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Abstract: Giant cell arteritis (GCA) is an immune-mediated vasculitis that affects large arteries. It has
been hypothesized that viruses may trigger inflammation within the vessel walls. Genetic studies on
human leukocyte antigens (HLAs) have previously reported HLA-DRB1*04 as a susceptible allele for
GCA and HLA-DRB1*15 as a protective allele for GCA. Here, we discuss the clinical presentation,
laboratory findings, HLA class I and class II analysis results, and management of patients with
extracranial large-vessel (LV) GCA, detected at least six weeks after recovery from COVID-19. This
case series encompassed three patients with LV-GCA (two males and a female with an age range of
63–69 years) whose leading clinical presentation included the presence of constitutional symptoms
and significantly elevated inflammatory markers. The diagnosis of LV-GCA was confirmed by CT
angiography and FDG-PET/CT, revealing inflammation in the large vessels. All were treated with
corticosteroids, while two received adjunctive therapy. By analyzing HLA profiles, we found no
presence of the susceptible HLA-DRB1*04 allele, while the HLA-DRB1*15 allele was detected in two
patients. In conclusion, LV-GCA may be triggered by COVID-19. We highlight the importance of the
early identification of LV-GCA following SARS-CoV-2 infection, which may be delayed due to the
overlapping clinical features of GCA and COVID-19. The prompt initiation of therapy is necessary in
order to avoid severe vascular complications. Future studies will better define the role of specific
HLA alleles in patients who developed GCA following COVID-19.

Keywords: COVID-19; SARS-CoV-2 infection; large-vessel vasculitis; giant cell arteritis; HLA;
autoimmunity

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a new illness that is predominantly manifested with respi-
ratory symptoms [1]. Various immunological phenomena have been observed during the
course of the disease, which may lead to rheumatologic illnesses following the resolution
of an acute infection [2,3]. Large-vessel vasculitis (LVV) was demonstrated on positron
emission tomography combined with low-resolution computed tomography using flu-
orodeoxyglucose (FDG-PET/CT) in a substantial proportion of patients with persistent
symptoms following recovery from COVID-19 [4]. Similarly, the development of GCA
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(with different clinical presentations) after full recovery from COVID-19 has been reported
in multiple cases [5–9].

Giant cell arteritis (GCA) is considered a polygenic disease of unknown etiology,
occurring mainly in individuals over the age of 50 years [10]. Although GCA is not
a truly infectious vasculitis, it is proposed that an infection may trigger inflammation
within the vessel walls [10]. Advances in non-invasive arterial imaging have improved
the understanding of the frequency of large-vessel (LV) GCA, predominantly affecting the
aorta and its major branches, demonstrated in up to 83% of patients within the overlapping
phenotypes, including classic cranial arteritis and extracranial LV-GCA [11]. Genetic studies
have reported various disease associations with major histocompatibility complex (MHC)-
encoding human leukocyte antigens (HLAs) [12,13]. The presence of HLA-DRB1*04:01 and
HLA-B*15:01 increases the susceptibility to cranial and extracranial GCA [14,15]. A recent
meta-analysis revealed the protective effects of HLA-DRB1*15, HLA-DRB1*16, and possibly
HLA-DRB1*01 alleles [15]. Japanese authors have identified the susceptible HLA-DR4 allele
(accounting for the HLA-DRB1*04 and HLA-DRB1*01 alleles) in a patient who developed
LVV associated with SARS-Cov-2 infection [5].

Here, we discuss the clinical presentation, laboratory findings, HLA testing results, and
management of three patients with extracranial LV-GCA following SARS-CoV-2 infection.
To the best of our knowledge, this is the first study to report a comprehensive analysis
of both the HLA class I and class II profiles in patients with LV-GCA associated with
COVID-19.

2. Materials and Methods

We aimed to present a case series of three patients and a relevant literature review
regarding the association of LVV, GCA, and COVID-19.

Search Strategy

We used the PubMed and Medline databases and searched for relevant literature
published until the end of October 2022 using the keywords “COVID-19” and/or “SARS
CoV-2” and “large vessel vasculitis” and “COVID-19” and/or “SARS CoV-2” and “giant cell
arteritis”. The articles written in English were reviewed. After the initial selection of articles,
we reviewed the bibliographies of the obtained articles that search for additional references
not identified by the previous search. After excluding the irrelevant articles relating to
patients with large-vessel vasculitis developed at a young age, pediatric cases, vasculitis in
relation to the SARS-CoV-2 vaccine, and infective aortitis, we identified six articles which
were included in the review.

