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EXECUTIVE SUMMARY

On 9th June 2021, the COVAX Maternal Immunization Working Group, co-chaired by Ajoke 
Sobanjo ter-Meulen, MD and Flor Munoz, MD, held a virtual meeting on post-vaccine thrombosis 
thrombocytopenia syndrome (TTS) and the impact on maternal immunization. 

OVERVIEW: SESSION 1
The first session focused on vaccine safety surveillance, 
the safety profiles of adenovirus-vectored vaccines, the 
theory of how TTS/vaccine-induced thrombosis and 
thrombocytopenia (VITT) develops, and an overview 
of thrombosis and thrombocytopenia in pregnancy. 
After an introduction by Dr Sobanjo-ter Meulen, Dr 
Kathryn Edwards, Professor of Pediatrics at Vanderbilt 
University School provided an overview of vaccine 
safety surveillance with a focus on the early experience 
from the US. She provided an overview of the four parts 
of the vaccine safety surveillance system in the US – 
v-safe, the Vaccine Adverse Event Reporting System 
(VAERS), Vaccine Safety Datalink (VSD), and the 
Clinical Immunization Safety Assessment (CISA) project. 
She provided data on the cases of cerebral venous 
sinus thrombosis (CVST) reported in the US after 
receipt of the Janssen vaccine, which were very similar 
in characteristics to those reported after AstraZeneca 
vaccination in Europe. 

Dr David Kaslow, Chief Scientific Officer at PATH, 
then provided an overview of the safety profile of 
adenovirus-vectored vaccines, focusing on hAd5, 
hAd26, and ChAdY25 and platelets and coagulation 
factors associated with thrombosis and/or 
thrombocytopenia. Both adenoviruses and adenovirus 
vectors are associated with hematological effects 
including thrombocytopenia. Adenovirus vectors differ 
in genetic structure, with different deletions used in 
first and next generations vectors. There is extensive 
clinical experience to date with hAd5, hAd26, and 
ChAdOx1as vectors in other vaccines, including 
Ebola, HIV, MERS, RSV, influenza, Zika, malaria, and 
tuberculosis. There appears to be a route and dose-
dependency to thrombocytopenia with the first 

generation adenovectors. Preclinical toxicology data 
from adenovirus type 5 and type 35 and chimpanzee 
type 3 vectored vaccines showed uniform decreases in 
platelet counts, elevated activated partial thromboplastin 
time (aTTT), shortened prothrombin time, and elevated 
fibrinogen which were judged extremely mild and not 
likely to be clinically significant. Unlike mRNA vaccines, 
adenovirus-vectored vaccines need to be transcribed 
in the nucleus. Multiple types of alternative splicing in 
nuclear pre-mRNA have been observed in vitro, and it 
could be that these aberrant spike proteins bind to a 
variety of tissues mediating an inflammatory response.

Professor Andreas Greinacher, Head of Transfusion 
Medicine at Greifswald University of Medicine provided 
an overview of the mechanism of VITT. VITT, like 
autoimmune heparin-induced thrombocytopenia, is 
mediated by platelet-activating anti-platelet factor 
4 (PF4) antibodies. Professor Greinacher and his 
colleagues investigated vaccine, PF4, and VITT patient-
derived anti-PF4 antibody interactions using dynamic 
light scattering, 3D-super-resolution microscopy, and 
electron microscopy. Mass spectrometry was used 
to analyze vaccine composition. They investigated 
the mechanism for early post-vaccine inflammatory 
reactions as potential co-stimulant for anti-PF4 immune 
response, and they evaluated VITT antibodies for 
inducing release of procoagulant DNA-containing 
neutrophil extracellular traps (NETs), and measured 
DNase activity in VITT patient serum. Biophysical 
analyses showed formation of complexes between PF4 
and vaccine constituents, including virus proteins that 
were recognized by VITT antibodies. EDTA, a vaccine 
constituent, increased microvascular leakage in mice 
allowing for circulation of virus- and virus-producing 
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cell culture-derived proteins. Antibodies in normal sera 
cross-reacted with human proteins in the vaccine and 
likely contribute to commonly observed acute ChAdOx1 
nCov-19 post-vaccination inflammatory reactions. 
Polyphosphates and DNA enhanced PF4-dependent 
platelet activation by VITT antibodies. In the presence 
of platelets, PF4 enhanced VITT antibody-driven 
procoagulant NETs formation, while DNase activity was 
reduced in VITT sera, with granulocyte-rich cerebral 
vein thrombosis observed in a VITT patient. They 
concluded that ChAdOx1 nCoV-19 vaccine constituents 
(i) form antigenic complexes with PF4, (ii) EDTA 
increases microvascular permeability, and (iii) vaccine 
components cause acute inflammatory reactions. 
Antigen formation in a proinflammatory milieu offers 
an explanation for anti-PF4 antibody production. High-
titer anti-PF4 antibodies activate platelets and induce 
neutrophil activation and NETs formation, fueling the 
VITT prothrombotic response.

Dr Annemarie Fogerty, Director of Reproductive 
Hematology at Massachusetts General Hospital 
concluded the presentations for the first session with 
a discussion on the mechanisms which can lead to 
thrombosis or thrombocytopenia during pregnancy. 
Thrombocytopenia affects approximately 10% of 

pregnancies and etiologies can be quite varied: these 
can be pregnancy-specific, including gestational 
thrombocytopenia, pre-eclampsia/HELLP, or acute fatty 
liver disease of pregnancy; or pre-existing (e.g., lupus, 
immune thrombocytopenic purpura [ITP], liver disease, 
von Willebrand disease type 2B); or can be newly 
acquired during pregnancy. Normal pregnancies have 
an average decline in platelets of 10–13%. Dr Fogerty 
described the features of gestational thrombocytopenia 
and pre-eclampsia, which are the most common 
causes of thrombocytopenia in pregnancy. 
Thrombosis increases in pregnancy as estrogen 
promotes coagulation by increases in fibrinogen, 
vWF and factors II, VII, VIII, IX, and X, and decreases 
anticoagulant mechanisms leading to an increased 
resistance to activated protein C and decrease in 
protein S. Pregnancy is also a hypercoagulable state 
due to anatomical changes, thus the risk of venous 
thromboembolism is 6–10 fold higher in pregnancy 
compared with age-matched non-pregnant females. 
Heparin-induced thrombocytopenia (HIT) during 
pregnancy is extremely rare, possibly because heparin 
is not commonly used during pregnancy.

A panel discussion then followed focusing on the 
following questions: 

1.	 Can we reach a consensus on the mechanisms involved in post-vaccination TTS?

2.	 Is there an increased risk of TTS in pregnant women or women of child-bearing age? 

The key points from the discussion were: 

•	 Ongoing studies show that high titers of responsive 
anti-PF4 antibodies occurring 5–10 days after 
vaccination are the key factor for VITT or TTS 
development. This doesn’t exclude very rare cases 
where individuals have other antibodies but these will 
be very difficult to find in such small numbers of people.

•	 Thrombotic events are seen with other (non-
adenovirus-vectored) vaccines but they have different 
clinical presentations.

•	 It should be noted that low avidity anti-PF4 antibodies 
are found in about 5–8% of recipients of other 
vaccines, as seen in healthy blood donors. Therefore, 
screening for presence of anti-PF4 antibodies using 
highly sensitive ELISAs will not be beneficial and likely 
not of clinical relevance.

•	 Anti-PF4 response is thought to be extremely rare in 
pregnancy and pregnant women are not at high-risk 

of developing these strong pro-thrombotic antibodies. 
It is not expected that rates of VITT would be higher 
than the general population.

•	 The greatest potential risk to the fetus is placental 
thrombosis from pro-thrombotic anti-phospholipid 
antibodies. However, there has been no reports of this 
to date. 

•	 Data are needed on which host factors might amplify 
the route and dose-dependent effects of adenovirus, 
and what effects there are at the dose level in use 
for COVID-19 vaccines.  While enough evidence 
exists to defensibly speculate that adenovectors 
can initiate and/or induce thrombocytopenia and/
or thrombosis, an absence of data in humans leaves 
open whether there’s an increased risk at the dose 
and by the route of administration for vaccine use 
cases. Therefore, including some obvious additional 
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biomarkers in safety studies in women of childbearing 
age and pregnancy would seem prudent to address 
this evidence gap, and could be applicable beyond 
COVID-19 vaccines.  

•	 Pre-clinical data on adenovirus vectors has shown 
that biodistribution is generally limited to the injection 
site draining lymph nodes, and, for some adenoviruses 
(e.g., adenovirus 5), the liver.

•	 LMICs have limited diagnostic and treatment 
capabilities for VITT, and there is limited information on 
the risk of VITT or TTS in co-infections such as malaria.

•	 There are limited data available on pregnancy-
associated COVID-19 risk in LMICs. Pregnant women 
may also not have access to healthcare providers with 
enough knowledge to advise them about the benefits 
of vaccination versus risk of COVID-19 or TTS risk.

