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Background.  The immunopathological pathways enabling post-coronavirus disease 2019 (COVID-19) syndrome (PCS) devel-
opment are not entirely known. We underwent a longitudinal analysis of patients with COVID-19 who developed PCS aiming to 
evaluate the autoimmune and immunological status associated with this condition.

Methods.  Thirty-three patients were included for longitudinal clinical and autoantibody analyses, 12 of whom were assessed for 
cytokines and lymphocyte populations. Patients were followed for 7–11 months after acute COVID-19. Autoimmune profile and 
immunological statuses were evaluated mainly by enzyme-linked-immunosorbent assays and flow cytometry.

Results.  Latent autoimmunity and overt autoimmunity persisted over time. A proinflammatory state was observed in patients 
with PCS characterized by up-regulated interferon-α, tumor necrosis factor-α, granulocyte colony-stimulating factor (G-CSF), in-
terleukin (IL)-17A, IL-6, IL-1β, and IL-13, whereas interferon-γ-induced protein 10 (IP-10) was decreased. In addition, PCS was 
characterized by increased levels of Th9, CD8+ effector T cells, naive B cells, and CD4+ effector memory T cells. Total levels of immu-
noglobulin G S1-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies remained elevated over time.

Conclusions.  The clinical manifestations of PCS are associated with the persistence of a proinflammatory and effector pheno-
type induced by SARS-CoV-2 infection. This long-term persistent immune activation may contribute to the development of latent 
and overt autoimmunity. Results suggest the need to evaluate the role of immunomodulation in the treatment of PCS.

Keywords.  autoimmunity; COVID-19; long COVID; naive B cells; post-COVID syndrome.

During acute infection of severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), responsible for the coronavirus dis-
ease 2019 (COVID-19), clinical manifestations vary from mild 
forms to critical and more severe cases [1]. Symptoms include 
dry cough, fatigue, anosmia, and fever. However, some patients 
may worsen and require intensive care unit admission, mechan-
ical ventilation, and vasopressor support [1].

Although most of the COVID-19 patients recover entirely, 
without sequelae, more than 20% of patients may keep experi-
encing symptoms after 4 weeks of acute disease and others may 
even develop new symptoms [2]. This clinical spectrum is called 
post-COVID syndrome (PCS) [2]. One third of patients with 
PCS present with at least 1 musculoskeletal, respiratory, gastro-
intestinal, and neurological symptom [2].

The causes of PCS are under study. Viral persistence [3], en-
docrine dysregulation [4], endotheliopathy [5], autoimmune 

response [6], and a persistent inflammatory state [7] have been 
advocated. However, the precise mechanisms associated with 
its appearance and the influence of biological alterations on 
clinical phenotypes remain to be elucidated. In this study, we 
present a longitudinal analysis of a case series of patients with 
COVID-19 who developed PCS, and we aim to evaluate the au-
toimmune and immunological pathways associated with this 
condition and the likely targets for novel treatments.

METHODS

Study Design

Coronavirus disease 2019 patients who participated in a pre-
vious study [8] were contacted by telephone and reassessed 
for possible post-COVID symptoms, as described in de-
tail elsewhere [2]. Those who were suspected to present PCS 
were invited to attend the post-COVID unit at the Clínica del 
Occidente, in Bogota, Colombia, for clinical and immunolog-
ical evaluation. A final sample size of 33 patients was included 
for longitudinal autoantibody analyses, and 12 were assessed 
for cytokines, lymphocyte populations, and anti-SARS-CoV-2 
antibodies (Figure 1A). Serological data of 100 healthy con-
trols, previously reported, served as historical control group for 
autoimmune comparisons [9], and a group of 8 prepandemic 
healthy individuals was the control group for the immunolog-
ical assessment [8].
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Figure 1.  Autoimmune assessment of post-coronavirus disease 2019 (COVID-19) syndrome (PCS). (A) Study design. Patients assessed for autoantibodies were followed 
7–11 months postinfection (n: 33). Patients evaluated for cytokines, lymphocytes, immunoglobulin (Ig)G, and IgA S1-severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) antibodies were followed 7–9 months postinfection (n: 12). (B) Mirrored bar plot for symptoms on acute COVID-19 and PCS (n: 33). (C) Paired dot plot for concentration 
of autoantibodies. Dashed blue line represents cutoff values for positivity of each autoantibody (by their respective enzyme-linked-immunosorbent assay thresholds). (D) 
Alluvial diagrams for latent autoimmunity and overt autoimmunity. ACAs, Anti-cardiolipin antibodies; β2GPI, β2 glycoprotein-1; CCP3, Cyclic citrullinated peptide third-
generation; dsDNA, Double-stranded DNA; IFN-α, Interferon-α; PolyA, Polyautoimmunity; RF, Rheumatoid factor; RNP, Ribonucleoprotein; Sm, Smith; Tg, Thyroglobulin.
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Patient Monitoring and Clinical Evaluation

