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Abstract

Long coronavirus disease-19 (COVID-19) is a complex, multifactorial condition characterized by
persistent symptoms lasting more than 12 weeks following acute severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. The underlying mechanisms remain incompletely understood, but
chronic inflammation, immune dysregulation, autoimmunity, and viral persistence are increasingly being
implicated. This study investigated the immunopathological drivers of long COVID-19 and their associa-
tions with clinical manifestations and organ damage. A prospective, longitudinal cohort study was
conducted on 200 COVID-19 survivors aged 18-65 years, in which inmune markers, autoantibody profiles,
lymphocyte dysfunction, and imaging findings were assessed over a 12-month period. Persistent inflam-
mation was observed, with elevated interleukin-6 and tumor necrosis factor o. = levels correlated with
lung fibrosis and cognitive impairment. Autoantibodies were detected in 40% of the participants, par-
ticularly those with cardiovascular and neurological symptoms. A significant reduction in CD8+ T-cell
counts was associated with severe fatigue and cognitive dysfunction, whereas persistent SARS-CoV-2
RNA was identified in 10% of cases, primarily in individuals with gastrointestinal symptoms. Imaging
studies revealed multiorgan involvement, with structural abnormalities in the lungs, heart, and brain.
These findings highlight the interplay of immune dysfunction, chronic inflammation, and autoimmunity
in long-term COVID-19, underscoring the need for targeted therapeutic strategies to address its long-
term health impacts.
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The coronavirus disease-19 (COVID-19) pandemic
has profoundly impacted global health, with over
800 million confirmed cases as of 2024. While most
individuals recover from acute severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection,
a substantial proportion experience lingering symp-
toms, a condition now recognized as long COVID-19
or post-acute sequelae of SARS-CoV-2 infection
PASC World Health Organization (WHO), 2021.
According to the WHO, long COVID-19 is defined as
the persistence of symptoms for at least 12 weeks
after the acute phase, often including fatigue, cogni-
tive dysfunction, respiratory issues, and cardiovascu-
lar complications.

The pathophysiological mechanisms of long COVID-
19 remain poorly characterized, complicating efforts to
develop effective management strategies. Emerging
evidence suggests that chronic immune dysregulation
plays a pivotal role. Persistent inflammation, autoanti-
body production, lymphocyte abnormalities, and the
potential for viral persistence have been implicated in
ongoing symptomatology and organ dysfunction'. Ele-
vated levels of proinflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-o. (TNF-
o), are linked to chronic inflammation and fibrotic
changes in multiple organs?. In addition, autoantibod-
ies against phospholipids, interferons, and nuclear
antigens may contribute to cardiovascular and neuro-
logical sequelae through autoimmune mechanisms?.

This study aimed to investigate the immunopatho-
logical mechanisms underlying long COVID-19 in a
longitudinal cohort of survivors. By examining the
relationships among immunological markers, clinical
symptoms, and imaging findings, this research aims
to provide a comprehensive understanding of the
disease process. The insights gained may inform the
development of targeted therapeutic strategies to
mitigate the long-term health impact of long COVID.

Methods
Study design and population

A prospective longitudinal study involving 200 COVID-
19 survivors aged 18-65 years was conducted between
January 2023 and January 2024. Patients were recruited
from hospitals and outpatient clinics in (Specify Region).
The participants provided informed consent. Ethical

approval was obtained from the Scientific Research Eth-
ics Committee at Taif University HAO-02-T-105.

Inclusion and exclusion criteria
Inclusion criteria

- Adults aged 18-65 years with a confirmed diag-
nosis of COVID-19 by positive reverse transcrip-
tion polymerase chain reaction or an antigen test.

- Presence of persistent symptoms lasting
> 12 weeks after initial COVID-19 diagnosis as per
the WHO definition of long COVID-19.

- Willingness to participate for a 12-month follow-up
period, with regular clinical assessments and
laboratory tests.

Exclusion criteria

- The background of existing autoimmune disor-
ders, such as lupus and rheumatoid arthritis, is
significant. In addition, the administration of long-
term immunosuppressive treatments, including
corticosteroids and biologics, within the 6 months
leading up to enroliment is pertinent.

- The presence of serious chronic illnesses that are
not associated with COVID-19, such as end-stage
renal disease or advanced cancer, is also relevant.

