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Abstract: Anaphylactic events triggered by mRNA COVID-19 vaccines are neither serious nor
frequent. Kounis syndrome is described as the concomitant occurrence of acute coronary events and
hypersensitivity reactions induced by vasospastic mediators after an allergic event. Kounis syndrome
caused by vaccines is very rare. Up to now, only a few cases of allergic myocardial infarction
after mRNA COVID-19 vaccine administration have been reported. Takotsubo cardiomyopathy is
a syndrome characterized by transient wall movement abnormalities of the left ventricular apeXx,
mid-ventricle, or other myocardial distribution, usually triggered by intense emotional or physical
stress. Takotsubo cardiomyopathy after COVID-19 vaccine administration has been reported, usually
with a delayed onset. A new entity characterized by the association of adrenaline administration,
Takotsubo cardiomyopathy, anaphylaxis, and Kounis hypersensitivity was recently described: the
ATAK complex. Here, we report a case of Takotsubo cardiomyopathy that occurred together with an
anaphylactic reaction to an mRNA COVID-19 vaccine that required the use of adrenaline. The timing
of the allergic reaction and the referenced clinical symptoms could not exclude the idea that Kounis
syndrome occurred. Therefore, we can assume the patient presented the ATAK complex. We believe
that highlighting on this ATAK complex will aid the application of proper diagnostic, preventive and
therapeutic measures.

Keywords: ATAK; COVID-19 vaccination; adrenaline; Takotsubo cardiomyopathy; anaphylaxis;
Kounis hypersensitivity; coronary syndrome

1. Introduction

Historically, vaccination seems to be the best prevention strategy to contain infectious
diseases. In the COVID-19 pandemic, scientific research focused on the development
of vaccines since the beginning: in September 2020, 146 COVID-19 vaccine candidates
were in the preclinical phase and 36 vaccine candidates were in the clinical stage [1].
Different vaccine platforms have been employed: nucleic acid mRNA-based vaccines,
viral vector vaccines developed with new biotechnology, subunit vaccines, and whole-
pathogen inactivated virus vaccines [2]. The mRNA vaccine platform is the most employed
during this pandemic. Clinical trials reported that the Pfizer/BioNTech (BNT162b2) mRNA
vaccine had a 95% efficacy [3] and the Moderna mRNA vaccine (mRNA1273) had a 94.1%
efficacy [4].

Allergic reactions to vaccines are infrequently associated with the active vaccine itself
since they might also be induced by an excipient. Excipients are inactive ingredients that
act as major agents in the development of specific IgE-mediated and immediate reactions
associated with vaccines [5].
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Additionally, excipients could cause pseudoOallergic reactions: complement activation-
related pseudo-allergy (CARPA), induced by IgM and IgG, represents a nonspecific immune
response to PEGylated nanoparticle-based drugs [6].

Excipients in COVID-19 vaccines are heterogeneous. mRNA vaccines such as Pfizer—
BioNTech and Moderna contain polyethylene glycol (PEG), and the latter also contains
tromethamine [7,8]; viral vector vaccines, such as AstraZeneca, Johnson & Johnson, and
Sputnik V, contain polysorbate 80, an excipient that is structurally similar to PEG and
is associated with disodium edetate dihydrate (ethylenediaminetetraacetic acid) in the
Astra Zeneca vaccine and disodium ethylenediaminetetraacetic acid dehydrate in the
Sputnik V vaccine [7]. The inactivated vaccine CoronaVac contains aluminum hydroxide,
disodium hydrogen phosphate, sodium dihydrogen phosphate monohydrate, and sodium
chloride [9].

These excipients are also found in personal hygiene products such as cosmetics, dental
materials, and anticancer drugs, which could sensitize their users [10].

Vaccines may induce allergic reactions through different pathophysiologic mecha-
nisms: IgE-mediated allergic reactions, non-IgE-mediated mast cell degranulation, the
Mas-related G protein-coupled receptor X2 (MRGPRX2) activation of mast cells, and type
IV hypersensitivity or delayed reactions [5]. IgE-mediated allergic reactions consist of mast
cell activation via Fce receptor-1; they are classical type 1 hypersensitivity reactions and
occur within 4 h after antigen exposure [11,12]. Increased levels of serum tryptase and spe-
cific IgE detection confirm this mechanism [13]. Serum tryptase can be useful in diagnosis
and should be tested at 2 (peak level) and 24 h or later (baseline sample) after the onset of
symptoms [14]. The most possible culprits of IgE-mediated reactions are excipients [15].