Patients were systematically evaluated for acute COVID-19 and 
post-COVID clinical manifestations, as previously described 
[2]. Of 33 patients with PCS evaluated for autoantibodies, 5 
were vaccinated during the PCS. This study was done in com-
pliance with Act 008430/1993 of the Ministry of Health of the 
Republic of Colombia, which classified it as minimal-risk re-
search. All the patients were asked for their consent and were 
informed about the Colombian data protection law (1581 of 
2012). The institutional review board of the CES University ap-
proved the study design.

Autoantibodies

Detection of immunoglobulin (Ig)M rheumatoid factor (RF), 
IgG anti-cyclic citrullinated peptide third generation (CCP3) 
antibodies, IgM and IgG anti-cardiolipin antibodies (ACAs), 
IgM and IgG anti-β2 glycoprotein-1 (β2GP1) antibodies, IgG 
anti-double-stranded deoxyribonucleic acid (dsDNA) anti-
bodies, IgG anti-thyroglobulin (Tg) antibodies, and anti-thyroid 
peroxidase (TPO) antibodies were all quantified by enzyme-
linked-immunosorbent assay (ELISA). In addition, antinuclear 
antibodies (ANAs) were evaluated by using an indirect immu-
nofluorescence assay. Positive results were considered from di-
lution 1/80. In case of ANAs positivity, anti-SSA/Ro, anti-SSB/
La, anti-ribonucleoprotein (RNP), and anti-smith (Sm) anti-
bodies were further evaluated by a commercial ELISA. All the 
assay kits were from Inova Diagnostics, Inc. (San Diego, CA) as 
previously reported [9]. Assessment of anti-interferon (IFN)-α 
antibodies was done by ELISA (Thermo Fisher Scientific, 
Waltham, MA) following manufacturer’s specifications.

Cytokine Assay and Lymphocytes Immunophenotype

Serum concentration of 20 cytokines (interleukin [IL]-1β, IL-2, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-17A, 
tumor necrosis factor [TNF]-α, granulocyte colony-stimulating 
factor [G-CSF], granulocyte-macrophage CSF [GM-CSF], 
RANTES, monocyte chemoattractant protein [MCP]-1, 
interferon-γ-induced protein 10 [IP-10], IFN-γ, IFN-α) was 
assessed by Cytometric Bead Array ([CBA] Becton Dickinson 
Biosciences, San Diego, CA). The test was done according to the 
manufacturer’s protocols. Concentration of the cytokines was 
calculated using the FCAP Array Software (BD Bioscience) as 
reported elsewhere [10].

Thirty cell subsets (Supplementary Appendix) were also as-
sessed. A minimum of 100 000 lymphocytes per sample were 
acquired on a FACSCanto II flow cytometer (BD Biosciences) 
and data were analyzed with FlowJo software version 9 (BD 
Biosciences) as reported elsewhere [8].

Anti-Severe Acute Respiratory Syndrome Coronavirus 2 Antibodies

The Euroimmun anti-SARS-CoV-2 ELISA (Euroimmun, 
Luebeck, Germany) was used for serological detection of 
human IgG and IgA antibodies against the SARS-CoV-2 S1 

structural protein, in accordance with the manufacturer’s in-
structions, as previously described [2]. The ratio interpretation 
was <0.8 = negative, ≥0.8 to <1.1 = borderline, and ≥1.1 = pos-
itive. Antibody positivity was performed using a 1:100 dilution.

Statistical Analysis

Univariate descriptive statistics were performed. Categorical 
variables were analyzed using frequencies, and quantitative 
continuous variables were expressed in the median and inter-
quartile range (IQR). Fisher’s exact or Mann-Whitney U tests 
were used based on the results. Cytokine concentrations were 
analyzed after log transformation; all other parameters were 
analyzed without any additional data transformation.

