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Abstract

Background: The emergence of new variants of SARS-CoV-2 has led to the adminis-
tration of different booster vaccines to mitigate COVID-19. Vaccines with adenoviral
vectors have been rarely associated with vaccine-induced immune thrombotic throm-
bocytopenia (VITT).

Obijectives: This study aimed to describe 15 cases of VITT after the third and fourth
doses of the COVID-19 vaccine in Brazil.

Methods: Cases were reported after all kinds of anti-SARS-CoV-2 booster vaccinations
between October 17, 2021, and September 4, 2022.

Results: Of the 26 suspected cases, 15 cases of VITT were analyzed. Of these, 10 were
classified as definite VITT, 2 as probable, 1 as possible, and 2 as unlikely. The estimated
frequency of definite, probable, or possible VITT was 0.33 cases per million. Cases were
assigned to ChAdOx1 (13 cases), Ad26.COV2.S (1 case), and BNT162b2 (1 case). None
of the patients received an adenoviral vaccine as a primary vaccination. The average
age of participants was 34 years, and symptoms usually appeared 8 days after vacci-
nation. Headache was the most common symptom, and cerebral veins were the most
affected thrombotic site. The overall mortality risk was 53%. Anti-platelet factor 4
enzyme-linked immunosorbent assay serology was positive in 11 out of 15 patients
(73.3%), negative in 2 (13.3%), and missing in 2 (13.3%).

Conclusion: The study confirms that VITT is linked to the first exposure to adenoviral
vector vaccines. Since January 2023, Brazil has recommended preferably COVID-19
messenger RNA vaccines for individuals aged 18 to 39 years. We suggest that, in the

current disease scenario, COVID-19 adenovirus vaccines should not be the first choice
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* New variants of SARS-CoV-2 led to the administration of booster vaccines against COVID-19.

» Vaccine-induced immune thrombotic thrombocytopenia (VITT) was recently reported in Brazil.
« We describe 15 cases of suspected VITT after the third and fourth doses of the COVID-19 vaccine.
« The estimated frequency of VITT after the third and fourth ChAdOx1 doses was 0.33 cases per million.

1 | INTRODUCTION

COVID-19 vaccine rollout began in January 2021 and has since
become the primary strategy to mitigate the disease. Newer SARS-
CoV-2 variants, such as Omicron, with higher degrees of immune
evasion and waning immunity following vaccination have prompted
health officials to adopt different booster strategies [1,2]. A homolo-
gous booster shot uses the same vaccine previously administered in
the primary scheme (first and second doses), while a heterologous
booster shot employs a different vaccine [3]. Examples of adenoviral
vaccines used in Brazil are ChAdOx1 nCov-19 (Oxford-AstraZeneca)
and Ad26.COV2.S (Janssen), while the only messenger RNA (mMRNA)
vaccine is BNT162b2 (Pfizer-BioNTech).

Homologous and heterologous boosters with ChAdOx1 nCov-
19, mRNA-1273 (Moderna), Ad26.COV2.S, BNT162b2, or Sinovac-
CoronaVac vaccines presented an acceptable safety profile. All
booster vaccines proved immunogenic in adults who had
completed the primary COVID-19 vaccine regimen [3-5]. Immu-
nogenicity studies demonstrated an apparent superiority of mRNA
booster strategies, irrespective of the primary vaccine series, fol-
lowed by adenoviral-vectored and inactivated vaccines [3,6].

ChAdOx1, Ad26.COV2.S, and BNT162b2 are available as booster
doses in Brazil. Sinovac-CoronaVac, due to its reduced immunoge-
nicity, is offered as a booster only in particular situations, such as the
unavailability of other vaccines or when other vaccines are contra-
indicated. Initially, the preferred option for booster doses in the
country was mRNA vaccines. Still, due to availability issues and the
need to increase booster dose vaccination coverage, adenoviral-
vectored vaccines were also offered for such a strategy, irre-
spective of the primary vaccination series [7]. Thus, many people were
exposed to adenoviral-vectored COVID-19 vaccines during booster
shots for the first time.

