
4/27/21

Jennifer Yui, MD MS
Associate Director, The Johns Hopkins Anticoagulation Management Service and Hemostatic Disorder Stewardship 

Program

Assistant Professor,  Division of Hematology, Johns Hopkins University School of Medicine

Daniel Salmon, PhD MPH
Director, Institute for Vaccine Safety

Professor, International Health and Health, Behavior and Society, Johns Hopkins Bloomberg School of Public Health



Overview

• Framing case

• Definition and Clinical Characteristics of  Thrombosis with 
Thrombocytopenia Syndrome (TTS)

• Pathogenesis and Proposed Management of TTS

• Vaccine Safety Monitoring in the United States

• Q & A Forum



Framing Case

• A 27-year-old woman seeks your guidance regarding COVID-19 
vaccination. She is eager to be vaccinated. She has no medical 
problems. Her only medication is an oral contraceptive tablet.

• She has ready access to the Johnson and Johnson vaccine and has a 
fear of needles; she likes the idea of only needing one jab. If you insist, 
however, she will pursue one of the mRNA vaccines. She can access 
them as well.



Pathogenesis and Management of Thrombosis with 
Thrombocytopenia Syndrome (TTS)

Jennifer C Yui, MD MS
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Disclosures:

• None
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Cerebral Venous Sinus Thrombosis

Capecchi M, Abbattista M, Martinelli I. J Thromb Haemost. 2018 Oct;16(10):1918-1931. Stam J. N Engl J 

Med. 2005 Apr 28;352(17):1791-8.

• CVST- thrombosis in the deep or superficial 

veins of the brain

• Incidence: 10-15 cases per million

• Mean age: 35 years

• Gender distribution F:M  2.2:1

• Clinical presentation

– Headache

– Seizure

– Limb weakness

– Reduced consciousness/coma



Cerebral Venous Sinus Thrombosis
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• Risk factors:

– OCPs

– Pregnancy

– Cancer

– Infection

– Surgery

– Other thrombophilia

• Diagnosis: contrast CT or MR venogram

• Treatment: Anticoagulation, thrombolysis

Capecchi M, Abbattista M, Martinelli I. J Thromb Haemost. 2018 Oct;16(10):1918-1931. Stam J. N Engl J 

Med. 2005 Apr 28;352(17):1791-8.



Thrombosis with Thrombocytopenia Syndrome 

Presents with:

– Thrombocytopenia- plt <150k

– Thrombosis (initial reports of CVST, but also DVT, PE, splanchnic 

vein thrombosis, and arterial thrombi)
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Clinical Characteristics of TTS

• Associated with adenoviral vector SARS-CoV-2 vaccines

• Initial understanding from the ChAdOx1 nCov-19, AstraZeneca 

• Incidence: Estimated 1 case per 100,000-250,000/vaccine recipients 

• Age range: 21- 77 years (90% less than 60)

• Gender distribution F:M 2.5 : 1

• Median onset: 10 days (range 5-24 days)

May 3, 2021

Greinacher A, et al. N Engl J Med. 2021 Apr 9. PMID: 33835769. 

Schultz NH, et al. N Engl J Med. 2021 Apr 9. PMID: 33835768. 

Scully M, et al. N Engl J Med. 2021 Apr 16. PMID: 33861525.
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Clinical Characteristics of TTS

• Thrombotic events

• CVST (n=27)

• DVT/PE (n=10)

• Splanchnic vein thrombosis (n=7)

• Arterial clots (n=6)

• Laboratory findings:

• Platelet nadir: 27,000/µL (range 7-113,000)

• Fibrinogen nadir: 125 mg/dL (range 40-568)

• D dimer ↑↑↑
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Clinical Characteristics of TTS

• Heparin-induced thrombocytopenia testing

• Platelet factor 4 antibody immunoassays: positive

• Rapid assays often negative

• Platelet activation assays: variable

• Clinical progression

• Progression of thrombosis on heparin

• Platelet recovery with IVIG
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Comparison of events after Oxford-AZ and 

Johnson + Johnson SARS-CoV-2 vaccines

Oxford-AZ Johnson + Johnson

Median age (yr) 40 (21-77) Teens to 50s

Gender F:M 2.5:1 8:0

Onset after vaccine 5-24 d 6-13 d

Thrombosis CSVT, DVT/PE, splanchnic, arterial CSVT, splanchnic

Platelet nadir 7-113,000 10-127,000

Heparin PF4 Positive Positive

Platelet activation assay Positive Negative 4/5



Heparin Induced Thrombocytopenia

Hogan M, Berger JS. Vasc Med. 2020 Apr;25(2):160-173. 