•	 HIT is very rare in pregnancy, but it can’t be assumed 
that pregnant women are protected against VITT. The 
rarity of HIT is influenced by the absence of heparin 
use in pregnancy.

•	 With HIT, there needs to be a triad of features: 
heparin plus activated platelets plus PF4 antibody 
development.

•	 WHO SAGE are currently updating pregnancy 
recommendations and discussing moving pregnant 
women higher up the priority-use group list (Stage 2 
instead of Stage 3), given the increased risk of severe 
COVID-19 disease in pregnant women compared 
to non-pregnant women with similar COVID-19 risk 
factors.

OVERVIEW: SESSION 2 
The second session focused on updates on pregnancy and TTS surveillance in the UK, Brazil, the US, 
the EMA, and India.

Dr Katherine Donegan, Pharmacoepidemiology 
Research and Intelligence Manager at the Medicines 
and Healthcare products Regulatory Agency (MHRA) 
provided an overview of the UK data. Up to 28th May 
2021, 348 cases of TTS have been reported (330 after 
the first dose or unknown, 18 after the second). Of these 
128 were CVST (28% fatal) and 220 were non-CVST 
(11% fatal). Overall incidence rate was 13.6 per 1,000,000 
after the first dose and 2.4 per 1,000,000 after the second 
dose. Incidence rates were higher in people aged 18–49 
years (18.0/1,000,000 first doses) compared with those 
aged 50+ (10.2/1,000,000 first doses). But there was not 
a statistically significant difference in incidence between 
women (19.9/1,000,000) and men (15.8/1,000,000). 
Vaccine surveillance in the UK includes a four-tiered 
approach from the MHRA which includes enhanced 
passive surveillance, targeted active surveillance (yellow 
card vaccine monitor), rapid cycle analysis in the clinical 
practice research datalink database, and epidemiology 
studies, including in pregnancy. No cases of TTS have 
been reported in pregnancy in the UK. One case has 
been reported 5 weeks post-delivery, and 2 cases of DVT 
and pulmonary embolism have been reported, but did 
not meet the case definition for TTS. There have been no 
signals of miscarriages or stillbirths.

Dr Cristiana Toscano, Professor at the Federal 
University of Goiás, Brazil provided an overview of the 
vaccine surveillance system findings in Brazil, including 
a case report of a pregnant woman and her fetus who 
died from TTS following vaccination. By mid-May 2021, 
the incidence of laboratory confirmed COVID-19 in 
pregnant women was 257.9 per 100,000, and mortality 
rates due to COVID-19 were 20.3 per 100,000 pregnant 
women. Evidence from the literature indicates that 
mortality rates among pregnant and postpartum women 
is high among those with COVID-19, particularly in 
regions where maternal mortality rates are already high. 
For this reason, Brazil expanded COVID-19 vaccination 
to all pregnant and postpartum women as of April 26th, 
2021. Up to 6th June 2021, 126,185 doses of COVID-19 
vaccines had been administered to pregnant and 
postpartum women, including 124,890 first doses and 
1,295 second doses, and including Pfizer, AstraZeneca 
or Sinovac vaccines. When evaluating post-vaccination 
adverse events from the national surveillance system, 
a considerably higher rate of events overall, and severe 
events in particular, have been reported in pregnant 
women when compared to rates in the general 
population. On 14th May 2021, COVID-19 vaccination 
was suspended for pregnant women, except those 
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with other high-risk conditions, following the death of 
a 35-year-old pregnant women at 23 weeks gestation 
who presented with TTS. For those who received the 
first dose only and for high-risk pregnant women, the 
second dose should be administered in the post-partum 
period. Brazil has a strong passive vaccine safety 
surveillance system in place. However, sensitivity of the 
surveillance system and the capacity to investigate TTS 
suspected events is likely not homogeneous across the 
whole country. Additional challenges include quality of 
local investigational procedures, particularly in poorer, 
remote areas. An active prospective surveillance system 
including follow-up of pregnant women in pregnancy 
and postpartum period, and their offspring, is being 
implemented in the country in pilot sites. 

Dr Christine Olson, co-lead of the v-safe pregnancy 
registry and Medical Officer at VAERS, the Immunization 
Safety Office (ISO), and the National Center for Emerging 
and Zoonotic Infections at the CDC presented an update 
on the TTS and pregnancy surveillance data in the US. 
She provided an overview of the four vaccine safety 
monitoring systems under the ISO (VAERS, CISA, VSD, 
and v-safe). As of 7th May 2021, 28 confirmed TTS cases 
were reported to VAERS, all after receipt of the Janssen 
vaccine. Of these cases, 22 occurred in females, median 
age was 40 years and median time from vaccination 
to symptom onset was 9 days. Nineteen of the cases 
had CVST. None were pregnant or postpartum (up to 12 
weeks after delivery). To date, there have been no reports 
of TTS in the v-safe pregnancy registry.

Dr Kelly Plueschke, Scientific Administrator at the 
EMA provided an overview of TTS and pregnancy 
surveillance following COVID-19 vaccine receipt in 
European Economic Area (EEA) Member States. In a 
contextualization exercise which aimed at providing 
more specific recommendations to guide vaccination 
programs in Member States, the risk of TTS following 
AstraZeneca COVID-19 vaccine administration was put 
in the context of the benefit of the vaccine for different 

age groups, and the different rates of infection, with 
higher risks of TTS in younger people at low infection 
rates. Following the exercise, most Member States 
restricted the use of AstraZeneca COVID-19 vaccine 
in the younger population, with age cut-offs varying 
across countries. The EMA performs continuous 
characterization of the risk and re-evaluation 
as new evidence arises. This includes routine 
pharmacovigilance activities, monthly summary safety 
reports, and performance of prospective observational 
studies. The EMA is also performing and planning 
observational studies using real-world data, including 
the CONSIGN project and a two-year vaccine safety 
monitoring study assessing long-term effects of the 
vaccines.

Dr Narendra Kumar Arora, Executive Direction of 
the INCLEN Trust International provided an update 
on maternal immunization in India with COVID-19 
vaccines. Given the high case and mortality rates 
experienced during the second COVID-19 wave in India, 
the COVID-19 working group of the National Technical 
Advisory Group on Immunization (NTAGI) and STSC 
now recommends pregnant women should not be 
excluded from vaccination, as exposure probability is 
very high. At the time of the workshop this vaccine 
policy recommendation had not yet been endorsed 
by the government. All lactating women are eligible 
to receive a COVID-19 vaccine any time after delivery, 
and COVID-19 vaccines can be given any time during 
pregnancy. An educational tool comprising information 
on the risk of COVID 19 infection during pregnancy, 
benefits associated with the COVID vaccination and 
rare complications associated with adenovirus-vectored 
vaccines e.g., thrombosis and thrombocytopenia may be 
developed. Studies will also be immediately put in place 
to monitor the safety of adenovirus-vectored COVID-19 
vaccines in pregnant women. 

A second panel discussion then followed. 

The key points raised in the discussion were:

•	 Risk from COVID-19 is currently much higher than risk 
of TTS due to pregnancy and/or vaccination, but this is 
dependent on population infection risk

•	 Most countries do not have capacity to diagnose and 
treat TTS, particularly in LMICs who also experience 

limited supply and vaccine options. Even in high-
income countries (HIC), VITT and TTS are difficult 
to diagnose and very rarely seen by healthcare 
professionals treating pregnant women. Enhanced 
diagnostic and treatment capacity, together with 
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routine training of healthcare professionals to consider 
TTS is important. 

•	 Benefit/risk assessment should be performed within 
individual settings, and guidance should not differ 
between LMICs and HICs based on diagnostic and 
treatment capacities.

•	 A systematic and inter-institutional review of data from 
existing surveillance systems in pregnant women who 
have been vaccinated in countries which predominantly 
use adenovirus-vectored COVID-19 vaccines would 
help drive evidence-based decisions. 

•	 Paradox that countries which are least able to treat 
TTS are likely to primarily receive adenovirus-vectored 
vaccines. Provision of alternative vaccines is preferred, 
where and when an option.

•	 From a regulatory perspective, no increased risk is 
perceived to pregnant versus non-pregnant women 
at present. If this changes, labelling can be updated 
accordingly. It is possible that TTS is occurring on a 
spectrum but only severe cases are reported, in which 
case, more data may provide evidence of this. 

•	 There is no clear increased risk of TTS in pregnancy, 
and there may be a decreased risk. 

•	 Currently no underlying risk factors for VITT have been 
identified, and risk factors for thrombosis (e.g., Factor 

V Leiden) were not associated with VITT. Synergy 
between multiple factors may play a role but no 
published cases had underlying thrombophilia.

