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“Long COVID”
Some unexpected and troubling findings as of early 2022 

For NMSR







• A “clinical” defintion to date


• Includes, inter alia, the following symptoms:


• Neurologic


• Headaches


• “Brain Fog”


• Respiratory


• Shortness of breath


• Chronic Cough


• Psychiatric/Psychological


• Anxiety


• Depression


• Non-specific


• Fatigue


• Sleep disturbance


• Rashes


• Gastro-intestinal “issues"

What is “Long COVID”?

Source: National Institutes of Health

https://tinyurl.com/4bhf36jp



• Brain


• UK BioBank Study, February 2022


• Liu et al, March 2022


• Heart


• Xie, et. al. Feb 2022


• Lungs and other tissue


• Maccio et. al. Feb. 2022

What are the objective findings in COVID after acute illness?



circa 2006 to date
UK BioBank Study

• Between 2006-2010 about 9.2 million adults invited to participate

• About 500,000 participants

• Imaging of 5 body areas


• Brain (via MRI)

• Cardia (via MRI)

• Abdominal (via MRI)

• Dual X-ray absorption (DXA)

• Carotid Doppler US


• Baseline assessment

• Lifestyle

• Socio-demographic

• Genotyping

• Standard screening blood tests

• Hearing

• Arterial stiffness

• Cardiorespiratory fitness

• Collection of physical activity data over 7 days

• Dietary

• Cognitive function

• Pain











Example: Brain MRI scanning

• T1 scans allow precise volumetric measures of the whole brain, 

• The T2 FLAIR scan identifies changes that might be indicative of inflammation or 
tissue damage. 

• swMRI is sensitive to increased iron content as a result of microbleeds or chronic 
microglial activation in the context of neurodegeneration

• dMRI reflects structural connectivity and tissue microstructural features describing 
white matter integrity. 

• Resting fMRI is performed on an individual who is not engaged in any particular 
activity or task and can provide indices related to the functional connectivity between 
brain regions independent of external stimuli. 

• task fMRI is performed on an individual to whom stimuli are repetitively delivered that 
engage sensory-motor and cognitive processes of interest.



• By early 2020, 50,000 participants had full imaging completed


• Goal is 100,000 by 2023


• Of this, at least 10,000 will have repeat imaging by 2023


• At least 1,700 separate UKB-related research projects underway

Repeat Scanning

Littlejohns, T. J., Holliday, J., Gibson, L. M., Garratt, S., Oesingmann, N., Alfaro-Almagro, F., Bell, J. D., Boultwood, C., 

Collins, R., Conroy, M. C., Crabtree, N., Doherty, N., Frangi, A. F., Harvey, N. C., Leeson, P., Miller, K. L., Neubauer, S., 

Petersen, S. E., Sellors, J., … Allen, N. E. (2020). The UK Biobank imaging enhancement of 100,000 participants: 

Rationale, data collection, management and future directions. Nature Communications, 11(1), 2624. https://doi.org/10.1038/

s41467-020-15948-9



Douaud, G., Lee, S., Alfaro-Almagro, F., Arthofer, C., Wang, C., McCarthy, P., Lange, F., Andersson, J. L. R., Griffanti, L., Duff, E., 

Jbabdi, S., Taschler, B., Keating, P., Winkler, A. M., Collins, R., Matthews, P. M., Allen, N., Miller, K. L., Nichols, T. E., & Smith, S. 

M. (2021). SARS-CoV-2 is associated with changes in brain structure in UK Biobank [Preprint]. Neurology. https://doi.org/

10.1101/2021.06.11.21258690



• 785 participants who have been imaged twice


• Age 51-81


• 401 SARS-CoV2 infected people


• 141 days separating COVID diagnosis and second scan


• 384 controls (age and sex-matched more or less)

SARS-CoV2 associated brain structure changes



• Primary Findings in COVID patients vs. controls


• Reduced grey matter thickness in orbitofrontal cortex and 
parahippocampal gyrus


• Markers of tissue damage in olfactory cortex


• Reduction in global brain size


• Larger cognitive decline

SARS-CoV2 associated brain structure changes



Imaging results in selected brain areas



Cognitive Testing: The Trail Making tests



Cognitive Testing Results



Total Brain Volume



Cognitive Changes post-COVID in adults >=60 years

Liu, Y.-H., Chen, Y., Wang, Q.-H., Wang, L.-R., Jiang, L., Yang, Y., Chen, X., Li, Y., Cen, Y., Xu, C., 

Zhu, J., Li, W., Wang, Y.-R., Zhang, L.-L., Liu, J., Xu, Z.-Q., & Wang, Y.-J. (2022). One-Year 

Trajectory of Cognitive Changes in Older Survivors of COVID-19 in Wuhan, China: A Longitudinal 

Cohort Study. JAMA Neurology. https://doi.org/10.1001/jamaneurol.2022.0461



Liu, Y.-H., Chen, Y., Wang, Q.-H., Wang, L.-R., Jiang, L., Yang, Y., Chen, X., Li, Y., Cen, Y., Xu, C., 

Zhu, J., Li, W., Wang, Y.-R., Zhang, L.-L., Liu, J., Xu, Z.-Q., & Wang, Y.-J. (2022). One-Year 

Trajectory of Cognitive Changes in Older Survivors of COVID-19 in Wuhan, China: A Longitudinal 

Cohort Study. JAMA Neurology. https://doi.org/10.1001/jamaneurol.2022.0461



• Individuals with severe COVID-19 were defined as confirmed 
SARS-CoV-2 infection plus 1 of the following conditions:


•  respiratory rate higher than 30 breaths per minute


• severe respiratory distress, or oxygen saturation less than 90% 
on room air. 


