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Autoimmunity and long COVID in children
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Abstract

Numerous hypotheses regarding the pathogenetic mechanisms of long COVID have been proposed.
Immune dysregulation and autoimmunity are among the leading hypotheses. In this article, we
present two clinical cases of long COVID. The first case demonstrates the phenotype of long COVID
with pain and musculoskeletal symptoms, which is often associated with autoimmunity and mimics
systemic connective tissue diseases. In the second case, a high titer of antinuclear antibodies was
observed after SARS-CoV-2 infection, but the clinical symptoms were limited to fever and headache.
Only a comprehensive evaluation of clinical symptoms and thorough objective examination can
confirm or exclude autoimmune diseases after a previous SARS-CoV-2 infection. A systematic search
in the PubMed Medline database was carried out for studies focusing on immune dysregulation,
autoimmunity, and its association with the clinical phenotype of long COVID. The question of the role
of autoimmunity in the development of long COVID and the management approaches are discussed.
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Introduction

In May 2023, the World Health Organization (WHO)
declared the end of the COVID-19 pandemic. However,
this does not mean that people, including children, will
not get sick with a coronavirus infection. COVID-19 has
transitioned to the rank of seasonal diseases, with sim-
ilar frequency and course characteristics as other viral
illnesses.

Nevertheless, COVID-19 leaves a significant trail
of symptoms and conditions under the umbrella of long
COVID or post-COVID. In general, long COVID symptoms
are found in at least 10-20% of individuals who have had
a SARS-CoV-2 infection [1]. This means that more than
80 million people may experience long COVID symptoms,
which not only have a substantial impact on health-
care but also may carry significant social and economic
consequences [2].

Currently, there are several definitions of long COVID,
and several terms are used for the same condition (Table I):
“post-COVID-19 condition”, “post-COVID syndrome”
(PCS), “post-acute sequelae of SARS-CoV-2 infection”
(PASC), “long COVID”, “ongoing symptomatic COVID-19”.

It is considered that long COVID is a widely used
term, while PCS means health consequences that are
due to all effects of COVID-19, including secondary and
tertiary effects. The PASC covers the direct and indirect
consequences of SARS-CoV-2 on human health [3-5].

Thus, despite updates in definitions around the same
time (November-December 2022), there are certain dis-
crepancies regarding the duration of symptoms pres-
ence — from 4 weeks according to the Centers for Disease
Control and Prevention (CDC) definition [5] to 12 weeks
or more according to the WHO [4] and National Institute
for Health and Care Excellence (NICE) definitions [6]. How-
ever, these definitions mainly focused on adults.

For children and young people, the definition of post-
COVID-19 condition (long COVID) was established using
a Delphi process [7]. Post-COVID-19 condition in children
and adolescents refers to the persistence of one or more
physical symptoms for a minimum of 12 weeks after ini-
tial testing, which cannot be explained by an alternative
diagnosis in a person with a confirmed history of SARS-
CoV-2 infection. These symptoms may continue or devel-
op after COVID-19 infection, fluctuate, relapse over time,
and have an impact on everyday functioning [7].
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Table I. Terms and definitions of post-acute sequelae of COVID-19

Organization WHO [4] CDC [5] NICE [6]
Term Post-COVID-19 condition, Post-COVID-19 condition, long Long COVID that includes
long COVID CovID ongoing symptomatic COVID-19

and post-COVID-19 syndrome

Last publishing date  December 7, 2022

December 16, 2022

November 3, 2022

The continuation or
development of new
symptoms 3 months after
the initial SARS-CoV-2
infection, with these
symptoms lasting for at
least 2 months with no other
explanation

Definition

Umbrella term for the wide range
of physical and mental health
consequences experienced by
some patients that are present
four or more weeks after
SARS-CoV-2 infection, including
patients who had initial mild or
asymptomatic acute infection

Ongoing symptomatic COVID-19 -
signs and symptoms of COVID-19
from 4 to 12 weeks
post-COVID-19 syndrome — signs
and symptoms that develop during
or after an infection consistent
with COVID-19 12 weeks or more

CDC - Centers for Disease Control and Prevention, NICE — National Institute for Health and Care Excellence, WHO — World Health Organi-

zation.

SARS-CoV-2 infection can be determined through
an antigen test, a PCR test, or an antibody test.

Long COVID encompasses not only a wide range
of definitions and terms but also a diversity of symp-
toms. More than 200 symptoms associated with long
COVID have been described [7, 8]. While most publi-
cations describing symptoms have focused on adults,
common symptoms such as fatigue and headache have
also been reported in children [8]. Additionally, lack
of concentration and muscle pain were frequent symp-
toms observed in children [9].

Of course, the symptoms in children will vary de-
pending on their age. Among pre-school children,
the most commonly reported symptoms were fatigue,
loss of smell, loss of taste, and muscle weakness, where-
as for school children the most significant symptoms
were loss of smell and taste, fatigue, respiratory prob-
lems, dizziness, muscle weakness, and chest pain [10].

Within the variety of post-COVID symptoms, four
main phenotypes or clusters of patients have been iden-
tified: a cardiorespiratory phenotype, clusters with pain
and musculoskeletal symptoms, a predominant anos-
mia phenotype, and a neuropsychiatric cluster [11].

Several hypotheses about the pathogenetic mech-
anisms of long COVID have been proposed and sum-
marized [2, 9, 11]. Immune system dysfunction is one
of the leading hypotheses in the development of long
COVID. Key hypotheses include immune dysregulation,
autoimmunity, insufficient immune response, chronic
low-grade systemic inflammation, and superantigen
production [2, 11]. Among other hypotheses, genetic and
epigenetic factors, viral persistence, reactivation of la-
tent viruses, endothelial dysfunction and coagulopathy,
dysfunctional neurological signaling, and microbiome
dysbiosis were defined [2, 11].

However, it should be noted that these mechanisms
often intertwine with each other. Attempts have been
made to determine the involvement of specific mecha-
nisms in certain long COVID phenotypes [11].

