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Abstract: Vaccine-induced immune thrombotic thrombocytopenia (VITT) with venous thrombosis
is a rare complication of SARS-CoV-2 vaccination with ChAdOx1 (AstraZeneca) and AD26.COV2.S
(Johnson & Johnson, New Brunswick, NJ, USA) associated with high mortality. At present, there are
no known differences in the pathophysiology or risk factors of VITT with the AstraZeneca vaccine
(ChAdOx1) compared with the Johnson & Johnson vaccine (AD26.COV2.S). Herein, we present the
case of a healthy 39-year-old patient with VITT after having received the vaccine Ad26.COV2.S. Ten
days after vaccination, the patient developed a deep vein thrombosis and subsequent pulmonary
embolism. A computed tomography scan of the abdomen showed adrenal gland bleeding and an
adrenocorticotrophic hormone stimulation test diagnosed adrenal insufficiency. Therapy with intra-
venous immunoglobulin, argatroban and hydrocortisone was initiated immediately after diagnosis.
The patient left the hospital 22 days after admission with the diagnosis of adrenal insufficiency but
otherwise in good health. To the best of our knowledge, five cases of VITT and adrenal bleeding have
been described to date in the literature but the presented case was the first to occur after immunisation
with the vaccine of Johnson & Johnson. In summary, VITT-associated adrenal dysfunction is a very
rare complication of vaccination with an adenoviral vector-based COVID-19 vaccine.
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1. Introduction

The COVID-19 pandemic has to date resulted in approximately 472 million confirmed
cases and at least 6.1 million deaths. According to the World Health Organization, there
are approximately 1.9 million new cases every day [1]. Globally, approximately 11 bil-
lion vaccine doses have been administered [1]. Vaccination protects against severe illness,
reduces the probability of getting infected, and is the most promising approach to end
the pandemic. Highly effective vaccines were developed very quickly and have been
authorised for use by the U.S. Food & Drug Administration (FDA) and/or European
Medicines Agency (EMA) [2—4]. Their safety and efficacy were approved after thorough
evaluation, which is required for any new vaccine in Europe and the United States. The
most common adverse events were pain at the site of injection, myalgia, headache, nausea,
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and pyrexia. Post-marketing adverse events for the AstraZeneca vaccine were rare cases
of thrombosis and severe thrombotic thrombocytopenia [5]. In May 2021, Muir et al. de-
scribed a case of a severe thrombocytopenia and disseminated intravascular coagulation
that resembled autoimmune heparin-induced thrombocytopenia in a patient who had
received the AD26.COV2.S vaccine [6]. Here, we describe a case of extensive thrombosis
and adrenal haemorrhage associated with severe thrombocytopenia and disseminated
intravascular coagulation that resembled the case of autoimmune heparin-induced throm-
bocytopenia in a patient who had received the Ad26.COV2.S vaccine (Johnson & Johnson,
New Brunswick, NJ, USA), a recombinant adenovirus serotype 26 vector encoding the
SARS-CoV-2 spike glycoprotein.

2. Case

A 39-year-old man was referred to our intensive care ward at the University Hospital
Regensburg in Germany after he presented to the emergency department of the referring
hospital two days before with severe pain in the left thorax and upper abdomen. Ten days
earlier, he received a single dose of the SARS-CoV-2 vaccine Ad26.COV2.S (Johnson &
Johnson, New Brunswick, NJ, USA). The patient was healthy until day 8 post vaccination,
had no medical history, did not take any medication, and had no family history of venous
thromboembolism. However, the patient smoked approximately 10 cigarettes a day for
approximately 20 years.

Laboratory chemical analyses and a computed tomography (CT) of the thorax and
abdomen were carried out at the referring hospital. Upon admission, 124/nL (norm
163-337 /nL) platelets were documented. In a CT-scan on the day of admission, there was
no evidence of pulmonary embolism or a thoracic or abdominal haemorrhage. Three days
after initial presentation, the serum platelet level continued to decrease. On the day of
transfer to our university hospital, 20/nL (norm 163-337/nL) platelets were registered.