Pathogenesis of TTS Appears to be Similar to 

Autoimmune Heparin Induced Thrombocytopenia

• In autoimmune HIT, endogenous polyanions act as a substitute for heparin 

and bind Platelet factor 4

Greinacher et al, JTH 2017



Pathogenesis of TTS Appears to be Similar to 

Autoimmune Heparin Induced Thrombocytopenia

• Laboratory testing consistent with autoimmune HIT

– Positive PF4 immunoassay and platelet activation assays 

• Markedly positive PF4 ELISA

• Rapid immunoassays have not been as reliable as ELISA 

• Variably positive platelet activation assays

– Platelet activation enhanced by addition of platelet factor 4

– Platelet activation inhibited by high concentrations of heparin

– Platelet activation blocked by intravenous immunoglobulin
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Management of Thrombosis Thrombocytopenia 

Syndrome

• Maintain a high index of suspicion for any patient that presents with symptoms 

of a clot (particularly- though not exclusively- thrombosis in unusual locations) 

in association with thrombocytopenia after recent (within 3 weeks) 

administration of the J+J SARS CoV2 vaccine

• Diagnostic testing

– CBC and platelet count

– Symptom directed imaging (contrast studies for head and abdominal imaging)

– HIT testing- Heparin-platelet factor 4 immunoassay (ELISA) and platelet activation assay 

(Serotonin release assay is the gold standard)

– Fibrinogen and D-dimer

American Society of Hematology COVID-19 Resources at  

https://www.hematology.org/covid-19/vaccine-induced-immune-

thrombotic-thrombocytopenia



Management of Thrombosis Thrombocytopenia 

Syndrome

• Consult a hematologist to confirm the diagnosis/rule out other diagnoses

• With a high index of suspicion, do not wait for PF4 to initiate treatment

• Treat clots with a non-heparin anticoagulant

– Bivalirudin/argatroban

– Fondaparinux

– DOACs

• Anticoagulate CVST even with a component of intracranial hemorrhage

• Treat the thrombocytopenia with IVIG (1-2 g/kg in divided doses)

• Avoid platelet transfusions
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https://www.hematology.org/covid-19/vaccine-induced-immune-

thrombotic-thrombocytopenia



Questions?
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Vaccine Safety Monitoring in the US

Daniel Salmon, PhD, MPH
Director, Institute for Vaccine Safety

Professor, International Health and Health, Behavior and Society

Johns Hopkins Bloomberg School of Public Health



Why Safety Monitoring Matters

• Ensure that benefits of vaccines outweigh the risks for 

individuals and populations

– High standards as often for healthy people, prevention and large 

number of people exposed (attributable risk)

• Optimize the use of limited resources

• Improve and maintain public confidence in vaccines – high 

vaccine coverage



Post hoc ergo propter hoc

"after this, therefore because of this", is a logical fallacy …since that event followed
this one, that event must have been caused by this one.

The fallacy lies in coming to a conclusion based solely on the order of events, rather 
than taking into account other factors that might rule out the connection. 

http://dictionary.sensagent.com/post+hoc+ergo+propter+hoc/en-en/



Adverse Events Following Immunization (AEFI) will occur

• Important to differentiate between coincidental events and events 

causally related to vaccination

– 2,500 miscarriages and 3,000 heart attacks each day in US

• Important to rapidly identify and follow-up vaccine safety signals

• Robust scientific follow up takes time



The Vaccine Safety System

FDA
VRBPAC

CDC
ACIP

NIH

Public

Industry

Healthcare system/providers

Other federal contributors: AHRQ, CMS, DoD, VA

NVPO
NVAC

Public Health

Academia

HRSA
ACCV



Phase I Clinical Trials - Safety

• No Gross Toxicity

• Gather safety data on dose-related immune 

response

20-100 Healthy Subjects



Phase II Clinical Trials - Safety

• Assess common, short-term side effects

• Explore reactions between investigational 

drug and already licensed drug

up to 1,000 Healthy Subjects



Phase III Clinical Trials - Safety

• Confirm safety

• Define risk/benefit relationship

• Gather information for licensure 

application and package insert

1,000-20,000+ Persons



Pro’s of Clinical Trials

• The Gold Standard - Double blind, randomized 
trials

– Reduce Confounding

– Reduce Bias

• Strict inclusion and exclusion criteria

– Reduces risk to participants

– Reduces Confounding

• Incremental phases to minimize risk and optimize 
information obtained



Limitations of Clinical Trials

• Inclusion/Exclusion criteria

– Can not evaluate AEs in persons excluded 

from studies (medicated, concurrent medical 

conditions)

– Can not evaluate delayed AEs

• Small sample size

– Can not evaluate rare AEs

– Can not evaluate AEs in sub-populations



Sample Sizes Needed to Detect Rare Adverse 

Events

Rates (%) Sample Size *

No. Potentially 

Affected**

0.1 vs. 0.2 50,000 200,000

0.1 vs. 0.3 17,500 400,000

0.05 vs. 0.1 100,000 100,000

0.01 vs. 0.02 500,000 20,000

0.01 vs. 0.03 175,000 40,000
*Two-arm trial, power 80%, alpha (2 sided) = 5% 

** Assumes 100% of adults vaccinated, risk after 1 doseSource: adapted from 

Ellenberg 2001



Post-Authorization Studies 

• Expand safety profile to include:

– Intermediate or rare AEs

– Subpopulations

• Address emerging safety issues 



US Federal Vaccine System
• NIH – basic research, 

vaccine development & 

evaluation incl. clinical trials

• FDA – licensure, inspection, 

post-licensure surveillance

• CDC – post-licensure 

surveillance, clinical 

assessment, communication

• HRSA - compensation

Advisory Committees in Red



Passive Surveillance

• Purpose: to detect signals of unanticipated events 
that may deserve further follow-up

• Primary Limitation: Usually can not determine if 
event is caused by vaccine or coincidental
– Lack of good denominator and comparison (unvaccinated) 

group

– Potential Bias (under-reporting, incomplete reporting, 
over-reporting, etc).