3. Results
3.1. Presentation of Cases
3.1.1. Patient 1

We previously published our first case of a 69-year-old male who developed LV-GCA
and presented with symptoms of systemic and cerebral vasculitis six weeks after recovery
from a mild form of COVID-19. The patient was treated with pulsed corticosteroid therapy,
therapeutic plasma exchange (TPE), and tocilizumab. Following a significant improvement
in clinical and laboratory parameters, we concluded that the therapy led to a complete re-
covery within 2 months after its initiation [8]. However, we continued to follow the patient,
who eventually experienced a laboratory exacerbation of LV-GCA (erythrocyte sedimenta-
tion rate (ESR) 100 mm/h and C-reactive protein (CRP) 151.7 mg/L) six months later. Addi-
tional immunological testing revealed a lower serum immunoglobulin (Ig) G concentration
(4.4 g/L) within a low total gamma fraction in protein electrophoresis (9.4% of total proteins).
The immunophenotyping of peripheral blood lymphocytes showed a significant decrease
in the following: total lymphocytes (ly)—743/µL (normal range 1140–3380/µL), CD3+T-
ly—566/µL (780–2240), helper CD3+CD4+T-ly—386/µL (490–1640); cytotoxic CD3+CD8+

T-ly—150/µL (170–880), natural killer (NK) CD3+CD16+CD56+cells—50/µL (80–490), and
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a normal count of CD19+ B-ly—90/µL (80–490). A significant lymphopenia affecting CD4+

and CD8+ T-ly and NK cells as well as hypogammaglobulinemia was considered as a
consequence of the applied treatment (TPE, immunosuppression). In the presence of an
obvious inflammatory relapse, before the introduction of an additional immunosuppressive
drug, we repeated the computed tomography angiography (CTA) of the aorta and the
branches. A CTA was performed six months after the initial imaging showed an interesting
picture of a migratory arteritis, which was consistent with the initial diagnosis of LV-GCA
(Figure 1).
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(Image (1g,1i), orange arrows), which was significantly thinner after six months (The 

ascending aorta: Image (2g,2h), yellow arrows; The aortic arch: Image (2g,2i), orange 

arrows). On the contrary, the descending thoracic aorta (Image (1g,1j), blue arrows) and 

iliac arteries (Image (1g,1k), green arrows) are intact at baseline CT, and appeared in-

flamed after six months (The descending thoracic aorta: Image (2g,2j), blue arrows; Iliac 

arteries: Image (2g,2k), green arrows). 

Figure 1. CT aortography of a 69-year-old male with large-vessel vasculitis performed at baseline
(Images (1a–1k)) and at the six months follow-up examination (Images (2a–2k)). The baseline CT
depicts wall thickening of the aortic arch branches that is barely seen after six months in the right
carotid artery (Baseline: Image (1a,1d); Follow-up: Image (2a,2d); yellow arrows), the left carotid
artery (Baseline: Image (1b,1e), Follow-up: Image (2b,2e); orange arrows), and the left subclavian
artery (Baseline:: Image (1c,1f); Follow-up: Image (2c,2f); blue arrows). In addition, the baseline CT
aortography depicts the inflammation of the ascending aorta (Image (1g,1h), yellow arrows) and
the aortic arch (Image (1g,1i), orange arrows), which was significantly thinner after six months (The
ascending aorta: Image (2g,2h), yellow arrows; The aortic arch: Image (2g,2i), orange arrows). On the
contrary, the descending thoracic aorta (Image (1g,1j), blue arrows) and iliac arteries (Image (1g,1k),
green arrows) are intact at baseline CT, and appeared inflamed after six months (The descending
thoracic aorta: Image (2g,2j), blue arrows; Iliac arteries: Image (2g,2k), green arrows).