At clinical examination on day 1 on ICU, the patient was oriented to person, place,
time, and situation. A body temperature of 39.4 °C was documented, a sinus rhythm with a
heart rate of 120 beats per minute was initially evident, blood pressure was 150/100 mmHg,
and peripheral oxygen saturation was 96% while breathing room air. The body mass index
was 26.5 kg/m?. The patient did not report headache or dyspnoea and did not show any
signs of a deep vein thrombosis. He did not have any petechial haemorrhages. In addition
to severe abdominal pain, physical examination did not reveal any pathological findings.
SARS-CoV-2-RNA was not detected in a reverse transcription polymerase chain reaction
assay of a sample obtained with a nasopharyngeal swab.

Blood specimens were obtained and sent to the respective laboratories for microbial
and laboratory analysis located at our clinic. On day 3, laboratory parameters showed a
thrombocytopenia of 6/nL (norm 163-337/nL) (Figure 1). Serum D-dimer concentration
was elevated to 34 mg/dL (normal < 0.5 mg/dL) whereas fibrinogen concentration was
393 mg/dL and quite normal (normal 210-400 mg/dL). The activated partial thromboplas-
tin time (aPTT) was 41 s (normal 25.9-36.6 s) and was slightly prolonged. The antibodies
characteristic of heparin-induced thrombocytopenia (HIT) Type II were not identified. A
thrombophilia screening, tests for antiphospholipid antibodies (cardiolipin, 32 glycopro-
tein, and lupus), and tests for paroxysmal nocturnal haemoglobinuria remained without
pathological findings.

No schistocytes were detected and the activity of a disintegrin and metalloproteinase
with a thrombospondin type 1 motif, member 13 (ADAMTS13) was in the normal range.
Infections with human immunodeficiency virus, hepatitis B and C virus, hantavirus,
rubellavirus, parvovirus B19, cytomegalovirus, and the Epstein—Barr virus were excluded.

Further diagnostics via the compression ultrasound of both legs showed a femoropopliteal
and calf deep vein thrombosis in the right leg. Accordingly, suspected diagnosis was VITT.
High-dose intravenous immunoglobulin (1 g/kg body weight) was administered and repeated
24 h later. On the same day, anticoagulant therapy with intravenous argatroban, a direct
thrombin inhibitor, was initiated at a dose of 2 pg/kg body weight per min. The dose was
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increased to achieve an aPTT of 60-80 s. This treatment caused an increase in the platelet count
from 6/nL to 77 /nL within 7 days (Figure 1). Anti-platelet factor 4 (PF4)/heparin antibodies of
the IgG class were detected with a high titre in the patient’s serum. This laboratory finding is
consistent with COVID-19 vaccine-induced VITT.
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Figure 1. Platelet count and D-dimers during the first 20 days of hospitalisation.

As the condition of the patient rapidly improved, he was transferred from the intensive
care unit to a normal ward on day 6 after admission. Two days later, the patient again
reported severe pain in the left thorax and abdomen. CT pulmonary angiography showed
the bilateral central emboli as well as emboli in the segmental arteries of every pulmonary
lobe (Figure 2). Several consolidations were consistent with pneumonia because of pul-
monary infarction. Magnetic resonance imaging of the abdomen showed the new onset of
enlarged adrenal glands on both sides as a result of an acute bleeding event (Figure 3).

Figure 2. Thoracic computed tomography (CT) at day 9 after admission revealed a bilateral central
pulmonary embolism.

A transthoracic echocardiography showed mild right ventricular dilatation and tro-
ponin I levels were slightly elevated. Thus, the patient was re-transferred to the intensive
care unit. Upon admission to the ICU, the patient was tachycardic and had a heart rate of
130/min, the mean arterial pressure was 75 mmHg, and peripheral oxygen saturation was
85% under room air. Therapeutic anticoagulation with argatroban was continued, analgesia
was intensified, and oxygen was delivered by nasal mask.

