
OBSERVATIONS: CASE REPORTS

Thrombosis With Thrombocytopenia After the Messenger
RNA–1273 Vaccine

Background: Thrombosis with thrombocytopenia has been
reported after vaccination against SARS-CoV-2 with 2 vaccines
based on recombinant adenovirus vectors—the ChAdOx1 vac-
cine from AstraZeneca (1, 2) and the Ad26.COV2.S vaccine from
Johnson & Johnson/Janssen (3). This syndrome is similar to
heparin-induced thrombocytopenia (HIT), and it is known as vac-
cine-induced thrombosis with thrombocytopenia (VITT) or throm-
bocytopenia with thrombosis syndrome (TTS). To our knowledge,
there are no reports of VITT or TTS after a SARS-CoV-2 vaccine
based onmessenger RNA (mRNA) technology (4).

Objective: To describe a patient with VITT or TTS after
administration of the mRNA-1273 vaccine fromModerna.

Case Report: A 65-year-old man with chronic hypertension
and hyperlipidemia presented to our hospital with 1 week of
bilateral lower-extremity discomfort, intermittent headaches,
and 2 days of dyspnea. He had received a second dose of the
mRNA-1273 vaccine 10 days before the onset of symptoms. He
had no known prior heparin exposure.

A computed tomography angiogram of the chest showed
large, bilateral, acute pulmonary emboli with right ventricular strain.

Doppler studies of the lower extremities revealed acute deep ve-
nous thromboses in both lower extremities. The patient had severe
thrombocytopenia (14�109 cells/L) (Table and Figure) (171�
109 cells/L had beendocumented 18months earlier).

We decided against systemic anticoagulation because of
the thrombocytopenia and placed an inferior vena cava filter.
We also did a bone marrow biopsy. We administered 2 doses
of intravenous immunoglobulin followed by 40 mg of dexa-
methasone intravenously for 4 days for presumed immune-
mediated thrombocytopenia. Unfractionated heparin therapy
was initiated after platelet transfusions elevated his platelet
count to 69000�109 cells/L.

Three days later, the patient developed an acute gluteal
hematoma requiring withdrawal of heparin. The thrombocyto-
penia persisted, and we evaluated him for HIT. An enzyme-
linked immunosorbent assay for anti–platelet factor 4/heparin
IgG was strongly positive (2.669 optical density; reference
value, <0.399 optical density). A platelet activation assay using
patient serum and normal platelets showed the release of sero-
tonin at a low concentration of heparin that was inhibited by a
high concentration, which was consistent with HIT. Twelve hours
later, he developed acute encephalopathy. A computed to-
mography angiogram of the head and neck showed cerebral
venous sinus thrombosis, which was confirmed with a computed
tomography venogram. Progression of the lower-extremity deep
venous thromboses and a new upper-extremity deep venous

Table. Results of Selected Studies

Selected Study Result (Reference Value)

Polymerase chain reaction test for SARS-CoV-2 virus using a
nasopharyngeal swab

Virus not detected

Platelet count nadir, � 109 cells/L 14 000 (150 000–450 000)
Fibrinogen level nadir, g/L 2.91 (2.00–4.00)
D-dimer peak, nmol/L 18.9 (<0.25)
International normalized ratio peak 3.9 (<1.1)
Activated partial thromboplastin time peak, s 156 (25–35)
Prothrombin time, s 13.8 (11–12.5)
Peripheral smear Platelets are decreased with normal morphology, no abnormal

erythrocyte or leukocyte morphology, and no schistocytes
Heparin serotonin release assay, %*
Unfractionated low-dose heparin 51 (0–20)
Unfractionated high-dose heparin 6 (0–20)

Anti–platelet factor 4/polyanion antibody (platelet factor 4/polyvinyl
sulfonate [Immucor]), optical density units
Before heparin exposure 2.855 (<0.399)
After heparin exposure 2.699 (<0.399)

Anticardiolipin antibody level
IgG, GPL 6 (<34)
IgM, MPL 6 (<12)

b2-glycoprotein 1 class
IgG, SGU 3 (<12)
IgM, SMU 3 (<22)

Dilute Russell viper venom time Negative for lupus anticoagulant
Dilute viper venom ratio 1.2 (<1.3)
Dilute viper venom interpretation Negative for lupus inhibitor
Protein S antigen level, U/mL 1.19 (0.66–1.26)
Chromogenic protein C activity, U/mL 1.18 (0.80–1.30)
Bone marrow biopsy Normocellular for age and focally cellular aspirate with increased iron,

erythroid megaloblastoid change, and full trilineage maturation
Transthoracic echocardiography Normal left ventricular and right ventricular systolic function, ejection

fraction of 55%, right ventricular systolic pressure of 37 mm Hg

GPL = IgG phospholipid units; MPL = IgM phospholipid units; SGU = standard IgG units; SMU = standard IgM units.
* Conclusion: positive for heparin-induced thrombocytopenia
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thrombosis were noted. We initiated bivalirudin treatment at a
dose of 0.02mg/kg of body weight per hour and started plasma-
pheresis. Nevertheless, the patient continued to deteriorate with
shock, lactic acidemia, and compartment syndrome of the lower
extremities, requiring emergent bilateral fasciotomies. The same
day, blood cultures were obtained, and we initiated vancomycin
and cefepime treatment. Within 24 hours, blood cultures grew
methicillin-sensitive Staphylococcus aureus. He continued to
deteriorate, his family elected to pursue comfort measures, and
he died after compassionate extubation. After his death, serum
collected during admission, but before he received heparin, was
strongly positive for anti–platelet factor 4/heparin IgG (2.855
optical density).

