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Impact of SARS-CoV2 infection
on anti-apolipoprotein A-1 IgG
response in inflammatory
rheumatic diseases
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Objectives: To investigate the impact of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV2) infection on anti-apolipoprotein A-1 IgG (AAA1)

humoral response in immunosuppressed inflammatory rheumatic diseases

(IRD) patients.

Methods: This is a nested cohort study from the prospective Swiss Clinical

Quality Management registry. A total of 368 IRD patients for which serum

samples were available before and after the SARS-CoV2 pandemic were

included. Autoantibodies against ApoA-1 (AAA1) and its c-terminal region

(AF3L1) were measured in both samples. The exposure of interest was anti-

SARS-CoV2 spike subunit 1 (S1) seropositivity measured in the second sample.

The effect of SARS-CoV2 infection (anti-S1 seropositivity) on becoming AAA1 or

AF3L1 positive and on the change of AAA1 or AF3L1 optical density (OD) between

the two samples was tested with multivariable regressions.

Results: There were 12 out of 368 IRD patients who were seroconverted against

S1. The proportion of patients becoming AF3L1 seropositive was significantly

higher in anti-S1-positive patients, compared with anti-S1-negative patients

(66.7% versus 21.6%, p = 0.001). Adjusted logistic regression analyses indicated

that anti-S1 seroconversion was associated with a sevenfold increased risk of

AFL1 seropositivity (odds ratio: 7.4, 95% confidence interval (95% CI): 2.1–25.9)

and predicted median increase in AF3L1 OD values (+0.17, 95% CI: 0.08–0.26).

Conclusions: SARS-CoV2 infection is associated with a marked humoral

response against the immunodominant c-terminal region of ApoA-1 in IRD

patients. The possible clinical impact of AAA1 and AF3L1 antibodies on disease

progression, cardiovascular complications, or long COVID syndrome deserves

future investigations.

KEYWORDS

anti-apolipoprotein A-1 IgG, autoantibodies, severe acute respiratory syndrome
coronavirus 2, inflammatory rheumatic diseases, autoimmunity
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Highlights
Fron
- SARS-CoV2 infection is associated with a marked humoral

response against the immunodominant c-terminal region

of ApoA-1 in inflammatory rheumatic diseases (IRD)

patients.

- These results are relevant because it confirms that exposure to

a viral agent may lead to the development of autoimmunity

in IRD patients.

- The impact of such biological signature on IRD disease

progression and complications such as cardiovascular

events warrants further dedicated studies.
Introduction

Apolipoprotein A-1 (ApoA-1) is one of the main proteins of

high-density lipoprotein (HDL) particles and expresses its

atheroprotective properties through pleiotropic effects. The

literature supports that humoral autoimmunity against ApoA-1 is

a rather frequent phenomenon associated with poorer clinical

outcomes, disease activity, and subclinical atherosclerosis in

various settings, including autoimmune diseases, such as

rheumatoid arthritis (RA) and systemic lupus erythematous

(SLE), and cardiovascular (CV) diseases, and in the general

population (1–4). Anti-ApoA-1 IgG autoantibodies (AAA1) act as

pro-atherogenic molecules through Toll-like receptor (TLR)-2 and

TLR-4, promoting low-grade inflammation and intracellular lipid

accumulation culminating into foam cell formation (5).

Viruses are known to be important environmental factors that

may contribute to the development of autoimmunity and

autoimmune diseases (6). Like many viral infections, severe acute

respiratory syndrome coronavirus 2 (SARS-CoV2) infection can

lead to development of broad autoantibody responses (7). Such

phenomenon is partly explained by the presence of sequence/

structural homologies between SARS-CoV2 immunoreactive

epitopes, its receptor-binding domain (RBD), and numerous host

self-proteins (8, 9). Recently, Pagano et al. reported common linear

epitopes between SARS-CoV2 and the c-terminal part of ApoA-1

and TLR-2. The authors have reported an association between anti-

SARS-CoV2 and AAA1 humoral responses in a case–control study,

both in a prospective intensive care unit (ICU) cohort and in a

general population cohort (10). Interestingly, another longitudinal

prospective study indicated that the SARS-CoV2-induced AAA1

response could concern up to 90% of immunocompetent infected

individuals at 3 months and independently predict symptom

persistence at 1 year (11).