Autoimmunity is defined as the presence of antibod-
ies or T lymphocytes that react with self-antigens [12].
However, the presence of autoantibodies may be found
in all individuals and increases with age, but it does not
always have pathogenic consequences. Polyreactive
autoantibodies that recognize multiple host antigens
are present throughout life and play an important posi-
tive role as they clear apoptotic remnants. Autoimmune
diseases only occur when there is a disruption in im-
mune regulation mechanisms, leading to self-reactivity
and tissue damage [12].

The question of the role of SARS-CoV-2 infection in
the development of autoimmune diseases is still a top-
ic of debate, with arguments for and against [13, 14].
The role of the presence of autoantibodies in the devel-
opment and course of long COVID and their correlation
with specific long COVID phenotypes has not been fully
determined. Moreover, the leading factors transforming
autoimmunity into autoimmune disease are not yet es-
tablished. Genetic predisposition may also play a role in
this case, as indicated in certain studies [15]. Addition-
ally, there are many questions regarding the duration
of the presence of antibodies and the monitoring strat-
egy for individuals, whether children or adults, when
antibodies are present.

Material and methods

A case study presentation as a basis for the discus-
sion was used. Here we present two cases of long COVID
in a 13-year-old boy and a 14-year-old girl. The boy exhib-
ited pronounced weakness, arthralgia, myalgia, rashes,
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Fig. 1. PRISMA flow diagram of study selection process.

and Raynaud’s syndrome, which mimics autoimmune
diseases, particularly idiopathic inflammatory myopa-
thies. Borderline values of antibodies to Mi-2, SRP 54,
and PL-12 were observed. In contrast, in the girl, clinical
manifestations were limited to periodic headaches and
low-grade fever, but the level of antinuclear antibodies
was high, and there were deviations in the lymphocyte
subpopulations.

We performed a systematic search in the PubMed
Medline database using the specified search terms:
“long COVID”, “post COVID”, “autoimmunity”, “autoim-
mune diseases” and “children”. We included relevant
full-text articles in English that were published between
January 2020 and July 2023.

The selected studies focused on immune dysreg-
ulation, autoimmunity, their association with clinical
phenotype, and treatment options in patients with long
COVID. These articles were chosen for in-depth analy-
sis to gain insights into the relationship between long
COVID and autoimmunity in children.

The aim of this article was to analyze the potential
role of autoimmunity in the development of long COVID
symptoms and explore treatment approaches, particular-
ly in children. The review focused on understanding how
immune dysregulation and autoimmunity may contribute
to long COVID clinical manifestations in pediatric patients
and investigated potential therapeutic strategies.

Overall, a total of 353 publications were initially iden-
tified using the specified search terms. After excluding
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duplicates and records irrelevant to the study topic, 38
relevant publications were included in the final analysis.
The study selection process is shown in Figure 1.

The review of the literature indicated that infec-
tions, including SARS-CoV-2, are often a common cause
of autoimmunity, but in most cases, it is self-limiting.
The presence of autoantibodies does not always indi-
cate the presence of a specific autoimmune disease but
requires careful observation. The autoimmune hypothe-
sis remains one of the main ones regarding the develop-
ment of long COVID. Moreover, it has been shown that
both anti-SARS-CoV-2 antibodies and specific autoanti-
bodies may be associated with diverse patterns of post-
acute sequelae of COVID-19.

Despite the abundance of clinical research and some
successes in identifying therapeutic approaches for
the treatment and rehabilitation of patients with long
COVID, the treatment and rehabilitation tactics for pe-
diatric patients remain uncertain, especially for children
with autoimmune manifestations.

Case description
Descriptions of the cases are summarized in Table Il
and Table Il1.

Case 1

A 13-year-old boy sought medical help due to pro-
nounced weakness, shortness of breath during physi-
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Table II. Clinical and laboratory characteristics of patients

Characteristic Case 1

Case 2

Symptoms

syndrome

Weakness, shortness of breath, pain in
the lower limbs, both in the joints and
muscles, spotty rashes on the body, Raynaud’s

Low-grade fever and headache

Onset of symptoms February 2023

September 2020

History of COVID-19
pneumonia, confirmed by PCR

October 2020 —first episode, COVID-19

February 2023 - second episode

September 2020 —first episode of COVID-19
January 2021 — second episode

Course of COVID-19 Moderate/mild

Moderate/mild

Duration of symptoms 4 months

3—4 months after each episode

Phenotype of long COVID

Pain and musculoskeletal symptoms

General symptoms

Complete blood count Normal Lymphopenia (1.35 x 10%/1); eosinophilia (18%)
Coagulogram Normal Normal
C-reactive protein Normal Normal

cal exertion, pain in the lower limbs, both in the joints
and muscles, periodic appearance of spotty rashes on
the body, discoloration of the hands and feet, which
worsened in cold conditions, and dizziness when chang-
ing body position (Table Il). These symptoms had been
observed for approximately 3 months. He was examined
and treated at the outpatient department, but signifi-
cant improvement was not noted.

The complaints arose after a viral infection (proba-
bly COVID-19) that the boy had in February 2023. Prior
to the illness, the boy was active, heavily engaged in
sports, and participated in competitions. Mild Raynaud’s
syndrome symptoms were observed from the beginning
of winter but significantly worsened after the episode
of infection. In the medical history, there was myositis at
the age of 6. In October 2020, the patient had COVID-19
pneumonia, confirmed by PCR for the first time. No sig-
nificant health deviations were observed after recovering
from the previous episode of SARS-CoV-2 infection.

During the examination, the boy’s weight was 42 kg
(Z-score — 0.54), height was 135 cm (Z-score — 2.85), and
BMI was 23.1 (Z-score —1.26). Pale skin color and café-au-lait
spots on the lower limbs were observed during the ob-
jective examination. The skin on the hands and feet
appeared red, moist, and cold. The heart’s activity was
rhythmic, with audible heart sounds, and a systolic mur-
mur with an intensity of 2/6 was detected at the apex.
The heart rate was 76 beats per minute in the horizon-
tal position and 92 per minute in the vertical position.
The blood pressure was 120-130/80 mmHg. Vesicular
breath sounds were noted in the lungs. No gastrointes-
tinal abnormalities were found. The joints appeared nor-

mal, with a full range of motion, and muscle strength in
the upper and lower extremities was rated 5/5.

