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Long COVID
• Persistent, recurring or de novo symptoms that can not be aributed to 

another diagnosis, >4 weeks after SARS-CoV-2 infection.

Classification Symptoms1–3

Respiratory Shortness of breath, cough
Musculoskeletal Muscle ache, sore throat, abdominal pain

Digestive Loss of appetite, nausea/vomiting, diarrhoea

Neurological Fatigue/malaise, loss of smell/taste, diiculty 
concentrating, headache, trouble sleeping, 
anxiety, memory loss/confusion, depressed 
mood, vertigo/dizziness

Dermatological Skin rashes



Influenza A virus (IAV) cardiovascular 
complications

• IAV worsens pre-existing heart 
disease4 and causes new 
injuries5–9

• IAV increases rates of 
endocarditis, pericarditis, 
tachycardia, ST changes, atrial 
fibrillation,  ischemic heart 
disease, stroke10–18

• Early presentation, strong 
recovery profile18



Long COVID cardiovascular 
complications



Long COVID is recurring

“About five weeks in I think it was 
for me I was still desperately short 
of breath, a lile bit beer than 
right at the start, but it was still 
coming back in massive waves. And 
I remembered ringing my GP from 
the floor on my lounge, laying on 
my front and kind of saying ‘I’m 
really short of breath, you know, do 
you think I should try an inhaler? Do 
I need to go back to A&E?’”28



Who is most at risk?
Influenza 

complications Long COVID

• Severe29, 
mild30 and 
asymptomatic 
COVID-19

• Females6

• Severe 
influenza 
infection31

• Young (<5 
years)31

• Older age31

• Chronic 
conditions32–
34



What is the scale of the risk?
INFLUENZA 

COMPLICATIONS 
• 0.4-13% of adults 

hospitalized with 
influenza diagnosed with 
acute myocarditis35,36

• ~50,000 lab-confirmed, 
‘hospitalized’ influenza 
cases per year 
pre-COVID-19 pandemic37

• = ~6500 people suering 
from influenza-induced 
cardiovascular 
complications per year in 
Australia

LONG COVID38



Direct viral infection of heart
INFLUENZA VIRUS

• IAV replicates in human induced 
pluripotent stem cell-derived 
cardiomyocytes39

• IAV and antigens found in 
mice40,41 and human42,43 hearts in 
small cases studies

• Only 5/624 (0.8%) of patients 
with acute viral myocarditis had 
IAV genome in cardiac samples44

SARS-CoV-2
• SARS-CoV-2 replicates in human 

induced pluripotent stem 
cell-derived cardiomyocytes45–48 
but not smooth muscle cells49

• From 39 autopsies, signs of 
active viral replication in 
myocardium of only 5 with 
highest viral loads50

• Viral RNA detected in 30/41 
autopsied hearts but 
virus-positive cells rare51

• Smaller studies detected no 
SARS-CoV-2 in hearts of even 
severe myofibrillar cases52,53



A role for Epstein-Barr virus 
(EBV)
• Pathogen responsible for 

infectious mononucleosis54

• Continues latently in 
immune cells55 in ~95% of 
adults56

• EBV can reactivate upon 
immunological challenge, 
causing symptoms similar to 
long COVID57

• EBV reactivated in 20/30 
(66.7%) long COVID 
patients versus 2/20 (10%) 
of fully-recovered COVID-19 
patients58

• Supporting studies59,60



EBV reactivation results from, 
rather than causes, long COVID

• EBV may contribute to some symptoms at some time-points61



Inflammation in acute 
COVID-19
• SARS-CoV-2 induces cytokine 

storms in severe infection62, 
inadvertently damaging healthy 
tissues

• These seem to be worse than 
those induced by influenza virus 
infection63,64

• Type I IFN dysregulation4 causes 
greater cytokine number and 
variety65,66

• Inflammation more wide-spread 
than in influenza67,68



Inflammation in long COVID

• 10% experienced 
persisting symptoms for 
>6 months, with 
associated MCP-1 and 
PDGF plasma increase69

