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Introduction [i]: long-COVID (PCS, PASC)

• Definition: persistence for at least 12 weeks from the onset of 
COVID-19 of symptoms which cannot be explained by an 
alternative diagnosis (WHO).

• Estimated to be approx 200 million affected individuals 
worldwide, and this total is projected to increase.
– UK: ~1.7 million people in the experience long-COVID symptoms, for 59% 

of whom these symptoms impact on their day-to-day activities.

• WHO: 10-20% long-COVID prevalence.
• [Hastie 2023],[O’Mahoney 2022],[Woodrow 2023]: 44-50% 

long-COVID prevalence. 

Q1: Why this discrepancy?

Q2: Is it possible to identify a marker that predicts which 
individuals are likely to experience long-COVID following a 

COVID-19 infection?



Introduction [ii]: IL-6/IL-6R/sgp130 signalling

eg. Bovjin (2020): CC is protective re COVID-19 severity:

GAT [Asp358] GCT [Ala358]

DNA …CAAGATTCT…

Protein …Gln Asp Ser…                 

OR
…Gln Ala Ser…

1073

• rs2228145: AC change at                             

position 1073 of IL-6R gene.

• IL-6R protein is cut at * into 2 fragments, 
one of which is shed from cells as sIL-6R.

• Ala358 confers  sensitivity to cleavage; ~2x 
[sIL-6R] in CC individuals (cf. AA or AC).

Garbers (2015): “sIL-6R & sgp130 constitute a buffer for IL-
6 in the blood. The rs2228145 CC genotype leads to higher 

blood-borne sIL-6R concentrations, & thus higher IL-6-
buffering capacity. This leads to protection against 

unbuffered IL-6  in the context of inflammatory diseases.”

AA CC

sgp130

sIL-6R

*



Study Aims/Objectives
• The study’s aim is to investigate the influence of IL-6 signalling 

(particularly the impact of the rs2228145 variant in the IL-6R 
gene) on the body’s response to COVID infection. 

• Primary Objective: To obtain DNA samples from patients [i] with 
severe COVID-19, [ii] who have recovered from severe COVID-19, [iii] 
with long-COVID, and [iv] who have never had COVID-19, to determine 
their rs2228145 genotype. 

• Secondary Objectives
– a) To collect plasma samples & determine circulating levels of IL-6, sIL-6R & sgp130. 

– b) To evaluate potential associations between the above and: [i] severity of patients’ 
acute symptoms during SARS-CoV-2 infection; [ii] progression to long-COVID in the 
medium-term aftermath of SARS-COV-2 infection.

– c) To evaluate potential associations between long-COVID risk and factors such as 
number/severity of COVID-19 infections, vaccination history, co-morbidities.



Recruited onto Study (n=192)
[CMU: n=41; CTMUHB: n=151]

Participants [Have/Previously had COVID-19] (n=180) Controls [“Never had COVID-19”] (n=12)

Retrospective Cohort (n=175)
Prospective Cohort (n=5)

Retrospective Cohort (n=175; 
85 with long-COVID; 90 without)

Samples/Questionnaire responses:
July-Sept 2023; April-June 2024 (n=53; 

>1 symptom: n=28; no symptoms: n=25)

Samples/Questionnaire responses:
Oct 2023-March 2024 (n=122;

>1 symptom: n=58/no symptoms: n=64)

N=67 plasma 
samples

N=73 plasma 
samples

Therefore, apparent long-
COVID prevalence = 48.6% 

Study Design



rs2228145 genotype significantly associated 
with sIL-6R levels (but not IL-6, sgp130) 



IL-6 levels significantly associated with 
presence of Long-COVID

• Absolute IL-6 values: 78±36pg/ml [long-
COVID] versus 29±13pg/ml (healthy). 

• Guirao (2020) “A cut-off point of 35pg/mL clearly 
differentiates patients with more severe disease”



Univariate logistic regression analysis for potential 

contributing factors of long-covid (1 or more symptoms)

P=0.834

Genotype Frequency
 All (n=175) 

▪Allele Frequency 

Aggregator 
(n=253k)

P=0.847



• Prev. studies: COVID-19, IL-6 & sIL-6R are significantly affected by season. 
– Maes (1994)
– De Vita (2014)
– Webb (2021) Provisional Designation of IL-6R as a Novel                                                          

Marker Gene for Exercise Tolerance
– Byun (2021). “Is coronavirus disease (COVID-19) seasonal?                                                  

A critical analysis” 
– Walsh (2023)

Stratification, on the basis of time of year

Therefore, dataset 
stratified into 

‘summer’ & ‘winter’ 
sub-cohorts 

• Mixed-effects model analysis: Long-COVID score is significantly 
affected by season in our dataset (P<0.05).
• Season (‘block’) & genotype (‘treatment’) v. Long-COVID score



Univariate logistic regression analysis (seasonally 

stratified)

rs2228145
genotype 
frequency



Univariate logistic regression analysis (chronic 

fatigue)

rs2228145
genotype 
frequency



Discussion.
• ‘Summer cohort’ data: significant protective effect of CC in context of long-COVID; aligns 

with prev. COVID-19 studies: eg. Bovjin (2020).

– Adds a novel ‘long-COVID’ context to these previous studies. 

• Seasonal Misclassification Bias in self-reported symptom studies: 
– Hastie, 2023: 64.5% of ’long-COVID’ cohort reported apparent long-COVID symptoms, 

but so did 50.8% of the ‘never-had-COVID’ cohort! Adjusting for bias  reduction of 
initial estimated prevalence of ~50% to 13.8% (in line with WHO estimate). 

– Long-COVID-resembling symptoms have been reported for several seasonal conditions 
(eg. Seasonal chronic fatigue syndrome, seasonal allergy-related conditions, seasonal 
non-COVID respiratory diseases, seasonal depression). 

– ‘Capture’ of long-COVID via questionnaire responses (ie. self-reported symptoms) may 
be less accurate in winter, due to the confounding effect of the higher prevalence of 
seasonal long-COVID-resembling non-COVID conditions during this period.



Conclusion
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• While interpretation is complicated by seasonal variation, the finding that 
rs2228145 CC genotype may be linked to protection from developing long-COVID 
may be of clinical value. 

• Possible future use of rs2228145 genotype as a biomarker predictive of long-COVID 
risk? May be of use in identifying at-risk individuals, facilitating rapid signposting 
towards relevant treatment options, and bringing advantages regarding long-COVID 
management/treatment.
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