- Furthermore, any inability to provide informed
consent or adhere to follow-up protocols must be
considered.

Data collection
Demographic and clinical data

Baseline demographic characteristics included age,
sex, existing health conditions such as hypertension,
diabetes, and obesity, and the severity of acute COVID-
19 classified as mild, moderate, or severe.
Clinical symptoms

Assessment of fatigue, cognitive impairment, dys-
pnea, thoracic discomfort, and myalgia was conducted
at 3, 6, and 12 months following the infection.

Immunological markers

The levels of IL-6, TNF-o, and C-reactive protein
(CRP) were quantified through enzyme-linked immuno-
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sorbent assay. In addition, the enumeration of CD4+
and CD8+ T cells was performed through flow cytometry.

Autoantibody detection

The assessment of ANA, antiphospholipid, and anti-
neuronal antibodies was conducted through conven-
tional immunoassay techniques.

Imaging

Imaging studies of the respiratory, cardiovascular,
and neurological systems were performed as clinically
warranted. The interpretations of the computed tomog-
raphy (CT) and magnetic resonance (MR) images were
carried out by radiologists certified by the board.

Statistical analysis

All statistical analyses were conducted using Statisti-
cal Package for the Social Sciences version 27.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
used to summarize demographic and clinical charac-
teristics. Continuous variables were presented as
means + standard deviations or medians with interquar-
tile ranges depending on data normality, assessed
using the Kolmogorov-Smirnov test. Categorical vari-
ables were expressed as frequencies and percentages.

Comparative analysis

For comparisons between long COVID patients and

healthy controls:

- Independent t-tests were used for normally dis-
tributed continuous variables (e.g., IL-6 and TNF-o.
levels).

- Mann-Whitney U tests were employed for non-
normally distributed variables (e.g., CD8+ T-cell
counts).

— x? tests or Fisher's exact tests were applied to
compare categorical variables (e.g., prevalence
of autoantibodies, organ-specific damage).

Longitudinal analysis

Changes in immunological markers and symptom
severity over time (3, 6, and 12 months post-infection)
were analyzed using:

- Repeated measures analysis of variance for nor-

mally distributed variables with post-hoc Bonfer-
roni correction for pairwise comparisons

- Friedman tests followed by Wilcoxon signed-rank
tests for non-parametric longitudinal data.

Correlation and regression analysis

- Pearson’s correlation coefficient (r) was used to
assess the relationships between inflammatory
markers (IL-6, TNF-a) and symptom severity
scores (respiratory and neurological symptoms).

— Spearman’s rank correlation was applied for non-
normally distributed variables.

- Multivariable logistic regression models were con-
structed to evaluate associations between immune
dysregulation (cytokine levels, autoantibodies,
CD8+ T-cell counts) and clinical outcomes (lung
fibrosis, myocarditis, cognitive impairment).
Adjusted odds ratios with 95% confidence inter-
vals were reported.

Survival analysis

Kaplan-Meier survival curves were plotted to evalu-
ate the persistence of long COVID symptoms over
time, with log-rank tests comparing symptom resolution
between subgroups based on immune markers.

A p < 0.05 was considered statistically significant.
All statistical tests were two-tailed. Missing data were
handled using multiple imputation techniques, assum-
ing data were missing at random. This robust statistical
approach ensures reliable interpretation of immune
dysregulation patterns in long COVID and their asso-
ciations with clinical outcomes.

Results

This section presents the findings from the cohort
study, highlighting associations between immune dys-
regulation and clinical manifestations of long COVID-19.
The results are organized to address chronic inflam-
mation, autoimmunity, and lymphocyte dysfunction and
are correlated with organ damage.

Chronic inflammation and correlation
with symptoms

Longitudinal immunological assessments revealed
that chronic inflammation persisted in a large propor-
tion of long COVID-19 patients. Elevated levels of pro-
inflammatory cytokines, including IL-6 and TNF-a, were
observed at 6 and 12 months post-infection. The mean
IL-6 level in long COVID-19 patients was 9.4 pg/mL at
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Figure 1. Pathophysiological mechanisms and clinical correlates in long coronavirus disease chart title.

6 months, whereas it was 2.1 pg/mL in the control
group p < 0.001. Similarly, TNF-a. levels were signifi-
cantly higher, with a mean of 7.8 pg/mL versus
1.9 pg/mL in controls p < 0.001.

