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Chapter 7
COVID-19 Vaccine-Related Headache

Esme Ekizoglu and Mine Sezgin

7.1 Introduction

Vaccination against coronavirus disease 2019 (COVID-19) has a crucial role to
achieve population immunity and restrict the spread of the disastrous pandemic
declared on March 2020. Vaccines are indeed one of the greatest triumphs of mod-
ern medicine and undoubtedly the most cost-effective lifesaving device in the his-
tory. Numerous vaccines against COVID-19 are still in clinical development, and
some of them are currently in use. Although their safety and efficacy are well docu-
mented, randomized controlled trials and further clinical studies reported various
systemic adverse reactions following vaccination [1]. Neurological side effects to
SARS-CoV-2 vaccines are generally mild, short-lasting, self-limiting, and mostly
manageable. Headache is reported as the most frequent neurological symptom seen
after SARS-CoV-2 vaccination according to the available data [2]. Moreover, head-
ache is an overlap symptom for COVID-19 and also for COVID-19 vaccination.
Therefore, knowledge of characteristics of headache seen following vaccination
seems to be crucial to differentiate vaccine-related headache from headache related
to COVID-19 itself.

7.2 Mechanisms of Headache Related to Vaccination

Headache related to vaccination was reported so far with various types of viral vac-
cines at different rates: after adenovirus-vectored (AdV) Ebola virus vaccine in
46%, measles-mumps-rubella vaccine in 35%, and inactivated influenza vaccine in

E. Ekizoglu (P<)) - M. Sezgin
Department of Neurology, Istanbul University, Istanbul Faculty of Medicine, Istanbul, Turkey

© The Author(s), under exclusive license to Springer Nature 77
Switzerland AG 2023

A. Ozge et al. (eds.), Headache Disorders in Pandemic Conditions, Headache,
https://doi.org/10.1007/978-3-031-26309-5_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-26309-5_7&domain=pdf
https://doi.org/10.1007/978-3-031-26309-5_7#DOI

78 E. Ekizoglu and M. Sezgin

7-31.8% of the participants. It was also seen following vaccination against human
papillomavirus and varicella-zoster virus [3, 4]. However, the mechanisms underly-
ing vaccine-related headaches are not clearly illuminated.

To date, COVID-19 vaccines globally in use have one of the following technolo-
gies: viral vector-based, mRNA-based, DNA-based, whole inactivated virus, and
protein subunit vaccines [5]. Numerous studies were performed to better understand
the virus, and the S protein is the key target of the vaccines for SARS-CoV-2.
Murine challenge models and also clinical trials detected potent humoral and cel-
lular immune responses elicited by vaccines encoding S protein. Beside S protein,
other proteins (M protein, N protein, non-structural proteins (nsps), and accessory
proteins) may also serve as antigens [6].

There are several possible mechanisms underlying COVID-19 vaccine-related
headache. A pro-inflammatory state occurring following vaccination, similar to that
in COVID-19-related headache with high levels of pro-inflammatory cytokines,
may have the predominant role [7]. Furthermore, fever accompanying more fre-
quently COVID-19 vaccine-related headache may support the role of inflammation,
leading to the development of vaccine-related headache. On the other hand,
COVID-19 vaccines with inactivated virus include adjuvants, which may promote
headache following vaccination. Although rare, vaccine-induced blood clotting
events were also defined, and some vaccine-related secondary headache conditions
were reported, which will be further presented in this chapter.

7.3 Frequency of Headache Related to COVID-19 Vaccines

Clinical trials revealed an acceptable safety profile with high antibody responses
[8]. Post-authorization observational studies reported similar rates of adverse events
with clinical trials. However, there were significant differences among vaccine plat-
forms, and the dosage was closely related to the occurrence of headache as an
adverse reaction (Tables 7.1 and 7.2) [5, 9, 10].

