logistic
regression analysis was conducted in order to identify whether differences in parameters
were found between patients experiencing headache attacks and those who did not, after
the vaccine administration; these parameters include the type of vaccine administered,
previous COVID-19 infection, and migraine parameters could represent independent pre-
dictors of headache attack occurrence after vaccine administration. Finally, a simple binary
logistic regression analysis was conducted in order to identify whether the occurrence of a



J. Clin. Med. 2021, 10, 5914 3 of 12

headache attack after the first vaccine administration could represent an independent pre-
dictor of headache attack occurrence after the second vaccine administration. All analyses
were performed using STATA version 16 (StataCorp, College Station, TX, USA).

3. Results
3.1. Population

Ten days after the questionnaire was posted on Italian Facebook groups oriented to
headache patients, 841 migraine patients filled in the electronic questionnaire. Among
these, 553 (65.76%) patients reported migraine without aura, 219 (26.04%) patients re-
ported diagnosis of migraine with aura, 69 (8.20%) patients reported diagnoss of both
migraine without aura and migraine with aura. Furthermore, 199 (23.66%) patients re-
ported chronic migraine.

The average frequency of headache attacks (days/month) in the three months before
COVID-19 vaccination was >15 in 199 (23.66%) patients, between 9 and 14 in 169 (20.1%)
patients, between 5 and 8 in 280 (33.29%) patients and <4 in 193 (22.95%) patients.

Preventive anti-migraine pharmacological treatments were used by 485 (57.67%)
patients. Attack/rescue medication were used as follows: 204 (24.26%) patients used
triptans, 237 (28.18%) used NSAIDs, 205 (24.38%) alternated between triptans or NSAIDs,
120 (14.27%) patients used a combination of drugs, and only 27 (3.21%) used other
painkillers such as opioids, benzodiazepines, steroids or anti-emetic drugs [see Table 1 for
further information].

Table 1. Baseline characteristics of migraine patients filling in the questionnaire (841 pts).

Baseline % (n)

Age (mean years ± SD) 44.94 ± 12.13
Disease history (mean years ± SD) 25.45 ± 13.93

Diagnosis
Migraine with aura 26.04% (219)

Migraine without aura 65.76% (553)
Both migraine with aura and migraine without aura 8.20% (69)

Baseline headache days/month
<4 22.95% (193)
5–8 33.29% (280)

9–14 20.10% (169)
>15 23.66% (199)

Pts taking preventive treatment 57.67% (485)
Painkillers

Triptans 24.26% (204)
Acetaminophen 4.99% (42)

NSAIDs 28.18% (237)
Triptans or NSAIDs 24.38% (205)
Combination drugs 14.27% (120)

Others ≈1%
Nothing ≈1%

Pts with previous COVID-19 9.16% (77)
Vaccine administered

Comirnaty 67.30% (566)
Vaxzervria 19.50% (164)

mRNA-1273 11.06% (93)
Janssen 2.14% (18)

Pts completed both vaccine doses 46.85% (394)
SD: standard deviation.

3.2. Headache Symptoms after COVID-19 Vaccine in Migraine Patients

Among the whole patient sample, 77 (9.16%) subjects had contracted the COVID-19
infection. All of the patients underwent at least the first administration of the COVID-
19 vaccine, and 394 (46.85%) patients also received the second dose (when necessary).
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A total of 659 (78.36%) patients received the mRNA vaccines (Comirnaty or mRNA-1273)
and 182 (21.64%) patients received non-replicating DNA viral vector vaccines (Vaxzevria
or Janssen).

According to the questionnaire results, 559 (66.47%) migraine patients experienced
at least one headache attack in the period between 1 h and 7 days after the first vaccine
administration. More in depth, considering the first vaccine administration, 271 (48.48%)
patients experienced attacks in the first 24 h, 165 (29.52%) patients experienced attacks
from 24 to 72 h and, finally, 22% (123 patients) reported attacks from 72 h to 7 days.
In 322 (57.60%) migraine patients, the attacks following vaccine administration were
perceived as “different” compared to those usually experienced, in terms of pain intensity,
duration or response to painkiller. Specifically, a higher pain intensity in 163 (50.62%)
patients, a longer duration of the headache attacks in 52.80% (170 patients), and a lower
responsiveness to painkillers in 49.69% (160 patients) were reported [see Table 2 and
Figure 1 for further information].

Table 2. Clinical features of headache attacks and local/systemic adverse reactions occurring after COVID-19 vaccine ad-
ministrations.