In the laboratory examination, no significant chang-
es were found in the complete blood count (CBC) and
coagulogram. The levels of C-reactive protein (CRP), lac-
tate dehydrogenase, creatine phosphokinase, aspartate
aminotransferase, as well as other biochemical markers
were within the normal range. The vitamin D level was
37.7 ng/ml, which was within the normal range. Slight
deviations in the CD3+, CD4+, and CD19+ lymphocyte
subpopulations were observed, while the levels of im-
munoglobulins were normal.

The examination for SARS-CoV-2 antibodies using
the ELISA (enzyme-linked immunosorbent assay) method
showed positive IgM + IgA antibodies at 13.5 U and IgG
antibodies at 14.3 U (positive results when the value is
above 1.0 U). A month later, IgM became negative, and
IgG decreased to 8.04 U. In the examination for anti-
bodies to Epstein-Barr virus (EBV) and cytomegalovirus
(CMV), only IgG antibodies to CMV were positive.

The investigation of the thyroid gland revealed an el-
evated level of thyroid-stimulating hormone (TSH) at
5.09 mlU/ml (normal range 0.3-4.5 miU/ml) with nor-
mal levels of T3, T4, and thyroid peroxidase-antibodies,
indicating minimal thyroid insufficiency.

The electrocardiogram (ECG) and 24-hour ECG moni-
toring showed sinus arrhythmia and early repolarization
in the ventricles. The echocardiogram detected minimal
mitral regurgitation. Blood pressure monitoring did not
show significant deviations.

Considering the pronounced weakness and dizziness,
central nervous system pathology was ruled out based on
magnetic resonance imaging, which did not reveal signifi-
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Table lll. Immunological parameters and autoantibodies of the patients

Parameter Case 1 Case 2 Reference range

CD3+[%; cells/ul] 53.9; 1935 71.6; 990 66-76; 1,400-2,000

CD4+ [%; cells/ul] 28.9; 1038 40.44; 560 33-41; 700-1,100

CD8+ [%,; cells/ul] 27.6; 991 22.3; 310 27-35; 600-900

CD4/CD8 [%; cells/ul] 1.05 1.81 1.1-1.4

CD19+ [%; cells/ul] 8; 287 17.0; 240 2-22; 300-500

IgG [g/1] 11.4 10.11 7.23-16.82

IgA [g/1] 2.01 1.19 0.69-3.82

IgM [g/1] 112 1.25 0.63-2.7

IgE [IU/ml] 121 3314 <80

Antinuclear antibodies (ANA) < 1:100 1:1000 < 1:100

ANA profile tests (IgG antibody)

Anti-nRNP/Sm Negative Negative Negative

Anti-Smith Negative Negative Negative

Anti-RNP 70 Negative Positive Negative

Anti-SS-A Negative Negative Negative

Anti-Ro-52 Negative Negative Negative

Anti-SS-B Negative Negative Negative

Anti-Scl-70 Negative Negative Negative

Anti-CEN pB Negative Negative Negative

Anti-PCNA Negative Borderline Negative

Anti-dsDNA Negative Negative Negative

Anti-nucleosomes Negative Negative Negative

Anti-AMA-M2 Negative Negative Negative

Myositis autoantibodies (IgG, U/l) Interpretation

Anti-Mi-2 0.54 Not available < 0.30 — negative

Anti-PM/Scl complex 0.15 Negative 0.3-0.8- borderline' .
0.8 < 4.50 — low positive

Anti-histidyl-tRNA synthetase (Jol) <015 Negative 4.5-10 — positive

Anti-signal recognition particle 54 (SRP 54) 0.36 Not available > 10— high positive

Anti-threonyl-tRNA synthetase (PL-7) 0.18 Not available

Anti-alanyl-tRNA synthetase (PL-12) 0.71 Not available

Anti-Ku <0.15 Not available

cant changes. Given the presence of Raynaud’s syndrome,
arthralgia, myalgia, and the periodic appearance of spot-
ted rashes, we also thought about systemic autoimmune
diseases. Antinuclear antibodies (ANA) were negative, as
were the indicators in the standard autoimmune panel.
The myositis-specific antibody panel showed borderline
values for Mi-2, SRO 54, and PL-12 (Table II1).

Electromyography did not reveal any changes char-
acteristic of myositis. Capillaroscopy showed a reduc-
tion in the number of capillaries and their tortuosity,
consistent with microangiopathy and secondary Ray-
naud’s syndrome.
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Symptomatic treatment of Raynaud’s syndrome and
involving a psychologist in the treatment positively af-
fected the course of the disease.

Case 2

A 14-year-old girl complained of low-grade fever
and headache. These symptoms had periodically both-
ered the girl since September 2020 when she first had
COVID-19. The course of SARS-CoV-2 infection was mod-
erate, with symptoms of fever, runny nose, and cough.
However, low-grade fever and headache persisted for
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more than 3 months after the initial episode of infection.
The second episode of COVID-19 occurred in January
2021 with mild symptoms. Subsequent episodes of low-
grade fever and headache occurred every 6 months and
lasted for several months. On physical examination, no
significant changes in internal organs were found. Com-
plete blood count showed lymphopenia (1.35 x 10%/1) and
eosinophilia (18%). Determination of IgM to SARS-CoV-2
was carried out at each episode of fever and headache
and it remained positive for 2 years.

The immunological investigation revealed moderate
decreases in absolute values of CD3+, CD4+, and CD19+
cells, and significant decreases in relative and absolute
values of CD8+ cells. The immunoregulatory index was el-
evated. Levels of IgA, IgM, and 1gG were within normal lim-
its, but IgE was significantly elevated (1,500-3,700 1U/ml).
ANA titer was 1: 1,000, and IgG RNP 70 was also positive
(Table Ill). Helminthic infestation was ruled out. The girl did
not exhibit any pronounced allergic manifestations. Genet-
ic testing of the panel of primary immunodeficiencies did
not reveal any clinically significant variants.