The pooled rates of systemic and local adverse events were found to be lower
among inactivated vaccines (21.0%, 23.7%), protein subunit vaccines (22.3%,
33.0%), and DNA vaccines (29.3%, 39.5%), compared to mRNA vaccines (83.3%,
89.4%), non-replicating vector vaccines (66.3%, 55.9%), and virus-like particle
vaccines (78.9%, 100.0%) [5]. Similar to these findings, headache was less reported
in subjects vaccinated with inactivated virus, as well as all other types of side effects.
This may be related to the mature technology, the mechanism, the alum-adjuvants,
or other factors [9]. However, vaccine-related adverse events depend also on dos-
age. Regardless of the vaccine identity, subjects experienced more headache follow-
ing the second dose of mRNA vaccines on both clinical trials and post-authorization
studies [5]. The impact of the route of administration was also evaluated. A study



7 COVID-19 Vaccine-Related Headache 79

Table 7.1 Frequency of headache based on data from clinical trials

Vaccine Age, Number of
platform Vaccine type | years subjects Headache RR
mRNA BNT162b2 | 18-55 |Dosel: 2238 | Dose 1:959 (42.9) |Dose 1: 1.2

Dose 2: 2045 | Dose 2: 1085 (53.1) | Dose 2: 2.2
>56 Dose 1: 1802 | Dose 1: 454 (25.2) | Dose 1:2.3
Dose 2:1660 | Dose 2: 647 (39.0) | Dose 2: 2.8
mRNA mRNA-1273 | 18-64 | Dose 1: 11401 | Dose 1: 4031 (35.4) ' Dose 1: 1.2
Dose 2: 10357 | Dose 2: 6500 (62.8) | Dose 2: 12.6
>65 Dose 1: 3761 | Dose 1: 921 (24.5) | Dose 1: 1.3
Dose 2: 3745 | Dose 2: 1665 (46.4) | Dose 2: 2.6
Non-replicating | ChAdOx1- 18-55 | Dose 1:99; Dose 1: 53 (53.5) -
viral vector nCoV-19 Dose 2: 100 Dose 2: 28 (28)
>56 Dose 1: 155 Dose 1: 50 (32.3) -
Dose 2: 153 Dose 2: 28 (18.3)

Non-replicating | Ad26. 18-59 | Dose 1: 2036 | Dose 1: 905 (44.4) | Dose 1: 1.8

viral vector CoV2.S >60 Dose 1: 1320 | Dose 1: 401 (30.4) | Dose 1: 1.4
Inactivated CoronaVac 18-59 | Dose 1: 6585 | Dose 1: 2049 (31.1) | Dose 1: 1
Dose 2: 5811 | Dose 2: 1399 (24.1) | Dose 2: 1

>60 Dose 1: 149 Dose 1: 5 (3.4) Dose 1: 2.9

Dose 2: 149 Dose 2: 4 (2.7) Dose 2: 0.7

Protein subunit | NVX- 18-59 | Dose 1: 139 Dose 1: 40 (28.7) Dose 1: 1.1

CoV2373 Dose 2: 137 Dose 2: 68 (49.9) Dose 2: 3.4

60-84 | Dose 1: 116 Dose 1: 19 (16.4) Dose 1: 1.1

Dose 2: 113 Dose 2: 6 (5) Dose 2: 0.5

evaluating the safety of an aerosolized form of adenovirus type-5 vector-based
COVID-19 vaccine (Ad5-nCoV) in adults reported headache in 46 (35%) partici-
pants following vaccination, similar to other studies investigating viral vector based
COVID-19 vaccines [11].

Interestingly, clinical trials showed that frequency of headache as well as other
side effects decreased with age in all vaccine platforms. Binding-antibody levels
were found to be low after COVID-19 vaccination in subjects older than 70 years, a
finding that suggests lower immune responses in elderly, causing fewer adverse
events [9].

However, findings based on the data of vaccines in real-world registries (VAERS)
was somewhat surprising. Researchers exploring these big data, of 11,936 partici-
pants, found out lower rates of adverse events in the real world than those reported
in clinical trials, and headache had the highest incidence (16.53%) among other
adverse events [12]. In children, COVID-19 vaccines showed also good safety pro-
files according to VAERS reports, and mRNA vaccine-related headache was
reported in only 13.9% and 19.8% of the children, being more frequent following
second dose than the first dose [13].
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Table 7.2 Frequency of headache reported in post-authorization active surveillance studies among
the general population