Initially, generalized linear models were used to evaluate 
longitudinal changes in IgA and IgG SARS-CoV-2 antibodies 
ratios, cytokines, and lymphocyte populations, as previously 
described [8]. In addition, linear regression models were fitted 
to estimate the differences in cytokines and lymphocyte popula-
tions between PCS and prepandemic controls. For these models, 
post hoc comparison of means was based on both adjusted 
Bonferroni P values and Fisher’s protected least significant dif-
ferences procedure using t statistics based on Satterthwhaite’s 
approximation.

Next, we evaluated whether levels and positivity of autoanti-
bodies changed from acute COVID-19 to PCS. The McNemar 
test with continuity correction and paired t test were performed 
for positivity and autoantibodies levels, respectively. The signif-
icance level of the study was set to 0.05. Statistical analyses were 
done using R software version 4.0.2.

RESULTS

Autoimmune Assessment

The main clinical characteristics of the 33 patients are shown 
in Figure 1B. Most of them were male (19 of 33, 57.6%) with 
a median age of 55 years (IQR, 50 to 63). The median post-
COVID time was 266 (IQR, 253 to 288) days. Despite the var-
iation in concentration (Figure 1C), autoantibodies positivity 
did not change from acute disease (D0) to PCS (McNemar test, 
P > .0500), except for ANAs, which showed a slight increase in 
its frequency at 1/80 dilution (McNemar test, P = .0455).

Compared with prepandemic controls, frequency of β2GP1 
IgM autoantibodies was higher in PCS (Fisher’s exact test, 
P = .0135). The remaining autoantibodies did not differ from 
healthy subjects at baseline (D0) or at the time of PCS (Fisher’s 
exact test, P > .0500). Despite differences in ages (55 years in 
PCS vs 35 years in controls, Mann-Whitney U test, P < .0001), 
there were no differences in sex frequencies (Fisher’s exact test, 
P = .1632).

During the acute phase of illness, there were 19 of 33 (57.6%) 
patients presenting with at least 1 autoantibody (ie, latent au-
toimmunity), and 11 of 33 (33.3%) patients presented with 2 
or more autoantibodies (ie, latent polyautoimmunity), whereas 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac017#supplementary-data
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during the PCS there were 21 of 33 (63.6%) patients presenting 
with at least 1 autoantibody (Fisher’s exact test, P = .0006; 
McNemar test, P = .6831), of whom 16 of 33 (48.5%) presented 
with 2 or more autoantibodies (Fisher’s exact test, P = .0007; 
McNemar test, P = .1306) (Figure 1D). These results indicate 
that there was not only a persistence of latent autoimmunity 
during the PCS but also an increased prevalence of both latent 
autoimmunity and latent polyautoimmunity (Figure 1D).

At the acute COVID-19, 5 of 33 (15.2%) patients disclosed 
non-autoimmune hypothyroidism, and 3 of 33 (9.1%) had au-
toimmune thyroid disease (AITD). During the PCS, there was a 
patient who developed AITD, and another in whom anti-TPO 
antibodies became negative.

Immunological Assessment

The main clinical characteristics of the 12 patients are shown in 
Figure 2A. Half were male (6 of 12, 50%) with a median age of 
50.5 years (IQR, 49.75 to 55.5). The median post-COVID time 
was 259 (IQR, 235.5 to 271.5) days. During acute COVID-19, 
patients presented a progressive increase of IgA (from day 0 to 
day 28, P = .0257) and IgG (from day 0 to day 28, P < .0001) 
anti-SARS-CoV-2 S1 antibodies, and a reduction of 22.3% 
and 33.6% was observed at the PCS evaluation, respectively. 
However, IgA antibodies returned to similar levels from base-
line (P = 1.0000), and IgG antibodies remained high (P < .0001) 
(Figure 2B). None of these patients were vaccinated during the 
follow-up.

Cytokine and Lymphocyte Profiles in Post-Coronavirus Disease 2019 

Syndrome 

Principal component analysis of a panel of cytokine and lym-
phocyte populations contributing to PCS pathophysiology 
showed that PCS patients were segregated from the other 
2 groups of patients (ie, day 28 and prepandemic controls) 
(Figure 2C). Then, the most critical factors for such distinction 
were assessed. We found that IFN-α, TNF-α, G-CSF, IL-17A, 
IL-6, IL-1β, IL-13, and IP-10 were the most contributing cyto-
kines (ie, average contribution cutoff >5%) (Figure 2D). The 
most contributing lymphocyte immunophenotypes were Th9, 
CD8+ effector T cells, CD8+ naive T cells, total lymphocytes, 
naive B cells, CD4+ naive T cells, CD4+ effector memory T cells, 
CD4+ and CD8+ T cells, and total T cells (average contribution 
cutoff >3.33%) (Figure 2D).