The Clq, C3a, C4, C5a anaphylatoxins and Factor B may lead to non-IgE-mediated
mast cell degranulation. This pathogenetic mechanism involves tryptase and IL-5, and it
could lead to renal failure and fatal cerebral events [5,13].

The Mas-related G protein-coupled receptor X2 (MRGPRX2) activation of mast cells
could lead to severe allergic reactions [16]. Specific IgEs could be undetectable, and tryptase
levels could be normal, even in serious events [15].

Delayed reactions usually appear 48 h after vaccine administration, are independent of
antibody and cell mediation, and are induced by cytokine release and the overstimulation
of T cells and monocytes/macrophages. Thimerosal and aluminum, for example, could
lead to type 4 hypersensitivity reactions [11].

According to a recent study, the risk of hypersensitivity post-vaccination is 1.31 (95% ClI,
0.90-1.84) per million vaccine doses [5]. In severe anaphylactic reactions, epinephrine is a
first-choice drug [17].

According to recent data from a global meta-analysis, the incidence of anaphylaxis
after COVID-19 vaccine administration is estimated to be 7.91 per million vaccine doses
(95% confidence interval CI 4.02-15.59), and no reports of deaths from anaphylaxis after
COVID-19 vaccination have been described [18].

Usually, anaphylactic events triggered by mRNA COVID-19 vaccines are neither
serious nor frequent; most of these cases does not require any treatment [19].

In Italy, according to annual report of the Agenzia Italiana del Farmaco (AIFA), pub-
lished in February 2022, the rate of anaphylaxis was evaluated to be 3 per million vaccine
doses for the Pfizer/Biontech vaccine (Comirnaty) and 1.9 per million vaccine doses for the
Moderna vaccine (Spikevax) [20].

During anaphylactic reactions, the massive release of mediators and compensatory
catecholamines may cause coronary artery spasms, consequently priming stress-induced
cardiomyopathy [5,21].

Anxiety related to vaccine administration due to the fear of developing vaccine side
effects has been reported to cause stress-induced cardiovascular damage in response to
COVID-19 vaccines [22]. Moreover, tremors, flushing, tachycardia, shortness of breath,
inducible laryngeal obstruction throat tightness and vocal cord dysfunction combined
with panic and anxiety could appear to be allergic reactions and may complicate proper
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diagnosis and treatment [5,23]. Vasovagal symptomatology could often occur in individuals,
especially in young people and females [24].

In some cases of myocarditis induced by mRNA COVID-19 vaccines, the myocar-
dial biopsy/autopsy showed an inflammatory infiltration of macrophages, T-cells and
eosinophils, similar to the features myocarditis hypersensitivity [25].

Additionally, since IgE levels could be increased during acute myocardial infarction
and in stable and unstable angina, elevated IgE levels might be correlated with the severity
of acute myocardial infarction and weak plaque stability [26] and may be a risk factor for
increased cardiovascular mortality [27].

Here, we report a case of a Takotsubo cardiomyopathy that occurred together with an
allergic reaction to an mRNA COVID-19 vaccine. The timing of the allergic reaction and the
referenced clinical symptoms could not exclude the idea that Kounis syndrome occurred.
Since the patient was treated with epinephrine, we could assume that our case was the
first case of the ATAK complex, an entity characterized by the association of adrenaline
administration, Takotsubo cardiomyopathy, anaphylaxis, and Kounis hypersensitivity after
mRNA vaccine administration.

2. Case Report

A 54-year-old woman—a social health worker employed in a little hospital—was
vaccinated with first dose of the SARS-CoV-2 Pfizer-Biontech vaccine in January 2021
at a hospital vaccination center. Ten minutes after vaccination, she experienced general
discomfort, visual changes, and pharyngeal itching. Nevertheless, she left the vaccination
center after the observation time (15 min) according to vaccine protocol and returned to her
hospital ward. Two hours later, she was carried to the emergency room because of the onset
of dyspnea and confusion. Signs of hypovolemia such as tachycardia and hypotension were
detected. Therefore, the patient was treated with polygeline iv, hydrocortisone iv, chlor-
phenamine, methylprednisolone, oxygen therapy, and two consecutive administrations
of adrenaline iv (0.5 mg x 1 mL). A few minutes later, the patient developed hematuria,
melena, hematemesis, and chest pain.

An ECG revealed ST segment depression (V3-V4), echocardiography revealed lower
and lateral akinesia, coronary angiography showed no evidence of coronary artery obstruc-
tion/plaque rupture, and cardiac enzymes were all normal.

