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On April 13, 2021, the US Centers for Disease Control and
Prevention (CDC) and the US Food and Drug Adminis-
tration (FDA) recommended a pause in administration of
the Ad26.COV2.S (Johnson & Johnson [Janssen]) cor-
onavirus disease 2019 (COVID-19) vaccine for all persons
[1]. At that time, approximately 6.8 million doses of
vaccine had been administered around the United States.
The pause was prompted by 6 cases of cerebral venous
sinus thrombosis (CVST) in combination with thrombo-
cytopenia, a condition whose nomenclature is in flux but
which we will refer to as thrombosis with thrombocyto-
penia syndrome (TTS), as used by CDC in describing
the condition [2]. All patients were women younger than
50 years. Of note, 2 of 6 patients also had splanchnic and
portal vein thrombosis. As of May 12, 2021, CDC’s
working case definition for TTS after COVID-19 vaccina-
tion divides the condition into two tiers [3]. A case of tier
1 TTS is defined as: (1) thrombosis in an unusual
location; and (2) thrombocytopenia with a platelet
count < 150 000/microliter. A positive heparin-platelet
factor 4 (PF4) antibody is supportive but not required. A
tier 2 TTS case is defined as: (1) thrombosis only in a
common location (such as deep vein thrombosis or
pulmonary embolism); (2) thrombocytopenia with a
platelet count < 150 000/microliter; and (3) positive
heparin-PF4 antibody.
Many in the scientific community were concerned that

this pause was misguided. These concerns were under-
standable given the ongoing COVID-19 pandemic. Some
stated that the risk of “clot” after receiving the Johnson &
Johnson vaccine was less than 1 in 1 million. By looking

at only raw numbers (6 cases out of approximately
6.8 million doses of vaccine given), this is technically
true. However, there are several unique features of the
reported adverse events that supported the initial pause and
need for additional inquiry.
First, the location of the clotting was highly unusual.

CVST is an uncommon diagnosis, with an approximate
annual incidence rate of 5 per million in the general
population [4]. Treating this clot is challenging because of
the clinical consequences and potential concurrent hemor-
rhage. Current practice is to continue anticoagulation,
though evidence remains scant [4]. Therefore, comparisons
of TTS resulting in CVST to the baseline incidence rate of
all cases of typical venous thromboembolism (VTE), such
as those in the legs associated with oral contraceptive pills
(OCPs), are misleading. It is also likely the case that a
typical treatment for CVST, heparin, might not be usable in
these vaccine-related cases, thereby making clinical
management even more challenging.
Second, all 6 reported cases were associated with

thrombocytopenia. This was immediately and correctly
recognized as highly unusual, as there are few conditions,
such as heparin-induced thrombocytopenia and thrombosis
(HITT) and thrombotic thrombocytopenic purpura, which
have the unusual association of low platelets and clotting.
HITT, for example, is a state of runaway platelet activation,
which can result in arterial and venous thrombosis. In this
context, analogies to typical VTE again might not be
appropriate.
Third, all 6 cases of CVST initially reported in the

United States were in women aged < 50 years. These
initial data suggested that this was the group at highest risk
for potential TTS after receipt of the Johnson & Johnson
COVID-19 vaccine, not simply all comers. As such, given
the unusual clinical presentation of a novel syndrome with
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potentially dire and irreversible consequences in a young,
healthy subpopulation of vaccine recipients, a pause
appears to have been reasonable.
Importantly, the relevant comparison for understanding