Longitudinal evaluation of selected biomarkers disclosed an 
increase of most of the cytokines during PCS compared with 
levels measured at day 28 and with prepandemic controls, 
whereas IP-10 decreased (Figure 2E). The TNF-α (P = .0118), 
IL-1β (P = .0166), and IL-13 (P < .0001) levels were higher 
during PCS than at day 0 (Figure 2E).

Regarding lymphocytes, Th9, CD8+ effector T cells, naive B 
cells, and CD4+ effector memory T cells were increased in PCS 
compared with levels measured at day 28 and with prepandemic 

controls (Figure 2F). On the other hand, lower levels of CD8+ 
and CD4+ naive T cells and total lymphocytes were observed 
(Figure 2F). There was no influence of age (50.5 years in PCS 
vs 46 years in controls, Mann-Whitney U test, P = .5614) or sex 
(Fisher's exact test, P = .3729) that could have biased the dif-
ferences between PCS and prepandemic controls on cytokines 
and lymphocytes. Representative flow cytometry plots for each 
reported cellular population are provided in Supplementary 
Figure 1.

DISCUSSION

This study shows the development of autoimmunity during 
PCS (Figure 1D) together with a persistent proinflammatory 
state and a dysregulated cellular immune response. Levels of 
IgG anti-SARS-CoV-2 S1 antibodies remained high since the 
acute phase of illness to the PCS, whereas IgA antibodies tend 
to return to the basal state. Long-term antibody responses to 
SARS-CoV-2 and a high interindividual variability has been re-
ported [2]. Other longitudinal studies have shown small or no 
change in neutralizing antibody titers at 5 months postinfection 
[11, 12]. Chen et al [13] showed that 92.5% of patients had de-
tectable neutralizing antibodies approximately 7 months after 
infection, despite a decrease in antibody titers. This is in line 
with our study, in which IgG and IgA antibodies against S1 
SARS-CoV-2 decreased slightly 7 to 9 months of evaluation. 
Likewise, a study conducted by Ivanov and Semenova [14], in 
which asymptomatic or mild COVID-19 patients were evalu-
ated, showed that levels of IgA antibodies were persistently high 
for more than 6 months after recovery from COVID-19.

Latent polyautoimmunity is associated with deleterious out-
comes in patients with acute COVID-19 [9], and persistence 
of autoantibodies could influence clinical phenotypes in PCS, 
and the development of overt autoimmunity [15]. Our results 
demonstrate that latent polyautoimmunity observed during the 
acute phase of disease persists during PCS. In other words, la-
tent polyautoimmunity in COVID-19 is not transient. Persistent 
ACA IgG positivity has been reported in a patient developing 
PCS [16], as well as an increase in the positivity of ANAs anti-
bodies during PCS [17]. Nevertheless, because no information 
of autoantibodies before SARS-CoV-2 infection exist, a causal 
effect of virus infection in the development of autoimmunity 
during the acute phase of disease is precluded.

Cañas [6] proposed that the development of autoimmune 
conditions subsequent to COVID-19 infection could be asso-
ciated (1) with transient immunosuppression of innate and ac-
quired immunity leading to a loss of self-tolerance and (2) with 
a form of inappropriate immune reconstitution in genetically 
susceptible individuals. Our results show that patients with PCS 
have high levels of naive B cells, which are known to be a source 
of autoantibodies [18, 19].

We observed an increase of proinflammatory cytokines in 
PCS (ie, IFN-α, TNF- α, G-CSF, IL17A, IL-6, IL1-β, and IL-13), 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac017#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac017#supplementary-data
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Figure 2.  Immunological assessment of post-coronavirus disease 2019 (COVID-19) syndrome (PCS). (A) Mirrored bar plot for symptoms of acute COVID-19 and post-COVID 
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which confirmed previous observations [20, 21]. In addition, a 
significant decrease in IP-10 was noticed. This cytokine is a bio-
marker associated with severity and risk of death in COVID-19 
patients. Interferon-γ-induced protein 10 is implicated in the 
acute phase of COVID-19 as promoting viral clearance and as 
an effector of immune-mediated acute lung injury [22]. Our re-
sults suggest that IP-10 plays a critical role in the acute phase of 
illness but not in PCS.