So far, RA is the main inflammatory rheumatic disease (IRD)

known to be associated with an increased prevalence of AAA1

seropositivity, which is strongly associated with an increased

incidence of CV events, prior to the SARS-CoV2 pandemic (12).

Therefore, we hypothesised that SARS-CoV2 infection would affect
tiers in Immunology 02
the AAA1 response in IRDs and investigated the clinical and

biological determinants of such response using 368 IRD patients

enrolled in the Swiss Clinical Quality Management (SCQM) registry

during the pre-pandemic SARS-CoV2 period and resampled during

the pre-/post-pandemic period.
Methods

Study population

This is a nested cohort study from a prospective, longitudinal,

cohort of IRDs patients, the Swiss Clinical Quality Management

registry (SCQM, www.SCQM.ch). The SCQM registry was

founded in 1997 with the support of Swiss regulatory

authorities and aims at continuously improving the quality of

treatment of RA, axial spondyloarthritis (AxSpA), and psoriatic

arthritis (PsA). Unlike many other European registries, most

patients are enrolled by private office-based rheumatologists

(60%), providing a genuine population-based sample of RA

patients in Switzerland. The data for this study were extracted

from the SCQM registry on 01/12/2021. The study protocol was

approved by the SCQM Biobank Scientific Advisory Board and

the SCQM Foundation Board and the local ethics committee of

the University Hospital of Geneva (PB_2018-00317). All

participants gave informed consent before enrolment, in

accordance with the Declaration of Helsinki.
Samples and biochemical analyses

We used the subgroup of 368 patients from the SCQM registry

for which serum samples were available before (sample 1) and after

the COVID-19 outbreak (sample 2). The initial sample collection

(sample 1) took place several years prior to the SARS-CoV2

pandemic; the second sample collection (sample 2) occurred

between 11/08/2020 and 02/02/2021. Serum samples were

processed and stored at −80°C until analysis.

Sample size calculation based on the results in the general

population (considering 15% vs. 40% of seroconversion (10))

indicated that 30 participants with SARS-CoV2 would be enough

to detect such effect with a power of 85%.

AAA1 autoantibodies and those directed against the c-terminal

part of ApoA-1 (AF3L1) were measured in both samples using

extensively validated in-house ELISA protocol (13, 14).

Seropositivity cut-offs for AAA1 and AF3L1 were prospectively

defined and set at an optical density (OD) measured at 405 nm

(OD405) >0.64 and >0.5, respectively. These cut-offs correspond to

the 97.5th percentile of AAA1 and AF3L1 levels obtained from

healthy blood donors (13, 14).

High-density lipoprotein (HDL), non-HDL, and low-density

lipoprotein (LDL) cholesterol levels were measured in sample 1 by

standard chemistry assays (Roche 8000/H cobas), whereas LDL

cholesterol values were calculated using the Friedewald formula.
frontiersin.org
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In sample 2, quantitative SARS-CoV2 antibody testing was

performed using the Roche Elecsys anti-SARS-CoV2 spike

subunit 1 (S1) assay with an anti-S1 seropositivity cut-off set at

0.8 U/ml according to the manufacturer’s instruction.
Outcome

The primary outcome of this analysis was a seroconversion of

AAA1 or AF3L1 between sample 1 and sample 2. This binary

outcome was coded 1 for patients AAA1 negative in sample 1 and

positive in sample 2, and coded 0 otherwise (stayed positive, stayed

negative, or switched from positive to negative). The secondary

outcome was the change of OD of AAA1 and AF3L1 between

sample 1 and sample 2.
Exposure

The exposure of interest was a SARS-CoV2 infection as

established by a positive anti-S1 seropositivity in sample 2.

Potential confounders considered were the type of immune-

mediated disease, the disease duration at sample 2, the age at

sample 2, the sex of the patients, the time elapsed between the

collection of the two samples, the cumulated dose of glucocorticoid

(GC) taken, and the duration on biological disease-modifying anti-

rheumatic drugs (bDMARDs) during this period.
Statistical analysis

We had no missing data in the studied data set. Differences in

proportion of categorical variables between anti-S1 positive and

anti-S1 negative were tested with the chi-square test. Differences for

continuous variables were tested with the T-test, and with the

Wilcoxon test for the variables with a non-normal distribution.