Patients exhibiting elevated IL-6 and TNF-a levels
were more likely to experience persistent respiratory
symptoms, including dyspnea and fatigue, and pre-
sented with imaging evidence of lung fibrosis on follow-
up chest CT scans. Approximately 30% of the participants
n = 60 had signs of interstitial lung abnormalities. These
findings underscore the role of ongoing inflammation in
the pulmonary sequelae of long COVID-19.

In addition, neurological symptoms, particularly cogni-
tive dysfunction and brain fog, are correlated with
increased systemic inflammation markers. Elevated cyto-
kine levels were significantly associated with reduced
cognitive performance scores assessed by the Montreal
Cognitive Assessment, with a mean score of 23.1 in
patients with high inflammatory markers compared with
28.7 in those with lower cytokine levels p < 0.05.

Autoantibody prevalence and symptom
association

A notable proportion of long COVID-19 patients pres-
ent with autoantibodies. Approximately 40% n = 80 of
the participants in the study cohort had detectable
autoantibodies, with higher frequencies observed in

individuals reporting neurological and cardiovascular
symptoms. Autoantibodies targeting phospholipids are
found in 25% of patients and are correlated with myo-
carditis and other cardiovascular complications. Auto-
antibodies against interferons were identified in 15% of
the participants, primarily those with severe fatigue and
multisystem involvement.

Patients with autoantibody-positive profiles had a
greater prevalence of myocarditis, with 20% n = 40
having confirmed myocarditis on echocardiographic
and cardiac MRI evaluations. These data suggest a
potential autoimmune component underlying the car-
diovascular manifestations of long COVID-19.

Lymphocyte dysfunction and viral
persistence

A significant reduction in CD8+ T-cell counts was
observed in long-term COVID-19 patients, particularly
those with severe fatigue and cognitive symptoms. The
mean CD8+ T-cell count in symptomatic individuals
was 450 cells/ul, whereas it was 870 cells/uL in
asymptomatic controls p < 0.001. This reduction sug-
gests that a compromised adaptive immune response
contributes to prolonged illness.

In addition, persistent SARS-CoV-2 RNA was
detected in gut biopsies from 10% n = 20 of the par-
ticipants, supporting the hypothesis that viral persis-
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Table 1. The types of autoantibodies detected and their
corresponding clinical presentations

Autoantibody Symptom Prevalence
type correlation (%)
Anti- Myocarditis, 25
phospholipid thrombotic events
Anti-interferon Fatigue, severe 15
respiratory
symptoms
Anti-nuclear Generalized 10
antibodies fatigue, joint pain

Table 2. Prevalence of organ-specific damage in long-term
COVID-19 patients

Organ system Type of Prevalence
damage (%)

Respiratory Lung fibrosis 30

system

Neurological Cognitive 25

system impairment

Cardiovascular Myocarditis 20

system

COVID-19: coronavirus disease-19.

tence is a potential driver of chronic immune activation.
Patients with positive viral RNA findings reported more
severe gastrointestinal symptoms, including abdominal
pain and diarrhea (table 1).

Organ-specific damage and imaging
findings

Imaging studies have provided insights into
the structural impact of long COVID-19. The
prevalence rates observed are shown in table 2.

Patients with lung fibrosis presented the highest
inflammatory marker levels, with mean IL-6 levels
exceeding 10 pg/mL. Neurological imaging through
brain MRI revealed signs of microvascular injury in
15% of patients with cognitive symptoms, further link-
ing chronic inflammation and vascular damage to cog-
nitive dysfunction.

Figure 1 summarizes the interconnected pathophys-
iological mechanisms and clinical outcomes observed

in long COVID-19 patients, emphasizing the need for
multidisciplinary management.
Therefore, in summary:

1. Chronic inflammation, as indicated by elevated
IL-6 and TNF-a levels, is strongly associated with
respiratory and neurological symptoms in long
COVID-19 patients.

2. Autoantibody production is prevalent, with signifi-
cant correlations with cardiovascular and sys-
temic manifestations.

3. Lymphocyte dysfunction, particularly reduced
CD8+ T-cell levels and evidence of viral persis-
tence, contributes to sustained immune dysregu-
lation.

4. Imaging studies confirmed substantial organ
damage, including lung fibrosis, myocarditis, and
cognitive impairment.

These findings highlight the multifactorial nature of
long COVID-19, which is driven by immune dysregula-
tion, autoimmunity, and potential viral persistence.
These results support the need for targeted immuno-
modulatory and antiviral therapeutic strategies.

