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NTU Singapore study investigates link between ‘long-haul COVID’
and risk of blood clot formation
People who have recovered from COVID-19, especially those with pre-existing
cardiovascular conditions, may be at risk of developing blood clots due to a lingering
and overactive immune response, according to a study led by Nanyang
Technological University, Singapore (NTU) scientists.
The team of researchers, led by NTU Assistant Professor Christine Cheung,
investigated the possible link between COVID-19 and an increased risk of blood clot
formation, shedding new light on “long-haul COVID” – the name given to the mediumand long-term health consequences of COVID-19.
The findings may help to explain why some people who have recovered from COVID19 exhibit symptoms of blood clotting complications after their initial recovery. In some
cases, they are at increased risk of heart attack, stroke or organ failure when blood
clots block major arteries to vital organs.
The team, comprising researchers from NTU, Agency for Science, Technology and
Research’s (A*STAR) Singapore Immunology Network (SIgN), and the National
Centre of Infectious Diseases, Singapore (NCID), collected and analysed blood
samples from 30 COVID-19 patients a month after they had recovered from the
infection and were discharged from hospital. They found that all recovered COVID-19
patients had signs of blood vessel damage, possibly from a lingering immune
response, which may trigger the formation of blood clots.
Their findings were published on 23 March in the peer-reviewed scientific journal eLife.
“With more people recovering from COVID-19, we started hearing from clinicians
about patients returning with blood clotting issues after they had been discharged and
cleared of the virus,” said Asst Prof Christine Cheung from NTU’s Lee Kong Chian
School of Medicine. “This makes a strong case for the close monitoring of recovered
COVID-19 patients, especially those with pre-existing cardiovascular conditions like
hypertension and diabetes who have weakened blood vessels.”
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Blood vessel damage due to post-recovery overactive immune system
The team found that recovered COVID-19 patients had twice the normal number of
circulating endothelial cells (CECs) that had been shed from damaged blood vessel
walls. The elevated levels of CECs indicate that blood vessel injury is still apparent
after recovering from viral infection.
The researchers also found that recovered COVID-19 patients continued to produce
high levels of cytokines – proteins produced by immune cells that activate the immune
response against pathogens – even in the absence of the virus.
Unusually high numbers of immune cells, known as T cells, that attack and destroy
viruses were also present in the blood of recovered COVID-19 patients.
The presence of both cytokines and higher levels of immune cells suggest that the
immune systems of recovered COVID-19 patients remained activated even once the
virus was gone.
The researchers hypothesise that these persistently activated immune responses may
attack the blood vessels of recovered COVID-19 patients, causing even more damage
and increasing the risk of blood clot formation further.
The study’s first author Florence Chioh, a Research Assistant at NTU’s Lee Kong
Chian School of Medicine, said: “While COVID-19 is mainly a respiratory infection,
the virus may also attack the linings of blood vessels, causing inflammation and
damage. Leakage from these damaged vessels triggers the formation of blood clots
that may result in the sort of complications seen in the patients during hospitalisation.”
One of the co-authors of the paper, Professor Lisa Ng, Executive Director of
A*STAR Infectious Diseases Labs and previously Senior Principal Investigator
at SIgN, said: “We assessed the levels of immune mediators in these patients, which
revealed several proinflammatory and activated T lymphocyte-associated cytokines
sustained from infection to recovery phase. This correlated positively with CEC
measure, implying cytokine-driven vessel damage. We found that COVID-19 patients
with vascular complications have a higher frequency of T cells, which may in turn
attack the blood vessels. Preventive therapy may be needed for these patients.”
Emphasising post- hospitalisation care for at-risk COVID-19 patients
The study’s key findings can help inform guidelines for post-hospitalisation care of
COVID-19 patients who might be susceptible to ‘long-haul COVID’ symptoms, said the
research team.
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In January this year, the World Health Organisation (WHO) released a
recommendation in their revised clinical management guidelines, targeted at the risk
of blood clot formation. For hospitalised patients, WHO recommended the use of low
dose anticoagulants for preventing the blood clots forming in blood vessels.
Asst Prof Cheung added: “Those with cardiovascular conditions need to be more
cautious since their underlying conditions already weaken their vascular systems. It’s
a double blow with COVID-19. As we gain greater understanding of complications
COVID ‘long-haulers’ face, there is hope to encourage vaccine take-up rate to protect
oneself from both the virus and its long-term complications.”
Moving forward, the team is investigating the longer-term effects of COVID-19 in
patients who have recovered from the infection for at least six months or longer.

***
Note to Editors:
Researchers from the following institutions contributed to the study:
- Lee Kong Chian School of Medicine, Nanyang Technological University,
Singapore
- A*STAR Infectious Diseases Labs, Agency for Science, Technology and
Research, Singapore
- Department of Biological Sciences, National University of Singapore
- Department of Infectious Diseases, Tan Tock Seng Hospital, Singapore
- Division of Clinical Microbiology, Department of Laboratory Medicine,
Karolinska Institute, ANA Futura, Campus Flemingsberg, Stockholm, Sweden
- National Heart Centre Singapore
- Duke-NUS Medical School, Singapore
- Department of Infectious Diseases, Changi General Hospital, Singapore
- Department of Medicine, National University Hospital, Singapore
- Department of Biochemistry, Yong Loo Lin School of Medicine, National
University of Singapore
- Yong Loo Lin School of Medicine, National University of Singapore
- Institute of Molecular and Cell Biology, Agency for Science, Technology and
Research, Singapore

Paper titled “Convalescent COVID-19 patients are susceptible to endothelial
dysfunction due to persistent immune activation”, published in eLife, 23 March 2021.
DOI: 10.7554/eLife.64909
***END***
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About Nanyang Technological University, Singapore
A research-intensive public university, Nanyang Technological University, Singapore
(NTU Singapore) has 33,000 undergraduate and postgraduate students in the
Engineering, Business, Science, Humanities, Arts, & Social Sciences, and Graduate
colleges. It also has a medical school, the Lee Kong Chian School of Medicine, set up
jointly with Imperial College London.
NTU is also home to world-class autonomous institutes – the National Institute of
Education, S Rajaratnam School of International Studies, Earth Observatory of
Singapore, and Singapore Centre for Environmental Life Sciences Engineering – and
various leading research centres such as the Nanyang Environment & Water
Research Institute (NEWRI) and Energy Research Institute @ NTU (ERI@N).
Ranked amongst the world’s top universities by QS, NTU has also been named the
world’s top young university for the past seven years. The University’s main campus
is frequently listed among the Top 15 most beautiful university campuses in the world
and it has 57 Green Mark-certified (equivalent to LEED-certified) building projects, of
which 95% are certified Green Mark Platinum. Apart from its main campus, NTU also
has a campus in Singapore’s healthcare district.
Under the NTU Smart Campus vision, the University harnesses the power of digital
technology and tech-enabled solutions to support better learning and living
experiences, the discovery of new knowledge, and the sustainability of resources.
For more information, visit www.ntu.edu.sg
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