Despite the significant benefits associated with COVID-19
vaccination (millions of deaths averted worldwide) and a good
safety profile, the adenoviral-vectored vaccines, particularly ChA-
dOx1 and Ad26.COV2.S, have been related to the development of

cases of vaccine-induced immune thrombotic thrombocytopenia
(VITT) 5 to 30 days after the exposure [8]. Thrombosis with
thrombocytopenia syndrome (TTS) is a descriptive term; however,
this condition is not necessarily caused by vaccination [?]. VITT is a
rare but life-threatening adverse event, with a significantly higher
risk among those aged <55 years [10]. Despite mainly being re-
ported after the first vaccine dose, 4 cases of cerebral venous
thrombosis due to VITT after a second ChAdOx1 nCoV-19 dose
were reported [11].

Bio-Manguinhos/Fiocruz is a public pharmaceutical industry
related to the Ministry of Health (MoH), and after the vaccine
technology transfer agreement with AstraZeneca to produce ChA-
dO1x, it has become a substantial supplier of COVID-19 vaccines to
Brazil. Bio-Manguinhos/Fiocruz has distributed more than 188
million ChAdOx1 doses, and around 33 million were used as booster
doses [12]. Bio-Manguinhos/Fiocruz and the National Immunization
Program/MoH developed a collaborative initiative to facilitate early
diagnosis of VITT in suspected cases and its treatment [13,14]. Some
case series have been reported globally, including one from our
group describing VITT cases after Brazil's first and second doses
[13,15,16]. Nevertheless, reporting this rare adverse event is still
relevant because it adds information to the scarce evidence about
this potentially severe disease. Herein, we describe a series of 15
VITT cases after the third and fourth doses of COVID-19 vaccines in
Brazil.

2 | METHODS

This work describes VITT cases reported to Bio-Manguinhos/Fiocruz
or the National Immunization Program/MoH following all kinds of
anti-SARS-CoV-2 booster vaccinations in Brazil from October 17,
2021, until September 4, 2022. The local ethics committee approved
the study (CAAE #52396621.0.0000.5262). Informed consent was
waived for this study because notification of cases suspicious for VITT

was compulsory in Brazil.
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2.1 | Eligibility criteria

The inclusion criteria were as follows: complete COVID-19 vaccina-
tion data, including date and type/brand of the vaccine, TTS levels 1, 2,
or 3 according to the Brighton Collaboration case definition [17], and
causality criteria established as definite or indeterminate, according to
the Council for International Organizations of Medical Sciences
(CIOMS)/World Health Organization (WHO) causality assessment for
adverse events following immunization [17,18]. Reports in which it
was impossible to retrieve the clinical/laboratory data necessary for
evaluation were excluded.

2.2 | VITT case definitions

VITT cases were defined according to the Brighton Collaboration
criteria and CIOMS/WHO causality assessment [17,19]. The Brighton
Collaboration interim definition criteria for VITT focus on providing a
standardized framework for identifying and classifying cases. These
criteria help in VITT’s accurate and consistent reporting, surveillance,
and research. Causality assessment with vaccination refers to the
process of determining the likelihood and strength of the relationship
between a vaccine and an adverse event. Causality assessment in-
volves evaluating various factors, such as temporal association, bio-
logical plausibility, alternative explanations, and available scientific
evidence. It aims to determine if the adverse event is a result of the
vaccine or if it occurred coincidentally. In summary, the Brighton
Collaboration criteria for VITT focus on defining and categorizing
cases associated with vaccines, while causality assessment with
vaccination involves assessing the causal relationship between a
vaccine and an adverse event. Confirmed cases were those that were
classified as level 1 VITT and had positive anti-platelet factor 4 (anti-
PF4) antibody dosage (enzyme-linked immunosorbent assay [ELISA])
and no other identifiable causes that could explain the event. Then,
the included subjects underwent further investigation and were
categorized based on the UK Expert Hematology Panel VITT case
definition [15], which involved 5 criteria: the timeframe between
vaccination and symptom onset (5-30 days or up to 42 days for iso-
lated deep vein thrombosis [DVT] and pulmonary embolism [PE]),
presence of thrombocytopenia, evidence of thrombosis, D-dimer
value, and anti-PF4 dosage. The case is classified as definite VITT if all
5 criteria are met. The level of diagnostic certainty decreases as the

number of criteria met decreases [15].