Confidence intervals of binomial proportion were calculated using

the Wilson method. Continuous variables were presented as means

and standard deviations (SD), or as medians and interquartile

ranges (IQR) when appropriate.

The effect of anti-S1 seropositivity on AAA1 or AF3L1

seroconversion in sample 2 was tested using multivariable logistic

regression models with a binomial distribution. The effect of anti-S1

seropositivity on the change of AAA1 or AF3L1 OD was assessed

with multivariable linear regression. Results are expressed with 95%

confidence intervals (95% CI). p values < 0.05 were considered as

significant. All analyses were performed with R software (V.4.0.4).
Results

Population description

The patients’ characteristics are presented in Table 1. Among

the 368 patients considered in this study, 43% had RA, 36% AxSpA,
Frontiers in Immunology 03
and 21% PsA. Patients were predominantly women (63%), with a

mean age of 54 years. Across the IRD spectrum, the baseline

prevalence of AAA1 and AF3L1 seropositivity was respectively

11.2% [95% CI: 7.2%, 17.0%] and 4.3% [95% CI:2.1%, 8.7%] in

RA, 18.4% [95% CI:11.3%, 28.6%] and 3.9% [95% CI:1.4%, 11.0%]

in AxSpA, and 16.8% [95% CI: 11.4%, 24.1%] and 3.1% [95%

CI:1.2%, 7.6%] in PsA. No significant difference was observed

regarding the prevalence of AAA1 and AF3L1 seropositivity

between these three diseases. Median disease duration was 12

years, with no significant difference across the three IRD

subgroups. The median time difference between sample 1 and

sample 2 was 6 years [IQR: 4-8]. During this period of time, 12

patients seroconverted against S1, 93 patients became AAA1

positive, and 85 became AF3L1 positive. Between samples 1 and

2, the optical densities of these two antibodies increased by 0.2 OD

units. If 97.2% of the second sample collection (sample 2) occurred

before the start of the SARS-CoV2 vaccination campaign in

Switzerland (28/12/2020), 100% (12/12) of the anti-S1 positive

patients were unvaccinated, implying a COVID-19-induced

S1 seroconversion.

Patients who seroconverted against SARS-CoV2 displayed

a higher AF3L1 seropositivity rate and median AF3L1 OD

values, compared with uninfected patients by COVID-19, and a

similar trend was observed for AAA1 median OD values

(Table 1, Figure 1).
Multivariable regression

Logistic regression analyses demonstrated that male gender was

the only significant predictor of AAA1 seroconversion (OR 2.23;

95% CI: 1.30–3.82; Table 2). SARS-CoV2 infection increased the

risk of AF3L1 seropositivity by sevenfold (OR: 7.4; 95% CI: 2.14–

25.8) and was associated with an increase of AF3L1 values by 0.18

OD (95% CI: 0.08–0.27), as was disease duration (0.17; 95% CI:

0.081–0.26; Table 2).
Discussion

The main findings of this study is that COVID-19 induces a

humoral response against the c-terminal part apoA-1 in IRD,

corroborating and extending previous observations in

immunocompetent populations (10, 11). Furthermore, the

significant association observed between anti-S1 and AF3L1

responses is also in line with previous studies, suggesting that the

polyclonal AAA1 autoantibody response in humans is preferentially

orientated against the c-terminal alpha helical part of the protein

(14, 15). The rationale for this finding is a linear sequence homology

between the Spike protein of SARS-CoV2 and the c-ter region of

ApoA-1, which may underpin the production of AAA1 in SARS-

CoV2-affected individuals (10). The reason why such associations

could not be reproduced for autoantibodies against the full ApoA-1

molecule despite the trend is most likely due to the low statistical
frontiersin.org
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power of this study, although other explanations cannot be

formally excluded.