•	 The underlying comorbidities (e.g., obesity) associated 
with reported VITT cases are very common, which 
would result in large screening campaigns for very few 
cases (which may be missed as the patient may not 
have the risk factor). Approximately half of all women 
are overweight or obese during pregnancy. Additionally, 
comorbidities such as obesity are already risk factors 
for severe COVID-19 so women at greatest risk of 
severe disease may be excluded.

•	 It is not feasible to screen everyone who presents with 
headaches, as it is an incredibly common symptom. 
However, healthcare providers should be educated to 
not dismiss headaches.

•	 In VITT, the antibodies are so pro-thrombotic and 
super-strongly platelet activating that they are the 
driving force – other pro-thrombotic risk factors are just 
minor players. They may slightly modulate outcome but 
don’t drive immune response or outcome.

•	 Collaboration with reference laboratories would aid in 
sample processing and confirmatory tests, particularly 
in areas where facilities are not available.
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KEY FINDINGS AND NEXT STEPS
Key findings from both sessions and next steps are summarized in the tables below.

Key Findings from the Webinar

•	 Benefit/risk assessment is key: hypothetical COVID-19 risk is higher than vaccine-associated risks in most 
epidemiologic settings with community transmission of SARS-CoV-2

•	 TTS is extremely rare and the phenotypes of people at risk is currently unknown

•	 COVID-19 severity in some countries is high, particularly in pregnancy

•	 No data indicating increased TTS risk in pregnancy. Unlikely that there is a synergy of pro-thrombotic factors 
specific for outcomes post-vaccination in pregnancy

•	 Post vaccination safety data are scarce in pregnant women from LMICs: this needs to be addressed with studies, 
including active surveillance studies

•	 From the TTS/VITT perspective, it is important that early diagnostic algorithms and diagnostic tests be made 
available, which are suitable for LMIC settings, so that if such TTS/VITT cases occur, they will be suspected, 
diagnosed, and treated properly

•	 Pathogenesis studies should take into consideration comorbidities typical of LMIC, such as malaria

•	 Decision-makers may be shifting risk-benefit equation due to risk of being unable to detect or treat TTS, 
particularly in areas where no alternative vaccines are available

Next Steps

•	 Collect further data on the prevalence of COVID-19 cases and pregnancy outcomes, particularly in LMICs

•	 Gather information on which resources are needed to aid in diagnosis and treatment of TTS in countries/regions 
lacking facilities, and whether partnerships with other organizations (e.g., labs) can aid in this

•	 Further examine existing pregnancy surveillance data available in countries where adenovirus-vectored vaccines 
have been administered to pregnant women 

•	 Enhance training of healthcare professionals in risks of COVID-19, benefits of vaccination, consideration of TTS, 
and identification of TTS symptoms

•	 Expand supply of different vaccines to LMICs/COVAX recipients

•	 No regulatory change at this point but may be considered in future if evidence of increased risk in pregnancy

•	 Harmonize pregnancy vaccine policy guidance globally
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MEETING SUMMARY

TIME (PDT) SESSION SPEAKER

7:00 am Workshop Introduction Ajoke Sobanjo-ter Meulen
Flor Munoz

7:05 am  Session 1 Moderator: Flor Munoz

7:05 am Vaccine safety surveillance Kathryn Edwards 

7:15 am Safety profile of adenovirus vectored vaccines David Kaslow 

7:30 am Theory of TTS/VITT mechanism Andreas Greinacher 

7:40 am Thrombosis/thrombocytopenia in pregnancy Annemarie Fogerty 

9:00 am Panel Discussion 1

 Panelists: 
1. Hanna Nohynek 
2. Annemarie Fogarty 
3. David Kaslow 
4. Asma Khalil
5. Arnaud Marchant

Moderator:  Paul Henri Lambert

8:20 am Break (5 min)  

8:25 am  Session 2 Moderator: Ajoke Sobanjo-ter Meulen

8:30 am TTS/pregnancy surveillance update UK Katherine Donegan 

8:40 am TTS/pregnancy surveillance update Brazil Cristiana Toscano 

8:50 am TTS/pregnancy surveillance update US Christine Olson 

9:00 am TTS/pregnancy surveillance update EMA Kelly Plueschke 

9:10 am TTS/pregnancy surveillance update India Narendra Arora 

9:20 am Expert Roundtable

 Panelists:
1. Jeff Roberts 
2. Daniel Brasseur 
3. Cristiana Toscano 
4. Laura Riley
5. Narendra Arora

Moderators:  
Ruth Karron and Mark Turrentine

10:00 am Concluding remarks  Ajoke Sobanjo-ter Meulen
 Flor Munoz
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WELCOME AND INTRODUCTION TO THE WEBINAR 
Dr Ajoke Sobanjo-ter Meulen (co-chair of the COVAX Maternal Immunization Working Group) welcomed everyone to 
the webinar. She outlined the objectives of this expert review workshop:

•	 To characterize the state of the science of 
thrombosis with thrombocytopenia syndrome (TTS) 
following vaccination with adenovirus-vectored 
COVID-19 vaccines, and how TTS might affect 
pregnant women

•	 To provide expert review and information to inform 
evidence-based COVID-19 vaccine policy making for 

pregnant women in low- and middle-income countries 
(LMICs), taking into account the risks of: 

 – TTS following administration of adenovirus-
vectored vaccines in pregnancy

 – COVID-19 infection and disease 

 – Availability of other COVID-19 vaccines

Currently, in many parts of the world, COVID-19 
vaccination is not recommended or no clear position 
statements have been made, which leads to substantial 
uncertainty both for healthcare providers and pregnant 
women themselves. Additionally, availability of vaccines 
and availability of choice are important factors in 
decision-making, as many women in LMICs either do 
not currently have access to vaccination or do not have 
a choice of which vaccine they can receive.

References

1.	 Unicef	COVID-19	vaccine	market	dashboard.	Available	from:		
https://www.unicef.org/supply/covid-19-vaccine-market-dashboard   

https://www.unicef.org/supply/covid-19-vaccine-market-dashboard    
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SESSION 1 
Dr Flor Munoz (co-chair of the COVAX MIWG working group) chaired the first session of the 
workshop which focused on COVID-19 vaccine surveillance, mechanisms of TTS, and data on 
thrombosis in pregnancy. 

VACCINE SAFETY SURVEILLANCE 
Dr Kathryn Edwards, Professor of Pediatrics at 
Vanderbilt University School provided an overview 
of vaccine safety surveillance with a focus on the 
early experience from the US. In early April 2021, 
two publications describing cases of thrombotic 
thrombocytopenia (also termed vaccine-induced 
immune thrombotic thrombocytopenia; VITT) in patients 
in Europe who had received the AstraZeneca vaccine 
were published in New England Journal of Medicine.1,2 
The cases occurred in otherwise healthy individuals 
approximately 6–10 days after receipt of the vaccine and 
many cases were associated with platelet-activating 
antibodies directed against platelet factor 4 (PF4). 
One week later, a similar case of central venous sinus 
thrombosis (CVST) and thrombocytopenia was reported 
in the US following the Janssen vaccine.3 

In the US, the vaccine safety system includes v-safe, 
the Vaccine Adverse Event Reporting System (VAERS), 

Vaccine Safety Datalink (VSD), and the Clinical 
Immunization Safety Assessment (CISA) project. A new 
element of safety surveillance introduced during the 
COVID-19 pandemic was a phone app linked to the v-safe 
system (https://www.cdc.gov/coronavirus/2019-ncov/
vaccines/safety/vsafe.html. The system provides text 
messages from the CDC every day for the first week after 
vaccination, weekly for 6 weeks, and then at 3, 6, and 12 
months asking participants to complete a web survey. 
Any clinically important events are followed-up via a call 
center, and recipients who check that they are pregnant 
can also choose to enroll in the v-safe pregnancy registry. 
An analysis of ~4000 women enrolled in the v-safe 
pregnancy registry in April 2021 who received mRNA 
vaccines showed that rates of systemic reactions were 
similar to non-pregnant women, although rates of pain 
were slightly higher and rates of other systemic reactions 
were slightly lower.4 Pregnancy loss and neonatal 
outcomes were similar to published figures.
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VAERS (https://vaers.hhs.gov/) is a system for reporting 
adverse events which has the benefits of being able to 
rapidly detect safety signals and rare adverse events, 
but with the caveat of not being designed to assess 
causality. VAERS accepts all reports from everyone 
regardless of the plausibility of the vaccine causing the 
event or the clinical seriousness.

VSD (https://www.cdc.gov/vaccinesafety/ensuringsafety/
monitoring/vsd/index.html) includes a large linked health 
maintenance organization (HMO) with nine participating 
healthcare organizations with data on ~12 million 
persons per year. Immunization records are linked to 
other medical data such as hospitalizations, outpatient 
visits, demographics etc. Preliminary results of the VSD 
sequential vaccinated concurrent comparator analysis 
did not identify any safety signals as of Feb 2021 but only 
included mRNA vaccines. 