The patient was given a single dose of intravenous immunoglobulin (0.5 g/kg of BW),
and azathioprine was introduced (2 mg/kg of BW). The treatment was continued with a
low dose of prednisone and azathioprine, leading to a complete laboratory improvement in
the inflammatory markers and IgG concentrations during the last follow-up in September
2022. Additional testing included the typing of HLA class I and class II, revealing the
presence of HLA A*2 and A*24, B*51 and B*57, DRB1*15 and DRB1*16, and DQB1*05 and
DQB1*06 allelic groups.
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3.1.2. Patient 2

The second case was a 63-year-old female who was diagnosed with COVID-19 in
October 2021 after she presented with low-grade fever and fatigue, as well as slightly
elevated CRP. SARS-CoV-2 infection was confirmed by a RT-PCR test. She did not receive
any specific treatment. She was not vaccinated against SARS-CoV-2. Her medical history
revealed that she suffered from hypertension and type II diabetes, but both conditions were
well controlled with appropriate oral treatments.

Four weeks later, in November 2021, the patient experienced an acute confused state
and head version to the left with bilateral motor manifestation upon arrival at the emer-
gency unit. A brain MRI showed multiple hyperintense supratentorial lesions, typical for
small vessel vasculitis (Figure 2), while an electroencephalogram showed a mild slowing of
background activity. A thorough neurological work-up did not reveal any significant find-
ings. Antinuclear antibodies, anti-cardiolipin IgG and IgM, and anti-neutrophil cytoplasmic
antibodies were all negative, and serum immunoglobulins were within the normal range.
A diagnosis of COVID-19-associated encephalitis was made, and 40 mg of prednisone was
given daily, as well as other supportive therapy, leading to significant clinical improvement.
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Figure 2. Brain MRI (FLAIR sequence) shows a combination of inflammatory lesions with involve-
ment of U-fibers (white arrows) and cortical and subcortical vascular lesions with microbleeding
(yellow arrows), typical for small vessel vasculitis.

Due to the reappearance of constitutional symptoms (low-grade fever and malaise)
and elevated CRP (18.3 mg/L) two weeks later, the CTA of the entire aorta and the branches
was performed. The walls of the ascending aorta and the aortic arch appeared thickened
(Figure 3, Images 1a–1d). The diagnosis of LV-GCA was confirmed by performing a
whole-body FDG-PET/CT, showing the inflammation of the ascending aorta, the aortic
arch, and the thoracic and abdominal aorta (Figure 3; Images 1e–1h). The corticosteroid
treatment was continued and gradually tapered. Almost a year later, during the last visit,
in September 2022, no detectable signs of clinical or laboratory relapses were found, with
the continuation of a 5 mg daily dose of prednisone. Genetic testing included the typing
of HLA class I and class II, revealing the presence of HLA A*02 and A*11, B*27 and B*35,
DRB1*14 and DRB1*15, and DQB1*05 and DQB1*06 allelic groups.
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Figure 3. CT aortography (Images (1a–1d)) and Whole-body FDG PET-CT (Images (1e–1h)) in
a 63-year-old female with large-vessel vasculitis showing inflammation of the aortic wall at the
corresponding levels on the following localization: the ascending aorta (CT: Image (1a,1b); PET-CT:
Image (1e–1h); red arrows), the aortic arch (CT: Image (1a,1c); PET-CT: Image (1e,1h); orange arrows)
and the descending thoracic aorta (CT: Image (1a,1d); PET-CT: Image (1e,1h); blue arrows).

3.1.3. Patient 3

The third case is a 68-year-old male, hospitalized at the Clinic of Infectious and Tropical
diseases in June 2022 due to persistent low-grade fever, malaise, a loss of appetite, and
a weight loss of 8 kg during the last month. Significantly elevated acute phase reactants
(70 mm/h of ESR, 53.9 mg/L of CRP, and 7.2 g/L of fibrinogen) were measured. Previous
medical history revealed a mild RT-PCR-confirmed case of COVID-19, two months before
manifesting with a loss of smell, a fever, and a cough, but without confirmed lung infection
following a chest X-ray. All laboratory parameters were within the normal range. No
treatment was administered. He was fully immunized against SARS-CoV-2, and the last of
three doses of the Sinopharm inactivated vaccine (Vero cells) was given four months before.
According to the medical history, he had stable arterial hypertension.