Vaccine Adverse Event Reporting 

System (VAERS)

• Co-administered by CDC and FDA

• Accepts reports from anyone

• Limitations

– Under reporting

– Incomplete data

• Designed for detecting signals or generating 
hypothesis

– Can not assess causality



Establishing Causal Link:
Adverse Event and Vaccine

Illness or 

Syndrome
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Source: R T Chen
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Perception of VAERS

“There have been estimates that fewer than 10 percent, even as 

low as 1 to 4 percent, of adverse events which occur after 

prescription drug or vaccine use are ever reported to 

government adverse event reporting systems….If only 1 to 4 

percent of all adverse events associated with GARDASIL 

vaccination are being reported to VAERS, there could have been 

up to 38,000 health problems after GARDASIL vaccination in 

2006 which were never reported”

Barbara Loe Fisher, National Vaccine Information Center (NVIC)

http://www.nvic.org/nvic-archives/pressrelease/hpvfeb212007.aspx



Assessing Associations between Vaccines & 

Adverse Events: Active Surveillance

• Vaccine Safety Datalink (VSD)

• Post-licensure Rapid Immunization Safety Monitoring (PRISM) Network

• CBER Biologics Effectiveness and Safety (BEST)

• Centers for Medicare & Medicaid Services (CMS)

• Department of Defense (DoD)

• Department of Veterans Affairs (VA)



Vaccine Safety Datalink (VSD)

• Developed by CDC >20 years ago

• ~9 million people in 9 linked MCOs

• Includes vaccination, hospital, outpatient, and 

laboratory data

• Rapidly conduct chart review if needed



Post-Licensure Rapid Immunization Safety 

Monitoring (PRISM)

• Developed by National Vaccine Program Office (NVPO) for 2009-10 H1N1 

• Ongoing FDA Activity (now for drugs, not vaccines)

• 8 State Immunization Registries capture exposures 

• 4 large Health Plans captured some exposures and outcomes

• 107 million people under active surveillance

• Chart review capable (but not quickly)

• Rapid Cycle Analysis (RCA) and ad hoc studies

Salmon et al, Health Affairs, 2013; Baker et al, Vaccine, 2013.



CBER Biologics Effectiveness and Safety (BEST)

• Started in 2017

• Objectives: 

– build data, analytics, infrastructure for an active, large-

scale, efficient surveillance system for biologic products

– develop innovative methods to utilize electronic health 

records (EHR) effectively and establish automated adverse 

events reporting, utilizing natural language processing and 

artificial intelligence

• Potential strengths include size and speed

• Pilot into 2020



Centers for Medicare & Medicaid Services 

(CMS)

• ~14 million vaccinations annually

• Predominantly ages 65 years and older

• Chart review capable (but not quickly)

• Focus on influenza vaccine



Defense Medical Surveillance System 

(DoD)
• 2.6 million persons

• Healthy adults, limited ages represented

• Chart-review capable

• Predominantly focused on influenza vaccine



Dept. of Veterans Affairs

• ~5 million persons

• Captures elderly and Federal employees (other than DoD)

• Chart-review capable

• Predominantly focused on influenza vaccine



Size Matters: Effect Size of Database and 

Vaccine Coverage Rate on Time Until 

Signal Detection

Katherine Yi, unpublished
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SIGNAL ≠ ASSOCIATION ≠ CAUSALITY



• The Need: 

• Vaccine adverse events occur rarely for each clinician

• Medical “outliers” difficult to advance science on, like 

orphan disease (leukemia)

• The Solution:

• Academic centers of excellence

• Vaccine safety clinicians

• Clinical subspecialty for referrals 

• Laboratory research capabilities

Source: R T Chen



Vaccine Safety Monitoring in the US

Daniel Salmon, PhD, MPH
Director, Institute for Vaccine Safety

Professor, International Health and Health, Behavior and Society

Johns Hopkins Bloomberg School of Public Health



Framing Case

• A 27-year-old woman seeks your guidance regarding COVID-19 
vaccination. She is eager to be vaccinated. She has no medical 
problems. Her only medication is an oral contraceptive tablet.

• She has ready access to the Johnson and Johnson vaccine and has a 
fear of needles; she likes the idea of only needing one jab. If you insist, 
however, she will pursue one of the mRNA vaccines. She can access 
them as well.
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