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Materials and Methods: A total of 139 SM-exposed veterans and 109 unexposed controls were
enrolled. Serum RF concentration was measured using ELISA. Participants were stratified by sex and
by severity of lung, skin, and eye involvement.

Results: RF levels were significantly lower in the exposed group compared to controls (P<0.01).
Sex-stratified analysis revealed a pronounced reduction in RF levels in exposed females compared to
control females (P<0.01), whereas RF levels in males did not differ significantly. Analysis of clinical
manifestations demonstrated consistently lower RF levels in exposed individuals across lung, skin,
and eye involvement, with significant differences in most comparisons versus controls. Notably, RF
reduction did not correlate with disease severity, suggesting that exposure, rather than disease severity,

drives this effect.
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Introduction

heumatoid factor (RF) is a classical auto-

antibody directed against the Fc portion of

immunoglobulin G (IgG) and represents a

key marker of B-cell dysregulation and hu-

moral autoimmunity. Although RF is most
widely recognized in the diagnosis of rheumatoid arthri-
tis, elevated levels may also occur in chronic inflamma-
tory lung diseases, persistent infections, autoimmune
disorders, and conditions characterized by sustained im-
mune activation. RF production is strongly influenced
by prolonged antigenic stimulation, cytokine imbalance,
and aberrant activation of polyclonal B-cell responses,
making it a sensitive indicator of chronic or systemic im-
mune perturbation [1-3].

Sulfur mustard (SM), a potent alkylating chemical
warfare agent, causes extensive acute tissue injury and
long-term complications involving the skin, eyes, and
respiratory system. Decades after exposure, many sur-
vivors develop chronic bronchial injury, bronchiolitis
obliterans, airway remodeling, and a clinical condition
often termed “mustard lung.” These chronic pulmonary
and epithelial abnormalities are accompanied by persis-
tent inflammation, oxidative stress, and airway structural
damage. Increasing evidence indicates that SM exposure
also induces long-lasting alterations in the immune sys-
tem, including disturbed cytokine networks, impaired
regulatory mechanisms, and features of premature im-
munosenescence [4, 5]. Such chronic immune dysregu-
lation persists for decades and may contribute to the
emergence of autoimmune phenomena in exposed pa-
tients.

Autoantibody production has been reported in vari-
ous chemical and environmental exposures, supporting
the concept that ongoing tissue injury and unresolved
inflammation can promote loss of immunological tol-
erance [6]. Given that the respiratory system is one of
the primary targets of SM toxicity, the continuous pres-
ence of damaged epithelial cells, inflammatory media-
tors, and persistent antigenic stimulation in mustard lung
may influence RF induction. However, despite extensive
research on the respiratory and systemic consequences
of SM exposure, little is known about RF alterations in
long-term survivors.

Understanding whether RF levels differ between SM-
exposed individuals and unexposed controls can provide
insight into chronic immune activation and may help
identify biomarkers that reflect long-term immunotox-
icity. Moreover, sex-specific differences in autoimmune
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responses—including RF production—have been docu-
mented in numerous chronic diseases, suggesting the
potential relevance of gender-stratified analysis in this
population.

This study aimed to investigate whether long-term sur-
vivors of SM exposure exhibit altered RF profiles com-
pared to unexposed individuals. By evaluating RF levels
across the total and subgroups, this study provides new
information on the immunological consequences of SM
exposure decades after the initial insult. These findings
contribute to a better understanding of chronic immune
perturbation in chemical-exposed populations and help
guide future research on late-onset autoimmunity associ-
ated with mustard lung,

Materials and Methods

Study participants, ethical approval, and clinical
assessment and categorization

This study included two groups: 1) 139 individuals
with documented exposure to SM during the Iran—Iraq
war (33 years ago), and 2) an unexposed, healthy control
group consisting of 109 individuals. The Medical Com-
mittee of the Foundation of Martyrs and Veterans Affairs
confirmed the veterans’ SM exposure. All procedures
were conducted in accordance with institutional ethical
guidelines, and written informed consent was obtained
from all participants before enrollment. A comprehen-
sive clinical assessment was conducted, and participants
were categorized by sex (male or female). In total, pa-
tients were also enrolled in three study groups: chemical
veterans with pulmonary, skin, and eye complications ac-
cording to their medical records. These participants were
further stratified into “normal-mild” and “moderate—se-
vere” categories based on standardized clinical and para-
clinical assessments. Pulmonary severity, assessed by a
pulmonologist, was based on symptoms and pulmonary
function tests, with normal-mild, including normal or
mildly impaired function, and moderate—severe, includ-
ing clinically significant disease (e.g. forced expiratory
volume (FEV):<80% predicted). Dermatological sever-
ity, assessed by a dermatologist, was determined by the
extent and persistence of lesions (e.g. pruritus, dryness,
pigmentation changes, alopecia, lichenification, excoria-
tion), with moderate—severe for moderate to extensive
or persistent involvement and normal-mild for absent
or mild, localized findings. Ocular severity, assessed by
an ophthalmologist using slit-lamp and ophthalmoscopy,
was classified as moderate—severe for significant corneal
pathology or visual impairment, and normal-mild for
absent or mild symptoms.
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Common pulmonary symptoms associated with SM
exposure included dyspnea, sputum, chronic cough, and
hemoptysis. Notably, none of the patients had work-
place-related pollution exposure.