Diagnosis was pulmonary embolism and primary adrenal insufficiency as a result
of adrenal haemorrhage and consequently a therapy with hydrocortisone was initiated.
Cortisol was measured in the serum and basal cortisol level of 2.5 pug/dL confirmed adrenal
insufficiency, which is characterised by values below 5 pg/dL.

During the following days, the health status of the patient improved and five days
later he could be discharged from the ICU. Intravenous anticoagulation via argatroban was
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changed to oral rivaroxaban. For follow-up, abdominal magnetic resonance imaging (MRI)
was performed on day 10 (one day before discharge). In this imaging, analogous to the
CT on day 9, adrenal lesions appeared marginally hyperintense and centrally hypointense
in T2 weighting, consistent with haemorrhage (Figure 3). A short Synacthen test was
performed 24 h after the last hydrocortisone dose. Cortisol levels were 1.8 ug/dL, 1.9 ug/dL,
and 2.0 pg/dL (aim > 22 pg/dL) at 0, 30, and 60 min after ACTH (adrenocorticotropic
hormone) administration, respectively, confirming the diagnosis of primary adrenocortical
insufficiency. Therapy with 30 mg hydrocortisone and 0.05 mg fludrocortisone per day was
continued. The patient was discharged from the hospital on day 22 with normal platelet
counts and in good health.

Figure 3. Abdominal magnetic resonance imaging (MRI) at day 21 after admission revealed a bilateral
adrenal haemorrhage.

Published Cases of Adrenal Haemorrhage after Vaccination—Review of the Literature

To the best of our knowledge, five cases with adrenal haemorrhage after vaccination
with a recombinant adenovirus serotype 26 vector encoding the SARS-CoV-2 spike glyco-
protein have been reported to date. One of these cases was a 55-year-old woman, who came
to the emergency department of Chelsea and Westminster Hospital NHS Foundation Trust
in London [7]. She had received her first dose of the AstraZeneca COVID-19 vaccine 8 days
before. The patient presented with vomiting and left iliac fossa pain. Later, a diagnosis of
isolated thrombocytopenia was made. Platelet count decreased to 13 x 10°/L. The patient
was transferred to the intensive care unit and treated with low molecular weight heparin
(enoxaparin). Thromboembolism of the lungs, left basilic vein, and left renal vein were
ascertained by imaging. Although the CT at admission did not reveal any abnormalities
regarding the adrenal glands, a few days after admission, the left gland was enlarged.
Hyperplasia of the right adrenal gland was also detected. The suspected diagnosis of
adrenal insufficiency was confirmed by a short Synacthen test, which revealed cortisol
levels of up to 95 nmol/L at 30 min. The patient was treated with hydrocortisone, and after
recovery from severe illness, she received oral anticoagulation (apixaban).

A further case report was published from the authors working at the Hospital Univer-
sitario HM Monteprincipe in Madrid [8]. A 47-year-old man was admitted to the hospital
for pulmonary embolism 10 days after having received the AstraZeneca COVID-19 vaccine.
The patient did not suffer from any severe diseases before. High D-dimer levels, low
platelet count, and PF4 antibody detection led to the diagnosis of VITT. Initial therapy
with low-molecular weight heparin was replaced by subcutaneous fondaparinux and in-
travenous immunoglobulins. The patient reported abdominal pain 10 days later. Bilateral
adrenal haemorrhage was diagnosed by MRI and laboratory tests. At the time of admission,
this patient also had cerebral venous thrombosis which resolved during the first 10 days
of hospitalisation.

A third and very severe case was reported from Naples [9]. A 54-year-old woman was
admitted to the emergency room and examination of the patient revealed disseminated
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intravascular coagulation and thrombosis at multiple locations including the temporal lobes
and the right frontal lobe. She had been vaccinated with the AstraZeneca vaccine 12 days
before. A medical history of Meniere’s disease had been documented. An abdominal
CT revealed adrenal haemorrhage. The patient died five days after the admission to the
hospital with the diagnosis of a disseminated intravascular coagulation.