Discussion

Emerging research suggests that factors beyond
direct SARS-CoV-2 infection may contribute to long-
term COVID-19 pathophysiology. Pintos-Pascual et al.
20224 explored whether SARS-CoV-2 is the sole driver
of long COVID-19 or whether other mechanisms, such
as latent viral reactivation, for example, Epstein-Barr
virus and human herpesvirus-6, immune dysregulation,
and post viral syndromes, play a role. These findings
indicate that persistent symptoms in some individuals
may be linked to immune system alterations triggered
by COVID-19 rather than to ongoing viral presence
alone. These findings align with our findings of CD8+
T-cell dysfunction and autoantibody production, sug-
gesting broader immune response dysregulation. Fur-
thermore, their discussion of the role of preexisting
autoimmune predispositions and environmental factors
supports the notion that long COVID-19 may represent
a spectrum of post viral syndromes rather than a single
disease entity. These insights reinforce the importance
of multifactorial diagnostic approaches and highlight
the need for further studies investigating potential
cofactors influencing long COVID-19 outcomes. Future
research should assess whether targeted immunomod-
ulatory strategies, including therapies addressing latent
viral reactivation, could be beneficial in certain patient
subgroups.
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These findings provide critical insights into the com-
plex pathophysiological mechanisms underlying long
COVID-19, emphasizing the roles of chronic inflamma-
tion, autoimmunity, lymphocyte dysfunction, and viral
persistence. This discussion explores these key
aspects, integrating the current literature to contextual-
ize the implications for patient management and future
research.

Chronic inflammation and long-term
symptomatology

The persistent elevation of proinflammatory cyto-
kines, specifically IL-6 and TNF-a, observed at 6 and
12 months post-COVID-19 infection underscores the
significant role of chronic inflammation in the patho-
genesis of long COVID-19. The data demonstrate that
patients with elevated cytokine levels experienced
more severe respiratory symptoms and structural lung
changes, with approximately 30% showing evidence of
interstitial lung abnormalities. These findings align with
studies®® that identified chronic inflammation as a cen-
tral driver of persistent respiratory dysfunction and lung
fibrosis in post-acute COVID-19. Elevated IL-6, in par-
ticular, has been implicated in cytokine storm phenom-
ena during acute infection, and prolonged IL-6 elevation
may perpetuate tissue injury and fibrotic remodeling’.

Neurological manifestations, including cognitive
impairment and “brain fog,” were also strongly corre-
lated with systemic inflammatory markers. Patients with
higher IL-6 and TNF-a levels had significantly lower
cognitive performance scores, as measured by the
Montreal Cognitive Assessment MoCA. This associa-
tion suggests a potential link between chronic inflam-
mation, endothelial dysfunction, and microvascular
injury, which is consistent with findings from Guo et al.
2022, who reported similar cognitive deficits in long
COVID-19 patients with elevated inflammatory markers.
Neuroinflammation and impaired cerebral perfusion
may contribute to these symptoms, highlighting the
need for longitudinal neuroimaging and cognitive eval-
uations in affected individuals®.

Autoimmunity and its clinical implications

The detection of autoantibodies in 40% of the cohort
reinforces the hypothesis that autoimmunity plays a
pivotal role in long-term COVID-19 pathophysiology.
The most prevalent autoantibodies are directed against
phospholipids, interferons, and nuclear antigens,

with distinct clinical associations. Anti-phospholipid
antibodies are linked to myocarditis and thrombotic
complications and affect 25% of patients. This finding
is consistent with research by Zuo et al. 2020°, who
reported elevated levels of antiphospholipid antibodies
in COVID-19 patients with thrombotic events®. The pro-
thrombotic state induced by these antibodies may
exacerbate cardiovascular complications, necessitat-
ing careful monitoring for embolic phenomena in long-
term COVID-19 patients™©.

Similarly, the presence of anti-interferon antibodies,
detected in 15% of the participants, was associated
with severe fatigue and respiratory symptoms. This
finding supports previous work by Bastard et al. 20213,
who demonstrated that anti-interferon autoantibodies
contribute to impaired viral clearance and increased
disease severity®. In the context of long COVID-19,
persistent immune dysregulation driven by these anti-
bodies may exacerbate systemic inflammation and
chronic fatigue syndrome-like symptoms*".