Vaccine Study | Number of
platform Vaccine type |group | subjects Age, years Headache
mRNA BNT162b2 GP Dose 1: >16 Dose 1:
1659724 Dose 409359
2: 971375 (24.7%)
Dose 2:
392266
(40.4%)
mRNA mRNA-1273 | GP Dose 1: >18 Dose 1:
1984194 Dose 534248
2: 949497 (26.9%)
Dose 2:
504739
(53.2%)
mRNA BNT162b2 GP Dose 1: 282103 | Dose 1: Median 64 | Dose 1:
Dose 2: 28207 | Dose 2: Median 59 | 21910 (7.8%)
Dose 2: 3731
(13.2%)
mRNA BNT162b2 |HWs 277 20-69 67 (24.2%)
mRNA BNT162b2 | HWs 80 35.83 £10.99 6 (7.5%)
(mean = SD)
mRNA BNT162b2 | HWs 52 >19 15 (28.8%)
Non-replicating | Gam- GP Dose 1: 2558 18-89 Dose 1: 473
viral vector COVID-Vac Dose 2: 1288 (18.5%)
Dose 2: 282
(21.9%)
Non-replicating | ChAdOx1 GP 345,280 Median: 65 78,734
viral vector nCoV-19 (22.8%)
Non-replicating | ChAdOx1 HWs | 5589 20-69 3887 (69.5%)
viral vector nCoV-19
Non-replicating | ChAdOx1 HWs 2005 NA 870 (43.4%)
viral vector nCoV-19
Non-replicating | ChAdOx1 HWs 1403 35.84+11.13 726 (50.7%)
viral vector nCoV-19 (mean + SD)
Non-replicating | ChAdOx1 HWs 1639 Median: 32 807 (49.2%)
viral vector nCoV-19
Non-replicating | ChAdOx1 HWs 2426 >19 1747 (72.0%)
viral vector nCoV-19
Inactivated CoronaVac HWs Dose 1: 1526 Dose 1: 354 £8.9 | Dose 1: 92
Dose 2: 1397 (mean + SD) (6.0%)
Dose 2: NA Dose 2: 48
(3.4%)
Inactivated BBIBP-CorV | HWs | 4458 NA 8 (0.18%)
Inactivated CoronaVac HWs 1819 >18 Dose 1: 244
(43.9%)
Dose 2: 139
(25%)

GP General population, HWs healthcare workers
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7.4 Clinical Features of Headache Following Vaccination
with COVID-19 Vaccines

To date, few studies focused on headache following COVID-19 vaccines and evalu-
ated in detail clinical characteristics of headache. Headache starts within 24-48 h
after the vaccine injection and resolves spontaneously and lasts less than 24 h, in the
majority of cases. However, long-lasting headaches following vaccination are also
reported. A multicenter observational study showed that headache started within
24 h after vaccination in 80% and lasted less than 22 h in 80% and more than 36 h
in only 10% of the participants vaccinated with mRNA vaccine. Interestingly, head-
ache occurred in multiple episodes in one third of the subjects [14]. Another study
showed that the latency from vaccination to the occurrence of headaches was 18 h
with a duration of 14 h on average [2]. In a survey study addressing healthcare
workers, temporal characteristics of headache related to inactivated virus vaccine
showed moderate differences from those of the headache related to mRNA vaccine.
The headache occurred 1.8 + 3.5 (median, 1; IQR, 0-2) days later after vaccination
and lasted less than 24 h in 61.1% and more than 3 days in 25.9% of the subjects.
However, it was overall shorter than COVID-19-related headache experienced by
the same population [10].

In subjects having migraine, headache attacks began within the first 24 h of vac-
cine in the half of the participants following mRNA or DNA viral vector vaccines
administration. These attacks lasted more than 24 h up to 7 days in 46.1% of the
migraineurs [15]. It seems reasonable to suggest that COVID-19 vaccine-related
headache potentiates migraine pathways and causes longer duration of attacks.