After the First Dose (841 pts) % (n) After the Second Dose (394 pts) % (n)

Pts with headache after vaccination 66.47% (559) 60.15% (237)
From 1 to 24 h 48.48% (271) 51.9% (123)

From 24 h to 3 days 29.52% (165) 32.07% (76)
From 3 to 7 days 22% (123) 16.03% (38)

Headache with different features 57.6% (322) 54.85% (130)
(compared to baseline)

Attack duration
Greater 52.80% (170) 50.77% (66)
Similar 30.75% (99) 30% (29)
Lower 16.46% (53) 19.23% (25)

Pain intensity
Greater 50.62% (163) 56.92% (74)
Similar 23.6% (76) 21.54% (28)
Lower 25.78% (83) 21.54% (28)

Response to painkillers
Greater 15.84% (51) 13.85% (18)
Similar 34.47% (111) 33.08% (43)
Lower 49.69% (160) 53.08% (69)

Pts with other adverse reactions 74.55% (627) 73,60% (290)
Fever 18.79% (158) 27.66% (109)

Pain at the injection site 58.15% (489) 51.52% (203)
Fatigue 31.63% (266) 40.86% (161)

Diarrhoea 4.76% (40) 7.10% (28)
Myalgia 32.10% (270) 45.94% (181)
Others 7.85% (66) 8.12% (32)

Onset of side effects after vaccination
From 1 to 24 h 57.58% (361) 59.31% (172)

From 24 h to 3 days 33.01% (207) 33.10% (96)
From 3 to 7 days 9.41% (59) 7.59% (22)
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Among 394 migraine patients (46.85%) receiving both vaccine doses, 237 patients
(60.15%) experienced at least one headache attack between 1 h to 7 days after the second
vaccine administration. More in depth, considering the second vaccine administration,
51.9% (123 patients) experienced attacks in the first 24 h, 32.07% (76 patients) experienced at-
tacks from 24 to 72 h and, finally, 16.03% (38 patients) reported an attack from 72 h to 7 days.
In 130 (54.85%) migraine patients, the attacks following the vaccine administration were
perceived as “different” compared to those usually experienced; specifically, a higher pain
intensity in 74 patients (56.92%), a longer duration of the headache attacks in 66 patients
(50.77%), and a lower responsiveness to painkillers in 69 patients (53.08%) were reported.
When compared to migraine patients not experiencing headache attacks, migraine patients
experiencing headache attacks after the first vaccine administration showed higher baseline
frequency of migraine days per month (p < 0.001), prevalence of both ongoing preventive
anti-migraine pharmacological treatments (p < 0.001), and previous COVID-19 infection
(p = 0.04). Furthermore, headache attacks after COVID-19 vaccination were significantly
less frequent in patients receiving mRNA vaccines (Comirnaty or mRNA-1273) compared
to patients receiving non-replicating DNA viral vector vaccines (Vaxzevria or Janssen)
(p = 0.03) (see Figure 2).

Finally, among 219 patients suffering from migraine with aura, 57.08% (125 patients)
and 59.18% (58 patients) reported an attack between 1 h to 7 days after the first and
second vaccine administration, respectively. The logistic regression analysis showed that a
model including baseline frequency of headache attacks, concomitant migraine preventive
treatment administration, types of COVID-19 vaccines administered, and previous COVID-
19 infection, is able to predict the occurrence of headache attacks after the first COVID-
19 vaccination [χ2(4) = 28.76, p < 0.001]. Odds ratio analysis demonstrated that age
(odds = 0.98 p = 0.01), frequency of headache attacks (odds = 1.25 p = 0.001) and previous
COVID-19 infection (odds = 2.13 p = 0.01) were associated with an increased likelihood of
experiencing headache attacks after the first COVID-19 vaccine administration.
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Figure 2. Clinical differences between migraine patients with and without headache attacks after the
first COVID-19 vaccine administration.

3.3. Post-Hoc Sub Analyses

Considering a cut-off of 55 years (in line with previous RCTs and real-life observa-
tions) [3–5], no difference was found in the percentage of patients experiencing headache
attacks after the first COVID-19 vaccine administration. Similarly, no significant difference
was found in the percentage of patients reporting headache attacks after the first and the
second COVID-19 vaccinations. Correlation analysis showed a statistically significant cor-
relation between the occurrence of headache attacks in the days following the first vaccine
administration and the other systemic adverse reactions (r = 0.33, p < 0.001). On the other
hand, the presence of a headache attack after the first vaccine administration was signifi-
cantly associated with the occurrence of an attack after the second vaccine administration
[logistic regression analysis χ2(4) = 59.40, p < 0.001 odds = 5.33 p < 0.001].