CISA is a 24/7 on-call system where physicians can call in 
and seek advice about an adverse event (https://www.cdc.
gov/vaccinesafety/ensuringsafety/monitoring/cisa/index.html). 

By mid-April, there were six reports of CVST with 
thrombocytopenia out of 6.86 million doses of the 
Janssen vaccine administered, which is a reporting 
rate of around 0.87 cases per million. No cases were 
reported after receipt of the Pfizer vaccine (97.9 million 
doses administered) and three cases were seen after 
the Moderna vaccine (84.7 million doses administered) 
but all of the cases had normal platelet counts. Of the 
Janssen cases, characteristics were very similar to 
those reported in Europe after the AstraZeneca vaccine. 
Median age was 33, all were white females, none were 
pregnant, and many had pre-existing conditions. Twelve 
additional cases have since been identified, with similar 
characteristics.5 In April, a warning was issued and 
the vaccine was temporarily put on hold. On April 23, 
the ACIP concluded that the benefits of resuming the 

Janssen COVID-19 vaccine outweighed the risk but a 
warning for rare clotting events among women aged 
18–49 years was recommended to be included.6 The 
European Medicines Agency (EMA) issued similar 
warnings for the AstraZeneca COVID-19 vaccines.7 
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SAFETY PROFILE OF ADENOVIRUS-VECTORED VACCINES
Dr David Kaslow, Chief Scientific Officer at PATH, then 
provided an overview of the safety profile of adenovirus-
vectored vaccines, focusing on hAd5, hAd26, and 
ChAdY25 and platelets and coagulation factors associated 
with thrombosis and/or thrombocytopenia. He began 
by discussing the phylogenetic relationships between 
the adenovirus vector backbones, which are important 

because there may be differences in tropism, pre-existing 
adenovirus immunity, or immune responses directed at the 
vector which contribute to the safety profile.1-4 Adenovirus 
vectors differ in genetic structure, with different deletions 
used in first and next generations vectors. For E4, some 
elements have been added back in to the non-Ad5 
vectors so that they are replication competent in the 
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production cell line. There is extensive clinical experience 
to date with hAd5, hAd26, and ChAdOx1as vectors 

in other vaccines, including Ebola, HIV, MERS, RSV, 
influenza, Zika, malaria, and tuberculosis.5-7

Wildtype adenovirus are known to bind platelets, 
presumably through the coxsackie adenovirus receptor 
(CAR) but also through other receptors including 
sialic acid-bearing glycans.8-10 Binding is associated 
with activation, thrombosis, and thrombocytopenia. 
As platelets are a-nucleated, it should be noted that 
the effects seen are due to adenovirus binding with 
platelets, rather than any replication. When adenovirus 
vectors are considered, there does appear to be a route 
and dose-dependency to thrombocytopenia with the 
first generation adenovectors. Preclinical toxicology 
data showed uniform decreases in platelet counts 
which was judged extremely mild and not likely to be 
clinically significant.11-12 In non-COVID-19 adenovirus-
vectored vaccine trials, thrombocytopenia reported was 
infrequent, transient, and mostly mild without clinical 
consequences, although not all data may be available in 
the published literature.

As with thrombocytopenia, adenovirus vectors have also 
shown a route and dose-dependent association with 
coagulation and coagulopathies. Preclinical toxicology 
showed elevated activated partial thromboplastin time 
(aTTT), shortened prothrombin time, and elevated 

fibrinogen.11 These were also considered not clinically 
significant, and potentially associated with a transient 
rise in anti-phospholipid antibodies. For ChAd3, elevated 
fibrinogen levels were correlated with increased 
neutrophil counts and thought to be associated with 
the inflammatory reaction following vaccination.12 The 
only reports of coagulopathies from non-COVID-19 
adenovirus-vectored vaccines are from Ad5 and other C 
type adenovirus, with no reports from Ad26 or ChAdOx1.

An additional consideration is that unlike mRNA vaccines, 
adenovirus-vectored vaccines need to be transcribed 
in the nucleus. Multiple types of alternative splicing in 
nuclear pre-mRNA have been observed in vitro,13 and 
it could be that these aberrant spike proteins bind to a 
variety of tissues mediating an inflammatory response. 
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THEORY OF VITT MECHANISMS
Professor Andreas Greinacher, Head of Transfusion 
Medicine at Greifswald University of Medicine provided 
an overview of the mechanism of VITT. He began with 
a description of the patterns of VITT observed to date 
with adenovirus-vectored COVID-19 vaccines, with 
thrombocytopenia and thrombosis appearing 4–20 days 
after vaccination, with strongly positive PF4/heparin IgG 
ELISA findings and confirmatory Fc-~ receptor-mediated 
platelet activation in the presence of PF4. In previous 
research, the magnitude of the immune response to PF4 
strongly depends on a co-inflammatory signals, with B 
cells producing anti-PF4/heparin antibodies requiring a 
co-signal (the “danger signal”, which may have important 
consequences for VITT.1  

Research data indicates that VITT pathogenesis is 
structured into two parts; the first occurs within 1–2 

days after vaccination and includes antigen formation 
and the pro-inflammatory danger signal, and the second 
occurs 5–14 days after vaccination, where high titers 
of antibodies are present, resulting in a prothrombotic 
state and thrombosis.2 Dynamic light scattering (DLS) 
measuring particle size showed ChAdOx1 particles 
are about 90nm in size, which is approximately the 
same size as the adenovirus. Size increased when PF4 
was added and then again when monoclonal anti-
PF4 antibodies or anti-PF4 antibodies purified from 
VITT patient serum were added. Large increases of 
the complexes were observed when DNA was added. 
These increases were charge-related. Super-resolution 
microscopy staining showed binding of PF4 to particles 
containing adenovirus hexon proteins. Electron 
microscopy also confirmed these findings. 
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Figure 1. Interaction	of	PF4	with	the	vaccine.	A)	Hydrodynamic	diameter	of	ChAdOx1	nCoV-19	vaccine	(1:10	dilution	in	0.9%	NaCl,	0.4	mg/mL	
saccharose)	was	increased	by	the	addition	of	PF4	(10	µg/mL).	Addition	of	an	anti-PF4	monoclonal	antibody	(Clone	RTO)	or	affinity-purified	anti-PF4	
IgG	from	VITT	patient	sera	further	increased	hydrodynamic	diameters	of	vaccine	components.	The	largest	complexes	were	formed	in	the	presence	of	
DNA.	Addition	of	heparin	(100	IU/mL)	dissociated	formed	complexes.	Each	data	point	represents	12	runs	of	n≥3	individual	measurements.	Statistical	
assessment	by	ordinary	one-way	ANOVA	with	Sidak’s	multiple	comparisons	test.	**P	<	0.01,	***P	<	0.001,	****P	<	0.0001.	B)	3D-super-resolution	microscopy	
shows	binding	of	PF4	(green)	to	clusters	of	proteins	of	the	ChAdOx1	virus	(purple;	upper	left).	Particle-/PF4	interaction	was	analyzed	in	8005	aggregates	
of	4	individual	images;	80.6%	of	particles	stained	positive	for	PF4.	Upper	right,	adenoviral	protein	positive	particles	(purple)	bound	to	platelets	(green).	
Mean	viral	density	of	1.7	stained	particles	per	platelet.	Platelets	were	incubated	with	10	µg/mL	PF4	or	1:10	diluted	ChAdOx1	nCoV-19	vaccine.	Scale:	1	
µm.	(Further	details	are	given	in	supplementary	material)	C)	-E)	Electron	micrograph	of	aggregates	in	the	vaccine	after	addition	of	PF4	(Further	details	
are	given	in	supplementary	material).	C)	vaccine	without	added	PF4	shows	no	major	aggregates	but	many	amorphous	small	structures;	D)	aggregates	
(arrowhead)	formed	in	the	vaccine	after	addition	of	PF4.	The	adenovirus	capsid	protein	is	labelled.	E)	aggregates	(arrowhead)	formed	in	the	vaccine	after	
addition	of	PF4.	Now	the	biotinylated	PF4	is	labelled	with	10	nm	gold	particles	(arrow):,	Bars:	100	nm

Dr Greinacher and colleagues also measured the impact 
of EDTA in the vaccine. In mice, injection of EDTA leads 
to leakage of the micro-vasculature. Thirty minutes after 
vaccination of the vaccine in mice, they found infiltration 
of the vaccine into many body tissues, which may 
potentially explain some of the inflammatory symptoms 
which have been seen in vaccine recipients resembling 
serum sickness disease. 

The second stage, the prothrombotic stage, occurs 
around one week after vaccination. In VITT patients, 
autoantibodies to PF4 activate platelets. Activated 
platelets recruit granulocytes and induce DNA released 
from granulocytes. The DNA from granulocytes binds 
PF4, which allows further binding of anti-PF4 antibodies 
and formation of immune complexes. These immune 
complexes then activate platelets, granulocytes and 
presumably also monocytes causing massive thromboin 
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generation. VITT patients also show increased levels of 
cell free DNA and myeloperoxidase (MPO) compared 
with controls (ex vivo signal for intravascular activation 
of granulocytes). Staining of cerebral veins from 
affected patients show high levels of released DNA from 
granulocytes, indicating that the findings from the in 
vitro experiments are reflected in pathological findings. 