After performing an extensive diagnostic work-up, an acute infection, as a cause of the
presenting symptoms, was excluded. A CTA revealed the wall thickening of the thoracic
aorta with intimal calcifications. Thickening was seen in the infrarenal segment of the
abdominal aortic wall, which was surrounded by an inflammatory muff with the typical
morphological features of periaortitis (Figure 4, Images 1a–1h). The patient was diagnosed
with LV-GCA and daily treatment of 40 mg of prednisone was started, leading to temporary
clinical and laboratory improvements. Four months later, however, while tapering the dose
of prednisone to 20 mg, the patient appeared to have constitutional symptoms with high
ESR (90 mm/h), CRP (24 mg/L), and fibrinogen (8.9 g/L) concentrations. FDG-PET/CT
revealed an intense inflammation of the right subclavian artery, ascending aorta, pulmonary
arteries, aortic arch, and abdominal aorta (Figure 4, Images 1i–1k). Azathioprine, along
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with a daily 30 mg dose of prednisone, was given. Two months later, in November 2022,
the inflammatory parameters were significantly improved, and we continued to taper the
dose of prednisone. Genetic testing revealed the presence of HLA A*11 and A*30, B*13 and
B*40, DRB1*07 and DRB1*11, and DQB1*02 and DQB1*03 allelic groups.
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Figure 4. CT angiography (Images (1a–1h)) and Whole-body FDG PET-CT (Images (1i–1k)) in a
68-year-old male patient with large-vessel vasculitis showing vessel inflammation with asymmetric
hypodense wall thickening (Image (1g), blue star) and intimal calcification (Image (1g), black arrow)
and avid FDG uptake at the same level on the following localizations: the aortic arch (CT: Image
(1a,1c,1f); PET-CT: Image (1i) I (1j); yellow arrows), pulmonary trunk (CT: Image (1e), PET-CT: Image
(1i); orange arrows), and the abdominal aorta (CT: Image (1b,1d,1h); PET-CT: Image (1i) I (1k),
green arrows).

4. Discussion

COVID-19 is characterized by diverse clinical presentations, ranging from asymp-
tomatic infection to mild flu-like symptoms, or even fatal respiratory failure and multiorgan
dysfunction [16]. In addition, many patients have experienced prolonged symptoms per-
sisting weeks to months after the initial disease onset with occasionally varied longer-term
sequelae [17]. Hence, it is not surprising that there is an important need to question which
factors determine the mechanisms driving an immune response to SARS-CoV-2 to be
helpful or harmful for a particular individual.

The pathogenesis of GCA is far from being completely understood. It is currently
accepted that GCA is an antigen-driven autoimmune disease in which pathogenesis, includ-
ing both innate and adaptive immune responses, has a direct contribution [18]. Interestingly,
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Varga and colleagues have demonstrated the direct infection of endothelial cells by SARS
CoV-2, with a diffuse endothelial inflammation followed by endothelitis, apoptosis, and
mononuclear cell infiltrations within the vascular intima [19]. Based on these data, the
virus can invade vessel walls and cause vasculitis.

In June 2020, a group of Japanese authors reported the first case of a 71-year-old man
who developed LVV associated with SARS CoV-2 infection [5]. Until November 2022, only
a few case reports (summarized in Table 1), mainly in the form of short letters, have been
reported. Of particular note is the observation that clinicians have faced significant diag-
nostic and clinical challenges due to the masquerading symptoms of SARS CoV-2 infection
to GCA during the COVID-19 pandemic, including constitution symptoms, elevated CRP,
fever, headache, and myalgia [20]. Shared and distinct features of GCA and COVID-19
have been comprehensively summarized and discussed in a recent review published by
Mehta and colleagues [21].

Table 1. Cases of LVV associated with COVID-19: clinical, laboratory features and management.

Author Age/Sex
Clinical

Presentation,
Laboratory Findings

Timing of
Symptoms

after
COVID-19

Diagnosis Treatment Testing Outcome

Oda R, et al.,
2020 [5]

73 years,
male

Persistent spiking
fever, elevated ESR

and CRP
concomitantly LV-GCA NSAID CTA,

FDG PET-CT

Recovered
without

treatment

Riera-Marti
N, et al.,
2021 [22]

50 years,
male

High fever, headache,
temporal artery

thickening,
TM joint pain

concomitantly c/LV-GCA No treatment Doppler US
FDG PET-CT

Recovered
without

treatment

Jonathan
G, et al.,
2021 [7]

47 years,
male

PAAM,
headache,

jaw claudication
8 weeks

PAMM
TAB–negative

GCA

High dose CS
Tocilizumab

Ophthalmic
diagnostic

tests,
TAB

Improvement
on treatment

Ivanovic
J, et al., 2022 * [8]