Peripheral blood samples were collected under stan-
dardized conditions, and serum was separated, aliquot-
ed, and stored until analysis.

Sample collection

Blood samples were collected in Vacutainer tubes (BD
Biosciences). Serum was obtained by centrifugation at
2000xg for 20 minutes at 4 °C, aliquoted under sterile
conditions, and stored at —80 °C until analysis.

RF serum levels measurement

Serum RF concentrations (U/) were measured using a
RF Screen ELISA kit (DRG Instruments GmbH, Ger-
many), following the manufacturer’s instructions. This
assay specifically quantifies IgM isotype RF (RF-IgM).

Statistical analysis

Laboratory data were summarized using median,
Mean+SD. Differences between study groups were
evaluated using the Mann—Whitney U test. Statistical
analyses were performed using SPSS software, version
26 (SPSS Inc., Chicago, IL, USA), and a P<0.05 was
considered statistically significant.

Results

RF levels in exposed individuals compared to
controls

The analysis in Table 1 showed a statistically signifi-
cant difference in RF levels between the control and ex-
posed groups.
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RF levels were lower in the exposed group than in the
control group (P=0.005), indicating that exposure was
associated with a reduction in RF levels.

Gender-stratified RF levels: Exposed vs control
groups

Table 2 presents the RF levels for males and females in
the control and exposed groups. In the controls, females
had higher RF levels than males, whereas the opposite
was observed in the exposed group, although neither
difference was statistically significant. Overall, no sta-
tistically significant differences were observed between
men and women, except in exposed women compared to
control women (P=0.005), suggesting that exposure may
exert a stronger effect on RF levels in women. Notably,
RF levels were lower in exposed females compared to
control females, and the high variability within the ex-
posed female group indicates wide individual differ-
ences in response to exposure. These findings indicate a
potential sex-specific influence of exposure on RF, with
women showing a significant association.

Clinical complication-stratified RF levels: Ex-
posed vs control groups

Table 3 presents RF levels in control individuals and
in exposed individuals stratified by severity of organ-
specific involvement in the lung, skin, and eyes.

Lung involvement: Exposed individuals with normal-
to-mild lung involvement had lower RF levels compared
to controls, with a statistically significant difference
(P=0.035). Individuals with moderate-to-severe lung
involvement also had lower RF levels, showing a sig-
nificant difference versus controls (P=0.010). However,
when comparing normal-mild versus moderate-severe
lung groups, the difference was not significant, suggest-
ing that RF reduction is associated with exposure rather
than severity of lung involvement.

Table 1. RF levels in exposed individuals compared to controls (n=109)

RF
Variables
Median Q1 Q3 P
Control 8 6.4 10.8
0.005
Exposed 6.6 10

hivunoREGULATION

Note: Statistical analysis was performed using the Mann—Whitney U test. P<0.05 were considered statistically signifi-

cant. P: Control vs exposed group.
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Table 2. Sex-based comparison of RF levels in control and exposed groups

RF
Variables
No. Median Q1 Q3 P1 P2 P3
Male 70 7.65 6.1 11.
Control 0.297
Female 39 8.6 7 10.8
Male 100 6.9 5.2 10
Exposed 0.294 0.132 0.005
Female 39 6.2 5 104

hivixoREGULATION

Note: Statistical analysis was performed using the Mann—Whitney U test. P<0.05 were considered statistically
significant. P1: Female vs male; P2: Male subgroups; P3: Female subgroups.