• SARS-CoV-2 infection and noninfection were confirmed by high-
throughput sequencing or real-time reverse transcriptase–
polymerase chain reaction assays of nasal and pharyngeal swab 
specimens.

Definitions of Severity of SARS-CoV-2 infection







• Anatomically consistent patterns of brain volume and diffusivity changes comparing post-COVID patients to controls


• Clear involvement of the olfactory cortex and functionally-connected regions


• Includes left parahippocampal gyrus which plays an integrative role in temporal order of episodic memory events


• Hyposmia and hypogeusia symptoms might be explained by anatomical changes


• More than 95% of COVID patients were either asymptomatic or mild suggesting that the effects seen were from the 
virus rather than the stress of severe infection and associated anxiety


• Post-COVID cognitive decline (by various measures) is documented in two large studies over the course of ~1 year.


• Post-hoc analysis of cases of non-COVID pneumonia cases in the dataset do not demonstrate the same COVID-
related changes


• Mechanism of effect of the SARS-CoV2 virus may be:


• Anterograde degeneration of nerves


• Neuro-inflammatory process


• Effect of direct spread of virus

Some preliminary conclusions



Cardiovascular outcomes of COVID-19



Xie, Y., Xu, E., Bowe, B., & Al-Aly, Z. (2022). Long-term cardiovascular outcomes of COVID-19. Nature 

Medicine. https://doi.org/10.1038/s41591-022-01689-3





Risks and 12-month burdens of incident post-acute COVID-19 cardiovascular outcomes compared with the 
contemporary control cohort. Outcomes were ascertained 30 d after the COVID-19-positive test until the end of follow-up. 
COVID-19 cohort (n = 153,760) and contemporary control cohort (n = 5,637,647). Adjusted HRs and 95% CIs are presented. 
The length of the bar represents the excess burden per 1,000 persons at 12 months, and associated 95% CIs are also shown. 



Risks and 12-month burdens of incident post-acute COVID-19 composite cardiovascular 
outcomes compared with the contemporary control cohort. 



Subgroup analyses of the risks of incident post-acute COVID-19 composite 
cardiovascular outcomes compared with the contemporary control cohort. 



Risks and 12-month burdens of incident post-acute COVID-19 composite cardiovascular 
outcomes compared with the contemporary control cohort by care setting of the acute 
infection. 



Some approximate extrapolations for the US

• ~ 80,000,000 reported infections 
• 4,500,000 hospitalizations to date 

• ~ 20% ICU admissions = 900,000 ICU admissions 
• ~ 3,600,000 non-ICU admissions 

• Among all infect-ees not hospitalized 
• ~ 2% * 76,000,000 = 1,500,000 cases of some cardiovascular outcome 

• Among non-ICU hospitalized patient  
• = ~15% * 3.6 million = 540,000 cardiovascular outcomes 

• Among ICU hospitalized admissions  
• ~ 30% * 900,000 = 270,000 cardiovascular outcomes 

• Total CV burden of COVID-19 to date = ~ 2.3 million patients



Long-term infections in COVID-19



Maccio, U., Zinkernagel, A. S., Schuepbach, R., Probst-Mueller, E., Frontzek, K., Brugger, 
S. D., Hofmaenner, D. A., Moch, H., & Varga, Z. (2022). Long-Term Persisting SARS-
CoV-2 RNA and Pathological Findings: Lessons Learnt From a Series of 35 COVID-19 
Autopsies. Frontiers in Medicine, 9, 778489. https://doi.org/10.3389/fmed.2022.778489



Altogether, postmortem swabs were positive for SARS-CoV- 2 RNA 
in the following organs/tissues with the following frequencies: 

• trachea (18/26, 69%), 

• lung (19/27, 70%), 

• heart (8/27, 30%), 

• liver (13/27, 48%), 

• spleen (10/26, 38%), 

• gut (9/26, 35%), 

• kidney (13/26, 50%), 

• testicles (9/19, 47%), 

• ovary (1/7, 14%), 

• brain (2/6, 33%), 

• lamina cribrosa (3/4, 75%). 





• COVID is clearly a multi-organ disease


• Virus may persist for many weeks post-infection 


• Long-term objective consequences of COVID now demonstrated for:


• Brain


• Imaging and “clinical” —> cognitive decline, even among mild or asymptomatic 
COVID


• Heart


• Clinical —> multiple cardiovascular effects


• Lung


• Severity of diffuse alveolar damage correlates with persistence of virus


• The impacts of the various forms of “Long COVID” will be huge

Concept of Long COVID is evolving and far from complete
Final thoughts



Questions?

Alan Zelicoff

e-mail: zalan8587@q.com