69 years,
male

Headache,
fever,

elevated ESR, CRP,
Fib, IL-6

6 weeks
LV-GCA
Cerebral
vasculitis

High dose CS,
TPE

Tocilizumab,
IVIG,
AZA

FDG PET CT
Brain MRI

Improvement
on treatment

Aryal B, et al.,
2022 [20]

72 years,
female

Headache,
blurred vision,

transient vision loss,
abdominal pain

8 weeks TAB-negative
GCA

High dose CS,
AZA,
MTX

Clinical
presentation
Laboratory

tests

Improvement
on treatment

Szydełko-
Paśko U, et al.,

2022 [6]

69 years,
female

Vision loss [left eye]
Headache 2.5 weeks AAION

c-GCA
High dose CS,

MTX
Ophthalmic

diagnostic tests
Improvement
In treatment

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; LV: Large vessel; c: cranial; GCA: giant-cell
arteritis; NSAID: non steroid anti-inflammatory drug; CTA: computed tomography angiography; FDG-PET/CT:
positron emission tomography with a low-resolution computed tomography using fluorodeoxyglucose: TM:
temporo-mandibular; PAMM: paracentral acute middle maculopathy; TPE: therapeutic plasma exchange; MRI:
magnetic resonance imaging; IVIG: intravenous immunoglobulins; CS: corticosteroids; MTX: methotrexate; AZA:
azathioprine; AAION: arteritic anterior ischemic optic neuropathy; * follow-up data on this case have been
reported in this article (Patient 1 in this paper).

Previous studies have shown that GCA is a heterogeneous syndrome with different
clinical phenotypes mainly correlating with the dominant patterns of immune response [23].
It comprises overlapping phenotypes including the classic cranial forms of arteritis [c-
GCA] and extra-cranial GCA, otherwise termed LV-GCA [24]. For a long time, the 1990
American College of Rheumatology (ACR) classification criteria have been used to make
an easier discrimination between different vasculitides [25]. However, newly designed
ACR/EULAR classification criteria for GCA have included an assessment of more clinical
symptoms and specific imaging procedures, such as FDG-PET/CT [26]. Advancements in
imaging techniques, such as Doppler ultrasound, nuclear magnetic resonance angiography,
CTA, and/or FDG-PET/CT, have led to improvements in the diagnosis of LV-GCA [11].
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Accordingly, the diagnosis of LV-GCA in all of our cases was confirmed by CTA and
FDG-PET/CT, revealing the inflammation of the large-vessel walls.

According to the recent recommendations, a clinically suspected diagnosis of LV-GCA
may be confirmed by imaging (CTA, FDG-PET/CT) without a need for any additional test-
ing, such as temporal artery biopsy (TAB), and treatment with a high dose of corticosteroids
(the equivalent of a daily 40–60 mg dose of prednisone) should be initiated immediately
for the induction of remission. Adjunctive therapy, along with disease-modifying drugs
(DMARDs), should be used in selected patients with a refractory or relapsing GCA [27,28].
There was only one patient who developed a feature of cranial GCA (c-GCA). Except for
a headache reported by this patient, no other patients appeared with typical symptoms
of c-GCA, such as jaw or tongue claudication, scalp tenderness, or visual impairment. A
temporal artery abnormality was detected in the first patient on a brain MRI. Due to the
overlapping features of GCA and COVID-19 (including headache, fever, elevated CRP,
and cough), the presence of jaw claudication and visual impairment seem to be more
discriminatory [21].

Surprisingly, some of the previously reported cases appeared to be a spontaneously re-
solved form of GCA [5,22]. This observation has created some dilemmas about the various
difficulties in discriminating between COVID-19-associated autoimmune vasculitis and
LVV with spontaneous resolution, which are more suggestive of an infective aortitis [29].
Moreover, Dhakal and colleagues described a case of inflammation of the infrarenal aor-
tic wall, thought to be a case of aortitis that is secondary to COVID-19 infection, with a
gradual complete resolution on an oral daily 60 mg dose of prednisone on day 9 [30]. In
contrast to these cases of aortic inflammation with a spontaneous resolution and no anti-
inflammatory treatment, mainly detected concomitantly with COVID-19, all of our patients
experienced symptoms after full recovery and at least six weeks apart from COVID-19 de-
tection. Sollini et al. have reported the largest cohort of LVV detected using FDG-PET/CT in
patients with persistent symptoms after COVID-19; however, details regarding the clinical
presentation, clinical course, and management of patients have not been provided [4].