2.3 | Laboratory and image testing

Laboratory and imaging tests were performed during routine care,
according to the availability of the healthcare institution responsible
for the patient. All collected data were registered in electronic

spreadsheets. Regarding anti-PF4 ELISA, tests were performed in
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private laboratories for 3 patients and at Arthur de Siqueira Cav-
alcanti State Institute of Hematology (MoH national reference for the
diagnosis of VITT) for 10 patients. In 2 patients, this test was not
performed. Lifecodes PF4 immunoglobulin G assay and the enhanced
ELISA assay (immunoglobulin G, immunoglobulin A, and immuno-
globulin M) (Immucor) were performed in Arthur de Siqueira Cav-
alcanti State Institute of Hematology according to the manufacturer’s
instructions. Positivity was defined as an optical density >0.40. These
data were not available for private laboratory tests. Depending on the
affected site, the imaging method used to confirm thrombosis varied,
such as computed tomography, computed tomography angiography,
Doppler ultrasound, or echocardiography.

2.4 | Clinical parameters

The variables analyzed in the study included age, sex, vaccine manu-
facturer for both primary and booster doses, application date, and
vaccine dose (third or fourth). The clinical characteristics were also
evaluated, including symptom onset, time to hospital admission,
comorbidities, previous use of heparin, and risk factors for thrombosis.
Symptoms indicative of thromboses, such as headache, visual blurring,
seizure, altered level of consciousness, focal neurological signs,
abdominal pain, chest pain, dyspnea, and pain/edema/pallor of lower
or upper limbs, were assessed. Additionally, treatment details and
outcomes (alive or deceased) were described. Laboratory test results
were examined, including platelet count, D-dimer levels, imaging of

thrombosis and its location, as well as anti-PF4 ELISA antibody results.

2.5 | Statistical analysis

To characterize cases of VITT, descriptive statistics, including fre-
quencies, percentages, medians, and SDs, were employed for variables
such as age, sex, vaccine manufacturer, timeframe between vaccina-
tion and symptom onset, time between symptom onset and anti-PF4
testing, anti-PF4 positivity, and clinical outcome. The clinical charac-
teristics of suspected VITT cases and vaccination-related information
were summarized using frequency and contingency tables, presenting
absolute frequencies and percentages. Statistical analysis was per-
formed with International Business Machines SPSS Statistics version
20 (IBM).

3 | RESULTS

This series of cases evaluated 26 cases that were initially reported as
VITT following booster doses of COVID-19 vaccines used in Brazil.
After a pharmacovigilance investigation, 11 cases were excluded as
they were categorized as level 4 (8 cases) or level 5 (3 cases) ac-
cording to the Brighton Collaboration classification for TTS [17]. The
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Reported cases:
26

Excluded: 11

Thrombosis without thrombocytopenia: 1

Dengue: 1
NotTTS: 4
Brighton Collaboration Levels 4 or 5: 5

Ascertain cases: 15

.-"/7
— l
Ad26.COV2.5: BNT162b2:
1 1

ChAdOx1-nCov-19:
13

FIGURE 1 Flowchart illustrating the study design. TTS, thrombosis with thrombocytopenia syndrome.

authors evaluated the remaining 15 cases with the aim of establishing
a causal relationship with the vaccine. Thirteen cases were reported
after ChAdOx1, 1 was reported after Ad26.COV2.S, and 1 was re-
ported after BNT162b2 (Figure 1). According to the Brighton
Collaboration criteria, all cases were classified as level 1 for VITT. As
shown in Table 1, 11 cases were classified as having a consistent
causal relationship with the vaccine, according to the CIOMS/WHO

TABLE 1 Distribution of participants according to classifications.
Classification Alive Deceased Total®

CIOMS/WHO (AEFI)