Given the known association between this type of humoral

autoimmune response and poor evolution of the disease, this result

is an additional argument in favour of vaccination against Sars-

CoV2. The fact that IRD shares risk factors with COVID-19 and

that immunomodulatory therapies tend to increase the risk of poor

COVID-19 outcomes were already strong arguments in favour of

vaccination (16, 17). However, due to the potential impact of
Frontiers in Immunology 04
immunomodulatory therapies on vaccine efficacy and safety, it is

important to IRD patients to discuss their vaccination options with

their healthcare provider, who can provide personalised

recommendations based on their patient’s individual medical

history, current medications, and overall health status (18).

The second notable finding of this study is that the AAA1 and

AF3L1 seroprevalences were evenly distributed across the whole

IRD spectrum of diseases. Due to the proinflammatory biological

properties of AAA1, and their established association with poorer
TABLE 1 Sociodemographic characteristics and serum sample results of the ensemble of the patients considered (overall), and per group of anti-S1
positivity.

Overall Anti-S1 negative Anti-S1 positive p

Patient characteristics (at sample 2)

N patients 368 356 12

Sex = male (%) 137 (37.2) 132 (37.1) 5 (41.7) 0.984

Age (mean (SD)) 53.80 (12.32) 53.74 (12.42) 55.46 (9.07) 0.636

Disease (%) 0.931

AxSpA 131 (35.6) 127 (35.7) 4 (33.3)

PsA 76 (20.7) 73 (20.5) 3 (25.0)

RA 161 (43.8) 156 (43.8) 5 (41.7)

Disease duration (years)
(median [IQR])

12.78 [8.04, 19.04] 12.77 [7.95, 18.75] 16.14 [10.96, 26.72] 0.149

Pre-pandemic serum characteristics (at sample 1)

AAA1 IgG positive (%) 54 (14.7) 50 (14.0) 4 (33.3) 0.149

AF3L1 IgG positive (%) 14 (3.8) 13 (3.7) 1 (8.3) 0.947

Total cholesterol (mean (SD)) 5.29 (1.21) 5.29 (1.17) 5.24 (2.15) 0.892

HDL cholesterol (mean (SD)) 1.51 (0.43) 1.51 (0.42) 1.51 (0.63) 0.986

Non-HDL cholesterol (mean (SD)) 3.78 (1.15) 3.78 (1.13) 3.73 (1.72) 0.881

LDL cholesterol (mean (SD)) 1.44 (0.81) 1.43 (0.77) 1.74 (1.71) 0.194

Difference between post-pandemic and pre-pandemic samples

Delay between samples in years (median [IQR]) 6.05 [4.25, 7.88] 5.98 [4.22, 7.86] 7.34 [5.28, 8.35] 0.244

Became AAA1 positive (%) 93 (25.3) 87 (24.4) 6 (50.0) 0.096

AAA1 OD difference (mean (SD)) 0.23 (0.25) 0.23 (0.24) 0.31 (0.40) 0.276

Became AF3L1 positive (%) 85 (23.1) 77 (21.6) 8 (66.7) 0.001

AF3L1 OD difference (mean (SD)) 0.21 (0.16) 0.20 (0.16) 0.37 (0.15) <0.001

Under GC treatment between sample 1 and sample 2 56 (15.2) 54 (15.2) 2 (16.7) 1

Cumulative GC dose (in g) of those under GC treatment (median [IQR]) 2.37 [0.89, 7.83] 2.37 [0.88, 8.02] 2.67 [1.96, 3.38] 0.825

Cumulative years of bDMARD treatment (median [IQR]) 4.30 [1.61, 6.82] 4.27 [1.59, 6.73] 6.76 [4.00, 7.83] 0.076
frontie
The sociodemographic characteristics at sample 2 collection are the sex, the age, the disease (RA, rheumatoid arthritis; PsA, psoriatic arthritis; AxSpA, axial spondyloarthritis), and the disease duration.
The serum baseline characteristics are the percentage of anti-ApoA-1 (AAA1) IgG and anti-F3L1 (AF3L1) IgG positive, titres (mmol/L) of total, high-density lipoprotein (HDL), non-HDL, and low-
density lipoprotein (LDL) cholesterol. The sample difference provides the delay in years between sample 1 and sample 2, the number of patients who became AAA1 or AF3L1 positive and the associated
change in optical density (OD), the number of patients under glucocorticoid (GC) treatment between sample 1 and sample 2, the cumulated dose of GC of those under GC, and the cumulative time
under biological disease-modifying antirheumatic drugs (bDMARDs) between sample 1 and sample 2. The delay between samples, the number of years under bDMARDs, the disease duration, and the
GC dose cumulated have a non-normal distribution: the comparison between the groups are performed with the Wilcoxon test. Bold p-values of 0.05 or less were considered statistically significant.
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CV and general outcomes, further studies are warranted to