Proteomics showed that the vaccines contained 
approximately 50% of proteins derived from the 
human embryonic kidney (HEK) cell lines. In the 
veterinary field, there is at least one example of 
severe thrombocytopenia derived from feto-maternal 
incompatibility induced by alloantibodies created by 
polymorphic proteins associated with vaccination.3 
Proteins in humans are polymorphic and it should be 
investigated whether an immune response to the HEK 
cell proteins is induced in vaccinated individuals. Such 
a theoretically possible (but up to now not shown) 
immune response to these proteins may potentially play 
a role in future feto-maternal incompatibility.

Professor Greinacher concluded that human and 
free virus proteins together with EDTA in the vaccine 

likely contribute to triggering the immune response 
to PF4. Anti-PF4 autoantibodies, which are formed 
approximately one week after vaccination, activate 
platelets, which in turn recruit granulocytes. These 
release DNA which acts as a co-factor for antibodies 
to bind and form immune complexes, resulting in a 
thrombin burst. This induces thrombosis.

References 

1.	 Lubenow	N,	Hinz	P,	Thomaschewski	S,	Lietz	T,	Vogler	M,	Ladwig	A,	
Jünger	M,	Nauck	M,	Schellong	S,	Wander	K,	Engel	G,	Ekkernkamp	
A,	Greinacher	A.	The	severity	of	trauma	determines	the	immune	
response	to	PF4/heparin	and	the	frequency	of	heparin-induced	
thrombocytopenia.	Blood.	2010	Mar	4;115(9):1797-803.	

2.	 Greinacher	A,	Selleng	K,	Wesche	K,	Handtke	S,	Palankar	R,	Aurich	
K,	Lalk	M,	Methling	K,	Voelker	U,	Hentschker	C,	Michalik	S,	Steil	
L,	Schoenborn	L,	Beer	M,	Franzke	K,	Rangaswamy	C,	Mailer	RK,	
Thiele	T,	Kochanek	S,	Krutzke	L,	Siegerist	F,	Endlich	N,	Warkentin	TE,	
Renne	T.	Towards	Understanting	ChAdOx1	nCov-19	Vaccine-Induced	
Immune	Thrombotic	Thrombocytopenia	(VITT).	2021.	Research 
Square preprint doi:	10.21203/rs.3.rs-440461/v1

3.	 Bastian	M,	Holsteg	M,	Hanke-Robinson	H,	Duchow	K,	Cussler	
K.	Bovine	Neonatal	Pancytopenia:	is	this	alloimmune	syndrome	
caused	by	vaccine-induced	alloreactive	antibodies?	Vaccine.	2011	Jul	
18;29(32):5267-75.

THROMBOSIS AND THROMBOCYTOPENIA IN PREGNANCY
Dr Annemarie Fogerty, Director of Reproductive 
Hematology at Massachusetts General Hospital 
concluded the presentations for the first session 
with a discussion on the mechanisms which can 
lead to thrombosis or thrombocytopenia during 
pregnancy. Thrombocytopenia is defined as platelet 
count <150,000. It affects approximately 10% of 
pregnancies and etiologies can be quite varied: these 
can be pregnancy-specific, including gestational 
thrombocytopenia, pre-eclampsia/HELLP, or acute 
fatty liver disease of pregnancy; or pre-existing (e.g., 
lupus, immune thrombocytopenic purpura [ITP], liver 
disease, von Willebrand disease type 2B); or can be 
newly acquired during pregnancy (e.g., ITP, thrombotic 
microangiopathies, various infections, antiphospholipid 
antibody syndrome, aplasia etc). Most cases of 
thrombocytopenia in pregnancy are benign gestational 
(GT) (70%) or pre-eclampsia (21%). 

Normal pregnancies have average decline in platelets of 
10–13%.1,2 Features that contribute to thrombocytopenia 

development in normal pregnancies include a 
minor increase in thrombopoietin by the liver during 
pregnancy,3 a decline in ADAMTS13 activity from  
Week 6 through to delivery,4 increased von Willebrand 
factor (vWF) production and prolongation of half-
life,5 and increasing mean platelet volume (MPV) as 
pregnancy progresses, likely reflecting progressive 
increase in platelet turnover.6 Benign GT generally 
occurs in late gestation (mid-second to third trimester), 
with platelet counts >70,000 to 80,000, and 10% of 
cases experiencing platelets <100,000.7,8 Features of GT 
are: no increased risk of newborn thrombocytopenia, 
no treatment requirements, epidural anesthesia is 
not contraindicated, and rapid return to normal levels 
after delivery. GT recurs in future pregnancies and 
an exaggerated increase in MPV occurs compared 
with normal pregnancies.6 Pre-eclampsia accounts 
for approximately 20–25% of thrombocytopenia cases 
in pregnancy, and is defined as hypertension and 
proteinuria occurring after 20 weeks, with clinical 
presentation of headaches, rapid weight gain, and limb 
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edema. It is responsible for about a third of pregnancy 
related deaths, with around 40% of these deaths being 
attributed to cerebrovascular events. It is thought to 
originate at the beginning of pregnancy with failure of 
embryonic trophoblasts to adequately invade the uterus 
and spiral arteries, leading to placental ischemia from a 
number of factors. 

While immune thrombocytopenic purpura (ITP) 
only accounts for 3% of cases of thrombocytopenia 
in pregnancy, it is the most common cause in the 
first/early second trimesters. This is also most the 
likely pathophysiology to be impacted by COVID-19 
vaccination. ITP is generally diagnosed by exclusion of 
other diagnoses. It can result in fetal thrombocytopenia 
where autoantibodies readily cross the placenta. Fetal 
thrombocytopenia is reported in 8.7–14.7% of cases, with 
fetal intracranial hemorrhage rates of 1.5%.9  There has 

been no evidence to date of vaccinations causing ITP in 
adults.10 Data from VAERS showed similar rates of ITP 
in Pfizer and Moderna COVID-19 vaccine recipients as 
background population rates.11 In patients with existing 
ITP, 14% experienced symptoms and platelet reductions 
after receipt of a COVID-19 vaccine.12 

Thrombosis increases in pregnancy as estrogen 
promotes coagulation by increases in fibrinogen, 
vWF and factors II, VII, VIII, IX, and X, and decreases 
anticoagulant mechanisms leading to an increased 
resistance to activated protein C and decrease in protein 
S. Additionally, fibrinolysis is inhibited by increased 
levels and activity of fibrinolytic inhibitors. Dr Fogerty 
explained the pathways involved, with tissue factor 
leading to production of thrombin, which is then rapidly 
amplified in a thrombin burst:
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Thrombin also binds to thrombomodulin which activates 
protein C and turns off factors VIII and V in the presence 
of protein S. In pregnancy, there is a 40–60% decrease 
in protein S activity both due to an estrogen-induced 
decrease in production and increase in C4b binding 
protein which binds protein S. 

Pregnancy is also a hypercoagulable state due to 
anatomical changes including decreased rate of venous 
return from the legs due to hormonal changes that 
decrease venous tone in the legs, venous obstruction by 
the gravid uterus, and endothelial damage to pelvic veins 
at the time of delivery due to venous hypertension. Thus 
the risk of venous thromboembolism (VTE) in pregnancy 
is increased 6–10 fold compared with age-matched 
non-pregnant females.13 The estimated incidence is 
0.76–1.72 per 1000 pregnancies. Death from pulmonary 
embolism is about 1.1–1.5 per 100,000 deliveries in the 
US and Europe, and two-thirds of deep vein thrombosis 
occur antepartum, and are evenly distributed across 
trimesters. Around half the pulmonary embolism cases 
occur postpartum, and 50% of women with pregnancy-
associated thrombosis will be diagnoses with primary 
thrombophilia. Heparin-induced thrombocytopenia (HIT) 
during pregnancy is extremely rare, possibly because 
heparin is not commonly used during pregnancy. VITT is 
quite rare but most common in women of reproductive 
age, and autoimmune flares have been observed 
in COVID-19 vaccines, which should be taken into 
consideration when vaccinating pregnant women.
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PANEL DISCUSSION
A panel discussion moderated by Dr Paul-Henri Lambert 
(Professor at University of Geneva) then followed. 
Panelists were Dr Hanna Nohynek (Chief Physician 
at the Finnish Institute for Health and Welfare), 
Dr Annemarie Fogarty (Director of Reproductive 
Hematology at Massachusetts General Hospital), Dr 
David Kaslow (Chief Scientific Officer at PATH), Dr 

Asma Khalil (Professor of Obstetrics and Maternal Fetal 
Medicine at St George’s Hospital, University of London), 
and Dr Arnaud Marchant (Director of the Institute for 
Medical Immunology, Université Libre de Bruxelles).