The treatment included periodic intake of medica-
tions to alleviate headaches.

Discussion

The first case presented demonstrated the pheno-
type of long COVID with pain and musculoskeletal
symptoms, which is often associated with autoimmune
disorders and may mimic systemic connective tissue
diseases. The second case showed recurrent episodes
of fever and headache every 4-6 months after the ini-
tial COVID-19 episode. It was associated with persistent
positive IgM to SARS-CoV-2, a positive titer of ANA
(1:1,000), and positive 1gG RNP 70, without any other
clinical signs of autoinflammatory disease. Therefore,
the determination of autoantibodies may not always
provide a definitive answer regarding the presence
of an autoimmune process or disease. Also, it is not clear
whether these antibodies affect the course of the dis-
ease or if they are just a manifestation of pronounced
and prolonged inflammation [16].

The role of viruses as triggers for the development
of autoimmune diseases has been studied for a long
time. In PubMed there are over 19,000 publications dat-
ing back to 1962 that show results related to “viruses
and autoimmunity”. Before the COVID-19 pandemic,
the most significant attention was given to herpesvirus-
es, Coxsackie B virus, rotavirus, and influenza A viruses
as potential triggers for autoimmunity [17, 18]. However,
the exact mechanisms by which viruses trigger autoim-
munity are still not fully understood.

The molecular mimicry hypothesis is the most popu-
lar explanation, suggesting that viral antigens may share
similarities with host antigens, leading to the produc-
tion of antibodies that can mistakenly damage host tis-
sues [15—-17]. Other mechanisms, such as epitope spread-
ing [19], bystander activation [20], and immortalization
of infected B cells [21] are also discussed in the context
of viral-triggered autoimmunity [18]. Viruses can also pro-
duce superantigens, which are not restricted by the major
histocompatibility complex (MHC) and can significantly
activate CD4 and CD8 T-cells [17]. Studies have shown
that viral infections can either induce or protect against
autoimmune pathologies depending on various factors,
including genetics, the immune response, the type of vi-
rus strain, viral load, and the time of infection [18].

These factors play a crucial role in determining
the outcome of viral infections and their potential con-
tribution to autoimmunity.

Epstein-Barr virus plays an important role in the
pathogenesis of systemic autoimmune diseases [22, 23].
However, anti-CMV, anti-EBV, and anti-herpes simplex vi-
rus type 1 (HSV-1) IgG levels were inversely correlated with
transglutaminase type 2 antibody levels, suggesting a po-
tential protective impact of these viruses in the patho-
genesis of celiac disease [24]. Certain infections can shift
the immune response from Thlto Th2, leading to the sup-
pression of Thl-derived immune diseases [25]. Similarly,
helminth parasites have shown protective effects against
autoimmunity through innate type 2 cytokines, as demon-
strated in patients with multiple sclerosis [26].

The role of SARS-CoV-2 in the development of autoim-
mune diseases is still under discussion [27]. Among differ-
ent SARS-CoV-2 proteins, the spike protein has been iden-
tified as a potential epitopic target for biomimicry-induced
autoimmunity [28]. Most reports focused on the develop-
ment of organ-specific conditions, such as Guillain-Bar-
ré syndrome, after SARS-CoV-2 infection. Over the past
4 years, more than 1,000 publications related to “Guil-
lain-Barré syndrome and COVID-19” have been presented
in PubMed, indicating the potential role of SARS-CoV-2 in
the development of Guillain-Barré syndrome [27, 29].

Other studies have reported associations between
SARS-CoV-2 infection and vasculitis, arthritis, idiopathic
inflammatory myopathies, systemic lupus erythema-
tosus, sarcoidosis, systemic sclerosis, and adult-onset
Still’s disease [30-32].

Immune dysregulation can lead to the development
of autoimmune phenomena, resulting in the produc-
tion of autoantibodies and potentially leading to the
onset of rheumatic autoimmune diseases [32]. Sacchi
et al. [33] support the hypothesis that SARS-CoV-2 infec-
tion is associated with autoimmunity markers. In patients
with COVID-19, ANA, antineutrophil cytoplasmic antibod-
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ies (ANCA), and anti-Saccharomyces cerevisiae antibodies
(ASCA) were detected, and their presence negatively af-
fected the outcome of COVID-19. Levels of these antibod-
ies were significantly higher in COVID-19 patients com-
pared to healthy subjects. The study also revealed that
patients experiencing new autoimmune phenomena had
the poorest viral disease prognosis and outcome [33].

Other studies also showed the activation of autoim-
mune mechanisms during COVID-19 [34, 35]. Antibodies
against type | interferon (IFN) are known to play a signif-
icant role in the development of severe infections [36].
However, most of these studies were conducted during
the acute phase of COVID-19, and mainly in adult patients.
The duration of autoantibodies in the blood and their
role in the development of long COVID remain unclear.
In a particular study, it was observed that 43.6% of pa-
tients had ANA titers > 1: 160 at 12 months after the on-
set of COVID-19 symptoms [37]. Additionally, the frequen-
cy of neurocognitive symptoms was significantly higher
in this group of patients compared to those with titers
< 1:160. The authors concluded that autoimmunity may
be a contributing factor in the etiology of long COVID.

In our patient (case 2), the ANA titer had remained
above 1: 1,000 for over 2 years. The symptoms of long
COVID are associated with recurrent fever and head-
ache. Further research is needed to better understand
the persistence and potential implications of autoanti-
bodies in the context of long COVID.

Guest et al. [38] suggested that persistent neurological
and neuropsychiatric symptoms in long COVID may be a re-
sult of autoimmune-mediated systemic and brain-vascular
dysregulation, leading to circulatory disorders, fatigue,
cognitive impairment, depression, and anxiety. Specific
antibody diagnostics and careful clinical and psychological
examinations are required for accurate diagnosis.