4. Discussion

In the present study, we investigated the incidence of headache attacks in the hours or
days following COVID-19 vaccination in patients with migraine. We found that, among
patients filling in the online questionnaire, 559 patients (66.47%) experienced headache
attacks between 1 h and 7 days after the first vaccine administration, while 237 patients
(60.15%) experienced headache attacks between 1 h and 7 days after the second administra-
tion. Interestingly, over the half of patients perceived the headache attacks as “different”
from those usually experienced. Indeed, patients described those attacks as characterized
by higher pain intensity, longer duration and reduced responsiveness to usually effec-
tive painkillers. The safety and efficacy of COVID-19 vaccines have been demonstrated
by phase 3 RCTs. Among these, Comirnaty and Vaxzevria trials showed good efficacy
(e.g., immunization) (95% and 99%, respectively) with safety profiles similar to previous
viral vaccines, except for the higher prevalence of local reactions (e.g., erythema, induration
and tenderness) and systemic events (e.g., fatigue, headache, fever, myalgia and arthralgia);
these were reported more frequently after the second vaccine administration, and more
frequently in younger (16–55 years old) than in older people (>55 years old), as well as in
subjects with previous COVID-19 infection (see Table 3 for further information). Among
the systemic reactions described using different COVID-19 vaccine RCTs, headache in-
cidence increased from 32.7 to 65% after the first administration, and from 31 to 60.2%
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after the second administration [3–6]. However, neither data about headache features nor
about headache incidence in patients experiencing pre-existing primary headaches were
available, considering the very high prevalence of these conditions, specifically migraine,
in the general population.

Table 3. Most common local and systemic adverse reactions of COVID-19 vaccines in general population from RCTs, and in
migraine patients, from the online questionnaire.

Comirnaty mRNA-1273 Vaxzevria Janssen Migraine Patients

Injection site pain
(after the first dose)

83% (16–55)
71% (>55) 84.2%

16% (18–55)
3% (56–69)
6% (>70)

48.6% 58.26%

Injection site pain
(after the second dose)

78% (16–55)
66% (>55) 88.6%

14% (18–55)
3% (56–69)
0% (>70)

51.52%

Headache
(after the first dose)

42% (16–55)
25% (>55) 32.7%

65% (18–55)
50% (56–69)
13% (>70)

38.9% 66.47%

Headache
(after the second dose)

52% (16–55)
39% (>55) 58.6%

31% (18–55)
34% (56–69)

9% (>70)
60.15%

Fatigue
(after the first dose)

47% (16–55)
34% (>55) 37.2%

76% (18–55)
50% (56–69)
30% (>70)

38.2% 31.75%

Fatigue
(after the second dose)

59% (16–55)
51% (>55) 65.3%

55% (18–55)
41% (56–69)
20% (>70)

40.96%

Myalgia
(after the first dose)

21% (16–55)
14% (>55) 22.7%

53% (18–55)
37% (56–69)
11% (>70)

33.2% 31.27%

Myalgia
(after the second dose)

37% (16–55)
29% (>55) 58%

35% (18–55)
24% (56–69)
11% (>70)

45.18%

Fever
(after the first dose)

4% (16–55)
1% (>55) 0.8%

24% (18–55)
0% (56–69)
4% (>70)

9% 18.79%

Fever
(after the second dose)

16% (16–55)
11% (>55) 15.5%

0% (18–55)
0% (56–69)
0% (>70)

27.66%

Very recently, real-world observations shed light on the clinical features of headache
attacks following Vaxzevria or Comirnaty administrations, delineating the profile of “acute
headache attributed to COVID-19 vaccination with the ChAdOx1 nCoV-19 (AZD1222)
vaccine” [7,8]. According to the proposed criteria, headache attacks occur within 24 h
following COVID-19 vaccinations, and last up to 72 h before resolving, generally in parallel
with stabilization or improvement of other systemic manifestations (fatigue, chills, exhaus-
tion or fever). The headache phenotype is migraine-like, characterized by being pressing
or dull in quality, of moderate or severe intensity, and associated with phonophobia and
photophobia. However, despite the very large cohort of subjects, a pre-existing primary
headache was reported only in a percentage of patients, where the headaches following
COVID-19 vaccinations were reported as longer and more severe compared to those ex-
perienced by subjects with no history of primary headaches. [7,8] These data are partially
in line with our findings, showing a very high prevalence of patients with migraine ex-
periencing headache attacks following the first (559/841 migraine patients—66.47%) or
second (237/394 migraine patients—60.15%) COVID-19 vaccination, and independently
of the types of vaccine administered. Among these, it is noteworthy that a very high
percentage of patients (322/559 migraine patients—57.60%) perceived the headache at-
tacks as more painful and long lasting compared to those usually experienced before the
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COVID-19 vaccination. Interestingly, data arising from the questionnaire highlighted that
the headaches following the first or second COVID-19 vaccination were less responsive
to usually effective painkillers, such as NSAID, triptans, analgesics in combination, opi-
oids, benzodiazepines, steroids or anti-emetic drugs. The reason for which COVID-19
vaccine administration can lead to more severe, long-lasting and hardwearing headache
attacks in migraine patients is unknown, considering that data about headaches as ad-
verse effects of different types of viral vaccines (e.g., influenza vaccines) are not available.
However, starting with vaccine-induced immunization mechanisms, several processes
can be invoked. Vaccines currently approved or under scrutiny in humans are developed
using one of two different platforms: non-replicating DNA viral vectors or mRNA [9,10].
The non-replicating DNA viral vectors (e.g., chimpanzee adenovirus) work as carriers of
a gene coding for the viral spike protein that induce the production—via mRNA—of the
COVID-19 spike proteins, subsequently migrating to the cell surface. Between a few hours
and 1 day post-vaccination the host’s immune system recognizes spike proteins, and ignites
the immune reactions by engaging multiple pattern-recognition receptors and inducing
type I interferon secretion, with consequent delivery of both antigenic and inflammatory
signals to T cells in the lymph nodes [11]. On the other hand, RNA vaccines using the
host cell transcription machinery [9,10] serve as both immunogen (e.g., encoding the viral
protein) and adjuvant (e.g., owing to intrinsic immunostimulatory properties of RNA).
More specifically, mRNA is recognized by endosomal and cytosolic innate sensors in the
cells, resulting in the activation and production of multiple inflammatory mediators such
as type Iβ interferon (IFN-1β) [12,13]. Interestingly, clinical evidence coming from IFN-1β
treatments supports its critical role in both migraine occurrence or worsening, and “flu-like
symptoms” such as fatigue, chills and fever [14–18]. The IFN-1β migraine-promoting effect
may be related to the imbalance between decreased TNF-α and IFN-γ (e.g., CD3-mediated
type 1 helper cell inflammatory cytokines) along with IL-4 and IL-10, and increased IL-6
production, a well-known inducer of acute-phase protein expression (e.g., T-cell-activating
inflammatory cytokines via IL-2 induced proliferation and differentiation of CD4 + T cells).
Nevertheless, it cannot be excluded that the IFN-1β migraine-promoting effect may also be
sustained by the activation of nuclear factors—such as the kappa-light-chain enhancer of
activated B-cells (NF-kB)—in the trigeminal system, with secondary effects on the nitric
oxide pathway [19]. Furthermore, a recent study supported the IFN-1β contribution in
enhancing neocortical hyper-excitability [20]. Interestingly, it is noteworthy that altogether,
IL-6, nitric oxide pathway and cortical dis-excitability have been recognized as a critical
moment in migraine pathophysiology [21,22].