Studies based on the general population have shown asso-
ciations between high concentrations of circulating inflam-
matory markers, such as C-reactive protein (CRP), IL-6, and 
TNF-α with depressive and cognitive symptoms [23, 24]. In 
PCS, persistent IL-6 dysregulation may contribute to fatigue, 
sleeping difficulties, depression, and anxiety, suggesting that a 
maintained inflammation is associated with these symptoms 
[25, 26]. Other biomarkers such as IL-1β, TNF-α, IFN-γ, IL-10, 
IL-2, CRP, MCP-1, serum amyloid A, and metabolites of the 
kynurenine pathway may contribute to this symptomatology 
in PCS [27]. Identification of these biomarkers, which are as-
sociated with chronic inflammation, may help us understand 
how depression develops in PCS. Moreover, IL-6 could drive 
autoinflammatory reactions and autoimmunity, via pre-existing 
natural B cell clones [28].

Regarding cellular immune response, our results reveal 
that 7 to 9 months after SARS-CoV-2 infection, most of the 
components of cellular immunity do not return to normal 
baseline in patients with PCS. An increase in CD4+ effector 
memory T cells, CD8+ effector T cells, Th9, and naive B cells 
was observed.

Studies in acute COVID-19 have shown a functional deple-
tion and decrease in CD4+ and CD8+ T lymphocytes and natural 
killer cell numbers [29]. The apoptosis induced by SARS-CoV-2 
in lymphocytes expressing the angiotensin-converting enzyme 
2 receptor and the cytokine storm explain this phenomenon 
[29]. In our study, we found that lymphopenia persists in PCS, 
affecting total lymphocytes and CD8+ and CD4+ naive T cells. 
In addition to the apoptosis process, this lymphopenia can be 
caused by a change of the CD4+ and CD8+ T-cell effector pheno-
type. Townsend et al [30] demonstrated an expansion of effector 
CD8+ T cells and activated CD4+ and CD8+ T cells, with a reduc-
tion in naive CD4+ and CD8+ T cells at 101 days postinfection. 
Varghese et al [31] showed that lymphopenia persisted in 14% 
of patients 102 days postinfection.

A significant increase in Th9 cells compared with 
prepandemic controls and COVID-19 acute phase (ie, D28) 
was observed in our study. Previous studies described that Th9 
responses mediated by IL-9 production are involved in tissue 
inflammation and immune-mediated diseases such as autoim-
munity and asthma [32]. Orologas-Stavrou et al [33] showed a 
high Th9/Th17 ratio associated with persistence of a generalized 
inflammatory reaction (by Th17 cells), particularly in lungs (by 
Th9 cells) 2 months after infection.

Our study has several strengths. The longitudinal fol-
low-up allows studying the causality of SARS-CoV-2 infection 
on the clinical and immunological profiles evaluated sev-
eral months after infection. This allowed us to compare clin-
ical and immunological phenotypes during PCS. In addition, 
prepandemic controls guarantee the lack of influence of un-
recognized/asymptomatic infections on the autoimmune and 
immunological profiles. None of the included patients received 
immunomodulatory treatments that may have influenced the 
immune response during PCS.

Study limitations are acknowledged. A broader panel of B 
and T cells, as well as their functional analyses, was not pos-
sible. Genetic analysis was not done. The lack of polymerase 
chain reaction testing hindered the evaluation of viral per-
sistence or reinfection during the follow-up. In addition, all 
patients presented PCS, and this did not allow us to compare 
inflammation/autoimmunity with recovered patients without 
PCS. The IgM RF antibodies are the most commonly used 
autoantibodies for the evaluation of rheumatoid arthritis in 
the clinical setting. Thus, identifying them is of clinical rel-
evance in real-world scenarios. However, we acknowledge 
that IgA and IgG RF would be required to increase the under-
standing of autoimmune response in PCS. Another potential 
shortcoming of the present study is that the observed results 
might be due to chance alone or to the moderate sample size. 
However, this is unlikely because of the highly significant re-
sults observed after adjustments and corrections as well as 
their consistent direction and magnitude within the different 
analyses.

CONCLUSIONS

The clinical manifestations in PCS could be associated with 
the persistence of a proinflammatory and effector phenotype 
induced by SARS-CoV-2 infection. Results advocate for thera-
peutic targets for management of PCS, including TNF or IL-6 
blockade, and immunomodulatory drugs. In addition, this 
long-term persistent immune activation could contribute to re-
activity and the development of latent and overt autoimmunity.
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