The autoimmune hypothesis is further strengthened
by the detection of antinuclear antibodies ANAs in 10%
of patients, which are correlated with joint pain and
generalized fatigue. ANAs are hallmark markers of sys-
temic autoimmune diseases, and their presence in long-
term COVID-19 raises concerns about the potential for
post-viral autoimmune syndromes'2. These findings war-
rant the integration of rheumatological assessments into
long COVID-19 management protocols, as early identi-
fication and treatment of autoimmune complications
could mitigate long-term morbidity's.

Lymphocyte dysfunction and viral
persistence

The reduction in CD8+ T-cell counts observed in
symptomatic patients with long COVID-19 indicates
significant adaptive immune impairment. CD8+ T cells
are critical for cytotoxic responses against viral infec-
tions, and their depletion may hinder viral clearance,
contributing to prolonged symptoms. The mean CD8+
T-cell count in affected individuals was significantly
lower than that in asymptomatic controls, which is con-
sistent with the findings of Rha et al. 20214, who
reported that lymphopenia is a common feature of
severe COVID-19 and its chronic sequelae’.

The detection of persistent SARS-CoV-2 RNA in gut
biopsies from 10% of participants provides compelling
evidence that viral persistence is a potential driver of
chronic immune activation. This phenomenon has been
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previously documented in studies by Chertow et al.
2021'%, where viral RNA was identified in multi-
ple tissues long after acute infection resolution'. The
gastrointestinal tract may serve as a reservoir for viral
persistence, explaining the frequent gastrointestinal
symptoms reported by long COVID-19 patients. Persis-
tent viral antigens can continuously stimulate the
immune system, perpetuating inflammation and tissue
damage’®.

These findings highlight the importance of develop-
ing diagnostic tools to identify viral reservoirs and tailor
antiviral therapies for patients with evidence of persis-
tent infection. Future studies should explore the effi-
cacy of antiviral agents in reducing the viral load and
mitigating immune dysregulation in long COVID-19
patients'”.

Organ-specific damage: imaging
correlations

Imaging studies revealed significant structural dam-
age in multiple organ systems, corroborating the sys-
temic impact of long COVID-19. Lung fibrosis was the
most prevalent finding, affecting 30% of participants,
with mean IL-6 levels exceeding 10 pg/mL in this sub-
group. Fibrotic lung changes are concerning due to
their association with progressive respiratory decline
and reduced quality of life. Similar findings were
reported by Myall et al. 20212, who reported persistent
radiological abnormalities in COVID-19 survivors with
elevated inflammatory markers.

The neurological imaging findings included micro-
vascular injury in 15% of patients with cognitive symp-
toms, further supporting the role of chronic inflammation
and endothelial dysfunction in cognitive impairment’®.
This aligns with research by Puntmann et al. 2020,
emphasizing the need for ongoing neurological surveil-
lance in long COVID-19 patients.

Cardiac imaging revealed myocarditis in 20% of the
participants, a complication linked to both autoimmu-
nity and chronic inflammation. Cardiac MRI findings of
myocardial edema and fibrosis have been reported by
Puntmann et al. 2020, highlighting the need for car-
diological follow-up and potential immunomodulatory
interventions to prevent long-term cardiac sequelae®.

Conclusion
This study highlights the multifactorial nature of

long COVID-19, which is driven by immune dys-
regulation, chronic inflammation, autoimmunity, and

viral persistence. The correlations between immu-
nological markers and clinical outcomes emphasize
the importance of targeted therapeutic strategies,
including anti-inflammatory and immunomodulatory
agents, to address the underlying pathophysiology.
Future research should focus on identifying bio-
markers for disease stratification, optimizing treat-
ment protocols, and developing antiviral therapies
to mitigate the burden of long COVID-19 on global
health.

Funding
None.

Conflicts of interest
None.

Ethical considerations

Protection of humans and animals. The authors
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical
approval. The study does not involve patient personal
data nor requires ethical approval. The SAGER guide-
lines do not apply.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.

References

1. Guo Q, Li M, Wang C, Wang P, Zhong Y, Lu H, et al. Cognitive dysfunc-
tion and cytokine profiles in COVID-19 survivors. Front Neurol.
2022;13:834517.