Based on data collected from COVID-19 vaccine RCTs, showing an increased incidence
of systemic reactions after the second vaccine administration, an enhanced inflammatory
response has been argued; this is likely related to the short-term changes of innate cells,
such as macrophages (so-called ‘trained immunity’) or, alternatively, the activation of
memory T and B cells generated after the first vaccine injection. However, in the present
study, we found no differences in headache attack incidence in the 7 days following the
first vaccine administration, compared to the 7 days following the second, in migraine
patients who received both vaccines doses. While the incidence of headache episodes after
the second dose is in line with what emerges from the RCTs, the higher incidence of attacks
after the first administration is surprising. We cannot achieve a comprehensive explanation
of the higher incidence of migraine attacks after the first COVID-19 vaccine administration
(leading to a super-imposable incidence of migraine attacks in the second COVID-19 vaccine
administration) compared to RCT data. Nevertheless, it is widely recognized that migraine
can be deciphered as a genetically determined brain state, making patients prone to produce
headaches in response to actual or putative threatening conditions (e.g., maladaptive stress,
homeostatic abnormalities, environmental changes, use or withdrawal of some substances,
infections, etc.) [23,24]. In line with this interpretation, we may speculate that headaches
experienced by migraine patients after COVID-19 vaccine administration may represent a
heightened brain reaction to a significant systemic, vaccine-induced, immune-mediated
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activation; this is usually observed in migraine patients as a consequence of various
inflammatory states acting on modulation of the pain threshold, trigeminal nerve fiber
sensitization, and ultimately, the precipitation of migraine [25].

Focusing on two different vaccine platforms (e.g., non-replicating DNA viral vectors
or mRNA), our post-hoc analysis showed that the percentage of migraine patients reporting
headache attacks following COVID-19 vaccine administration was significantly higher in
patients receiving non-replicating DNA viral vectors vaccines (Vaxzevria or Janssen), com-
pared to those receiving mRNA vaccines (Comirnaty or mRNA-1273) (p = 0.03). Based on
the assumption that migraine attacks may represent the brain’s reaction to systemic
immune-mediated inflammation, we wonder about the possibility that additional mecha-
nisms could be invoked to explain the higher percentage of migraine attacks in patients
receiving non-replicating DNA viral vectors vaccines. In order to clarify this issue, we can
take inspiration from the pathogenetic mechanisms proposed to clarify the thrombosis with
thrombocytopenia syndrome recently reported after vaccination with Vaxzevria. It is note-
worthy that the interaction between platelets’ ACE2 receptor and free-floating spike pro-
teins (released in a large amounts when a vaccinated cell dies or is destroyed by the immune
system) can promote ACE2 internalization and degradation. The loss of ACE2 receptor
activity leads to a reduced angiotensin-II inactivation (with an increased angiotensin-
II activity), and consequently, a reduced generation of angiotensin-(1–7), both able to
trigger inflammation, platelet aggregation and thrombosis [26]. Within this framework, an-
giotensin II, through its receptors, induces mast cell degranulation, resulting in meningeal
irritation and stimulation of nociceptive trigeminal nerve endings; these are mechanisms
known to be involved in migraine ignition.