There is accumulating evidence that supports the role of genetic factors in developing
GCA. The gene from the HLA locus that has commonly been associated with GCA in
Caucasians is HLA DRB1*04. For a long time, it was considered the only genetic association
with GCA that has been replicated in independent cohorts [31]. Carriers of this gene were
considered to be at a higher risk of developing GCA and for suffering complications such as
visual loss, and may also be at higher risk of developing resistance to corticosteroids [32–35].
With this in mind, and having previously identified the presence of the susceptible DRB1*04
allele in the patient with the LVV associated with COVID-19 [5], we analyzed the HLA class
I and class II alleles in our patients. None of the patients carried the susceptible DRB1*04
allele. In contrast, we identified the presence of the HLA-DRB1*15 allele, previously
identified as an allele with a putative protective effect, while one of the analyzed patients
was a carrier of two (DRB1*15 and DRB1*16) protective alleles, according to the recent
meta-analysis [15]. However, a better understanding of the capacity of microorganisms to
trigger autoreactive T-cells in patients with GCA may reveal the new pathogenetic roles
of the specific HLA alleles, similar to the data obtained from immunogenetic analysis in
rheumatoid arthritis [36].

To sum up, we hypothesized that COVID-19 triggered the onset of LV-GCA in our
patients. It may be possible that viral peptides, in the context of a specific HLA class II allele,
are able to trigger the activation of antigen-specific (autoreactive) CD4+ T-cells, leading to
autoimmune-mediated inflammation within the vessel wall. Further studies may clarify
the exact mechanisms of the activation of SARS-Cov-2-triggered autoreactive T-cells.

5. Conclusions

LV-GCA may be considered an autoimmune disease triggered by SARS-CoV-2 infec-
tion, one of the broad spectra of manifestations within post-COVID-19 syndrome. However,
many overlapping features of GCA and COVID-19 may lead to the delayed recognition of
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LV-GCA, indicating the need to highlight the potential link between SARS-CoV2 and the
development of LV-GCA. The prompt initiation of therapy is necessary in order to avoid
severe vascular complications. Future studies will better define the pathogenetic roles of
specific HLA alleles in patients who developed GCA following SARS CoV-2 infection.
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Ischemic Optic Neuropathy in the Course of Giant Cell Arteritis After COVID-19. Am. J. Case Rep. 2021, 23, 1–5. [CrossRef]
[PubMed]

7. Jonathan, G.L.; Scott, F.M.; Matthew, K.D. A Case of Post-COVID-19–Associated Paracentral Acute Middle Maculopathy and
Giant Cell Arteritis-Like Vasculitis. J. Neuro-Ophthalmol. 2021, 41, 351–355. [CrossRef] [PubMed]

8. Ivanovic, J.; Stojanovic, M.; Ristic, A.; Sokic, D.; Vojvodic, N. Post-acute COVID-19 syndrome presented as a cerebral and systemic
vasculitis: A case report. Acta Neurol. Belg. 2022, 122, 1377–1379. [CrossRef]

9. Mendes, J.L.; Venade, G.; Manuel, P.; Matos, L.C.; Nascimento, E. Virus and Autoimmunity: Can SARS-CoV-2 Trigger Large
Vessel Vasculitis? Eur. J. Case Rep. Intern. Med. 2022, 9, 003486.

10. Nordborg, E.; Nordborg, C. Giant cell arteritis: Epidemiological clues to its pathogenesis and an update on its treatment.
Rheumatology 2003, 42, 413–421. [CrossRef]

11. Koster, M.J.; Matteson, E.L.; Warrington, K.J. Large-vessel giant cell arteritis: Diagnosis, monitoring and management. Rheumatol-
ogy 2018, 57, ii32–ii42. [CrossRef] [PubMed]

12. Weyand, C.M.; Hicok, K.C.; Hunder, G.G.; Goronzy, J.J. The HLA-DRB1 locus as a genetic component in giant cell arteritis.
Mapping of a disease-linked sequence motif to the antigen binding site of the HLA-DR molecule. J. Clin. Investig. 1992, 90,
2355–2361. [CrossRef] [PubMed]