Immune dysregulation is a major hypothesis not only
in severe COVID-19 but also in long COVID, influencing
the symptoms and duration of the condition [11]. Files
et al. [39] observed prolonged immune dysregulation
after SARS-CoV-2 infection, with T cell activation/ex-
haustion markers (PD-L1 and TIGIT) remaining elevated
in both hospitalized and nonhospitalized individuals. B
cells also demonstrated a similar pattern of activation/
exhaustion. Interestingly, T cell exhaustion was ob-
served even one year after infection, though the mecha-
nisms of T lymphocyte dysfunction and their association
with the development of long COVID remain unclear [11].

Changes in the immune system during SARS-CoV-2
infection are associated with both acquired and innate
immunity [40]. Patients with long COVID showed acti-
vated innate immune cells and elevated expression
of type I interferon (IFN-B) and type Il IFN (IFN-A1), which
remained high at 8 months after infection [41].
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Cytokine storm in patients with COVID-19 leads to
endothelial inflammation, microvascular thrombosis,
and multiple organ failures [42]. Similarly, patients with
long COVID also demonstrated elevated levels of inter-
leukin-6 (IL-6), tumor necrosis factor o (TNF-a), and IFN-y
inducible protein-10 (IP-10) [43]. Interstitial lung chang-
es at 3 to 6 months after recovery were associated with
increased chemokines, proteases, and markers of neu-
trophil extracellular traps, as well as increased type 1
interferon signaling [44].

The relationship between the development of long
COVID and the quantity of antibodies against SARS-
CoV-2 infection remains unclear. Some studies suggest
that neutralizing antibodies after COVID-19 or vaccina-
tion may protect from severe SARS-CoV-2 infection [45].
Therefore, it is plausible to assume a lower possibility
of long COVID, but this condition can still develop even
after mild cases of COVID-19 [11, 46]. On the other hand,
disturbances in the humoral response may lead to un-
controlled immune activation and the development
of severe COVID-19 [11].

Su et al. [46] found that anti-SARS-CoV-2 antibod-
ies and specific autoantibodies were associated with
different patterns of post-acute sequelae of COVID-19.
Patients with neurological symptoms showed slightly
higher levels of anti-SARS-CoV-2 nucleocapsid protein
IgG, while post-COVID symptoms related to the diges-
tive system and sputum production were associated
with elevated levels of multiple autoantibodies 2-3
months after the onset of initial symptoms.

Autoantibodies to IFN-a2 were related to respirato-
ry-viral post-COVID condition. The research suggested
that autoantibody levels in acute disease may serve
as biomarkers for certain long COVID phenotypes [47].
Moreover, in acute disease, inflammation biomarkers,
including IFN-y, CRPR and IL-6, were positively correlat-
ed with autoantibodies in the post-acute sequelae
of COVID-19, suggesting a connection between autoan-
tibodies, hyperinflammation, and long COVID. Howev-
er, another study reported a low prevalence of anti-IFN
antibodies in the post-acute period [48].

Bowe et al. [49] reported an increasing risk of long
COVID after the second and third infection, even in dou-
ble-vaccinated and triple-vaccinated individuals. In our
case 1, long COVID symptoms developed after the sec-
ond episode of SARS-CoV-2 infection, which was signifi-
cantly milder than the first episode and did not require
hospitalization. However, in case 2, long COVID symp-
toms developed after the first episode of COVID-19.

Overall, infections are often a trigger for autoimmuni-
ty, but in most cases, the immune response is self-limiting.
Sometimes, even in the presence of organ pathology, it can
be challengingto determine whether the damage is due to
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autoimmunity. The presence of autoantibodies, including
ANA, must always be evaluated in association with clinical
features because approximately 25% of the healthy popu-
lation may have ANA antibodies [50, 51].

The therapeutic approach for patients with long
COVID, especially for children, depends on the severity
of their symptoms and individual clinical characteristics.
Some patients may only require observation and moni-
toring, while others may need active management [52].

Most therapeutic strategies for long COVID are
aimed at alleviating symptoms [53]. However, it is crucial
to conduct a thorough and comprehensive evaluation
of symptoms and clinical signs to promptly recognize
conditions that may impact the patient’s prognosis [2].

Diagnosis should be made at the primary care level,
and when warning signs are detected, patients should
be referred to appropriate specialists or interdisciplinary
care facilities [54]. Numerous clinical trials have been
registered to investigate the impact of different phar-
macological agents such as anti-inflammatory drugs,
steroids, anticoagulants, and antidepressants, as well
as dietary and herbal supplements, vitamins, cell-based
treatments, and lifestyle interventions on reducing long
COVID symptoms [2].

Treatment modalities depend on the specific phe-
notype of long COVID. Lifestyle management, including
pacing, energy optimization, and regular rests, along with
low-dose naltrexone, have shown good efficacy among
patients with neurological phenotypes, such as myalgic
encephalomyelitis/chronic fatigue syndrome [1, 55].

AXA1125, a novel metabolic modulator composed
of 5 amino acids and N-acetylcysteine, has demonstrat-
ed the ability to reverse mitochondrial dysfunction, im-
prove energetic efficiency through increased fatty acid
oxidation, restore cellular homeostasis, and reduce in-
flammation. In patients with fatigue-predominant long
COVID, oral administration of AXA1125 twice daily for
4 weeks resulted in greater symptomatic improvement
compared to a placebo [55]. Coenzyme Q10, D-ribose,
and low-dose aripiprazole may also be useful in manag-
ing fatigue in some patients [1].

Increasing salt and fluid intake, intravenously ad-
ministered salt, compression stockings, B-blockers, low-
dose fludrocortisone, pyridostigmine, and desmopres-
sin are useful in managing dysautonomia with postural
hypotension in patients with long COVID [1, 56].

The combination of nirmatrelvir with ritonavir has
shown potential effectiveness in relief of long COVID
symptoms [57], although other studies did not find evi-
dence to support efficacy of nirmatrelvir in combination
with ritonavir (a combination of a SARS-CoV-2 main
protease inhibitor [MPro] and an inhibitor of CYP3A4
metabolism) in long-term consequences of COVID [58].

A randomized, placebo-controlled clinical trial
demonstrated the effectiveness of metformin in pre-
venting long COVID, whereas ivermectin or fluvoxamine
did not show efficacy [59].