Al—consistent 5/6 (83.3) 5/8 (62.5) 11/15 (73.3)
B1l—indeterminate 1/6 (16.7) 3/8 (37.5) 4/15 (26.7)
Total 6 8 15

UK Expert Hematology
Panel criteria

Definite 5/6 (83.3) 5/8 (62.5) 10/15 (66.7)
Probable 0/6 (0) 1/8 (12.5) 2/15 (13.3)
Possible 0/6 (0) 1/8 (12.5) 1/15 (6.7)
Unlikely 1/6 (16.7) 1/8 (12.5) 2/15 (13.3)
Total 6 8 15

Data are reported as N or n/N (%).

AEFI, adverse events following immunization; CIOMS, Council for
International Organizations of Medical Sciences; WHO, World Health
Organization.

20One case has no outcome information.

adverse events following immunization causality assessment criteria
(73.3%). Confirmed cases were those that were classified as level 1
and had positive anti-PF4 ELISA and no other identifiable causes that
could explain the event. Possible cases were those that were classified
as level 1 according to the Brighton classification, had no other
possible cause, and lacked the availability of an anti-PF4 test result.
Improbable cases were those where, despite a level 1 certainty for
VITT, the anti-PF4 test result was negative, and there was a possibility
of other diagnoses. According to these criteria, there were 11
confirmed cases, 2 possible cases, and 2 improbable cases. Considering
the UK Panel of Hematology Experts criteria, VITT cases were clas-
sified as definite (10), probable (2), possible (1), or unlikely (2). For rate
calculation, the confirmed, probable, and possible cases were included,
totaling 13 cases [13].

According to Table 2, the median age was 34 years (range, 21-47
years), and 8 patients were women (53.3%). All 10 patients who had
their race identified belonged to the White race (66.7%). We did not
have data on race/ethnicity in 5 cases (33.3%). Most participants were
younger than 40 years of age (11/15, 73.3%). The median number of
days between vaccination and symptom onset was 8 (range, 2-16). The
median baseline platelet count was 33,000/mm® (range, 1100-
123,000), and the median D-dimer level was 11,618 fibrinogen
equivalent units (FEUs) (range, 500-75,000 FEU). Anti-PF4 ELISA
serology was positive in 11 out of 15 patients (73.3%), negative in 2
(13.3%), and missing in 2 (13.3%). The median time between symptom
onset and hospital admission in deceased and alive groups was 3.5
days and 1.5 days, respectively. The overall median time from symp-
tom onset to anti-PF4 ELISA testing was 27 days (range, 10-86 days);

however, this information was missing in 3 cases.
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TABLE 2 Distribution and descriptive statistics of the clinical and laboratory characteristics of the participants, Brazil, 2021.

Variable Alive Deceased Total®

Age (y)
Median (IQR) 31.5 (26.25-35.75) 37.5 (29.50-39.75) 34 (28-40)
Range 21-41 22-47 21-47
Total 6 8 15

Sex
Female 0/6 (0) 7/8 (87.5) 8/15 (53.3)
Male 6/6 (100) 1/8 (12.5) 7/15 (46.7)
Total 6 8 15

Race/ethnicity
White 5/6 (83.3) 4/8 (50) 10/15 (66.7)
Non-White 0 0 0
Not informed 1/6 (16.7) 4/8 (50) 5/15 (33.3)
Total 6 8 15

Days since vaccination
Median (IQR) 7 (8) 9 (4) 8 (6)
Range 2-16 6-16 2-16
Total 6 8 15

Days between symptoms and admission”
Median (IQR) 3.5 (8.25) 15(2) 2.5 (4)
Range 0-12 0-9 0-12
Total 6 8 14

Platelets per cubic millimeter (lower value)

Median (IQR) 38,500 (89,065.75) 21,500 (31,862.5) 33,000 (39,000)
Range 1337-123,000 1100-64,000 1100-123,000
Total 6 8 15