The patient was transferred to the intensive care unit; echocardiography was repeated,
thus confirming lower and lateral akinesia. She was discharged after 4 days with a diagnosis of
“Takotsubo syndrome triggered / provoked by allergic shock after SARS-CoV-2 vaccination”.

Therefore, the patient was referred to the Unit of Allergy and Clinical Immunology
of the University Hospital of Messina. Hypothesizing PEG sensitization, the patient
underwent to skin tests for PEG according to the guidelines of the Italian Society of Allergy,
Asthma and Clinical Immunology. The test showed that she did not have nonspecific skin
hyper-reactivity. Therefore, the patient was asked to perform a basophil activation test for
PEG, which was negative. Her serum tryptase level was 9.8 ug/L (normal range < 11), and
her total IgE level was normal (37, 7 UI/mL). However, the patient underwent coloscopy
one year prior to her vaccination without reactions, for which she prepared with PEG, and
used PEG-containing cosmetics in the weeks before the event.

The patient was considered clinically unsuitable to receive a SARS-CoV-2 vaccine, and
she obtained a permanent medical exemption.

Subsequently, the woman was twice infected with COVID-19 and recovered
without complications.

The patient did not take drugs in chronic therapy for any pathological condition,
but her medical history showed previous adverse reactions to other drugs: widespread
erythema after intravenous iron therapy and conjunctival hyperemia and the sensation of
tongue swelling after the use of acetylsalicylic acid. In both events, symptoms regressed
after systemic corticosteroid therapy.
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3. Discussion

Recently, adrenaline administration, Takotsubo, anaphylaxis, and Kounis hypersensitivity-
associated coronary syndrome (ATAK) was established as a challenging contemporary complex
representing a possible overlap between Takotsubo cardiomyopathy and Kounis syndrome.

Kounis syndrome (KS) is described as the coincidental occurrence of acute coronary
events and hypersensitivity reactions induced by vasospastic mediators after an allergic
event caused by food ingestion or drug administration combined with mast cell and platelet
activation [28]. Clinical studies have indicated that various simultaneously administered
drugs could simulate the action of potential antigens through an additive effect, thus
inducing anaphylactic cardiogenic shock and triggering cells to release their mediators
with the danger of perpetuating this vicious cycle [29] (see Figure 1).

cardiac
catecholamine
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I the left

ventricle

Kounis
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Figure 1. ATAK complex.

Kounis syndrome could occur through various mechanisms and is classified as four
different types. Type I is characterized by a coronary spasm in normal coronary arteries,
type Il is described as a coronary spasm or an atheromatous break plaque with a preexisting
atheromatous disease, and type IIl is defined a stent thrombosis. Recently, Giovannini et al.
established type IV, which involves a coronary artery bypass graft thrombosis [30].

In clinical practice, KS risks being underestimated. KS is more frequent in men and
middle-aged people: non-steroidal anti-inflammatory drugs, antibiotics, other drugs and
hymenoptera venom have been reported as potential trigger factors. Cardiogenic shock
can hide skin manifestations of anaphylaxis by inhibiting or delaying released mediators
that could elicit itching or rashes. KS could also be considered in the absence of systemic
hypersensitivity manifestations; indeed, respiratory symptoms have been reported in only
15% of cases. Type I is the most common (72.6%), and type Il is the least frequent (5.1%) [14].
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Although vaccine components may be regarded as possible agents of allergic re-
actions, KS caused by vaccines is a very rare medical issue [5]. Myocardial infarction
after COVID-19 vaccine administration has been associated with Kounis hypersensitivity
in only a few cases, probably because of the frequent absence of a history of allergies [31-33].
Different types of COVID-19 vaccines and their excipients (mainly polysorbate 80 and PEG)
have been involved [34].

Potential allergic reactions that also could be classified as KS, characterized by my-
ocardial infarction, have been reported with different types of vaccines. One case of a
STEMI was found in a healthy 63-year-old man two days after the administration of the
AstraZeneca vaccine. Typical central chest pain was reported approximately 1.5 h after
receiving the first dose of an inactive COVID-19 vaccine in one case [34] and approximately
one hour after receiving a healthy 96-year-old female received her first dose of the Moderna
vaccine in another case [35].

These cases do not mean that the COVID-19 vaccine has been directly causing myocar-
dial infarctions, since this cardiomyopathy is a frequent diagnosis in daily practice and
mass vaccination against COVID-19 took place; therefore, these cases could have been coin-
cidences, or perhaps vaccines can induce an overload in the heart, acting as predisposing
factor. In these cases, KS could be a potential mechanism that clarifies the link between
vaccines and myocardial infarction [5].