Furthermore, angiotensin-II may also modulate the effects of the peptidergic systems
involved in neurogenic inflammation and nociceptive transmission, where a relevant role
is played by substance-P, a regulator of sensory transmission in the trigeminal and other
dorsal root ganglia [27]. The effects of the COVID-19 vaccine on platelet aggregation may
be further supported by the high occurrence of migraine with aura attacks following
vaccine administration [28]. Indeed, an increase in the release of platelet-dense bodies,
containing glutamate, along with a low threshold of platelet activity, have been invoked
among the mechanisms underpinning the aura phenomenon in people with MwA [29,30].
Interestingly, our secondary analysis did not show differences in the incidence of headache
attacks following vaccine administration in under 55 year-old patients compared to over
55 year-old patients. The data are not in line with those emerging from RCTs showing a
higher occurrence of systemic reactions in patients aged <55 years; this is probably due to
aging-related differences in the magnitude of immune system activity (e.g., loss of T cell
receptor diversity in both CD8 and CD4 cells, reduced T cell survival, favored production
of short-lived effector T cells over memory precursor cells) [31–34]. It can be argued that
the magnitude of immune system activation observed in the elderly is less able to induce
systemic reactions (including headache attacks) in subjects with no history of migraine,
whereas it is enough to ignite headache attacks in the peer patients with migraine. The lo-
gistic regression analysis showed that the clinical parameters able to predict the occurrence
of an attack after the first vaccine administration were a high baseline frequency of migraine
attacks, the intake of migraine preventive therapies, previous COVID-19 infection and the
viral vector vaccine rather than mRNA. This finding suggests that a more severe clinical
phenotype (characterized by a higher frequency of attacks and use of migraine preventive
treatments) represents a risk factor for migraine attacks following vaccine administration.
On the other hand, COVID-19 infection could represent a predictive factor, as it is associ-
ated with a heightened response of the immune system due to the previously described
immune memory mechanisms. Finally, it is noteworthy that the occurrence of a headache
attack after the first vaccine administration is significantly associated with the occurrence
of an attack after the second vaccine administration, a relevant finding considering the
high possibility of further booster doses.
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We are aware that our study is not exempt from some limitations. First of all, due to
the fact that the questionnaire was filled in by patients with migraine from Facebook
groups known to engage patients experiencing more severe phenotypes, the sample under
examination does not reflect the general migraine population in terms of disease severity
(e.g., percentage of chronic migraine, preventive treatments, monoclonal antibody thera-
pies, etc.). Nevertheless, the digital questionnaire gave us the possibility to obtain data from
a large number of patients in a brief time frame. Furthermore, considering the well-known
role of emotional stress in migraine attacks, we cannot exclude that the concerns associated
with COVID-19 vaccine administration may have worked as trigger factors for headache
attacks worsening. Finally a control group is missing.

Finally, according to the IHS classification (ICHD-3), “when a pre-existing primary
headache is made significantly worse (usually meaning a two-fold or greater increase in
frequency and/or severity) in close temporal relation to such a causative disorder, both the
primary and the secondary headache diagnoses should be given, provided that there is
good evidence that the disorder can cause headache”. [35] Therefore, we support that
“COVID-19 vaccine administration headache” could represent a new nosological entity to
be included in the ICHD-3.

Considering both the high prevalence of such a disabling disorder as migraine (about
12–14% of the general population [36]) and the even higher prevalence of COVID-19 vaccine
administration all over the world, we should be aware that several millions of patients with
migraine could be concomitantly burdened by high disability for a certain period of time.

Moreover, spreading the awareness of possible headache worsening following COVID-
19 vaccine administration in migraine patients may allow clinicians to face this condition
with conscious serenity, and to reduce the waste of resources towards inappropriate health-
care. On the other hand, patients with migraine should be made aware and reassured
about the possibility of increased headache severity following vaccine administrations.

Author Contributions: M.S. (Marcello Silvestro): literature review, experimental design, data anal-
ysis, results interpretation, statistical analysis, manuscript drafting; A.T.: data analysis and results
interpretation; I.O.: literature review, experimental design, image data analysis, results interpretation,
manuscript drafting; P.S.: data acquisition and image data analysis; G.N.: data acquisition and image
data analysis; M.S. (Mattia Siciliano): data acquisition and statistical analysis; G.T.: image data
analysis, statistical analysis and results interpretation; A.R.: literature review, experimental design,
data analysis, results interpretation, manuscript draft and final revision. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial,
or not-for-profit sectors.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of University of Campania
“Luigi Vanvitelli” (protocol number 0014460/i). To protect the anonymity of participants, the Internet
protocol codes of the computers were not registered, and no electronic ‘cookies’ were embedded.
The Legislative Decree n. 196/2003 ‘Code regarding the protection of personal data’ was followed.
In Italy, the Google Forms platform is compliant with the General Data Protection Regulation (EU
Regulation 2016/679).