2. Myall KJ, Mukherjee B, Castanheira AM, Lam JL, Benedetti G, Mak SM,
et al. Persistent post-COVID-19 interstitial lung disease. Lancet Respir
Med. 2021;9:767-76.

3. Bastard P, Rosen LB, Zhang Q, Michailidis E, Hoffmann HH, Zhang Y,
et al. Autoantibodies against type | IFNs in patients with life-threatening
COVID-19. Science. 2021;370:eabd4585.

4. Pintos-Pascual I, Moreno-Torres V, Ibénez-Estéllez F, Corrales Rodriguez
P, Trevifio A, Corpas M, et al. Is SARS-CoV-2 the only cause of longCO-
VID? AIDS Rev. 2022;24:183-96.

5. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC,
Pujol JC, Klaser K, Antonelli M, Attributes and predictors of long COVID.
Nat Med. 2021 Mar 10;27(4):626-631

6. Del Valle DM, Kim-Schulze S, Huang HH, Beckmann ND, Nirenberg S,
Wang B, et al. An inflammatory cytokine signature predicts COVID-19
severity and survival. Nat Med. 2020;26:1636-43.

7. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, Kummerlen C,
et al. Neurologic features in severe SARS-CoV-2 infection. N Engl J Med.
2020;382:2268-70.

8. Zuo'Y, Estes SK, Gandhi AA, Yalavarthi S, Ali RA, Shi H, et al. Prothrom-
botic  antiphospholipid antibodies in  COVID-19.  medRxiv.
2020.06.15.20131607.

9. Carfi A, Bernabei R, Landi F, Gemelli Against COVID-19 Post Acute Care
Study Group. Persistent symptoms in patients after acute COVID-19.
JAMA. 2020;324:603-5.

31



32

AIDS Reviews. 2025;27

. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger

F, et al. Pulmonary vascular endothelialitis, thrombosis, and angiogen-
esis in COVID-19. N Engl J Med. 2020;383:120-8.

. Greenhalgh T, Knight M, A'Court C, Buxton M, Husain L. Management

of post-acute COVID-19 in primary care. BMJ. 2020;370:m3026.

. Montani D, Savale L, Noel N, Meyrignac O, Colle R, Gasnier M, et al.

Post-acute COVID-19 syndrome. Eur Respir Rev. 2022;31:210185.

. Perego E, Callard F, Stras L, Melville-Jéhannesson B, Pope R, Alwan

NA. Why the patient-made term ‘Long Covid’ is needed. Wellcome Open
Res. 2020;5:224.

. RhaM.S., Hye WondJeong, Jae-Hoon Ko, Jun Yong Choi, Kyong Ran-

Peck, Eui-Cheol Shin, PD-1-Expressing SARS-CoV-2-Specific CD8+ T
Cells Are Not Exhausted, but Functional in Patients with COVID-19,
Immunity 54, 44-52 January 12, 2021.

. Chertow D, Stein S, Ramelli S, Grazioli A, Chung JY, Singh M, et al.

SARS-CoV-2 infection and persistence throughout the human body and
brain. Nature. 2021;595:486-92.

16.

17.

18.

19.

20.

Proal, A.D. and VanElzakker, M.B. (2021) Long COVID or Post Acute
Sequelae of COVID-19 (PASC): An Overview of Biological Factors That
May Contribute to Persistent Symptoms. Frontiers in Microbiology,12,Ar
ticlelD:698169.

Baig HA. COVID-19 impact on medical students’ teaching and learning
in Saudi Arabia. South East Eur J Public Health. 2021;3781-90.
Gorelik M, Shahin Y, Yekelchyk M, Alsaid A, Algahtani F, Alzahrani A,
et al. Microvascular dysfunction in long COVID: an endothelial perspec-
tive. J Neurol Sci. 2022;431:120084.

Puntmann VO, Carerj ML, Wieters |, Fahim M, Arendt C, Hoffmann J,
et al. Outcomes of cardiovascular magnetic resonance imaging in
patients recently recovered from coronavirus disease 2019 (COVID-19).
JAMA Cardiol. 2020;5:1265-73.

Rajpal S, Tong MS, Borchers J, Zareba KM, Obarski TP, Simonetti OP,
et al. Cardiovascular magnetic resonance findings in competitive ath-
letes recovering from COVID-19 infection. JAMA Cardiol. 2021;6(1):116-
8. doi:10.1001/jamacardio.2020.4916.