Discussion: In retrospect, this patient met the criteria for VITT
or TTS (5). He developed thrombocytopenia and thrombosis
within 5 to 10 days after vaccine administration. The distribution of
thrombosis, especially the cerebral venous sinus thrombosis, was
characteristic of VITT or TTS. Most of his clotting and other rele-
vant work-up were consistent with the syndrome.We were unable
to identify other causes, including SARS-CoV-2 infection, other
infections, immune thrombocytopenia, or thrombotic thrombocy-
topenic purpura. These findings fulfill the interim case definition
of VITT or TTS from the Centers for Disease Control and
Prevention and the Brighton Collaboration. Further, the positive
platelet factor 4 enzyme-linked immunosorbent assay of the
blood drawn before heparin administration strengthens the likeli-
hood of VITT or TTS. Although we believe the evidence support-
ing VITT or TTS in this case is robust, we cannot rule out atypical
HIT or HIT with unrecorded heparin administration.

Had we suspected VITT or TTS earlier, we would have t
reated the patient differently. Following current guidelines (5), in
addition to intravenous immunoglobulin, and dexamethasone,
wewould have administered bivalirudin (or another recommended

nonheparin anticoagulant) earlier; avoided platelet transfusions;
and done more extensive serologic testing of platelet-activating
antibodies (2).

In summary, we believe it is important to note that many
millions of people have received COVID-19 vaccines that use
mRNA technology. This is the only report to date of possible
VITT or TTS in those recipients, and such a rare event, even if
confirmed by additional reports, should not prevent persons
from receiving the benefits of these vaccines. In addition, this
report complicates hypotheses that implicate adenoviral vec-
tors as the sole cause of VITT or TTS.
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Figure. Summary of clinical events.

Hospitalization Day
0 1 2

20

40

60

80

100

3 4 5 6 7 8 9 10 11 12

Pl
at

el
et

 C
ou

nt
, x

 1
09

 c
el

ls
/L

Fi
br

in
og

en
 L

ev
el

, g
/L

2.00

3.00

4.00

2.50

3.50

Heparin therapy initiated Bivalirudin therapy initiated

Dexamethasone
40 mg daily

Intravenous
immunoglobulin

Plasmapheresis
Bilateral lower-

extremity fasciotomy

D
E
A
T
H

Bone marrow biopsy
Gluteal hemorrhage 
Anti-PF4 level: 2.855 OD
(before heparin)

Cerebral venous sinus thrombosis
Compartment syndrome
Anti-PF4 level: 2.669 OD
(after heparin)

Platelets
Fibrinogen 

Anti-PF4 = anti–platelet factor 4; OD = optical density.

LETTERS

2 Annals of Internal Medicine Annals.org

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=L21-0244
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=L21-0244
mailto:swathi.sangli@ahn.org
http://www.annals.org


doi:10.7326/L21-0244

References
1. Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and thrombocyto-
penia after ChAdOx1 nCoV-19 vaccination. N Engl J Med. 2021;384:2124-
2130. [PMID: 33835768] doi:10.1056/NEJMoa2104882
2. Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic thrombocytopenia af-
ter ChAdOx1 nCov-19 vaccination. N Engl J Med. 2021;384:2092-2101. [PMID:
33835769] doi:10.1056/NEJMoa2104840

3. Muir KL, Kallam A, Koepsell SA, et al. Thrombotic thrombocytopenia after
Ad26.COV2.S vaccination [Letter]. N Engl J Med. 2021;384:1964-1965. [PMID:
33852795] doi:10.1056/NEJMc2105869
4. Cines DB, Bussel JB. SARS-CoV-2 vaccine-induced immune thrombotic
thrombocytopenia [Editorial]. N Engl J Med. 2021;384:2254-2256. [PMID:
33861524] doi:10.1056/NEJMe2106315
5. American Society of Hematology. Thrombosis with thrombocytopenia
syndrome (also termed vaccine-induced thrombotic thrombocytopenia).
Updated 29 April 2021. Accessed atwww.hematology.org/covid-19/vaccine-
induced-immune-thrombotic-thrombocytopenia on 26May 2021.

LETTERS

Annals.org Annals of Internal Medicine 3

https://doi.org/10.1056/NEJMoa2104882
https://doi.org/10.1056/NEJMoa2104840
https://doi.org/10.1056/NEJMc2105869
https://doi.org/10.1056/NEJMe2106315
http://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
http://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia
http://www.annals.org