D-dimer (FEU) (upper value)®

Median (IQR) 15,318 (25,949.5) 11,235 (11,855) 11,617.5 (13,724.5)
Range 500-61,800 690-20,000 500-75,000
Total 6 5 12
Anti-PF4 ELISA‘
Positive 5/6 (83.3) 6/6 (100) 11/13 (84.6)
Negative 1/6 (16.7) 0/6 (0) 2/13 (15.4)
Total 6 6 13
Vaccine received
ChAdOx1 nCov-19 5/6 (83.3) 8/8 (100) 13/15 (86.7)
Ad26.COV2.S 1/6 (16.7) 0/8 (0) 1/15 (6.7)
BNT162b2 0/6 (0) 0/8 (0) 1/15 (6.7)
Total 6 8 15

(Continues)
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TABLE 2 (Continued)
Variable Alive

Dose received

Third 4/6 (66.7)
Fourth 2/6 (33.3)
Total 6

Data are reported as N or n/N (%), unless otherwise specified.

Deceased Total®

2/8 (25) 7/15 (46.7)
6/8 (75) 8/15 (53.3)
8 15

Anti-PF4, anti-platelet factor 4; ELISA, enzyme-linked immunosorbent assay; FEU, fibrinogen equivalent units.

2One case has no outcome information.
BInformation not available for 1 case.
“Information not available for 3 cases.
dInformation not available for 2 cases.

Seven patients received a third dose (46.7%), and 8 received a
fourth (53.3%) dose of the vaccine against SARS-CoV-2. None of the
patients received an adenoviral vector vaccine as the primary or first
homologous booster dose (previous COVID-19 vaccines were Coro-
naVac or BNT162b2). Although not statistically tested, there seems to
be a trend toward older age, female sex, and lower platelet count in
the deceased group, according to Table 2. The median age of the
deceased and alive groups was 37.5 and 31.5 years, respectively. Also,
among the deceased patients, 7 were women (87.5%) and 1 (12.5%)
was a man. The median platelet count in the deceased group was
21,500/mm?, as opposed to 38,500/mm? in the alive group. A detailed
case description is disclosed in the Supplementary Table.

The most frequent signs and symptoms of VITT were headache in
12 cases (80%). Eight patients had abnormal consciousness levels
(53.3%); 6 had focal neurological deficits (40%); 3 had abdominal pain
(20%); 3 had pain, swelling, or limb pallor (20%); and 2 had seizures
(13.3%), as shown in Figure 2.

All 15 cases exhibited venous thrombosis. Two patients presented
thrombosis at arterial cerebral beds as well: one with subarachnoid
hemorrhage and right subclavian vein thrombosis and the other with
cerebral venous sinus thrombosis (CVST), intracranial hemorrhage,
DVT, and PE. Microvascular thrombosis, such as thrombotic micro-
angiopathic anemia, was not observed. Cerebral veins were the
affected thrombotic site in 11 individuals (73.3%), as shown in
Figure 3. In 8 patients, CVST was complicated by secondary intra-
cranial hemorrhage (53.3%). There were 3 cases of abdominal vein
thrombosis (20%), 3 cases of thrombosis in the upper or lower limb
veins (20%), 3 cases of PE (20%), and 5 cases of multiple thrombotic
sites (33.3%). Nine patients (60%) exhibited thrombotic risk factors:
smoking (2), 1 of whom also presented sickle cell disease (1); previous
DVT (2); oral contraceptive medication use (3); and obesity (2).

Treatment information was available for all the patients. Intra-
venous immunoglobulin (IVIG), systemic glucocorticoids, and non-
heparin anticoagulation were used in 6 (40%), 4 (26.7%), and 8 (53.3%)
of the 15 patients, respectively. Six patients underwent a surgical
procedure: decompressive craniectomy (4), emergency limb fas-
ciotomy (1), and inferior vena cava filter implant (1). No patient
received plasma exchange therapy or rituximab. Five patients received
blood transfusions (53.3%): platelets (3), plasma (1), red blood cells (1),

and an unreported blood cell component (1). Information about pre-
vious heparin use was unavailable for 11 patients (73.3%). Two pa-
tients reported previous heparin use, and 2 did not. Despite the
current guidelines, 3 individuals (20%) received heparin as anticoag-
ulant treatment—1 patient died and 2 survived. Overall, 8 patients
died, 6 survived, and 1 had no outcome information. Thus, the overall
mortality risk was 53%. Considering only patients with CVST and
those with CVST complicated by intracranial hemorrhage, the mor-
tality rates were 64% and 88%, respectively.