Although there are cases perceiving mild or very severe headache following vac-
cination, the severity of vaccine-related headache seems to be predominantly mod-
erate. COVID-19 vaccine-related headache was less severe than COVID-19-related
headache and migraine pain, whereas it was more severe than tension-type head-
ache attacks in healthcare workers who received inactivated virus vaccine [10].
Studies investigating mRNA vaccine-related headache disclosed that the headache
was moderate in nearly half of the cases (in 46.2% of the subjects). However, the
pain affected routine physical activity in 42.8% of all study group [14]. A study
focusing the effects of COVID-19 vaccines in migraineurs found that the character
of headache following vaccination was different from migraine attacks and pain
intensity was higher in more than half of the participants [15]. The severity of head-
ache was also related to dosage; a higher severity following the second dose of the
mRNA vaccine compared to the first one and between the first dose of the AdV
vaccine and the second dose of the mRNA vaccine was observed [16].

The rates of areal location of the headache showed more or less a similar distri-
bution on frontal and temporal areas and at the back of the head (38%, 32%, 23%,
respectively) [14]. COVID-19 inactivated virus vaccine-related headache was
mostly bilateral (70%) similar to the location of tension-type headache and contrary
to migraine attacks in the same population [10]. Headache following mRNA vac-
cine was also bilateral in most of the participants (73.1%). Studies investigating
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Headache Character Localization of
Heterogeneous: Headache
Throbbing, pressing, jolting, Bilateral (70-73%) [10,13]
Headache Intensity stabbing or pricking [10,13]
Frontal, temporal or in the back
Moderate (46-66%) [10,13] of the head [13]
Similar or higher intensity in migraineurs
compared to their migraine [15] Accompanying
Less severe than COVID-19 related swﬂptoms
headache [10] Fatigue
Muscle pain
Joint pain
Temporal Characteristics R
ever
oo~ Onset after 24-48h :
@ vaccination Poor concentration
Duration of headache = <24h Dizziness

>36-72h (10-26%) [10,13] Ancsmia/ageusia is very rare [10]

>24h-7days, in 46.1% of Comorbidities & Risk Factors

the migraineurs [15]

[10,17,21]
shorter than COVID-19
related headache [10] COVID-19 related headache

Influenza vaccine related headache
Female gender

Thyroid disorder

Allergy

Migraine

Fig. 7.1 Clinical features associated with COVID-19 vaccine-related headache

subjects who received mRNA or inactivated virus vaccines reported heterogeneous
headache characters. It was mostly pressing in mRNA vaccine group, whereas
mostly throbbing in inactivated virus vaccine group [10, 14]. Furthermore, symp-
toms such as fatigue, muscle pain, joint pain, or fever were found to be associated
with COVID-19 vaccine-related headache [10, 14, 15]. Poor concentration and diz-
ziness were also observed in cases with headache following vaccination [14],
whereas sensitivity to noise, light, or odors typical for migraine was less frequently
reported by vaccinees receiving mRNA or inactivated virus vaccines [10, 14].
Moreover, anosmia or ageusia, typical symptoms for COVID-19-related headache,
accompanied rarely vaccine-related headache [10]. Clinical features associated with
COVID-19 vaccine-related headache are given in Fig. 7.1.

7.5 Comorbidities and Immunization History

Preexisting primary headache disorders like migraine or tension-type headache
were also found to be more often present in cases having COVID-19 vaccine-related
headache after either mRNA or inactivated virus vaccines [10, 14]. The duration of
headache after vaccination was also significantly longer and more severe in subjects
with migraine than those without this disorder [14]. Other diseases such as thyroid,
pancreas, pulmonary, and vascular disorders showed also significant association
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with vaccine-related headache [10, 14]. Furthermore, severe COVID-19 and
COVID-19-related headache were reported more frequently in the group experienc-
ing COVID-19 vaccine-related headache when compared to those without
COVID-19 vaccine-related headache in healthcare workers [10]. Moreover, history
of headache following other types of vaccines such as influenza vaccine was found
to be a risk factor increasing 4.8-fold (CI, 2.84-8.23) the risk for experiencing
COVID-19 inactivated virus vaccine-related headache [10].

7.6 Gender Differences and Headache Characteristics
in Specific Subpopulations

Even though headache related to COVID-19 itself showed a male predilection, sig-
nificant female dominance was found in subjects experiencing inactivated virus or
mRNA vaccine-related headache [10, 17]. Moreover, women had a more severe
headache in comparison to men. However, a gender difference in terms of the
latency and the duration of headache was not notified [14]. On the other hand, this
significant difference in the prevalence of headache in terms of gender disappeared
in the population older than 75 years [18] and was particularly remarkable in young
adults (18-30 years old) [19].