A Danish group described the case of a 60-year-old woman who was admitted to the
hospital 7 days post-vaccination with the AstraZeneca vaccine [10]. She complained about
abdominal pain, and a CT scan showed bilateral adrenal haemorrhages. Platelet counts
dropped during hospitalisation and platelet concentrates were infused. Later on, anti-PF4
antibodies were detected in the patients’ blood samples. On the second day, the patient
suffered a severe ischemic stroke and treatment with hydrocortisone and cefuroxime was
initiated. The patient died six days after hospital admission. This patient had suffered from
Hashimoto thyroiditis and hypertension and had otherwise been healthy.

A further case was described from the University Hospital of Wales [11]. A 38-year-
old male patient with no medical history of severe diseases came to the emergency unit
and complained about severe abdominal pain. At the day of admission, an increased
white blood cell count and lactate level and mild thrombocytopenia was noticed. CT
of the abdomen diagnosed abdominal haemorrhage and random cortisol level was low,
requiring therapy with hydrocortisone. The platelet count markedly decreased during
the following days and PF4 antibody screening was positive. Therapy with intravenous
immunoglobulins, methylprednisolone, and argatroban was initiated, but adrenal haem-
orrhage progressed and thrombosis was found at different sites including the pulmonary
arteries. Thus, plasma exchange was initiated, and under this intervention, platelet counts
improved. The patient left the hospital with the diagnosis of primary adrenal insufficiency.

3. Discussion

The first cases of VITT after vaccination with the AstraZeneca vaccine (ChAdOx1)
were described in February 2021 and were reported two months later for patients having
received a Johnson & Johnson vaccination [12,13].

Regarding the mechanism by which immune thrombotic thrombocytopenia (ITT) is in-
duced by an adenoviral vector-based COVID-19 vaccine, the main hypothesis relates to the
reaction between the cationic PF4 and the anionic-free DNA contained in the recombinant
adenovirus vaccine [14]. In a mouse model from 2013, DNA and RNA were shown to form
multimolecular complexes with PF4 and expose the epitope to which anti-PF4/heparin
antibodies bind, eliciting an immune response similar to HIT [15]. At present, there are no
known differences in the pathophysiology or risk factors of VITT with the AstraZeneca
vaccine (ChAdOx1) compared with the Johnson & Johnson vaccine (AD26.COV2.S).

Pavord et al. described the case definition criteria for VITT according to an expert
haematology panel.

Four groups were classified according to the likelihood of VITT [16]. In our case, all five
diagnostic criteria were fulfilled. The onset of symptoms 5-30 days after vaccination against
SARS-CoV2, the presence of thrombosis, D-dimer level > 4000 FEU, thrombocytopenia and
positive anti-PF4 antibodies on ELISA.

VITT is initiated by PF4 antibodies, which activate platelets and coagulation, leading
to the formation of thrombi in vessels [12]. Antibodies against the SARS-CoV-2 spike
protein did, however, not cross-react with PF4. Inversely, purified anti-PF4 antibodies from
VITT patients did not cross-react with the recombinant SARS-CoV-2 spike protein. Anti-PF4
antibodies were detected in 8.6% of COVID-19 patients but could not activate platelets [14].
Therefore, it is unlikely that VITT was induced by the immune response against the viral
spike protein [14]. The underlying pathways by which SARS-CoV-2 vaccination with
adenoviral vectors stimulates anti-PF4 antibody production need further examination.

Adrenal haemorrhage and subsequent adrenal insufficiency occur when thromboem-
bolic events affect the adrenal veins. The 39-year-old patient presented here developed
VITT with consecutive venous thrombosis, central bilateral pulmonary embolism, and
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adrenal haemorrhage after vaccination with Ad26.COV2.S. VITT with adrenal insufficiency
to our knowledge has not previously been described after immunisation with the Johnson &
Johnson vaccine, and all known cases were associated with the AstraZeneca vaccine. VITT
is a very rare adverse event of these vaccines but may become life-threatening, especially if
left untreated [17]. Treatment recommendation for VITT includes non-heparin anticoagu-
lants, immunoglobulins, and plasma exchange whereas, the transfusion of platelets should
be avoided [17].