13. Weyand, C.M.; Martinez-Taboada, V.M.; Goronzy, J.J. Current Ideas on the Role of HLA Molecules Diseases in Human. Clin.
Immunol. Newsl. 1996, 16, 14–21. [CrossRef]

14. Prieto-Peña, D.; Remuzgo-Martínez, S.; Ocejo-Vinyals, J.G.; Atienza-Mateo, B.; Genre, F.; Muñoz-Jimenez, A.; Ortiz-Sanjuán, F.;
Romero-Yuste, S.; Moriano, C.; Galindez-Agirregoikoa, E.; et al. The presence of both HLA-DRB1[*]04:01 and HLA-B[*]15:01
increases the susceptibility to cranial and extracranial giant cell arteritis. Ann. Rheum. Dis. 2021, 39, 21–26. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
http://doi.org/10.1016/j.autrev.2021.102883
http://www.ncbi.nlm.nih.gov/pubmed/34237419
http://doi.org/10.3389/fmed.2022.934270
http://www.ncbi.nlm.nih.gov/pubmed/36106319
http://doi.org/10.1007/s00259-020-05084-3
http://doi.org/10.1136/annrheumdis-2020-218440
http://doi.org/10.12659/AJCR.933471
http://www.ncbi.nlm.nih.gov/pubmed/35015754
http://doi.org/10.1097/WNO.0000000000001348
http://www.ncbi.nlm.nih.gov/pubmed/34415268
http://doi.org/10.1007/s13760-022-01923-2
http://doi.org/10.1093/rheumatology/keg116
http://doi.org/10.1093/rheumatology/kex424
http://www.ncbi.nlm.nih.gov/pubmed/29982778
http://doi.org/10.1172/JCI116125
http://www.ncbi.nlm.nih.gov/pubmed/1469092
http://doi.org/10.1016/S0197-1859(00)80009-6
http://doi.org/10.55563/clinexprheumatol/nn15lt
http://www.ncbi.nlm.nih.gov/pubmed/33734973


Diagnostics 2023, 13, 484 10 of 10

15. Mackie, S.L.; Taylor, J.C.; Haroon-Rashid, L.; Martin, S.; Dasgupta, B.; Gough, A.; Green, M.; Hordon, L.; Jarrett, S.; Pease,
C.T.; et al. Association of HLA-DRB1 amino acid residues with giant cell arteritis: Genetic association study, meta-analysis and
geo-epidemiological investigation. Arthritis Res. Ther. 2015, 17, 195. [CrossRef]

16. Gandhi, R.T.; Lynch, J.B.; del Rio, C. Mild or Moderate Covid-19. N. Engl. J. Med. 2020, 383, 1757–1766. [CrossRef]
17. Knight, J.S.; Caricchio, R.; Casanova, J.-L.; Combes, A.J.; Diamond, B.; Fox, S.E.; Hanauer, D.A.; James, J.A.; Kanthi, Y.; Ladd,

V.; et al. The intersection of COVID-19 and autoimmunity. J. Clin. Investig. 2021, 131, e154886. [CrossRef]
18. Akiyama, M.; Ohtsuki, S.; Berry, G.J.; Liang, D.H.; Goronzy, J.J.; Weyand, C.M. Innate and Adaptive Immunity in Giant Cell

Arteritis. Front. Immunol. 2021, 11, 621098. [CrossRef]
19. Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A. Endothelial cell infection and endothelitis in

COVID-19. Lancet 2020, 395, 1417–1418. [CrossRef]
20. Aryal, B.; Kadakia, N.; Baniya, A.; Chowdhury, T.; Adhikari, S.; Gousy, N. Overlapping Symptoms of COVID-19 and Giant Cell

Arteritis: The Need for a Higher Degree of Suspicion for Diagnostic Differentiation. Cureus 2022, 14, e25660. [CrossRef]
21. Mehta, P.; Sattui, S.E.; Van Der Geest, K.S.; Brouwer, E.; Conway, R.; Putman, M.S.; Robinson, P.C.; Mackie, S.L. Giant Cell Arteritis

and COVID-19: Similarities and Discriminators. A Systematic Literature Review. J. Rheumathol. 2021, 48, 1053–1059. [CrossRef]
[PubMed]

22. Riera-Marti, N.; Romani, J.; Calvet, J. SARS-CoV-2 infection triggering a giant cell arteritis. Med. Clin. 2021, 156, 253–254.
[CrossRef] [PubMed]