Furthermore, headache following vaccination with COVID-19 mRNA vaccines
was less commonly seen among pregnant women after both doses in comparison to
non-pregnant women, as well as myalgia and arthralgia. The prevalence of head-
ache was similar in each trimester of pregnancy [20]. However, side effects follow-
ing COVID-19 mRNA vaccine, such as headache, fatigue, arthralgia, and muscle
pain, showed higher frequencies and tended to be more severe in individuals with
different allergy histories than those without any allergy disorder. These side effects
showed also a female dominance in allergic individuals [21].

7.7 Treatment

Unfortunately, there is not yet an established algorithm designated for the treatment
of headache following COVID-19 vaccination. Studies focusing on COVID-19
vaccine-related headache reported that paracetamol and nonsteroidal anti-
inflammatory drugs (particularly ibuprofen) were the mostly used painkillers [10,
14]. A recent survey study disclosed improvement without analgesics in almost one-
third of subjects and a significant improvement of vaccine-related headache with
painkillers in comparison to COVID-19-related headache [10], whereas migraineurs
reported that the attacks after vaccination were different than their routine migraine
attacks, with a lower responsiveness to painkillers almost in half of the patients [15].
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7.8 Secondary Headaches

Secondary headaches are primarily related to underlying critical conditions, and
secondary headaches associated with COVID-19 vaccines are also compatible with
this rule of thumb. Although rare, life-threatening secondary headaches were also
reported following COVID-19 immunization with vaccines, and emerging evidence
has shown that the etiology of secondary headaches following vaccination is cere-
bral venous thrombosis, in most of the cases [22].

Cerebral venous thrombosis is accompanied by severe thrombocytopenia because
of the presence of antiplatelet factor 4 antibodies in some cases. This clinical entity
is called as vaccine-associated immune thrombosis and thrombocytopenia (VITT),
in other words, thrombosis in thrombocytopenia syndrome [23, 24]. While throm-
bocytopenia is a key characteristic, the female to male ratio is 2:1. According to the
literature, differentiation between primary and secondary type of headaches follow-
ing COVID-19 vaccination may be done according to some clue clinical features.
Especially delayed-onset headaches after COVID-19 vaccine should be evaluated
thoroughly for secondary and life-threatening causes. Other indicators for second-
ary headaches seem to be female gender and being younger than 60 years old [22].
Furthermore, persistent headaches despite painkillers should raise concern regard-
ing secondary etiologies [25].

The diagnosis of VITT requires the presence of antibodies against platelet factor
4 (PF4), determined using enzyme-linked immunosorbent assays (ELISAs) [26].
Furthermore, D-dimer levels are elevated in these patients, and it was shown that
they are fourfold higher in subjects diagnosed with VITT [27]. Considering the
underlying pathophysiology, treatment options targeting the immune system might
be beneficial such as intravenous immunoglobulin (IVIG) and steroids in patients
with VITT-related cerebral venous thrombosis [27].

Increased risk of ischemic stroke after BNT162b2 mRNA vaccination was also
reported in a study including 9,513,625 participants. However, this study was a self-
control retrospective study, and COVID-19-related vascular events have been found
higher in the same population. Finally, there is not enough data regarding the clini-
cal features including the presence of headaches in this population [28]. Furthermore,
other etiologies underlying secondary headaches associated with COVID-19 vac-
cines have been rarely reported, such as a 45-year-old male patient diagnosed with
Tolosa-Hunt syndrome following an mRNA-based COVID-19 vaccine [29].

7.9 Conclusion

COVID-19 vaccine-related headache is frequently seen and seems to be elicited by
the pro-inflammatory state following vaccination. Fortunately, studies showed that
this particular headache starting in general with a latency of 24-48 h and showing
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heterogeneous character has a self-limiting course and is mostly mild and short-
lasting. There is not yet an established algorithm for the treatment of headache fol-
lowing COVID-19 vaccination, a considerable percentage of the cases recovers
without medication, and standard painkillers may be effective for the relief.
Although rare, secondary headaches related to COVID-19 vaccine should also be
considered in patients with long-lasting and treatment-resistant headaches.
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