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Long COVID 
immune correlates



Long COVID – 6-years on and 
counting
• An enduring, persistent, disabling healthcare 

burden: some recover (perhaps 50%), some 
adapt and resume prior lifestyle, some do not 
recover or even worsen

• How to decode these pathophysiological 
pathways

• How to inform clinical trial strategies



The Long Covid global health challenge in context 

3

Impact on global economies:

Lost GDP 0.5-2.3%
Lost workforce 3%
Annual economic impact $1 trillion

From:   Al-Aly, Z. et al, Nat Med., 2024



The challenge to our 
understanding of 
underlying mechanisms 
when the UK has added 
>600,000 to Long Covid 
caseload during 
breakthrough cases of a 
‘mild variant’ in a 
predominantly triple-
vaccinated population





Herpesvirus reactivation – supporting evidence
EBV parameter Finding Supportive of EBV  

involvement 
Study cohort Reference

Ab to: EA-D, VCA, 
EBNA-1

Ab signal for EBV reactivation 
strongly enhanced in LC group; 
EA-D Ab response correlated 
with symptom count

Strong 30xLC; 20xfully recovered Gold et al., 2021

Ab to: EA-D, EBNA-1; 
plasma EBV viral load

Ab signal for EBV reactivation 
associated with LC fatigue and 
neurocognitive symptoms. No 
association with EBV viral load

Strong (with the caveat that 
this is early LC/post-acute 
infection)

Cohort: 249 post-acute 
COVID-19 at 4-months

Peluso et al., 
2021

Ab to: EA-D, EBNA-1, 
CMV

EBV reactivation Ab signal 
associated with fatigue, OR 2.1

Strong (with the caveat that 
this is early LC/post-acute 
infection)

Cohort: 280 post-acute 
COVID-19

Peluso et al., 
2022

REAP panel Ab profile 
against EBV gp23, gp42

Increased Ab reactivity to 
lytic/structural antigens, 
arguing for reactivation

Strong Cohort: 273 Klein et al., 2023

T cell tetramer 
frequencies for EBV 
proteome epitopes

Significantly increased 
populations of EBV lytic 
antigen-specific 
CD69+CD137+ T cells, 
indicating recent activation

Strong LC;56; Control: 20 Gao et al., 2026

Plasma EBV viral load Potential prognostic marker of 
subsequent Long Covid

Of interest but with caveats: 
possible relevance to Long 
Covid predictive value of 
EBV viral load at acute 
infection

Acute, 1st wave, severe 
COVID-19, 3-month follow-up

Su et al. 2022



This protracted timecourse was 
predictable from prior experience with 
the very similar Long-SARS in 2003-
2004. A 20-year perspective:

“None of our 50 patients got their old life back with time and treatment. 
Some were never able to return to work. Some had a trial of return to work 
and failed. Some had a trial of return to modified work, which then failed. 
Some had seniority to move to an easier position at work, which then failed. 
Some returned to being able to look after themselves completely, but could 
not return to work or sports”

John Patcai, Department of Medicine, University of Toronto
Oxford Open Immunology 2022;  3, Iqac0022





969 participants completed questionnaire between 
April 2022 and January 2024

32 participants excluded due to unclear infection history
3 participants excluded as infection less than 4 weeks prior

Uninfected 
n = 90 

Fully recovered  
n = 111 

Long Covid 
n = 733 

Visit 1 blood samples collected between July 2022 
and February 2024

Uninfected 
n = 38 

Fully recovered  
n = 52 

Long Covid 
n = 221 

Follow-up questionnaires completed between 
January 2024 and June 2024

Uninfected 
n = 16 

Fully recovered  
n = 47 

Long Covid 
n = 342 

New infection since 1st questionnaire
n = 35 

Visit 2 blood samples collected between January 
2024 and December 2024

Uninfected 
n = 3

Fully recovered  
n = 21

Long Covid 
n = 83 

New infection since 1st blood visit
n = 8 

Adult WILCO consort diagram

1st WILCO participant, ICTEM,
 Hammersmith Hospital



Adult WILCO participant characteristics at Q1 

Unpublished data - please do not photograph or 
share



Severity of acute SARS-CoV-2 infection linked to LC 
irrespective of infecting VOC 

Unpublished data - please do not photograph or 
share



Female

Male

Some persistent symptoms more common in women 

By Q2 women had significantly more 
nausea, tachycardia, palpitations and 
low systolic BP (<100mmHg) while 
men had more sleep apnoea

Unpublished data - please do not photograph or 
share



Wuhan wave

Alpha wave

Delta wave

Omicron wave

More persistent symptoms following 
SARS-CoV-2 infection during the Wuhan 
wave compared to Delta and Omicron 
waves.