• Long-COVID respiratory 
problems linked to 
increased plasma LCN270

• Serum IL-6 at 4 weeks 
post-infection linked with 
chest CT score 8 weeks 
post-infection71

• Immunological 
dysfunction continued 8 
months post-infection72

Recovery lesions Persistent lesions



Antiviral cytokines are elevated in the serum of 
long COVID patients 2-4 months after infection

• Serum donated from recovered Australian 
COVID-19 patients 2-4 months after diagnosis

• Tested IL-1β, IL-6, TNF-α, IP-10, IFN-λ1, IL-8, 
IL-12p70, IFN-α2, IFN-λ2/3, GM-CSF, IFN-β, 
IL-10, IFN- γ. 



What does this mean for the 
heart?73

1. SARS-CoV-2 enters 
myocardium ?

2. Angiotensin 1-7 ↓ + 
angiotensin II ↑ 
causes reduced 
coronary artery flow, 
myocardial ischemia 
and inflammation.

3. Myocardial fibrosis

4. Apoptosis

5. Elevated serum 
cytokines, CTN and 
NT-pro BNP

6. Arrhythmias

7. Compensative LV 
hypertrophy

8. Plaque formation

9. Increased wall shear 
stress



Treatment and prevention
ANTI-INFLAMMATORIES
• May cure or relieve symptoms 

once long COVID established
• Clinical trials for 

deupirfeniodone74,75, statins76

ANTI-VIRALS
• May prevent long COVID 

development if given during 
acute infection77



Vaccines as prevention
• COVID-19 vaccines may prevent long COVID by allowing more targeted 

immune response78

• This may also be the case for influenza vaccine prevention of 
cardiovascular insult79



COVID-19 vaccines as 
prevention

SUCCESSFUL!80 UNSUCCESSFUL81



COVID-19 vaccines as 
treatment

SUCCESSFUL!82

• Analysis of medical history of 
240,648 recovered COVID-19 
patients 

• Receiving 1st dose within 4 weeks 
of infection made 4-6x less likely 
to develop multiple long COVID 
symptoms

• Receiving 1st dose 4-8 weeks 
after infection made 3x less 
likely to develop multiple long 
COVID symptoms

LESS SO

• 40-58% of patients who received 
vaccine reported symptom 
improvement83

• 14-18% reported deterioration84,85

• A role for specific vaccines, e.g. 
mRNA versus adenoviral vector 
vaccines?85



Conclusions
• Long COVID presents a serious threat to the Australian healthcare 

system and should be factored into public health management 
decision-making.

• Currently, there are no reliable treatments or confirmed preventative 
measures, except to protect against severe SARS-CoV-2 infection.

• The benefit of indirect protection against long COVID has been sorely 
underrepresented in discussions  of the risks and benefits of COVID-19 
vaccination.



References
1. hps://www.ons.gov.uk/peoplep

opulationandcommunity/healtha
ndsocialcare/conditionsanddise
ases/bulletins/prevalenceofong
oingsymptomsfollowingcoronavi
ruscovid19infectionintheuk/1apri
l2021

2. 10.1016/S2215-0366(21)00084-5
3. 10.1001/jamanetworkopen.2021.1

1417
4. hps://www.webmd.com/cold-a

nd-flu/flu-complications
5. 10.1253/circj.cj-10-0833
6. 10.1111/j.0954-6820.1980.tb0967

0.x
7. 10.1186/s12872-015-0095-0
8. Kwong et al 2018
9. Paddock et al 2018

10. hps://www.webmd.com/cold-a
nd-flu/flu-complications

11. 10.1111/irv.12470
12. 10.1056/NEJMoa041747
13. 10.1093/infdis/jis598
14. 10.1093/infdis/jis597
15. 10.1111/irv.12470
16. 10.1056/NEJMoa1702090
17. 10.1093/infdis/jir861
18. 10.1016/j.bjid.2016.10.005
19. 10.1001/jama.2020.12603
20. 10.1016/S0140-6736(20)32656-8
21. 10.1093/eurheartj/ehab075

