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and a decline in nucleocapsid-specific interferon-γ-producing CD8+ 
T cells in patients with long COVID compared with infected controls 
without long COVID50. High levels of autoantibodies in long COVID 
have been found to be inversely correlated with protective COVID-19 
antibodies, suggesting that patients with high autoantibody levels 
may be more likely to have breakthrough infections27. SARS-CoV-2 viral 
rebound in the gut, possibly resulting from viral persistence, has also 
been associated with lower levels and slower production of receptor-
binding domain IgA and IgG antibodies51. There are major differences 
in antibody creation, seroreversion and antibody titre levels across the 
sexes, with women being less likely to seroconvert, being more likely to 
serorevert and having lower antibody levels overall52,53, even affecting 
antibody waning after vaccination54.

Several reports have pointed towards possible viral persistence as 
a driver of long COVID symptoms; viral proteins and/or RNA has been 
found in the reproductive system, cardiovascular system, brain, mus-
cles, eyes, lymph nodes, appendix, breast tissue, hepatic tissue, lung 
tissue, plasma, stool and urine55–60. In one study, circulating SARS-CoV-2 
spike antigen was found in 60% of a cohort of 37 patients with long 
COVID up to 12 months after diagnosis compared with 0% of 26 SARS-
CoV-2-infected individuals, likely implying a reservoir of active virus 
or components of the virus16. Indeed, multiple reports following gas-
trointestinal biopsies have indicated the presence of virus, suggestive  
of a persistent reservoir in some patients58,61.

Vascular issues and organ damage
Although COVID-19 was initially recognized as a respiratory illness, 
SARS-CoV-2 has capability to damage many organ systems. The damage 
that has been demonstrated across diverse tissues has predominantly 
been attributed to immune-mediated response and inflammation, 
rather than direct infection of cells by the virus. Circulatory system 
disruption includes endothelial dysfunction and subsequent down-
stream effects, and increased risks of deep vein thrombosis, pulmo-
nary embolism and bleeding events29,30,62. Microclots detected in both 
acute COVID-19 and long COVID contribute to thrombosis63 and are an 
attractive diagnostic and therapeutic target. Long-term changes to the 
size and stiffness of blood cells have also been found in long COVID, 
with the potential to affect oxygen delivery64. A long-lasting reduction  
in vascular density, specifically affecting small capillaries, was found in  
patients with long COVID compared with controls, 18 months after 
infection65. A study finding elevated levels of vascular transforma-
tion blood biomarkers in long COVID also found that the angiogenesis 
markers ANG1 and P-selectin both had high sensitivity and specificity 
for predicting long COVID status66.

An analysis of the US Department of Veterans Affairs databases 
(VA data) including more than 150,000 individuals 1 year after SARS-
CoV-2 infection indicated a significantly increased risk of a variety of 
cardiovascular diseases, including heart failure, dysrhythmias and 
stroke, independent of the severity of initial COVID-19 presentation8 
(Fig. 2). Cardiac MRI studies revealed cardiac impairment in 78% of 
100 individuals who had a prior COVID-19 episode (investigated an 
average of 71 days after infection67) and in 58% of participants with long 
COVID (studied 12 months after infection68), reinforcing the durability 
of cardiac abnormalities.

Multiple studies have revealed multi-organ damage associated 
with COVID-19. One prospective study of low-risk individuals, looking 
at the heart, lungs, liver, kidneys, pancreas and spleen, noted that 70% 
of 201 patients had damage to at least one organ and 29% had multi-
organ damage69. In a 1-year follow-up study, conducted by the same 

research group with 536 participants, the study authors found that 59% 
had single-organ damage and 27% multi-organ damage70. A dedicated 
kidney study of VA data including more than 89,000 individuals who 
had COVID-19 noted an increased risk of numerous adverse kidney 
outcomes71. Another VA data analysis, including more than 181,000 
individuals who had COVID-19, found that infection also increases 
the risk of type 2 diabetes9 (Fig. 2). The organ damage experienced 
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Fig. 1 | Long COVID symptoms and the impacts on numerous organs with 
differing pathology. The impacts of long COVID on numerous organs with a 
wide variety of pathology are shown. The presentation of pathologies is often 
overlapping, which can exacerbate management challenges. MCAS, mast cell 
activation syndrome; ME/CFS, myalgic encephalomyelitis/chronic fatigue 
syndrome; POTS, postural orthostatic tachycardia syndrome.