Informed Consent Statement: The ethics committee board determined that participant consent was
not required. The participants were informed that data (i) were collected anonymously in compliance
with the recommendations of the Ethics Committee of the University of Campania “Luigi Vanvitelli”
and (ii) due to the anonymization, it was not possible to revoke participation in the study after any
answers had been sent.

Data Availability Statement: All data generated or analysed during this study are available from
the corresponding author (dottor.russo@gmail.com).

Acknowledgments: We thank Cherubino Di Lorenzo, Eros Malara, Massimo Neri, Annalisa Bressi
Lentini, Alessandra Sorrentino and Lara Merighi as administrators of Facebook headache patient-
oriented groups, for allowing questionnaire distribution through their Facebook pages.



J. Clin. Med. 2021, 10, 5914 11 of 12

Conflicts of Interest: The author(s) declare the following potential conflicts of interest with respect
to the research, authorship, and/or publication of this article: A.R. has received speaker honoraria
from Allergan, Lilly, Novartis and Teva and serves as an associate editor of Frontiers in Neurology
(Headache Medicine and Facial Pain session). M.S. (Marcello Silvestro) has received speaker hon-
oraria from Lilly, Novartis and Teva. A.T. has received speaker honoraria from Novartis, Schwarz
Pharma/UCB, Lundbeck, Abbvie and Glaxo. Gioacchino Tedeschi has received speaker honoraria
from Sanofi-Aventis, Merck Serono, Bayer Schering Pharma, Novartis, Biogen-Dompe’ AG, Teva and
Lilly; has received funding for travel from Bayer Schering Pharma, Biogen-Dompe´ AG, Merck
Serono, Novartis and Sanofi Aventis; and serves as an associate editor of Neurological Sciences.
The other authors have nothing to declare.

References
1. COVID-19 Vaccines. European Medicines Agency. Available online: https://www.ema.europa.eu/en/human-regulatory/

overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines (accessed on 1 July 2021).
2. Gringeri, M.; Mosini, G.; Battini, V.; Cammarata, G.; Guarnieri, G.; Carnovale, C.; Clementi, E.; Radice, S. Preliminary evidence on

the safety profile of BNT162b2 (Comirnaty): New insights from data analysis in EudraVigilance and adverse reaction reports
from an Italian health facility. Hum. Vaccines Immunother. 2021, 17, 1–3. [CrossRef]

3. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Marc, G.P.; Moreira, E.D.; Zerbini, C.; et al.
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef] [PubMed]

4. Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. J. Med. 2021, 384, 403–416. [CrossRef]

5. Ramasamy, M.N.; Minassian, A.M.; Ewer, K.J.; Flaxman, A.L.; Folegatti, P.M.; Owens, D.R.; Voysey, M.; Aley, P.K.; Angus, B.;
Babbage, G.; et al. Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost regimen in young
and old adults (COV002): A single-blind, randomised, controlled, phase 2/3 trial. Lancet 2021, 396, 1979–1993. [CrossRef]

6. Sadoff, J.; Gray, G.; Vandebosch, A.; Cárdenas, V.; Shukarev, G.; Grinsztejn, B.; Goepfert, P.A.; Truyers, C.; Fennema, H.;
Spiessens, B.; et al. Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against Covid-19. N. Engl. J. Med. 2021, 384,
2187–2201. [CrossRef]

7. Göbel, C.H.; Heinze, A.; Karstedt, S.; Morscheck, M.; Tashiro, L.; Cirkel, A.; Hamid, Q.; Halwani, R.; Temsah, M.H.;
Ziemann, M.; et al. Headache Attributed to Vaccination Against COVID-19 (Coronavirus SARS-CoV-2) with the ChAdOx1
nCoV-19 (AZD1222) Vaccine: A Multicenter Observational Cohort Study. Pain Ther. 2021, 10, 1309–1330. [CrossRef] [PubMed]

8. Göbel, C.H.; Heinze, A.; Karstedt, S.; Morscheck, M.; Tashiro, L.; Cirkel, A.; Hamid, Q.; Halwani, R.; Temsah, M.H.; Ziemann, M.;
et al. Clinical characteristics of headache after vaccination against COVID-19 (coronavirus SARS-CoV-2) with the BNT162b2
mRNA vaccine: A multicentre observational cohort study. Brain Commun. 2021, 3, fcab169. [CrossRef]

9. Kaur, S.P.; Gupta, V. COVID-19 Vaccine: A comprehensive status report. Virus Res. 2020, 288, 198114. [CrossRef]
10. Bakhiet, M.; Taurin, S. SARS-CoV-2: Targeted managements and vaccine development. Cytokine Growth Factor Rev. 2021, 58,

16–29. [CrossRef]
11. Collignon, C.; Bol, V.; Chalon, A.; Surendran, N.; Morel, S.; van den Berg, R.A.; Capone, S.; Bechtold, V.; Temmerman, S.T.