Antivirals such as valaciclovir, famciclovir, valganci-
clovir, and others may be used in cases of viral per-
sistence and reactivations of EBV, CMV, and varicel-
la-zoster virus [1].

Intravenous immunoglobulin may be an option for
patients with long COVID and immune dysregulation [1].

Data regarding the therapeutic approach for auto-
immune manifestations in long COVID are limited.
A promising direction is the use of the molecule BCO0O7
in patients with long COVID and its potential influence
on autoimmunity [1]. Wallukat et al. [60] reported that
more than 90% of patients with long COVID had auto-
antibodies against G protein-coupled receptors. BCOO7
has been used to neutralize autoantibodies against
G protein-coupled receptors, and 4 patients treated with
BCOO7 at the University of Erlangen achieved remission
of long COVID symptoms, particularly cardiac and neuro-
logical symptoms, in a short time. Clinical trials of this
drug are currently being conducted in clinics in Munich
and Berlin.

Conclusions

Our study has shown that there is substantial evi-
dence linking SARS-CoV-2 infection to the production
of autoantibodies and the development of autoimmuni-
ty. Immune dysregulation and autoimmunity are consid-
ered to be among the leading mechanisms in the devel-
opment of long COVID. Our clinical cases demonstrate
that the clinical manifestations of long COVID may mim-
ic autoimmune diseases, and the determination of auto-
antibodies may not always provide a definitive answer
regarding the presence of an autoimmune process.

Only a comprehensive evaluation of clinical symp-
toms and thorough objective examination can confirm
or exclude systemic connective tissue diseases after
a previous SARS-CoV-2 infection.

The management approach for children with symp-
tomatic long COVID and the presence of autoantibodies
remains uncertain and requires further research.

The authors declare no conflict of interest.
Funding: Ministry of Health of Ukraine.

References

1. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Micro-
biol 2023; 21: 133-146, DOI: 10.1038/s41579-022-00846-2.

Reumatologia 2023; 61/6



500 Oksana Boyarchuk, Liubov Volianska
2. Tsilingiris D, Vallianou NG, Karampela |, et al. Laboratory Find- 15. Garmendia JV, Garcia AH, De Sanctis CV, et al. Autoimmunity
ings and Biomarkers in Long COVID: What Do We Know So and Immunodeficiency in Severe SARS-CoV-2 Infection and
Far? Insights into Epidemiology, Pathogenesis, Therapeutic Prolonged COVID-19. Curr Issues Mol Biol 2022; 45: 33-50,
Perspectives and Challenges. Int J Mol Sci 2023; 24: 10458, DOI: 10.3390/cimb45010003.
DOI: 10.3390/ijms241310458. 16. Knight JS, Caricchio R, Casanova JL, et al. The intersection

3. National Research Action Plan on Long-COVID. Available at: of COVID-19 and autoimmunity. J Clin Invest 2021; 131:
https://www.covid.gov/assets/files/National-Research-Ac- €154886, DOI: 10.1172/)JCI154886.
tion-Plan-on-Long-COVID-08012022.pdf. 17. Vogel A, Manns MR, Strassburg CP. Autoimmunity and virus-

4. WHO: Post COVID-19 Condition (Long COVID). Available at: es. Clin Liver Dis 2002; 6: 739-753, DOI: 10.1016/51089-
https://www.who.int/europe/news-room/fact-sheets/item/ 3261(02)00024-7.
post-covid-19-condition#:~:text=1t%20is%20defined%20  18. Smatti MK, Cyprian FS, Nasrallah GK, et al. Viruses and Auto-
as%20the,months%20with%20n0%200ther%20explanation immunity: A Review on the Potential Interaction and Molecular
(Access: 11.07.2023). Mechanisms. Viruses 2019; 11: 762, DOI: 10.3390/v11080762.

5. CDC: Long COVID or Post-COVID Conditions. Available at: 19. Getts DR, Chastain EML, Terry RL, Miller SD. Virus infection,
https://www.cdc.gov/coronavirus/2019-ncov/long-termef- antiviral immunity, and autoimmunity. Immunol Rev 2013;
fects/index.html#:~:text=Long%20COVID%20is%20broad- 255:197-209, DOI: 10.1111/imr.12091.
ly%20defined,with%20CDC%20and%200ther%20partners 20. Fujinami RS, Von Herrath MG, Christen U, Whitton JL. Molecu-
(Access: 06.07.2023). lar Mimicry, Bystander Activation, or Viral Persistence: Infec-

6. NICE: COVID-19 Rapid Guideline: Managing the Longterm tions and Autoimmune Disease. Clin Microbiol Rev 2006; 19:
Effects of COVID-19. Available at: https://www.nice.org. uk/ 80-94, DOI: 10.1128/CMR.19.1.80-94.2006.
guidance/ng188/resources/covid19-rapid-guideline-manag- 21. Nanbo A, Inoue K, Adachi-Takasawa K, Takada K. Epstein-Barr
ing-the-longterm-effects-of-covid19-pdf-510355157424:~: virus RNA confers resistance to interferon-alpha-induced
text=In%20addition%20to%20the%20clinical,)%20and%20 apoptosis in Burkitt's lymphoma. EMBO J 2002; 21: 954-965,
POSto%E2%80%91COVID%E2%80%9119 (Access: 06.07.2023). DOI: 10.1093/emboj/21.5.954. o .