The panel discussion focused on the following 
questions:

1.	 Can we reach a consensus on the mechanisms involved in post-vaccination TTS?

2.	 Is there an increased risk of TTS in pregnant women or women of child-bearing age?

The key points from the discussion were:

•	 SOngoing studies show that high titers of responsive 
anti-PF4 antibodies occurring 5–10 days after 
vaccination are the key factor for VITT or TTS 
development. This doesn’t exclude very rare cases 
where individuals have other antibodies but these will 
be very difficult to find in such small numbers of people.

•	 Thrombotic events are seen with other (non-
adenovirus-vectored) vaccines but they have different 
clinical presentations.

•	 It should be noted that low avidity anti-PF4 antibodies 
are found in about 5–8% of recipients of other vaccines, 
as seen in healthy blood donors. Therefore, screening 
for presence of antibodies using highly sensitive 
ELISAs will not be beneficial and likely not of clinical 
relevance.

•	 Anti-PF4 response thought to be extremely rare in 
pregnancy and pregnant women are not at high-risk of 
developing these strong pro-thrombotic antibodies. It 
is not expected that rates of VITT would be higher than 
the general population.

•	 The greatest potential risk to the fetus is placental 
thrombosis from pro-thrombotic anti-phospholipid 
antibodies. However, there has been no reports of this 
to date. 

•	 Data are needed on which host factors might amplify 
the route and dose-dependent effects of adenovirus, 
and what effects there are at the dose level in use for 
COVID-19 vaccines.  While enough evidence exists 
to defensibly speculate that adenovectors can initiate 
and/or induce thrombocytopenia and/or thrombosis, 
an absence of data in humans leaves open whether 
there’s an increased risk at the dose and by the route 
of administration for vaccine use cases. Therefore, 
including some obvious additional biomarkers in safety 

studies in women of childbearing age and pregnancy 
would seem prudent to address this evidence gap, and 
could be applicable beyond COVID-19 vaccines.  

•	 Pre-clinical data on adenovirus vectors has shown that 
biodistribution is generally limited to the injection site 
draining lymph nodes, and, for some adenoviruses (e.g., 
adenovirus 5), the liver.

•	 LMICs have limited diagnostic and treatment 
capabilities for VITT, and there is limited information on 
the risk of VITT or TTS in co-infections such as malaria.

•	 There are limited data available on pregnancy-
associated COVID-19 risk in LMICs. Pregnant women 
may also not have access to healthcare providers with 
enough knowledge to advise them about the benefits 
of vaccination versus risk of COVID-19 or TTS risk.

•	 HIT is very rare in pregnancy, but it can’t be assumed 
that pregnant women are protected against VITT. The 
rarity of HIT is influenced by the absence of heparin 
use in pregnancy.

•	 With HIT, there needs to be a triad of features: heparin 
plus activated platelets plus PF4 antibody development.

•	 WHO SAGE are currently updating pregnancy 
recommendations and discussing moving pregnant 
women higher up the priority-use group list (Stage 2 
instead of Stage 3), given the increased risk of severe 
COVID-19 disease in pregnant women compared 
to non-pregnant women with similar COVID-19 risk 
factors.

•	 Antiphospholipid antibody syndrome also involves 
antibodies, platelet activation, and T-cell responses. The 
experience of diagnosing and treating this condition in 
pregnancy may be helpful for TTS and VITT.
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SESSION 2
The second part of the meeting focused on updates on pregnancy and TTS surveillance in the UK, 
Brazil, the US, the EMA, and India.

TTS/PREGNANCY SURVEILLANCE UPDATE: UK
Dr Katherine Donegan, Pharmacoepidemiology 
Research and Intelligence Manager at the Medicines 
and Healthcare products Regulatory Agency (MHRA) 
provided an overview UK data.

The UK was the first country to start deployment of the 
AstraZeneca vaccine on 30th December 2020. Up to 
28th May 2021, 24.3 million first doses and 13.4 million 
second doses of the AstraZeneca vaccine have been 
administered, mostly to older people. So far, 13.1 million 
first doses and 1.4 million second doses have been 
administered to individuals under 40 years of age. In the 
UK, roll-out was prioritized based on age, exposure risk, 
and risk of severe disease (based on medical history). 
Pregnant women at risk of severe COVID-19 were 
eligible but not prioritized separately. From May 2021, 
alternative vaccines (mRNA vaccines) are now being 
offered to people under 40s years of age, including 
pregnant women within that age group.

Up to 28th May 2021, 348 cases of TTS have been 
reported (330 after the first dose or unknown, 18 after 
the second). Of these 128 were CVST (28% fatal) and 
220 were non-CVST (11% fatal). Overall incidence rate 
was 13.6 per 1,000,000 after the first dose and 2.4 per 
1,000,000 after the second dose.1 Incidence rates were 
higher in people aged 18–49 years (18.0/1,000,000 first 
doses) compared with those aged 50+ (10.2/1,000,000 
first doses).1 But there was not a statistically 
significant difference in incidence between women 
(19.9/1,000,000) and men (15.8/1,000,000). Within this, 
CVST rates were higher in women than in men, but not 
for overall TTS. No cases of TTS have been reported 
after the second dose in people under 50 years of age, 
and those reported in older people show a different 
phenotype to the TTS cases reported post-first dose 
and often just report low platelet counts.
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At high exposure risk levels, the potential population 
and individual level benefits in terms of reduced ICU 
admissions outweigh blood clot risks across age groups. 

Vaccine surveillance in the UK includes a four-tiered 
approach from the MHRA which includes: 

•	 Enhanced passive surveillance: spontaneous 
reporting of cases from patients or healthcare 
providers) 

•	 Targeted active surveillance: yellow card vaccine 
monitor which actively targets pregnant women and 
follows up for additional data. Currently 935 women 
have registered, of whom 319 (34%) have reported an 
adverse drug reaction (ADR)

•	 Rapid cycle analysis in the clinical practice research 
datalink database

•	 Epidemiology studies, including in pregnancy

Public Health England are also leading the Vaccination 
in Pregnancy study which contains reports of 
inadvertent exposures in pregnancy. These data are 
being linked with those reported to UK obstetrics 
and teratology programs and are likely to give the 
earliest indications for findings in pregnant women. 

Additionally, collaborative epidemiological studies 
are being performed including mandatory pregnancy 
data collected at point of care and pregnancy specific 
adverse events of special interest (AESIs). 

She concluded the talk with data from the yellow card 
reporting system in pregnant women. Up to 12th May 
2021, there were 278 exposures from women who had 
received the AstraZeneca vaccine during pregnancy 
reported to the yellow card system, and a provisional 
estimate of ~4000 women receiving any COVID-19 
vaccine nationwide. No cases of TTS have been 
reported in pregnancy in the UK. One case has been 
reported 5 weeks post-delivery, and 2 cases of DVT and 
pulmonary embolism have been reported, but did not 
meet the case definition for TTS. There have been no 
signals of miscarriages or stillbirths.

Reference

1.	 Medicines	&	Healthcare	products	Regulatory	Agency	(MHRA).	
Coronavirus	vaccine	–	weekly	summary	of	Yellow	card	reporting.	
Available	from:	https://www.gov.uk/government/publications/
coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-
vaccine-summary-of-yellow-card-reporting.

 
TTS/PREGNANCY SURVEILLANCE UPDATE: BRAZIL
Dr Cristiana Toscano, Professor at the Federal 
University of Goiás, Brazil provided an overview of the 
vaccine surveillance system findings in Brazil, including 
a case report of a pregnant woman who died from TTS 
following vaccination. Data presented were provided by 
Ministry of Health/National Imunization Program, Pan-
American Health Organization/country office in Brazil, 
and Biomanguinho/Fiocruz, in Brazil.

COVID-19 vaccination began in mid-January with 
AstraZeneca and Sinovac vaccines. By the end of 
April, vaccination was extended to all pregnant and 
post-partum women due to the high risk and high 
levels of morbidity and mortality observed in Brazil. 
In Brazil, there are an estimated 2,488,052 pregnant 
women. By mid-May 2021, the incidence of laboratory 

confirmed COVID-19 in pregnant women was 257.9 per 
100,000, and mortality rates due to COVID-19 were 20.3 
per 100,000 pregnant women. Mortality rates among 
pregnant and post-partum women is high among 
those with COVID-19, particularly in regions where 
maternal mortality rates are already high. Up to 6th June 
2021, 126,185 doses of COVID-19 vaccines had been 
administered to pregnant women in Brazil, 99% of which 
were first doses. Of the vaccines administered by then, 
58% were Pfizer, 31% AstraZeneca, and 11% Sinovac.1 
Within Brazilian states, there is wide variation in the 
number of doses and the type of vaccine administered.