The patient described here was treated with intravenous immunoglobulin, argatroban,
and because of adrenal insufficiency, hydrocortisone. There is growing evidence for the
effectiveness of high-dose intravenous immune globulin (IVIG) plus anticoagulation in the
treatment of VITT [18-20].

Encouragingly, there was rapid clinical and laboratory improvement after treatment
initiation. However, despite the early initiation of therapeutic anticoagulation, the patient
developed severe pulmonary embolism after 8 days of the continuous application of arga-
troban. The choice of anticoagulant in VITT is based on its pathophysiologic similarities
with autoimmune type 2 HIT (heparin-induced thrombocytopenia). Our experience re-
lating to the presented patient case suggests that VITT may cause similar symptoms in
comparison to autoimmune HIT, in which bilateral adrenal haemorrhage has been previ-
ously reported [21,22]. In our case, adrenal haemorrhage and pulmonary embolism were
diagnosed during ongoing treatment with argatroban. Therefore, we consider it likely
that the triggering of the thromboembolic and bleeding event was caused by the vaccine.
Additionally, our case might indicate that thromboembolism in VITT can be refractory to
anticoagulation and requires increased awareness during clinical care despite the initial
improvement of the condition.

Concomitant with pulmonary embolism, the patient developed bilateral adrenal
haemorrhage, for which there was no evidence at the initial CT scan, and which led to
primary adrenocortical insufficiency. A few cases of vaccine-induced thrombocytopenia
with bilateral adrenal haemorrhage after having received the adenoviral vector-based
vaccine ChAdOx1 have been reported [6]. Based on our case, we conclude that vaccine-
induced adrenocortical haemorrhage is a rare but significant adverse event of adenoviral
vector-based COVID-19 vaccines.

Among the adverse events of the COVID-19 vaccine of Johnson & Johnson reported
to the Vaccine Adverse Events Reporting System (VAERS), 97% were classified as non-
serious and 3% as serious, including three female cases of thrombosis in large arteries or
veins accompanied by thrombocytopenia during the second week after vaccination [23]. In
addition, a case series of 12 US patients with cerebral venous sinus thrombosis and thrombo-
cytopenia following the use of Ad26.COV2.S vaccine under Emergency Use Authorization
were reported to the VAERS [24].

COVID-19 vaccine-associated cases of thrombocytopenia in Europe share laboratory
and clinical characteristics with the syndrome of autoimmune heparin-induced throm-
bocytopenia (HIT) [12,25,26]. The presence of antibodies may constitute a link between
the immune response to the vaccine and the clotting syndrome. VITT is characterised by
exposure to one of the aforementioned vaccines 4-30 days prior to presentation, followed by
thrombosis, mild-to-severe thrombocytopenia, and a positive PF4-heparin enzyme-linked
immunosorbent assay (ELISA). Thrombosis involves atypical locations, including cerebral
vein and splanchnic vein thrombosis [27].

The time course of the reported case and the occurrence of heparin-independent PF4
antibodies is in line with the published literature. Mortality from VITT was reported to be
approximately 30-60% [12,25,26]. With an increasing number of vaccinated people, more
and more adverse effects are being reported, including adverse events which have not been
previously described. Clinicians must be aware of these rare cases, which possibly present
with unspecific symptoms, and if not treated early, may be in a life-threatening situation.
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4. Conclusions

To our knowledge, this is the first case of simultaneously diagnosed bilateral pul-
monary embolism and adrenocortical haemorrhage with consecutive adrenocortical in-
sufficiency after vaccination with Ad26.COV2.S. While VITT is very rare, its potentially
life-threatening course requires early diagnosis and close monitoring for complications.
At present, there are no known differences in the pathophysiology or risk factors of VITT
with the AstraZeneca vaccine (ChAdOx1) compared with the Johnson & Johnson vac-
cine (AD26.COV2.S).