- S A, g 0 Ll Lng oD s % YLD o S e S
COVID-19 condition) in children: a modified Delphi process. ' ’ ’ ’
Arch Dis Child 2022; 107: 674-680, DOI: 10.1136/archdis- DOI: 10'1155/2013/53573?' .
child-2021-323624. 23. Boyarcht(;k O./The corrgl:;tlon between c;/tc;kme concen:cjra—

. . tions and IgG/IgM antibodies to viruses of the Herpesviridae

8. Davis H,E' Ass.af G5, McCorkell L et al. Characterizing long family in dildregn with rheumatic heart disease. Pa:diatr Cro-
COVID in an international cohort: 7 months of symptoms at 2021: 65: 53-58. DOI: 10.13112/PC.2021.9.
and their impact. EClinicalMedicine 2021; 38: 101019, DOI: 24, Jansen ;\AA, van den Heuvel D, van der Zwet KV, et al. Her-
10.1916/J.ecl.|nm.2021.101019. pesvirus Infections and Transglutaminase Type 2 Antibody

9. Izquierdo-Pujol .J_' N\.oron—'Lopez 5 Dalmau ), et al. Post Positivity in Childhood: The Generation R Study. ) Pedi-
COVID-19 Condition in Children and Adolescents: An Emerg- atr Gastroenterol Nutr 2016; 63: 423-430, DOI: 10.1097/
ing Problem. Front Pediatr 2022; 10: 894204, DOI: 10.3389/ MPG.0000000000001 163.
fped.2022.894204. 25. Christen U, Von Herrath MG. Infections and autoimmunity —

10. Borch L, Holm M, Knudsen M, et al. Long COVID symptoms and good or bad? J Immunol 2005; 174: 7481-7486, DOI: 10.4049/
duration in SARS-CoV-2 positive children — a nationwide co- jimmunol.174.12.7481.
hort study. Eur ) Pediatr 2022; 181: 1597-1607, DOI: 10.1007/ 5 Finlay CM, Stefanska AM, Walsh KR et al. Helminth Products
s00431-021-04345-z. Protect against Autoimmunity via Innate Type 2 Cytokines IL-5

11. Kenny G, Townsend L, Savinelli S, Mallon PWG. Long COVID: and IL-33, Which Promote Eosinophilia. J Immunol 2016; 196:
Clinical characteristics, proposed pathogenesis and potential 703-714, DOI: 10.4049/jimmunol.1501820.
therapeutic targets. Front Mol Biosci 2023; 10: 1157651, DOl: 57 Filosto M, Cotti Piccinelli S, Gazzina S, et al. Guillain-Barré
10.3389/fmolb.2023.1157651. syndrome and COVID-19: A 1-year observational multicenter

12. Diamond B, Lipsky PE. Autoimmunity and Autoimmune Dis- study. Eur J Neurol 2022; 29: 3358-3367, DOI: 10.1111/
eases. In: Jameson J, Fauci AS, Kasper DL, et al. (eds.). Har- ene.15497.
rison’s Principles of Internal Medicine, 20e. McGraw Hill 28 Lyons-Weiler J. Pathogenic priming likely contributes to seri-
2018. Available at: https://accessmedicine.mhmedical.com/ ous and critical illness and mortality in COVID-19 via autoim-
content.aspx?bookid=2129&sectionid=188731488 (Access: munity. J Trans| Autoimmun 2020; 3: 100051, DOI: 10.1016/
29.07.2023). j.jtauto.2020.100051.

13. Boyarchuk O, Predyk L, Yuryk I. COVID-19 in patients with ju-  29. Abu-Rumeileh S, Abdelhak A, Foschi M, et al. Guillain-Barré
venile idiopathic arthritis: frequency and severity. Reumatolo- syndrome spectrum associated with COVID-19: an up-to-date
gia 2021; 59: 197-199, DOI: 10.5114/reum.2021.107590. systematic review of 73 cases. J Neurol 2021; 268: 1133—

14. Boyarchuk O, Kovalchuk T. Overlapping clinical features of sys- 1170, DOI: 10.1007/s00415-020-10124-x.
temic juvenile idiopathic arthritis and SARS-CoV-2-related  30. Zacharias H, Dubey S, Koduri G, D’Cruz D. Rheumatological

multisystem inflammatory syndrome in children. Reumatolo-
gia 2023; 61: 63-70, DOI: 10.5114/reum/161185.

Reumatologia 2023; 61/6

complications of Covid-19. Autoimmun Rev 2021; 20: 102883,
DOI: 10.1016/j.autrev.2021.102883.



Autoimmunity and long COVID in children

501

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Ramos-Casals M, Brito-Zerdn B Mariette X. Systemic and or-
gan-specific immune-related manifestations of COVID-19. Nat
Rev Rheumatol 2021; 17: 315-332, DOI: 10.1038/541584-
021-00608-z.

Gracia-Ramos AE, Martin-Nares E, Hernandez-Molina G. New
Onset of Autoimmune Diseases Following COVID-19 Diagno-
sis. Cells 2021; 10: 3592, DOI: 10.3390/cells10123592.
Sacchi MC, Tamiazzo S, Stobbione P et al. SARS-CoV-2 in-
fection as a trigger of autoimmune response. Clin Transl Sci
2021; 14: 898-907, DOI: 10.1111/cts.12953.

Zhou Y, Han T, Chen J, et al. Clinical and autoimmune charac-
teristics of severe and clinical cases of COVID-19. Clin Transl
Sci 2020; 13: 1077-1086, DOI: 10.1111/cts.12805.
Vlachoyiannopoulos PG, Magira E, Alexopoulos H, et al. Auto-
antibodies related to systemic autoimmune rheumatic diseas-
es in severely ill patients with COVID-19. Ann Rheum Dis 2020;
79: 1661-1663, DOI: 10.1136/annrheumdis-2020-218009.
Bastard P Gervais A, Le Voyer T, et al. Autoantibodies neutralizing
type | IFNs are present in ~4% of uninfected individuals over 70
years old and account for ~20% of COVID-19 deaths. Sci Immu-
nol 2021; 6: eabl4340, DOI: 10.1126/sciimmunol.abl4340.
SeeBle J, Waterboer T, Hippchen T, et al. Persistent Symp-
toms in Adult Patients 1 Year After Coronavirus Disease 2019
(COVID-19): A Prospective Cohort Study. Clin Infect Dis 2022;
74:1191-1198, DOI: 10.1093/cid/ciab611.