22. 10.1186/s12968-021-00710-x
23. 10.1016/j.jcmg.2020.05.004
24. 10.1038/s41586-021-03553-9
25. 10.1001/jamacardio.2020.3557
26. 10.1001/jamacardio.2020.4916
27. 10.1016/j.jcmg.2021.04.011
28. 10.1186/s12913-020-06001-y
29. hps://www.abc.net.au/news/h

ealth/2021-05-10/covid-19-what
-we-know-about-the-long-term-
impacts-on-body-mind/10011393
4

30. 10.1016/j.lanepe.2021.100122
31. hps://www.cdc.gov/flu/sympto

ms/symptoms.htm
32. hps://onlinelibrary.wiley.com/d

oi/full/10.1111/ijcp.14917
33. hps://www.mayoclinic.org/dise

ases-conditions/flu/symptoms-
causes/syc-20351719

34. 10.3390/jcm11020413
35. 10.1253/circj.cj-10-0833 
36. 10.1111/j.0954-6820.1980.tb0967

0.x
37. hps://www1.health.gov.au/inte

rnet/main/publishing.nsf/Conte
nt/ohp-pub-datasets.htm

38. 10.21203/rs.3.rs-1066181/v1
39. 10.1093/cvr/cvaa117
40. 10.1093/cvr/cvq358
41. 10.1093/cvr/cvaa117
42. 10.1093/infdis/159.5.829

43. 10.3109/00365548.2011.631575
44. 10.1016/S0735-1097(03)00648

-X
45. 10.1016/j.xcrm.2020.100052
46. 10.1016/j.stemcr.2021.02.008
47. 10.1126/scitranslmed.abf7872
48. 10.1016/j.jacbts.2021.01.002
49. 10.1016/j.stemcr.2021.02.008
50. 10.1001/jamacardio.2020.3551
51. 10.1038/s41379-021-00790-1
52. 10.1126/scitranslmed.abf7872
53. 10.1097/PAS.00000000000015

63
54. 10.1371/journal.pone.0179124
55. hps://www.nih.gov/news-ev

ents/nih-research-maers/ep
stein-barr-virus-autoimmune-
diseases 

56. 10.1182/blood-2010-11-316745
57. 10.1038/sj.onc.1210240
58. 10.3390/pathogens10060763
59. 10.1038/s41598-021-90351-y
60. 10.1016/j.ijid.2020.12.051
61. 10.1016/j.cell.2022.01.014
62. hps://www.the-scientist.co

m/news-opinion/discovered-
metabolic-mechanism-of-cyto
kine-storms—67424

63. 10.3389/fimmu.2021.629193
64. 10.1016/S2665-9913(20)30275

-7

65. 10.1038/nri3581
66. 10.1126/science.abc6027
67. hps://www.frontiersin.org/files

/Articles/629193/fimmu-12-6291
93-HTML/image_m/fimmu-12-62
9193-g002.jpg

68. 10.1186/s13054-019-2539-x
69. 10.1016/j.cytogfr.2020.06.001
70. 10.1093/ofid/ofab156
71. 10.1007/s00259-021-05294-3
72. 10.7150/ijms.49728
73. 10.1038/s41590-021-01113-x
74. 10.1002/cti2.1343
75. hps://www.biospace.com/artic

le/releases/puretech-initiates-p
hase-2-trial-of-lyt-100-deupirfe
nidone-in-long-covid-respirator
y-complications-and-related-se
quelae/

76. hps://www.clinicaltrials.gov/ct
2/show/NCT04652518

77. hps://www.nature.com/articles
/d41586-021-01511-z

78. 10.1093/qjmed/hcab297
79. hps://www.nature.com/articles

/d41586-021-03495-2
80. 10.1161/CIRCULATIONAHA.121.05

7042
81. 10.21203/rs.3.rs-1062160/v1
82. 10.1101/2021.10.26.21265508v3
83. 10.1101/2021.11.17.21263608v1
84. 10.1101/2021.07.21.21260391
85. 10.2139/ssrn.3868856



Thank
      
you
Jane Sinclair | MD-PhD candidate

School of Chemistry and

Molecular Biosciences,

The University of Queensland

jane.sinclair@uqconnect.edu.au 

@JaneSin44812421