Author Contributions: Conceptualisation: H.C.T., SM.D., S.S. and M.M.; methodology: P.S. and
PH.,; validation: K.H. and M.G.P;; data curation: M.K.; writing, review, and editing: H.C.T.,S.S.,, M.K,,
C.B., CK. and M.M,; supervision: C.K. and M.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank all employees who were involved in the treatment
of the patient, particularly the employees on the gastroenterological intensive care unit and the
normal wards.

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

References

1. World Health Organisation. Available online: https://covid19.who.int (accessed on 10 April 2022).

2. Comirnaty. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/documents/product-infor-
mation/comirnaty-epar-product-information_en.pdf (accessed on 10 April 2022).

3. COVID-19 Vaccine Moderna. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/documents/
product-information/covid-19-vaccine-moderna-epar-product-information_en.pdf (accessed on 25 March 2021).

4. COVID-19 Vaccine. Summary of Product Characteristics. Available online: https:/ /www.ema.europa.eu/documents/product-
information/covid-19-vaccine-astrazeneca-epar-product-information_en.pdf (accessed on 25 March 2021).

5. Elalamy, I; Gerotziafas, G.; Alamowitch, S.; Laroche, J.-P.; Van Dreden, P.; Ageno, W.; Beyer-Westendorf, J.; Cohen, A.T,;
Jiménez, D.; Brenner, B.; et al. SARS-CoV-2 Vaccine and Thrombosis: An Expert Consensus on Vaccine-Induced Immune
Thrombotic Thrombocytopenia. Thromb. Haemost. 2021, 121, 982-991. [CrossRef] [PubMed]

6.  Muir, K.-L,; Kallam, A.; Koepsell, S.A.; Gundabolu, K. Thrombotic Thrombocytopenia after Ad26.COV2.S Vaccination. N. Engl. |.
Med. 2021, 384, 1964-1965. [CrossRef] [PubMed]

7. Boyle, L.D.; Morganstein, D.L.; Mitra, I.; Nogueira, E.F. A rare case of multiple thrombi and left adrenal haemorrhage following
COVID-19 vaccination. Endocr. Abstr. 2021, 74. [CrossRef]

8. Varona, J.F,; Garcia-Isidro, M.; Moeinvaziri, M.; Ramos-Lépez, M.; Fernandez-Dominguez, M. Primary adrenal insufficiency
as-sociated with Oxford-AstraZeneca ChAdOx1 nCoV-19 vaccine-induced immune thrombotic thrombocytopenia (VITT). Eur. |.
Intern. Med. 2021, 91, 90-92. [CrossRef]

9. D’Agostino, V.; Caranci, F; Negro, A.; Piscitelli, V.; Tuccillo, B.; Fasano, E; Sirabella, G.; Marano, I.; Granata, V.; Grassi, R.; et al. A
Rare Case of Cerebral Venous Thrombosis and Disseminated Intravascular Coagulation Temporally Associated to the COVID-19
Vaccine Administration. J. Pers. Med. 2021, 11, 285. [CrossRef]

10. Blauenfeldt, R.A ; Kristensen, S.R.; Ernstsen, S.L.; Kristensen, C.C.H.; Simonsen, C.Z.; Hvas, A. Thrombocytopenia with acute
ischemic stroke and bleeding in a patient newly vaccinated with an adenoviral vector-based COVID-19 vaccine. J. Thromb.
Haemost. 2021, 19, 1771-1775. [CrossRef]

11. Taylor, P; Allen, L.; Shrikrishnapalasuriyar, N.; Stechman, M.; Rees, A. Vaccine-induced thrombosis and thrombocytopenia with
bilateral adrenal haemorrhage. Clin. Endocrinol. 2021, 1-2. [CrossRef]

12.  Greinacher, A.; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic Thrombocytopenia after ChAdOx1
nCov-19 Vaccination. N. Engl. J. Med. 2021, 384, 2092-2101. [CrossRef]