risk of TTS associated with the Johnson & Johnson
COVID-19 vaccine is not the baseline rate of all VTE in
the general population or even the baseline rate of CVST in
women less than age 50. The most accurate comparison of
risk is the baseline incidence rate of CVST associated with
thrombocytopenia in women aged < 50 years of age who
have not received a heparin product. In a study that
evaluated a cohort of 865 patients with CVST from 7
countries around the world from 1987 through March
2018, 73 (8.4%) were found to have concomitant
thrombocytopenia [5]. The cause of thrombocytopenia
was known in 64% of these patients. One patient was
found to have positive heparin-PF4 antibody diagnosed as
part of routine care. This patient had received low-
molecular weight heparin as part of her care. Among 93
frozen plasma samples subsequently evaluated for pre-
sence of heparin-PF4 antibodies, none were found to be
positive. Overall, the incidence of CVST occurring in
conjunction with thrombocytopenia mediated via heparin-
PF4 antibodies was exceedingly rare in this cohort of
patients with CVST from the general population (0.1% of
patients), and in fact only occurred in a patient who had
received a heparin product. Therefore, risk of CVST with
potentially antibody-mediated thrombocytopenia related to
the Johnson & Johnson COVID-19 vaccine is, by
definition, excess above an almost negligible baseline.
After the initial pause in national administration of the

Johnson & Johnson vaccine on April 13, 2021, an
additional 9 cases of TTS were publicly reported. The
total of 15 cases, 12 of which included CVST, were
discussed at a meeting of the US Advisory Committee on
Immunization Practices (ACIP) on April 23, 2021 [6].
Thirteen of the 15 cases were in women younger than age
50. With approximately 1.9 million doses of vaccine given
in this age group, the reporting rate of TTS was noted to be
7.0 per million. Simultaneously, the mortality rate of
COVID-19 for women less than age 50 was reported to be
less than 1 in 100 000. Therefore, the risk of developing
TTS after administration of the Johnson & Johnson
vaccine was roughly similar to the risk of mortality from
COVID-19 in the same age and sex demographic. As
described during the meeting, for women aged 18–49
years, for every 1 million doses of vaccine given with
current risk of exposure to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in the United
States, there would be 13 expected cases of TTS, and 12
deaths related to COVID-19 would be prevented.
With regard to the potential pathophysiological basis for

vaccine-related TTS, a description of the first 12 patients in
the United States with the condition was published in late
April 2021 [7]. All patients were women between the ages

of 18 and 60. Eleven of 12 patients were younger than age
50, and 8/12 additionally had thromboses in locations other
than the cerebral circulation. A total of 11 patients had
positive heparin-PF4 antibodies, and 1 patient did not have
the testing performed. However, 8/11 had negative
functional platelet antibody results with 6 having under-
gone serotonin release assay testing only and 2 having
undergone both serotonin release assay testing and latex
immunoturbidimetric assay testing. Other thrombophilia
testing was negative in these 11 patients.
Just prior to the initial reports of TTS occurring after

vaccination with the Johnson & Johnson COVID-19
vaccine, descriptions of thrombotic thrombocytopenia
related to the ChAdOx1 nCov-19 (AstraZeneca) COVID-
19 vaccine (which also uses Adenovirus-vector vaccine
technology) were published [8]. The initial report of 11
patients from Germany and Austria suggested that the
clotting observed in a condition termed vaccine-induced
immune thrombotic thrombocytopenia (VITT)—and
remarkably similar in description to cases of TTS
described in the United States—might also be mediated
by antibody-driven activation of PF-4. This would make
the condition most similar to HITT. A report simulta-
neously published on the same day described 5 additional
patients from Norway, all younger than age 60, with CVST
and thrombocytopenia [9]. All patients had strongly
positive anti-heparin-PF4 antibodies. Another report of
22 patients with acute thrombosis in unusual locations
along with thrombocytopenia confirmed the presence of
anti-heparin-PF4 antibodies as well [10]. In contrast to the
series of patients described in the United States, the vast
majority of patients described in these European reports
had positive functional platelet antibody assays. As
described by See et al., the reason for this difference
could be due to false-negative test results or potentially
different types of functional platelet antibody tests that
were used in different settings [7]. Indeed, a detailed
discussion of anti-PF4 antibodies describes how rapid tests
typically used for diagnosis of HITT might not be positive
in patients with VITT [11]. In addition, standard serotonin
release assays that do not include the presence of PF4 were
often negative but turned positive when PF4 was
introduced into the mixture. Specifically, the authors of
this study related to PF4 immunoassays recommend use of
a “sensitive, quantitative, immunologic test” for diagnosis
of VITT [11].
To note, two other COVID-19 vaccines which utilize