Takotsubo cardiomyopathy is typically characterized by transient wall movement
abnormalities of the left ventricular apex, mid-ventricle, or other myocardial distributions.
It is usually triggered by intense emotional or physical stresses, and it above-all affects post-
menopausal women due to estrogen deficiency [36]. This stress-induced cardiomyopathy
has been excessively debated. Although KS, pheochromocytoma crisis, mastocytosis, hy-
menoptera stings, several drugs, and vaccines, among other factors, have been implicated
in Takotsubo cardiomyopathy, many questions regarding its etiology, pathophysiology, and
treatment remain unanswered [37].

Cardiac complications associated with COVID-19 mRNA vaccines are rare (apart from
an inflammatory state such as pericarditis and myocarditis), and some cases of Takotsubo
cardiomyopathy have been reported [38]. In most cases, symptom onset after vaccination
was delayed [38—42]; the exceptions were two cases after the first dose [43,44] and one
case after the second dose [45] (see Table 1). Anaphylactic reactions and/or adrenaline
treatment have not been reported.

Additionally, Takotsubo cardiomyopathy has been detected not only after anaphy-
laxis but also in circumstances that require treatment for anaphylaxis. Histamine and
catecholamine increases play pivotal roles in the pathophysiology of stress-induced car-
diomyopathy because they can induce an excessive activation of cardiac catecholamine
receptors in the left ventricle. Moreover, the possible injection of catecholamines, such as
norepinephrine or epinephrine, for hemodynamic depletion support could also increase
the plasma catecholamine level and worsen medical outcomes [21].
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Table 1. Takotsubo cardiomyopathy and Kounis syndrome reports after COVID-19 vaccine administration.

Reference

mRNA Time from
Year Age Sex Diagnosis Vaccine Vaccination to Symptoms Cardiac Test Treatment
B Dose Symptom
Authors
[39]
_— Takotsubo car- ECQ: Negative T waves over the inferior/anterior leads.
2021 63Y female diomyopathy 1 1 day Fever and dyspnea. Angiography: normal. N/A
Berto et al.
[40]
2021 60'Y female Ta'kotsubo car- 5 4 days Chest pain. ECQ: Inferolateral T wave inversions. Metoprolol and Lisinopril
- - diomyopathy Angiography: normal.
Vidula et al
L ECG: ST changes in inferolateral leads, poor anterior R wave F ide IV di i
2021 73Y 1 Takotsubo car- 2 17h Dyspnea, fatigue, chest pain, shortness of rooTessi & P urosemide 1uresis,
== male diomyopathy breath, and orthopnea. gog. ession. metoprolol, and Losartan
ngiograph: normal.
Fearon et al.
[42] R .. .
Takotsub - Chest pain, Aspirin, atorvastatin,
2021 65Y female da. OtSUbo car 1 1day myalgia, nausea, ECG: abnormal lisinopril, and metoprolol
- iomyopathy -
- and headache. succinate
Jani et al.
[43]
2021 My female ?kotsubo car- 1 15 min Chest pain palpitation. ECQ: ST ele\.zatlons in the inferolateral leads. Conservative treatment
- - @@ iomyopathy Angiograph: normal.
Lee etal.
[44]
Takotsubo car- Chest pain and X
2022 71Y female diomyopathy 1 5h shortness ECG: abnormal. N/A

Tedeschi et al. of breath.




Vaccines 2023, 11, 322

7of11

Table 1. Cont.

Reference

mRNA Time from
Year Age Sex Diagnosis Vaccine Va;;‘;?;’; to Symptoms Cardiac Test Treatment
Authors Dose
[31] o )
Chills, chest pain. pallor. diaphoresis, and ECG: ST segment elevation in the anteroseptal precordial leads.
2022 64Y male Kounis IIT 1 immediately h ot,e nsionp P »diap ’ Angiography: stent thrombosis in the proximal segment of the left N/A
Chadi Allam et al P ’ anterior descending artery and TIMI grade 0 flow.
[46] f;iiz;?;{j’ﬁz:}‘:’sit’cﬁgi discrete ECG: showed sinus rhythm, pathological Q waves and T wave
. . 1 - i jon i - ion i lopidogrel and
Y K I 1 P N inversion in V2-V5 leads and ST segment elevation in II, I, and aVF C opidog
2022 5 male ounis 0 min No exe}nther'na, pruritus, dyspnea, leads. An ST elevation myocardial infarction (STEMI) was admitted. Rivaroxaban
Fihalo et al xA{)}:;e21pg,ld1aFrhea, or Angiography: evidence of stent thrombosis of right coronary artery.
: abdominal pain.
[32] . o . Lo . Aspirin,
Flushing, palpitation, lip and tongue ECG: poor R wave progression in precordial leads, V4-6 T wave Spirin,
1 oral antihistamines
2021 41Y female Kounis I (CoronaVac) 15 min swelling, shortness of breath, and chest inversion, and fragmented QRS in aVL. diltiazemn. and 4
Ozdemir et al. pain. Angiography: no sign of coronary atherosclerosis. corticosteroid