Considering the number of ChadOx1 vaccine doses administered
in the period in Brazil, the rate of VITT, using the data of our case
series, was 0.39 cases per million doses administered (or 35 cases in
89,773,509 for first and second doses) [12,13]. For booster doses, the
rate of VITT was 0.33 cases per million doses administered (or 13
cases in 39,305,270 for the third or fourth dose).

4 | DISCUSSION

Our study presented VITT data consistent with those reported in the
international literature. VITT is far more common after the first dose
of an adenoviral vector vaccine rather than after subsequent doses
[20]. This case series described individuals who developed VITT after
the third or fourth anti-SARS-CoV-2 vaccine dose but received
adenoviral vaccines for the first time. The rate of VITT after booster
doses was similar to the first- and second-dose VITT rates. The esti-
mated frequency of VITT after the third and fourth ChAdOx1 doses
was 0.33 cases per million.

The median age at diagnosis of the cohort in this study was
comparable to that of the British cohort of 220 individuals (34 and 48
years old, respectively) [15]. The incidence of VITT among persons
aged <50 years in the United Kingdom was 1:50,000, which was
compatible with other reports [15]. The worst-case scenario was
observed in Norway, where the incidence of VITT was considerably
higher in the <55-years age group, with medium and high estimates
ranging from 1 in 60,000 persons to 1 in 20,000 persons [10].

The first case of VITT after COVID-19 booster vaccination was
described in a 34-year-old man with right testicular edema and an

excruciating headache [21] and is included in this case series. Our
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Signs and symptoms suggestive of VITT
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of neurological pain/oedema
consciousness sign
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FIGURE 2 Distribution of signs and symptoms suggestive of vaccine-induced immune thrombosis with thrombocytopenia (VITT) observed

in our cases.

previous study described 39 VITT cases that developed during pri-
mary vaccination (first and second doses) [13]. Similar to our previous
study’s findings, here we noticed that cental nervous system veins
were the most common site of thrombosis. The median number of
days between vaccination and symptom onset was the same, and the
median platelet count and D-dimer values resembled those in the case
series. The median time between symptom onset and hospital
admission was lower among survivors compared to the deceased
group in both case series, which emphasizes the urgency to treat this
disease. We did not observe age and sex differences in mortality in

our previous study, where 10 (41.6%) of 24 women and 10 (66.6%) of
15 men died, and the median ages in the deceased and alive groups
were 37 and 45.5 years, respectively [13]. However, we did notice a
lower platelet count trend in our previous case series (23,000/mm?
and 46,000/mm? for the deceased and alive groups, respectively). This
finding could be related to a higher risk of cerebral bleeding in pa-
tients with cerebral thrombosis. Pavord et al. [15] identified the
baseline platelet count and the presence of intracranial hemorrhage as
being independently associated with death, with 73% mortality among
patients with platelet counts below 30,000/mm® and intracranial

Site of Disease

) .
0
Cerebral venous Abdominal thrombosis

thrombosis

H Alive

FIGURE 3 Sites of disease in the 15 ascertain patients.

Limb thrombosis

Deceased

Pulmory embolism Multiple sites of

thrombosis

Unknown
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hemorrhage. The apparent age, sex, and platelet count differences in
mortality in this work could have occurred by chance due to a small
number of cases. Future meta-analysis should gather information from
local case series and test these hypotheses.