23. Weyand, C.; Goronzy, J.J. Medium- and Large-Vessel Vasculitis. N. Engl. J. Med. 2003, 349, 160–169. [CrossRef]
24. Muratore, F.; Kermani, T.A.; Crowson, C.S.; Green, A.B.; Salvarani, C.; Matteson, E.L.; Warrington, K.J. Original article Large-vessel

giant cell arteritis: A cohort study. Rheumatology 2015, 54, 463–470. [CrossRef]
25. Hunder, G.G.; Bloch, D.A.; Michel, B.A.; Stevens, M.B.; Arend, W.P.; Calabrese, L.H.; Edworthy, S.M.; Fauci, A.S.; Leavitt, R.Y.; Lie,

J.T.; et al. The American College of Rheumatology 1990 criteria for classicfication of giant cell arteritis. Arthritis Rheum. 1990, 33,
1122–1128. [CrossRef] [PubMed]

26. Ponte, C.; Grayson, P.C.; Robson, J.C.; Suppiah, R.; Gribbons, K.B.; Judge, A.; Craven, A.; Khalid, S.; Hutchings, A.; Watts,
R.A.; et al. 2022 American College of Rheumatology / EULAR classification criteria for giant cell arteritis. Ann. Rheum. Dis. 2022,
81, 1647–1653. [CrossRef]

27. Hellmich, B.; Agueda, A.; Monti, S.; Buttgereit, F.; De Boysson, H.; Brouwer, E.; Cassie, R.; Cid, M.C.; Dasgupta, B.; Dejaco,
C.; et al. 2018 Update of the EULAR recommendations for the management of large vessel vasculitis. Ann. Rheum. Dis. 2020, 79,
19–30. [CrossRef]

28. Dejaco, C.; Ramiro, S.; Duftner, C.; Besson, F.L.; Bley, T.A.; Blockmans, D.; Brouwer, E.; Cimmino, M.A.; Clark, E.; Dasgupta,
B.; et al. EULAR recommendations for the use of imaging in large vessel vasculitis in clinical practice. Ann. Rheum. Dis. 2018, 77,
636–643. [CrossRef]

29. Dávila, C.S.; Fernández, J.P.S.; Grande, M.L.D.; Díaz, C.V.; Llana, B.F.; Fernández, N.M.; García, F.J.G. SARS-CoV-2 (COVID-19)
pneumonia: Incidental finding on 18F-FDG PET/CT study for vasculitis diagnosis. Rev. Esp. Med. Nucl. Imagen Mol. 2021, 40,
251–252.

30. Dhakal, P.; Khadka, S.; Clowes, J.A.; Chakinala, R.C. Aortitis in COVID-19. IDCases 2021, 24, e01063. [CrossRef]
31. Carmona, F.D.; Martín, J.; González-Gay, M.A. Genetics of vasculitis. Curr. Opin. Rheumatol. 2015, 27, 10–17. [CrossRef] [PubMed]
32. Dávila, C.S.; Fernández, J.P.S.; Grande, M.L.D.; Díaz, C.V.; Llana, B.F.; Fernández, N.M.; García, F.J.G. Analysis of the common

genetic component of large-vessel vasculitides through a meta-Immunochip strategy. Sci. Rep. 2017, 7, 43953.
33. Rauzy, O.; Fort, M.; Nourhashemi, F.; Alric, L.; Juchet, H.; Ecoiffier, M.; Abbal, M.; Adoue, D. Relation between HLA DRB1 alleles

and corticosteroid resistance in giant cell arteritis. Ann. Rheum. Dis. 1998, 57, 380–382. [CrossRef] [PubMed]
34. Carmona, F.D.; Martín, J.; A González-Gay, M. New insights into the pathogenesis of giant cell arteritis and hopes for the clinic.

Expert Rev. Clin. Immunol. 2015, 12, 57–66. [CrossRef] [PubMed]
35. González-Gay, M.A.; García-Porrúa, C.; Llorca, J.; Hajeer, A.H.; Brañas, F.; Dababneh, A.; González-Louzao, C.; Rodriguez-Gil, E.;

Rodríguez-Ledo, P.; Ollier, W.E. Visual Manifestation of Giant Cell Arteritis. Medicine 2000, 79, 283–292. [CrossRef] [PubMed]
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