Guest PC, Neyazi A, Braun-Dullaeus RC, et al. A Molecular
Biomarker-Based Triage Approach for Targeted Treatment
of Post-COVID-19 Syndrome Patients with Persistent Neu-
rological or Neuropsychiatric Symptoms. Adv Exp Med Biol
2023; 1412: 97-115, DOI: 10.1007/978-3-031-28012-2_5.
Files JK, Boppana S, Perez MD, et al. Sustained cellular immune
dysregulation in individuals recovering from SARS-CoV-2 infec-
tion. ) Clin Invest 2021; 131: e140491, DOI: 10.1172/)C1140491.
Taeschler B Adamo S, Deng Y, et al. T-cell recovery and evi-
dence of persistent immune activation 12months after severe
COVID-19. Allergy 2022; 77: 2468-2481,DOI: 10.1111/all.15372.
Phetsouphanh C, Darley DR, Wilson DB, et al. Immuno-
logical dysfunction persists for 8 months following initial
mild-to-moderate SARS-CoV-2 infection. Nat Immunol 2022;
23:210-216, DOI: 10.1038/541590-021-01113-x.

Silva Andrade B, Siqueira S, de Assis Soares WR, et al. Long-
COVID and Post-COVID Health Complications: An Up-to-Date
Review on Clinical Conditions and Their Possible Molecular
Mechanisms. Viruses 2021; 13: 700, DOI: 10.3390/v13040700.
Peluso MJ, Lu S, Tang AF, et al. Markers of Immune Activation and
Inflammation in Individuals With Postacute Sequelae of Severe
Acute Respiratory Syndrome Coronavirus 2 Infection. J Infect
Dis 2021; 224: 1839-1848, DOI: 10.1093/infdis/jiab490.
George PM, Reed A, Desai SR, et al. A persistent neutrophil-as-
sociated immune signature characterizes post-COVID-19 pul-
monary sequelae. Sci Transl Med 2022; 14: eabo5795, DOI:
10.1126/scitransimed.abo5795.

Khoury DS, Cromer D, Reynaldi A, et al. Neutralizing antibody
levels are highly predictive of immune protection from symp-
tomatic SARS-CoV-2 infection. Nat Med 2021; 27: 1205-1211,
DOI: 10.1038/541591-021-01377-8.

Maglietta G, Diodati F, Puntoni M, et al. Prognostic Factors
for Post-COVID-19 Syndrome: A Systematic Review and

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Meta-Analysis. J Clin Med 2022; 11: 1541, DOI: 10.3390/
jcm11061541.

Su'Y, Yuan D, Chen DG, et al. Multiple early factors anticipate
post-acute COVID-19 sequelae. Cell 2022; 185: 881-895.e20,
DOI: 10.1016/j.cell.2022.01.014.

Peluso MJ, Mitchell A, Wang CY, et al. Low Prevalence of In-
terferon a Autoantibodies in People Experiencing Symptoms
of Post-Coronavirus Disease 2019 (COVID-19) Conditions, or
Long COVID. J Infect Dis 2023; 227: 246-250, DOI: 10.1093/
infdis/jiac372.

Bowe B, Xie Y, Al-Aly Z. Acute and postacute sequelae associ-
ated with SARS-CoV-2 reinfection. Nat Med 2022; 28: 2398-
2405, DOI: 10.1038/s41591-022-02051-3.

Im JH, Chung MH, Park YK, et al. Antinuclear antibodies in in-
fectious diseases. Infect Dis (Lond) 2020; 52: 177-185, DOI:
10.1080/23744235.2019.1690676.

Grygiel-Gérniak B, Rogacka N, Puszczewicz M. Antinuclear
antibodies in healthy people and non-rheumatic diseases —
diagnostic and clinical implications. Reumatologia 2018; 56:
243-248, DOI: 10.5114/reum.2018.77976.

Volianska L, Burbela E, Kosovska T, et al. The role of vitamin
D in the course of SARS-CoV-2 infection and long COVID in
children (literature review). Child’s Health 2023; 18: 225-230,
DOI: 10.22141/2224-0551.18.3.2023.1590.

Fawzy NA, Abou Shaar B, Taha RM, et al. A systematic review
of trials currently investigating therapeutic modalities for
post-acute COVID-19 syndrome and registered on WHO Inter-
national Clinical Trials Platform. Clin Microbiol Infect 2023; 29:
570-577,DOI: 10.1016/j.cmi.2023.01.007.

Greenhalgh T, Sivan M, Delaney B, et al. Long COVID - an up-
date for primary care. BMJ 2022; 378: e072117,DOI: 10.1136/
bmj-2022-072117.

Finnigan LEM, Cassar MR, Koziel MJ, et al. Efficacy and tolera-
bility of an endogenous metabolic modulator (AXA1125) in fa-
tigue-predominant long COVID: a single-centre, double-blind,
randomised controlled phase 2a pilot study. EClinicalMedicine
2023; 59: 101946, DOI: 10.1016/j.eclinm.2023.101946.
Chadda KR, Blakey EE, Huang CL Jeevaratnam K. Long
COVID-19 and postural orthostatic tachycardia syndrome — is
dysautonomia to be blamed? Front Cardiovasc Med 2022; 9:
860198, DOI: 10.3389/fcvm.2022.860198.

Geng LN, Bonilla HF, Shafer RW, et al. The Use of Nirmatrel-
vir-ritonavir in a Case of Breakthrough Long COVID. Explor Res
Hypothesis Med 2023, DOI: 10.14218/ERHM.2022.00045.
Durstenfeld MS, Peluso MJ, Lin F et al. Association of Nir-
matrelvir/Ritonavir Treatment with Long COVID Symptoms
in an Online Cohort of Non-Hospitalized Individuals Experi-
encing Breakthrough SARS-CoV-2 Infection in the Omicron
Era. medRxiv 2023, DOI: 10.1101/2023.03.02.23286730.
Bramante CT, Buse JB, Liebovitz D, et al. Outpatient treat-
ment of Covid-19 with metformin, ivermectin, and fluvox-
amine and the development of long COVID over 10-month
follow-up. medRxiv 2022: 2022.12.21.22283753, DOI:
10.1101/2022.12.21.22283753.

Wallukat G, Hohberger B, Wenzel K, et al. Functional autoanti-
bodies against G-protein coupled receptors in patients with
persistent Long-COVID-19 symptoms. J Transl Autoimmun
2021; 4: 100100, DOI: 10.1016/j.jtauto.2021.100100.

Reumatologia 2023; 61/6