Innate Immune Responses to Chimpanzee Adenovirus Vector 155 Vaccination in Mice and Monkeys. Front. Immunol. 2020,
11, 579872. [CrossRef] [PubMed]

12. Pardi, N.; Hogan, M.J.; Porter, F.W.; Weissman, D. mRNA vaccines—A new era in vaccinology. Nat. Rev. Drug Discov. 2018, 17,
261–279. [CrossRef]

13. Teijaro, J.R.; Farber, D.L. COVID-19 vaccines: Modes of immune activation and future challenges. Nat. Rev. Immunol. 2021, 21,
195–197. [CrossRef] [PubMed]

14. D’Amico, D.; La Mantia, L.; Rigamonti, A.; Usai, S.; Mascoli, N.; Milanese, C.; Bussone, G.; Besta, C. Prevalence of primary
headaches in people with multiple sclerosis. Cephalalgia 2004, 24, 980–984. [CrossRef] [PubMed]

15. Villani, V.; Prosperini, L.; Ciuffoli, A.; Pizzolato, R.; Salvetti, M.; Pozzilli, C.; Sette, G. Primary headache and multiple sclerosis:
Preliminary results of a prospective study. Neurol. Sci. 2008, 29, S146–S148. [CrossRef] [PubMed]

16. Vacca, G.; Marano, E.; Morra, V.B.; Lanzillo, R.; De Vito, M.; Parente, E.; Orefice, G. Multiple sclerosis and headache co-morbidity.
A case-control study. Neurol. Sci. 2007, 28, 133–135. [CrossRef]

17. La Mantia, L.; D’Amico, D.; Rigamonti, A.; Mascoli, N.; Bussone, G.; Milanese, C. Interferon treatment may trigger primary
headaches in multiple sclerosis patients. Mult. Scler. 2006, 12, 476–480. [CrossRef]

18. Villani, V.; Prosperini, L.; De Giglio, L.; Pozzilli, C.; Salvetti, M.; Sette, G. The impact of interferon beta and natalizumab on
comorbid migraine in multiple sclerosis. Headache 2012, 52, 1130–1135. [CrossRef]

19. Yang, C.H.; Murti, A.; Pfeffer, S.R.; Basu, L.; Kim, J.G.; Pfeffer, L.M. IFNalpha/beta promotes cell survival by activating NF-kappa
B. Proc. Natl. Acad. Sci. USA 2000, 97, 13631–13636. [CrossRef]

20. Hadjilambreva, G.; Mix, E.; Rolfs, A.; Müller, J.; Strauss, U. Neuromodulation by a cytokine: Interferon-beta differentially
augments neocortical neuronal activity and excitability. J. Neurophysiol. 2005, 93, 843–852. [CrossRef] [PubMed]

21. Wang, F.; He, Q.; Ren, Z.; Li, F.; Chen, W.; Lin, X.; Zhang, H.; Tai, G. Association of serum levels of intercellular adhesion
molecule-1 and interleukin-6 with migraine. Neurol. Sci. 2015, 36, 535–540. [CrossRef]

https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines
http://doi.org/10.1080/21645515.2021.1917236
http://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246
http://doi.org/10.1056/NEJMoa2035389
http://doi.org/10.1016/S0140-6736(20)32466-1
http://doi.org/10.1056/NEJMoa2101544
http://doi.org/10.1007/s40122-021-00296-3
http://www.ncbi.nlm.nih.gov/pubmed/34313952
http://doi.org/10.1093/braincomms/fcab169
http://doi.org/10.1016/j.virusres.2020.198114
http://doi.org/10.1016/j.cytogfr.2020.11.001
http://doi.org/10.3389/fimmu.2020.579872
http://www.ncbi.nlm.nih.gov/pubmed/33329551
http://doi.org/10.1038/nrd.2017.243
http://doi.org/10.1038/s41577-021-00526-x
http://www.ncbi.nlm.nih.gov/pubmed/33674759
http://doi.org/10.1111/j.1468-2982.2004.00790.x
http://www.ncbi.nlm.nih.gov/pubmed/15482362
http://doi.org/10.1007/s10072-008-0908-3
http://www.ncbi.nlm.nih.gov/pubmed/18545918
http://doi.org/10.1007/s10072-007-0805-1
http://doi.org/10.1191/1352458506ms1298oa
http://doi.org/10.1111/j.1526-4610.2012.02146.x
http://doi.org/10.1073/pnas.250477397
http://doi.org/10.1152/jn.01224.2003
http://www.ncbi.nlm.nih.gov/pubmed/15385586
http://doi.org/10.1007/s10072-014-2010-3


J. Clin. Med. 2021, 10, 5914 12 of 12

22. Ramezani, M.; Komaki, A.; Eftekharian, M.M.; Mazdeh, M.; Ghafouri-Fard, S. Over-expression of IL-6 coding gene in the
peripheral blood of migraine with aura patients. Hum. Antibodies. 2021, 29, 203–207. [CrossRef] [PubMed]