13. Sadoff, J.; Davis, K.; Douoguih, M. Thrombotic Thrombocytopenia after Ad26.COV2.S Vaccination—Response from the Man-

ufacturer. N. Engl. J. Med. 2021, 384, 1965-1966. [CrossRef]


https://covid19.who.int
https://www.ema.europa.eu/documents/product-infor-mation/comirnaty-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-infor-mation/comirnaty-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/covid-19-vaccine-moderna-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/covid-19-vaccine-moderna-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/covid-19-vaccine-astrazeneca-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/covid-19-vaccine-astrazeneca-epar-product-information_en.pdf
http://doi.org/10.1055/a-1499-0119
http://www.ncbi.nlm.nih.gov/pubmed/33946120
http://doi.org/10.1056/NEJMc2105869
http://www.ncbi.nlm.nih.gov/pubmed/33852795
http://doi.org/10.1530/endoabs.74.NCC4
http://doi.org/10.1016/j.ejim.2021.06.025
http://doi.org/10.3390/jpm11040285
http://doi.org/10.1111/jth.15347
http://doi.org/10.1111/cen.14548
http://doi.org/10.1056/NEJMoa2104840
http://doi.org/10.1056/NEJMc2106075

Vaccines 2022, 10, 595 8of8

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Greinacher, A.; Selleng, K.; Mayerle, J.; Palankar, R.; Wesche, J.; Reiche, S.; Aebischer, A.; Warkentin, T.E.; Muenchhoff, M.;
Hellmuth, J.C.; et al. Anti-platelet factor 4 antibodies causing VITT do not cross-react with SARS-CoV-2 spike protein. Blood ]. Am.
Soc. Hematol. 2021, 138, 1269-1277. [CrossRef]

Jaax, M.E; Krauel, K.; Marschall, T.; Brandt, S.; Gansler, J.; Fiirll, B.; Appel, B.; Fischer, S.; Block, S.; Helm, C.A; et al. Complex
formation with nucleic acids and aptamers alters the antigenic properties of platelet factor 4. Blood ]. Am. Soc. Hematol. 2013, 122,
272-281. [CrossRef] [PubMed]

Pavord, S.; Scully, M.; Hunt, B.J.; Lester, W.; Bagot, C.; Craven, B.; Rampotas, A.; Ambler, G.; Makris, M. Clinical Features of
Vaccine-Induced Immune Thrombocy-topenia and Thrombosis. N. Engl. J. Med. 2021, 385, 1680-1689. [CrossRef] [PubMed]
Chen, P-W.,; Tsai, Z.-Y.; Chao, T.-H.; Li, Y.-H.; Hou, C.J.-Y,; Liu, P-Y. Addressing Vaccine-Induced Immune Thrombotic Thrombocy-
topenia (VITT) Following COVID-19 Vaccination: A Mini-Review of Practical Strategies. Acta Cardiol Sin. 2021, 37, 355-364.
[PubMed]

Bourguignon, A.; Arnold, D.M.; Warkentin, T.E.; Smith, ].W.; Pannu, T.; Shrum, ].M.; Al Maqrashi, Z.A.; Shroff, A.; Lessard, M.C.;
Blais, N.; et al. Adjunct Immune Globulin for Vac-cine-Induced Immune Thrombotic Thrombocytopenia. N. Engl. ]. Med. 2021,
385, 720-728. [CrossRef] [PubMed]

Uzun, G; Althaus, K,; Singh, A.; Moéller, P.; Ziemann, U.; Mengel, A.; Rosenberger, P.; Guthoff, M.; Petzold, G.C.; Miiller, J.; et al.
The use of IV immunoglobulin in the treatment of vac-cine-induced immune thrombotic thrombocytopenia. Blood ]. Am. Soc.
Hematol. 2021, 138, 992-996.