Of note, 2 cases here were classified as unlikely VITT using the
UK Expert Hematology Panel criteria. Despite not fulfilling all 5
diagnostic criteria, these 2 cases were nonetheless suggestive of VITT
due to the presence of other typical findings: the time frame between
vaccination and symptoms in these cases was 2 and 16 days; both
presented limb pain and swelling—one of them also presented with
altered conscious level and dyspnea—and thrombocytopenia
(123,000/mm® and 40,000/mm?3). One patient showed external iliac
vein thrombosis, and the other had intracardiac thrombosis and sus-
pected PE. However, the D-dimer level was not high in these cases
(500 and 690 FEU), and 1 patient presented a negative anti-PF4
ELISA, while it was not available in the other one. Because of the
lack of clinically relevant details, these cases were described in this
work but were excluded from the VITT rate calculation.

By comparing both case series, we found that the median age in
the booster vaccination group was lower than that in the primary
scheme group (34 vs 41 years) [13]. This might be explained by
younger people or healthcare workers who received BNT162b2 and
CoronaVac as the primary scheme (due to availability) and an
adenoviral vaccine as a booster. In the United Kingdom and Australia,
educational programs have been developed to reduce mortality risk
due to VITT, which was reduced to 22% and 5.6%, respectively
[15,22]. Despite all efforts, we identified that 28 of 54 patients died
(51.8% mortality rate), which was more significant than in these
countries. Few of our cases were treated with IVIG, the standard VITT
treatment. This finding is likely attributable to diagnostic and thera-
peutic challenges and IVIG shortage.

At least 5 countries have instituted restrictions on the ChAdOx1
nCoV-19 vaccine based on age [23], and in May 2022, the US Food
and Drug Administration issued restrictions on the administration of
Ad26.COV2.S in the United States [24]. In Brazil, since January 2023,
persons aged 18 to 39 should preferentially receive mRNA-based
COVID-19 vaccines; however, viral vector vaccines can be used in
remote places or places with unavailable mRNA-based vaccines [25].
Before this period, there were no age-related restrictions to adeno-
viral vaccines. Contraindications to adenoviral vector vaccines remain
for pregnant women after the first VITT case report in pregnant
women in 2021 [26]; individuals with severe side effects of previous
doses, such as hypersensitivity to components, anaphylactic reactions,
VITT or capillary-leak syndrome, and individuals aged <18 years [27].
Apart from being aged <50 years and having the first dose of the
adenoviral vaccine, there are no known risk factors for VITT devel-
opment [8]. Genetic predisposition is suggested based on worldwide
incidences and recent anti-PF4 oligoclonality data [28]. Bio-
Manguinhos/Fiocruz is conducting an ongoing study investigating
genetic susceptibility to rare and severe ChadOx1 adverse effects,
including VITT (ClinicalTrials.gov identifier: NCT05630313). The first
Brazilian case report of VITT with genetic analysis was recently
published by our group, describing a patient who developed VITT after

the first dose of ChadOx1 [29]. Which vaccine constituent triggers the
immune response to PF4 and why the most affected thrombosis sites
are cerebral and abdominal in patients with VITT remain as knowledge
gaps. Despite not being so frequently reported as in Europe, Australia,
and the United States, VITT remains relevant in low- and middle-
income countries where adenoviral vector-based vaccines are the
cornerstone of COVID-19 vaccination.

Our study has limitations regarding selection bias, under-
reporting, surveillance failure, challenges in clinical investigation, and
missing important examinations of few suspected cases. The strengths
include a nationwide well-documented report of VITT during the
heterologous booster COVID-19 vaccination campaign. Herein, we
added information about demography and clinical laboratory case

characterization.

5 | CONCLUSIONS

Despite the educational initiative, there are concerns about under-
recognition and appropriate treatment. Our data reinforce that VITT
is linked to the first exposure to an adenoviral vector vaccine. Pol-
icymakers should consider the COVID-19 disease burden and the
vaccine’s side effects, costs, and availability. In Brazil, adenoviral
vaccines were critical during primary vaccination to help control the
spread of COVID-19 and reduce the mortality risk. Nevertheless, we
should consider the changes in COVID-19 epidemiology, the
availability of alternative vaccines, and the potential severity of
VITT in younger patients. Based on our experience, we suggest that,
in the current disease scenario, adenoviral-vectored COVID-19
vaccines should not be administered to individuals aged <50 years
who have never received a previous dose of an adenoviral COVID-
19 vaccine.
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