23. Maleki, N.; Becerra, L.; Borsook, D. Migraine: Maladaptive brain responses to stress. Headache 2012, 52, 102–106. [CrossRef]
24. Borsook, D.; Maleki, N.; Becerra, L.; McEwen, B. Understanding migraine through the lens of maladaptive stress responses:

A model disease of allostatic load. Neuron 2012, 73, 219–234. [CrossRef]
25. Kursun, O.; Yemisci, M.; van den Maagdenberg, A.M.J.M.; Karatas, H. Migraine and neuroinflammation: The inflammasome

perspective. J. Headache Pain. 2021, 22, 55. [CrossRef] [PubMed]
26. Deshotels, M.R.; Xia, H.; Sriramula, S.; Lazartigues, E.; Filipeanu, C.M. Angiotensin II mediates angiotensin converting enzyme

type 2 internalization and degradation through an angiotensin II type I receptor-dependent mechanism. Hypertension 2014, 64,
1368–1375. [CrossRef]

27. Levy, D.; Burstein, R.; Strassman, A.M. Mast cell involvement in the pathophysiology of migraine headache: A hypothesis.
Headache 2006, 46, S13–S18. [CrossRef] [PubMed]

28. D’Andrea, G.; Hasselmark, L.; Alecci, M.; Cananzi, A.; Perini, F.; Welch, K.M. Platelet secretion from dense and alpha-granules
in vitro in migraine with or without aura. J. Neurol. Neurosurg. Psychiatry 1994, 57, 557–561. [CrossRef]

29. D’Andrea, G.; Toldo, M.; Cortelazzo, S.; Milone, F.F. Platelet activity in migraine. Headache 1982, 22, 207–212.
30. D’Andrea, G.; Toldo, M.; Cananzi, A.; Ferro-Milone, F. Study of platelet activation in migraine: Control by low doses of aspirin.

Stroke 1984, 15, 271–275. [CrossRef]
31. Yager, E.J.; Ahmed, M.; Lanzer, K.; Randall, T.D.; Woodland, D.L.; Blackman, M.A. Age-associated decline in T cell repertoire

diversity leads to holes in the repertoire and impaired immunity to influenza virus. J. Exp. Med. 2008, 205, 711–723. [CrossRef]
32. Naylor, K.; Li, G.; Vallejo, A.N.; Lee, W.W.; Koetz, K.; Bryl, E.; Witkowski, J.; Fulbright, J.; Weyand, C.M.; Goronzy, J.J. The influence

of age on T cell generation and TCR diversity. J. Immunol. 2005, 174, 7446–7452. [CrossRef]
33. Messaoudi, I.; Lemaoult, J.; Guevara-Patino, J.A.; Metzner, B.M.; Nikolich-Zugich, J. Age-related CD8 T cell clonal expansions

constrict CD8 T cell repertoire and have the potential to impair immune defense. J. Exp. Med. 2004, 200, 1347–1358. [CrossRef]
34. Nikolich-Zugich, J. T cell aging: Naive but not young. J. Exp. Med. 2005, 201, 837–840. [CrossRef] [PubMed]
35. Arnold, M. Headache Classification Committee of the International Headache Society (IHS) The International Classification of

Headache Disorders. Cephalalgia 2018, 38, 1–211.
36. Yeh, W.Z.; Blizzard, L.; Taylor, B.V. What is the actual prevalence of migraine? Brain Behav. 2018, 8, e00950. [CrossRef] [PubMed]

http://doi.org/10.3233/HAB-210442
http://www.ncbi.nlm.nih.gov/pubmed/34024818
http://doi.org/10.1111/j.1526-4610.2012.02241.x
http://doi.org/10.1016/j.neuron.2012.01.001
http://doi.org/10.1186/s10194-021-01271-1
http://www.ncbi.nlm.nih.gov/pubmed/34112082
http://doi.org/10.1161/HYPERTENSIONAHA.114.03743
http://doi.org/10.1111/j.1526-4610.2006.00485.x
http://www.ncbi.nlm.nih.gov/pubmed/16927959
http://doi.org/10.1136/jnnp.57.5.557
http://doi.org/10.1161/01.STR.15.2.271
http://doi.org/10.1084/jem.20071140
http://doi.org/10.4049/jimmunol.174.11.7446
http://doi.org/10.1084/jem.20040437
http://doi.org/10.1084/jem.20050341
http://www.ncbi.nlm.nih.gov/pubmed/15781575
http://doi.org/10.1002/brb3.950
http://www.ncbi.nlm.nih.gov/pubmed/30106228

	Introduction 
	Materials and Methods 
	Standard Protocol Approvals, Registrations, and Patient Consents 
	Statistical Analysis 

	Results 
	Population 
	Headache Symptoms after COVID-19 Vaccine in Migraine Patients 
	Post-Hoc Sub Analyses 

	Discussion 
	References