Adenovirus-vector technology have received authorization
in different parts of the world but not in the United States.
These are the Gam-COVID-Vac (Sputnik V) vaccine from
Russia, which uses 2 components, a recombinant adeno-
virus type 26 vector and a recombinant adenovirus type 5
vector in a heterologous prime-boost fashion, and the
CanSinoBIO vaccine from China, which also uses an
adenovirus type 5 vector. However, there have not been to
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date any public reports of serious episodes of thrombosis
associated with either of these vaccines. Additionally, there
is one other vaccine that currently has approval for use in
Europe which utilizes Adenovirus-vector technology,
Ad26.ZEBOV, also a Johnson & Johnson product
incorporating adenovirus type 26. This vaccine, for
prevention of Ebola virus disease, has not been reported
in the literature to be linked to serious clotting disorders.
By the time of a follow-up meeting of ACIP on May 12,

2021, a total of 28 cases of TTS had been confirmed by
CDC, with 25/28 cases being in the Tier 1 category [3].
Among the 28 cases, 19 cases included CVST. At a
subsequent ACIP meeting on July 22, 2021, the number of
cases of confirmed reports of TTS had risen to 38, with
28/38 cases occurring in females [12]. The reporting rate of
TTS among females aged 30–49 years was 8.8 per million;
in women aged 18–29 years, it was 4.2 per million. As
noted during that meeting, based upon average exposure
risk and hospitalization rates in the United States from June
19, 2021, for every million doses of Johnson & Johnson
vaccine given, for women aged 18–29, 4–5 cases of TTS
would be expected, and 5 deaths would be prevented. For
women aged 30–49, a total of 8–10 cases of TTS would be
expected, and 20 deaths would be averted.
A crucial point in a risk-benefit analysis is that risk of

acquiring SARS-CoV-2 infection is not static, and also
differs from one individual to another. For example, if
someone has an occupation and lifestyle that allow them to
avoid interaction with others and they adhere strictly to
recommended public health guidance, their risk of
acquiring SARS-CoV-2 infection might be extremely
low. Risk is also affected by viral transmission rates,
which are constantly changing in different geographical
areas. In addition, mRNA vaccine options are now widely
available throughout the United States; therefore, it is not
the case that no form of protection would be available for
patients if they opted not to receive the Johnson & Johnson
vaccine. It is important to note that population-based
recommendations in countries around the world where
vaccine supply could be different would have a different
risk-benefit analysis.
The current approach for use of the Johnson & Johnson

COVID-19 vaccine in the United States is that it is
recommended under emergency use authorization (EUA)
for all persons greater than age 18. However, EUA was
amended on April 23, 2021, and now includes a warning
label regarding the possibility of TTS related to the
vaccine. To note, certain countries in Europe have opted to
restrict use of Adenovirus-vector vaccines to certain age
groups only. As an example, in May 2021, the Joint
Committee on Vaccination and Immunisation in the UK
advised the following: “in addition to those aged under 30,
unvaccinated adults aged 30–39 years who are not in a
clinical priority group at higher risk of severe COVID-19
disease, should preferentially be offered an alternative to

the AstraZeneca COVID-19 (AZD1222) vaccine” assum-
ing no delay in vaccination occurs [13]. Therefore,
clinicians might have continued concerns about recom-
mending or administering the Johnson & Johnson vaccine
to women younger than age 50, particularly when
alternatives (mRNA vaccines) are now widely available.
As noted by the ACIP Work Group on benefits and risks of
COVID-19 vaccination on July 22, 2021, reported adverse
events from vaccination are “potentially serious and should
be transparently communicated with the public” [14]. The
work group also noted the “importance of patient choice in
vaccine product” and that “patients and providers should
be aware of both the benefits and risks of COVID-19
vaccination when choosing a vaccine product.” The
authors agree with these sentiments. Ultimately, a clear
articulation of risks and benefits, and an individual
discussion with each patient, will be needed as clinicians
help patients select a vaccine product.
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