47 On admission, vital signs were stable PR .

7] besides a mild tachyczf\grdia' during ECG: ST segment elevations in the inferior and anterior derivations Acetyl sahcyh'c aqd (300
. . , » mg), pheniramine

2022 2Y female Kounis I 1 15 min (D2, D3, avF, and V3-6). 3

Sanc1 E. et al

follow-up, the patient had increased
complaints including shortness of breath
and chest pain.

Angiography: no abnormalities.

maleate (45.5 Mg), and
dexamethasone (8 mg)

Abbreviation: N/A: not available; Y: Years old.
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In the literature, only four reports linking Takotsubo cardiomyopathy and Kounis
syndrome by adrenergic endogenous and exogenous release, thus supporting the ATAK
hypothesis, have been described. These cases occurred in different conditions. In 2018,
a 60-year-old female with a history of smoking, depression, allergy to aspirin, hypothy-
roidism, and systemic arterial hypertension developed anaphylactic shock during plasma
expander (gelofusine) administration. When the sinus rhythm stabilized, the patient was
subjected to an electrocardiogram that showed mild ST elevation in the anterior precordial
leads and T wave changes; moreover, alterations of left ventricular apex kinesis were seen
in echocardiography and normal coronary arteries were detected with coronary angiogra-
phy [48]. In 2022, three patients experienced anaphylactic events after blood component
transfusion [49]; in 2019, a 60-year-old female with a history of insulin-dependent diabetes
mellitus, hypertension, chronic kidney disease, and multiple myeloma (MM) presented
chest pain and dyspnea during treatment with anti-CD38 antibodies (daratumumab).
A sinus rhythm with biphasic T waves in V2 and V3, along with deep T wave inversions in
V4 through V6 (suggestive of Wellens syndrome) was detected with an ECG, and apical
and anteroseptal akinesis were revealed by an echocardiogram (a previous echocardiogram
performed 3 months before was normal). Normal coronary arteries were revealed by
emergency cardiac catheterization [50]. In 2015, Gicquel-Schlemmer et al. reported a case
of fatal Takotsubo cardiomyopathy in a 48-year-old female during shoulder arthroscopy;
the patient was in treatment with beta-blockers for hypertension. A previous cardiology
workup (about a year before) and the clinical examination during the presurgical anesthesi-
ology consultation were normal [51]. In 2016, Kounis et al. identified the ATAK complex
in this case of fatal Takotsubo cardiomyopathy due to epinephrine hypersensitivity and
worsened by the beta-blocker therapy [29].

In patients with KS, complete blood count, cardiac biomarkers, d-dimer, NT-proBNP,
serum tryptase, and eosinophil levels could be essential for the identification of this syn-
drome; some nonspecific ST-T wave changes, ST segment depression, or elevation may be
observed; otherwise, the ECG could be absolutely normal [32].

During an anaphylactic event, reduced venous return, systemic vasodilation and
volume loss due to increased vascular permeability may not be the leading causes for
hemodynamic disorders. Indeed, studies have reported many cases in which hemodynamic
status was unresponsive to the intravenous administration of fluids because of myocardial
stunning and ventricular hypokinesia mimicking Takotsubo cardiomyopathy [52].

In our case, it could be hypothesized that the initial allergic reaction after vaccination
and the consecutive epinephrine administration evolved towards Takotsubo cardiomyopa-
thy and KS overlap, which can be described as the ATAK complex. To our knowledge,
this report represents the first of such a case after COVID-19 vaccination. Although the
association does not describe real causality, this case may increase awareness of a possible
correlation between COVID-19 vaccines and the ATAK complex.

4. Conclusions

Vaccines constitute the most effective weapons against viral diseases. However, al-
lergic reactions may happen during vaccination. Physicians should be conscious that KS
induced by a coronavirus vaccine is a rare but relevant reaction. Anyone who develops
post-vaccination chest pain or anaphylaxis should be examined via ECG, echocardiography,
and cardiac markers, and they should be kept under observation for an adequate period or
hospitalized if necessary.

We therefore believe that highlighting the ATAK complex could aid the application of
proper diagnostic, preventive, and therapeutic measures.
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