Thaler, J.; Ay, C.; Gleixner, K.V.,; Hauswirth, A.W.; Cacioppo, F.; Grafeneder, J.; Quehenberger, P.; Pabinger, I.; Knobl, P. Successful
treatment of vaccine-induced pro-thrombotic immune thrombocytopenia (VIPIT). J. Thromb. Haemost. 2021, 19, 1819-1822.
[CrossRef]

Rosenberger, L.H.; Smith, PW.; Sawyer, R.; Hanks, J.B.; Adams, R.B.; Hedrick, T.L. Bilateral adrenal hemorrhage: The unrecognized
cause of hemodynamic collapse associated with heparin-induced thrombocytopenia. Crit. Care Med. 2011, 39, 833-838. [CrossRef]
Chow, V.W.; Abnousi, F,; Huddleston, J.I; Lin, L.H. Heparin-Induced Thrombocytopenia After Total Knee Arthroplasty, With
Subsequent Adrenal Hemorrhage. . Arthroplast. 2012, 27, 1413.e15-1413.e18. [CrossRef]

Shay, D.K; Gee, ].; Su, J.R.; Myers, T.R.; Marquez, P; Liu, R.; Zhang, B.; Charles, L.; Thomas, A.C.; Tom, T.S. Safety Monitoring of
the Janssen (Johnson & Johnson) COVID-19 Vaccine—United States. MMWR Morb. Mortal. Wkly. Rep. 2021, 70, 680-684.

See, I; Su, J.R.; Lale, A.; Woo, E.J.; Guh, A.Y.; Shimabukuro, T.T.; Streiff, M.B.; Rao, A.K.; Wheeler, A.P.; Beavers, S.E; et al. US
Case Reports of Cerebral Venous Sinus Thrombosis With Thrombocytopenia After Ad26.COV2.S Vaccination. JAMA 2021, 325,
2448-2456. [CrossRef]

Schultz, N.H.; Servoll, I.LH.; Michelsen, A.E.; Munthe, L.A.; Lund-Johansen, F.; Ahlen, M.T.; Wiedmann, M.; Aamodt, A.-H.;
Skatter, T.H.; Tjennfjord, G.E.; et al. Thrombosis and Thrombocytopenia after ChAdOx1 nCoV-19 Vaccination. N. Engl. ]. Med.
2021, 384, 2124-2130. [CrossRef] [PubMed]

Scully, M,; Singh, D.; Lown, R.; Poles, A.; Solomon, T.; Levi, M.; Goldblatt, D.; Kotoucek, P.; Thomas, W.; Lester, W. Pathologic
Antibodjies to Platelet Factor 4 after ChAdOx1 nCoV-19 Vaccination. N. Engl. |. Med. 2021, 384, 2202-2211. [CrossRef] [PubMed]
Long, B.; Bridwell, R.; Gottlieb, M. Thrombosis with thrombocytopenia syndrome associated with COVID-19 vaccines. Am. J.
Emerg. Med. 2021, 49, 58-61. [CrossRef] [PubMed]


http://doi.org/10.1182/blood.2021012938
http://doi.org/10.1182/blood-2013-01-478966
http://www.ncbi.nlm.nih.gov/pubmed/23673861
http://doi.org/10.1056/NEJMoa2109908
http://www.ncbi.nlm.nih.gov/pubmed/34379914
http://www.ncbi.nlm.nih.gov/pubmed/34257485
http://doi.org/10.1056/NEJMoa2107051
http://www.ncbi.nlm.nih.gov/pubmed/34107198
http://doi.org/10.1111/jth.15346
http://doi.org/10.1097/CCM.0b013e318206d0eb
http://doi.org/10.1016/j.arth.2012.01.012
http://doi.org/10.1001/jama.2021.7517
http://doi.org/10.1056/NEJMoa2104882
http://www.ncbi.nlm.nih.gov/pubmed/33835768
http://doi.org/10.1056/NEJMoa2105385
http://www.ncbi.nlm.nih.gov/pubmed/33861525
http://doi.org/10.1016/j.ajem.2021.05.054
http://www.ncbi.nlm.nih.gov/pubmed/34062319

	Introduction 
	Case 
	Discussion 
	Conclusions 
	References