In pregnant women, a considerably higher rate of events 
and severe events have been reported compared with 
the general population:  

https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting
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Source: figure	provided	by	PAHO,	data	from	the	Brazilian	vaccine	safety	surveillance	system

These data are events reported, and are not necessarily 
related to the vaccine. In data up to June 7th assessing 
severe events by vaccine, 7 abortions, 4 premature 
labors, 3 fetal deaths, and 1 TTS death were reported 
in pregnant women receiving the AstraZeneca vaccine. 
Thirteen abortions and 1 premature labor were reported 
in Sinovac vaccine recipients, and 1 abortion and 1 fetal 
death in Pfizer vaccine recipients. On 14th May 2021, 
COVID-19 vaccination was suspended for pregnant 
women, except those with other high risk conditions, 
following the death of one women from TTS. Women 
who had received the first dose also had to wait until the 
postpartum period to receive the second dose.

Dr Toscano then provided case details of the 35-year-
old pregnant woman at the 23rd week of gestation who 
had died from TTS following receipt of the AstraZeneca 
vaccine. Based on the algorithm used in Brazil for 
identification and diagnosis of TTS event, this was 
defined as a Level 2 “Probable” TTS event. Despite risk-
benefit analysis showing that the risk of TTS after receipt 
of the AstraZeneca vaccine is very rare, while the risk 
of deaths due to COVID-19 in pregnant women in Brazil 
were ~20/100,000 and hospitalizations ~200/100,000, 
clearly demonstrating that the benefits of the vaccine 
outweigh the potential risks, vaccination of pregnant 

women was suspended as it was unclear whether 
pregnant women were at a higher risk of TTS than the 
general population. 

She concluded by reiterating that Brazil has a strong 
passive vaccine safety surveillance system in place. 
However, sensitivity of the surveillance system and the 
capacity to investigate TTS suspected events is likely 
not homogeneous in the whole country. Additional 
challenges include quality of local investigational 
procedures, particularly in poorer, remote areas. An 
active prospective surveillance system including follow-
up of pregnant women in pregnancy and postpartum 
period, and their offspring, is being implemented in 
the country in pilot sites. The Pan American Health 
Organization (PAHO) and the Ministry of Health will 
be implementing an active surveillance system based 
on regional protocol for monitoring, evaluation, and 
classification of adverse events in pregnant women and 
newborns during the first six months of life. 

References
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TTS/PREGNANCY SURVEILLANCE UPDATE: US
Dr Christine Olson, co-lead of the v-safe pregnancy 
registry and Medical Officer at VAERS, the Immunization 
Safety Office (ISO), and the National Center for 
Emerging and Zoonotic Infections at the CDC presented 
an update on the TTS and pregnancy surveillance data 
in the US. She provided an overview of the four vaccine 
safety monitoring systems under the ISO (VAERS, CISA, 
VSD, and v-safe). VAERS was implemented in 1990 
and received spontaneous reports of adverse events 
following vaccination, and the data are monitored in 
real-time to detect new unusual or rare vaccine adverse 
events, and increases in known adverse events. Among 
the demographics and characteristics collected in 
the report form is pregnancy status. Strengths of the 
system include the broad, national scope, the ability to 
rapidly detect and evaluate adverse events, including 
rare events, and enabling focused investigative efforts 
based on findings. Limitations include under or over-
reporting, biased reporting, inconsistency in quality 
of completeness of reports, lack of a denominator, no 
causality assessments, and no data on the number 
of vaccines administered, therefore it is not possible 
to calculate incidence or prevalence estimates. 
Publicity around events can lead to over-reporting 
(e.g., spontaneous abortions in the A/H1N1 pandemic 
in 2009). Signs and symptoms of adverse events are 
coded by preferred terms, which allows for systematic 
review of submitted individual reports. 

CISA was established in 2001 to address unmet vaccine 
safety clinical research needs. It is a national network of 
vaccine safety experts from the ISO, 7 research centers, 
and other partners which provides a comprehensive 
vaccine safety and public health service. The group 
is important in reviewing individual cases of reported 
adverse events, and works closely with VAERS.

VSD is a collaborative project between the ISO and 
nine healthcare organizations. It monitors the safety 

of vaccines and conducts studies on rare and serious 
adverse events following vaccination by using electronic 
health data from each participating site, including data 
on vaccines received and medical illnesses diagnosed 
during clinician or hospital visits. VSD data covers 
approximately 3% of the US population, including 
approximately 125,000 pregnant women per year, and 
has a validated pregnancy algorithm for monitoring 
pregnancy dates and outcomes.

The final surveillance system, v-safe, was specifically 
designed for the COVID-19 vaccination program. 
People who enroll with v-safe receive text reminders 
to complete surveys post-vaccination, including details 
of local and systemic reactions, impacts on daily life 
(e.g., absenteeism), pregnancy status, and medical 
care. People who report requiring medical care are 
encouraged to complete a VAERS report. The v-safe 
pregnancy registry collects additional information 
from patients who report being pregnant at the time of 
vaccination or become pregnant post-vaccination (30 
days before last menstrual period [LMP] through to 14 
days after LMP). People who enroll in the registry are 
contacted several times by phone to answer questions 
about their pregnancy and medical history, through to 
three months post-partum. Data are analyzed weekly 
and compared with published background rates and 
estimates seen in other safety monitoring systems.

When TTS was recognized, the CDC embarked upon 
additional case finding to characterize and understand 
TTS as rapidly as possible. Steps included directly 
contacting healthcare providers about potential TTS 
cases, screening of incoming VAERS reports to identify 
possible cases, assessment of medical records for all 
potential TTS cases, and review of cases reports by 
CDC, FDA, and CISA experts. CDC has a working case 
definition of TTS following COVID-19 vaccination:
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As of 7th May 2021, 28 confirmed TTS cases were 
reported to VAERS, all after receipt of the Janssen 
vaccine (https://covid.cdc.gov/covid-data-tracker). 
Of these cases, the majority occurred in females 
(n=22), median age was 40 years and median time 
from vaccination to symptom onset was 9 days. 
Nineteen of the cases had CVST. None were pregnant 
or postpartum (up to 12 weeks after delivery). Data 
from VSD following 7 million doses of mRNA vaccines 
reported a total of 17 coded CVST diagnoses. Of these, 3 
are still pending review, and 8 were ruled out as incident 

cases. None of the 6 remaining cases were associated 
with thrombocytopenia. 

To date, there have been no reports of TTS in the v-safe 
pregnancy registry. Within the v-safe pregnancy registry, 
as of June 7, 2021, 5.4% of women enrolled received their 
first vaccine dose peri-conceptionally, 28.1% in the first 
trimester, 41.6% in the second trimester, and 24.9% in the 
third trimester. In total, 50.7% received the Pfizer vaccine, 
43.8% Moderna, and 5.4% Janssen. Most of the women 
enrolled are in the 25–34 year age group. 

 
TTS/PREGNANCY SURVEILLANCE UPDATE: EMA
Dr Kelly Plueschke, Scientific Administrator at the 
EMA provided an overview of TTS and pregnancy 
surveillance following COVID-19 vaccine receipt in EEA 
Member States. Following the reports of 22 cases of 
thromboembolic events that evolved into investigation 
of very rare blood clots with unusual features (low 
numbers of platelets) and locations (CVST, splanchnic 
vein thrombosis), the EMA Pharmacovigilance and Risk 

Assessment Committee (PRAC) recommended that 
benefits of COVID-19 vaccine continue to outweigh the 
risks in adults of all age. Risk minimization measures 
included updating product information, updating the 
risk management plan, and direct communication with 
healthcare professionals. Healthcare professionals 
were advised on 21st May 2021 that AstraZeneca 
vaccine must not be given to anyone who has had 
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blood clots with low blood platelets (thrombosis with 
thrombocytopenia syndrome, TTS) after receiving the 
vaccine. Checks for signs of blood clots should be 
performed in patients who has had low blood platelets 
within 3 weeks of vaccination, and vice versa, and 
patients with blood clots and low platelets should 
receive specialist care. Similar advice was also given for 
the Janssen vaccine in April 2021. 

In a contextualization exercise which aimed at providing 
more specific recommendations to guide vaccination 
programs in Member States,1 the risk of TTS following 
AstraZeneca vaccination was put in the context of the 
benefit of the vaccine for different age groups, and 
the different rates of infection, with higher risk of TTS 
in younger people at low infection rates. Following 

the exercise, most Member States restricted the use 
of AstraZeneca COVID-19 vaccine in the younger 
population, with age cut-offs varying across countries. 