determine the clinical relevance of such autoimmune biological

signature in IRD other than RA.

The strengths of this study are a representative sample of IRD

patients followed and sampled before and during the pre-/post-

pandemic period. The fact that almost all sampling occurred before

the start of the vaccination campaign in Switzerland ensures that

the anti-S1 seropositivity measured is caused by SARS-CoV2

infections and not by vaccinations.

There are several limitations to the present study. The first

resides in the low number of anti-S1-positive patients in our cohort,

probably related to the relatively short 8-month follow-up after the

beginning of the SARS-CoV2 pandemic and the low fraction of IRD

patients exposed to SARS-CoV2 in this high-risk population. This

in turn prevented us to explore the possible associations with CV

complications or long COVID syndrome, as previously reported (5,

11, 12), which is an important limitation of the present study.

Thirdly, although we took care to minimise the impact of possible

confounding factors in our adjusted analyses, we cannot formally
Frontiers in Immunology 05
rule out that unmeasured confounding factors could have blunted

the present results. Finally, we limited our analyses to AAA1

autoantibodies and did not consider other autoantibodies, such as

rheumatoid factors (RF), anti-citrullinated protein antibodies

(ACPA), or anti-HDL antibodies known to be associated with

RA. ACPA increase and RA flaring have been previously

described after SARS-CoV2 infection, but it is currently still

unclear if this finding is causal or a spurious finding (19). Future

work is warranted to replicate and validate these preliminary results

in larger cohorts with a longer follow-up duration.

In conclusion, this report reveals that in a subset of IRD patients

exposed to a SARS-CoV2 infection, humoral autoimmune response

against the c-terminal region of ApoA-1 can occur, extending the

concept that exposure to infectious agents may lead to the

development of autoimmunity in IRD patients. Because SARS-

CoV2 infections are still expanding, the incidence of AAA1

seropositivity is expected to increase overall, including in IRD

patients. The clinical implications of these biomarkers are still

unclear and remain to be addressed.
A B

DC

FIGURE 1

Anti-ApoA-1 IgG, anti-F3L1 IgG, and anti-S1 IgG status in patients with inflammatory rheumatic diseases during the pre- and pre-/post SARS-CoV2
era. Anti-F3L1 (AF3L1) IgG (A) and anti-ApoA-1 (AAA1) IgG (C) optical density (OD) measured in pre-pandemic sample (sample 1) and pre-/post-
pandemic samples (sample 2), with a line linking the two measures for the same patient. The line is coloured in red for patients with a positive anti-
S1 measure in sample 2. The two right panels display the OD difference between sample 2 and sample 1 for AF3L1 IgG (B) and AAA1 IgG (D), for
patients anti-S1 positive and the others.
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frontie
Result of the multivariate logistic regression predicting the binary outcome “became AAA1 IgG positive” or “became AF3L1 IgG positive” and of the multivariate linear regression predicting the
optical density (OD) change of anti-ApoA-1 (AAA1) IgG and anti-F3L1 (AF3L1) IgG between sample 1 and sample 2, as a function of the anti-S1 positivity, the sex, the age of the patient, the
disease, the years of biological disease-modifying antirheumatic drug (bDMARD) treatment between sample 1 and sample 2, the cumulated glucocorticoid (GC) dose between sample 1 and
sample 2, the delay between sample 1 and sample 2, and the disease duration. RA, rheumatoid arthritis; AxSpa, axial spondyloarthritis; PsA, psoriatic arthritis; bDMARDs, biologic disease-
modifying antirheumatic drugs; GC, glucocorticoids.
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