Unpublished data - please do not photograph or 
share



Persistent symptoms more common 
in women than men irrespective of 
SARS-CoV-2 VOC in pre-Omicron 
infection waves 

Persistent symptoms more common 
in women following severe acute 
SARS-CoV-2 infection

Unpublished data - please do not photograph or 
share



Some persistent symptoms more common following a SARS-CoV-2 
infection during the Wuhan wave compared to the Omicron wave.

Unpublished data - please do not photograph or 
share



Change of employment status since March 2020

Employment status pre-March 2020

Employment status at Q2 People with LC more 
likely to be 
unemployed or 
working part-time at 
Q2 than those that 
had fully recovered 
within 4/52 of acute 
infection

No difference in 
employment status 
pre-pandemic

Change in 
employment status 
of people with LC
comparing pre- and 
post-pandemic

Unpublished data - please do not photograph or 
share



Adult WILCO Q2 cohort longitudinal symptom trajectory

Unpublished data - please do not photograph or 
share
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I



These trajectories – improved versus ‘deep LC’ are 
not obviously distinguished by:

• Gender
• Ethnicity
• Age
• BMI 
• Infecting VoC
• ‘proxies for persistent virus reservoir’ – S, N Ab or T cells, 

IFI27 transcription

Unpublished data - please do not photograph or 
share



Unpublished data - please do not photograph or 
share

FR - Fully recovered within 4/52 after acute 
SARS-CoV-2 infection 

LC Improved - Long COVID – (persistent 
symptoms lasting >3/12 after acute SARS-CoV-
2 infection) with symptoms having improved 
after 18/12 additional f/u

Deep LC - Long COVID (persistent symptoms 
lasting >3/12 after acute SARS-CoV-2 infection) 
with symptoms having got worse after 18/12 
additional f/u

SARS-CoV-2 infection

Q1  V1  Q2  V2
18/12 2Y  3Y  3Y

time since acute infection

Experimental design for longitudinal RNAseq analysis of an age/sex matched WILCO sub-study cohort 



72 differentially expressed genes 
between three groups at V1 

FR - Fully recovered within 4/52 after 
acute SARS-CoV-2 infection; 

LC Improved - Long COVID – (persistent 
symptoms lasting >3/12 after acute 
SARS-CoV-2 infection) with symptoms 
having improved after 18/12 additional 
f/u

Deep LC - Long COVID (persistent 
symptoms lasting >3/12 after acute 
SARS-CoV-2 infection) with symptoms 
having got worse after 18/12 additional 
f/u

RNAseq analysis of the three well characterized groups (FR, LC Improved & Deep LC) 
longitudinally across two time points. 

Unpublished data - please do not photograph or 
share



58 of sig. genes pull apart FR and Deep - LC  
GO term enrichment

Unpublished data - please do not photograph or 
share



Paired analysis comparing timepoint V1 and V2 for the 
three clinical trajectory groups – what changed?

Cutoff p<0.05

Deep-LC LC-Improved

Fully recovered

Unpublished data - please do not photograph or 
share



For 1,946 genes that change between V1 and V2 in the Deep-LC group

Statistically sig. GO terms (simplified) = 43

Unpublished data - please do not photograph or 
share



for 1,946 genes that change between V1 and V2 in the Deep-LC group

Top 15 GO terms as a CNETplot

Unpublished data - please do not photograph or 
share



Unpublished data - please do not photograph or 
share

Differential transcripts in LC implicate 
targets – druggable targets - associated 
with: 

• energy expenditure and metabolic rate  
• chronic pain and anxiety
• neurotransmitter metabolism
• CNS injury and regeneration
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