Regarding risk management of TTS in pregnant women, 
the EMA performs continuous characterization of 
the risk and re-evaluation as new evidence arises. 
This includes routine pharmacovigilance activities, 
monthly summary safety reports, and performance 
of prospective observational studies. While pregnant 
women were not included in initial clinical trials of the 
vaccines, Pfizer, Moderna, AstraZeneca, and Janssen 
are now planning or in the process of conducting 
studies in pregnant women. The EMA is also performing 
observational studies using real-world data, including 
the CONSIGN project outlined below:

A two-year vaccine safety monitoring study assessing 
long-term effects of the vaccines will also include 
pregnant women enrolled across Member States. EMA 
is also part of the International Coalition of Medicines 
Regulatory Authorities, which promotes collaboration 
and exchange of information/expertise between 
regulators through its various subgroups, including the 
ones on COVID-19 in pregnancy research, and vaccine 
pharmacovigilance. Dr Plueschke particularly 
highlighted the need to collect safety and efficacy data 
in pregnancy pre-approval y enrolling pregnant women 
in clinical trials to allow improved benefit-risk analysis of 
medicines in this population.   
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TTS/PREGNANCY SURVEILLANCE UPDATE: INDIA
Dr Narendra Kumar Arora, Executive Direction of the 
INCLEN Trust International provided an update on 
maternal immunization in India with COVID-19 vaccines. 
He provided information on the COVID-19 working 
group of the National Technical Advisory Group on 
Immunization (NTAGI). The group provide evidence-
based recommendations on the use of COVID-19 
vaccines in India, as well as evaluate vaccines and 
vaccine candidates, track capacity and supply potential, 
identify development cycle or implementation gaps, 
evaluate disease surveillance data for identifying high 
risk groups, identify the platform for vaccine delivery, 

recommend post-licensure surveillance, and advise on 
studies necessary to fill any evidence gaps. The group 
regularly meet, and have had 24 meetings since 24th 
August 2020.

Dr Arora provided a brief overview of the timelines 
of the second COVID-19 wave in in the country as a 
whole, with cases per 100,000 reaching a peak of 28.52 
around 7th May 2021, and death rates peaking at 0.29 
per 100,000 a week later. Case rates are now falling but 
death rates remain high. 

COVID-19 vaccine eligibility for pregnant women is based 
on UK modelling showing the risks based on age groups 
and exposure risks. At high exposure risk, as India was 
experiencing at the height of the second COVID-19 wave, 
potential benefits in reduced ICU admissions outweighed 
potential harms of specific blood clots associated with 
the vaccine across all age groups. However, Dr Arora 
highlighted the case of a pregnant women in Brazil who 
died after receipt of the AstraZeneca vaccine.

The safety of the COVID-19 vaccine in pregnant 
women, especially regarding mid- to long-term adverse 
reactions and fetal and neonatal safety, is currently not 
well established. While initial experiences from mRNA 
vaccines are encouraging, there have been thrombosis-
thrombocytopenia related complication with adenovirus-
vectored vaccines (Brazil, Belgium, USA). Given the 
current situation, WG & STSC recommended pregnant 

women should not be excluded from vaccination, as 
exposure probability is very high. Prior to vaccination, 
pregnant women should be fully informed that the 
long-term adverse reactions are unknown and that the 
safety of the vaccine for the fetus and the child is not 
yet established. A mandatory 30 minute in-hospital 
observation period after vaccination is recommended. 
All lactating women are eligible to receive a COVID-19 
vaccine any time after delivery, and COVID-19 vaccines 
can be given any time during pregnancy. An educational 
tool comprising information on the risk of COVID 19 
infection during pregnancy, benefits associated with the 
COVID vaccination and rare complications associated 
with adenovirus-vectored vaccines e.g., thrombosis 
and thrombocytopenia may be developed. Studies will 
also be immediately put in place to monitor the safety 
of adenovirus-vectored COVID-19 vaccines in pregnant 
women.
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PANEL DISCUSSION 

Dr Ruth Karron, Professor at Johns Hopkins University and Dr Mark Turrentine, Professor at Baylor College of 
Medicine chaired the panel discussion at the end of Session 2. Panelists were Dr Laura Riley, Chair of Obstetrics  
and Gynecologist-in-chief at Weill Cornell Medicine, Dr Jeffery Roberts, Associate Director for Scientific Affairs at  
the Office of Vaccines Research and Review at Center for Biologics Evaluation and Research (CBER) at the FDA,  
Dr Daniel Brasseur, Consultant at CEPI, Dr Cristiana Toscano, and Dr Narendra Kumar Arora. 

The key points raised in the discussion were:

•	 Risk from COVID-19 is currently much higher than risk 
of TTS due to pregnancy and/or vaccination, but this 
is dependent on population infection risk

•	 Most countries do not have capacity to diagnose and 
treat TTS, particularly in LMICs who also experience 
limited supply and vaccine options. Even in high-
income countries (HIC), VITT and TTS are difficult 
to diagnose and very rarely seen by healthcare 
professionals treating pregnant women. Enhanced 
diagnostic and treatment capacity, together with 
routine training of healthcare professionals to consider 
TTS is important. 

•	 Benefit/risk assessment should be performed within 
individual settings, and guidance should not differ 
between LMICs and HICs based on diagnostic and 
treatment capacities.

•	 A systematic and inter-institutional review of data 
from existing surveillance systems in pregnant 
women who have been vaccinated in countries which 
predominantly use adenovirus-vectored COVID-19 
vaccines would help drive evidence-based decisions. 

•	 Paradox that countries which are least able to treat 
TTS are likely to primarily receive adenovirus-vectored 
vaccines. Provision of alternative vaccines is preferred, 
where and when an option.

•	 From a regulatory perspective, no increased risk is 
perceived to pregnant versus non-pregnant women 
at present. If this changes, labelling can be updated 
accordingly. It is possible that TTS is occurring on a 

spectrum but only severe cases are reported, in which 
case, more data may provide evidence of this. 

•	 There is no clear increased risk of TTS in pregnancy, 
and there may be a decreased risk. 

•	 Currently no underlying risk factors for VITT have 
been identified, and risk factors for thrombosis (e.g., 
Factor V Leiden) were not associated with VITT. 
Synergy between multiple factors may play a role but 
no published cases had underlying thrombophilia.

•	 The underlying comorbidities (e.g., obesity) associated 
with reported VITT cases are very common, which 
would result in large screening campaigns for very 
few cases (which may be missed as the patient may 
not have the risk factor). Approximately half of all 
women are overweight or obese during pregnancy. 
Additionally, comorbidities such as obesity are already 
risk factors for severe COVID-19 so women at greatest 
risk of severe disease may be excluded.

•	 It is not feasible to screen everyone who presents with 
headaches, as it is an incredibly common symptom. 
However, healthcare providers should be educated to 
not dismiss headaches.

•	 In VITT, the antibodies are so pro-thrombotic and 
super-strongly platelet activating that they are the 
driving force – other pro-thrombotic risk factors 
are just minor players. They may slightly modulate 
outcome but don’t drive immune response or outcome.

•	 Collaboration with reference laboratories would aid in 
sample processing and confirmatory tests, particularly 
in areas where facilities are not available.
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CONCLUDING REMARKS
Flor and Ajoke thanked all the presenters and attendees and summarized the main conclusions and 
next steps:

Conclusions

•	 Benefit/risk assessment is key: hypothetical COVID-19 risk is higher than vaccine-associated risks in most 
epidemiologic settings with community transmission of SARS-CoV-2

•	 TTS is extremely rare and the phenotypes of people at risk is currently unknown

•	 COVID-19 severity in some countries is high, particularly in pregnancy

•	 No data indicating increased TTS risk in pregnancy. Unlikely that there is a synergy of pro-thrombotic factors 
specific for outcomes post-vaccination in pregnancy

•	 Post vaccination safety data is scarce on pregnant women from LMICs: this needs to be addressed with 
studies, including active surveillance studies

•	 From the TTS/VITT perspective, it is important that early diagnostic algorithms and diagnostic tests be made 
available, which are suitable for LMIC settings, so that if such TTS/VITT cases occur, they will be suspected, 
diagnosed, and treated properly

•	 Pathogenesis studies should take into consideration comorbidities typical of LMIC, such as malaria

•	 Decision-makers may be shifting risk-benefit equation due to risk of being unable to detect or treat TTS, 
particularly in areas where no alternative vaccines are available

Next Steps

•	 Collect further data on the prevalence of COVID-19 cases and pregnancy outcomes, particularly in LMICs

•	 Gather information on which resources are needed to aid in diagnosis and treatment of TTS in countries/regions 
lacking facilities, and whether partnerships with other organizations (e.g., labs) can aid in this

•	 Further examine existing pregnancy surveillance data available in countries where adenovirus-vectored vaccines 
have been administered to pregnant women 

•	 Enhance training of healthcare professionals in risks of COVID-19, benefits of vaccination, consideration of TTS, 
and identification of TTS symptoms

•	 Expand supply of different vaccines to LMICs/COVAX recipients

•	 No regulatory change at this point but may be considered in future if evidence of increased risk in pregnancy

•	 Harmonize pregnancy vaccine policy guidance globally