Table 3. Comparison of RF levels across skin, lung, and eye involvement categories

RF
Lung
No. Median Q1 Q3 P1 P2
Control 109 8 6.4 10.8
Normal-mild 67 6.8 4.9 10.5 0.035
Moderate-severe 72 6.45 5.4 9 0.01 0.802
RF
Skin
No. Median Q1 Q3 P1 P2
Control 109 8 6.4 10.8
Normal-mild 131 6.5 5 10 0.004
Moderate-severe 8 8 6.2 10.1 0.863 0.375
RF
Eye
No. Median Q1 Q3 P1 P2
Control 109 8 6.4 10.8
Normal-mild 117 6.8 5.2 10 0.011
Moderate-severe 20 6.15 5.1 9.65 0.054 0.701

hiviuNoREGULATION

Note: Statistical analysis was performed using the Mann—Whitney U test. P<0.05 were considered statistically
significant. P: Control vs normal-mild/moderate-severe; P2: Normal-mild vs moderate-severe.

Skin involvement: RF levels in exposed individuals
with normal-to-mild skin involvement were significant-
ly lower than in controls (P=0.004). In the moderate-to-
severe skin group, RF levels did not differ significantly
from controls or the normal-mild skin group, possibly
reflecting the small sample size (n=8) or greater variabil-
ity in this subgroup.

Eye involvement: RF levels were significantly lower
in exposed individuals with normal-to-mild eye involve-
ment (P=0.011) and moderate-to-severe eye involve-
ment (P=0.054) compared to controls. The comparison
between the two severity groups was not significant, in-
dicating that RF levels are affected by exposure, regard-
less of the severity of eye involvement.
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Overall, these data suggest that RF levels tend to de-
crease in exposed individuals across different organ in-
volvements, with statistical significance in most compar-
isons versus controls. The lack of significant differences
between severity groups indicates that exposure itself,
rather than the degree of disease, may be the main fac-
tor influencing RF levels. High variability in some sub-
groups, particularly moderate-to-severe cases, highlights
individual differences in response to exposure.

Discussion

In our study, we observed a significant reduction in
RF levels in SM-exposed individuals compared to un-
exposed controls. However, it is important to note that
all measured RF levels were within the normal clinical
range (<20 IU/mL), and the observed difference, while
statistically significant, is not of a magnitude considered
clinically significant for disease diagnosis.

RF reduction was consistent across sexes, with a par-
ticularly notable effect in exposed women, and across
different complications (lung, skin, eye), independent of
the clinical severity of damage. These findings suggest
that long-term SM exposure may lead to immunological
remodeling or suppression rather than classical autoan-
tibody-driven autoimmunity. The decrease in RF, rather
than an increase, points toward possible impairment of
autoreactive B-cells or a shift in the immune milieu un-
favourable for autoantibody production.

However, our results contrast with our study in SM-
exposed veterans with severe pulmonary disease, where
RF, antinuclear antibodies (ANA), anti-DNA antibodies,
and C-reactive protein (CRP) were all significantly ele-
vated decades after exposure [7]. This discrepancy might
be explained by differences in sample selection: while
their study focused on individuals with advanced lung
pathology, our samples may include a wider spectrum of
clinical severity. In individuals with more severe organ
damage, persistent inflammation triggers ongoing auto-
antibody production, while in others, chronic immune
exhaustion or B-cell dysfunction predominates.

Immunophenotyping studies in SM-exposed veterans
with serious problems have revealed long-term altera-
tions in immune cell populations. In one study, peripher-
al blood analysis showed increased total white blood cell
(WBC) and lymphocyte counts in exposed individuals
versus controls [8].
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Another analysis of innate immune function ~30 years
after exposure showed preserved phagocytosis, comple-
ment activity, and NBT-reducing ability, but a decrease
in a-globulin, possibly implicating a-antitrypsin defi-
ciency in the chronic pathology of these veterans [9].
These findings align with the notion that some systems
remain functional, while others undergo subtle long-
term adaptation or damage.

Paraclinical reviews of Iranian SM survivors have also
documented positive RF and ANA, reduced helper T-cell
and natural killer (NK)-cell numbers, and dysregulated
immunoglobulins [10].

This study supports the idea that autoantibody pertur-
bations are common in SM-exposed cohorts. However,
the direction and magnitude likely depend on individual
factors, such as exposure dose, disease severity, and time
since exposure.

The role of oxidative stress is especially pertinent: data
analysis of SM-exposed veterans found persistent eleva-
tion of lipid peroxidation (malondialdehyde), increased
catalase activity, and reduced glutathione even decades
after exposure [11, 12].

Chronic oxidative stress can impair B-cell viability,
promote immune senescence, or disrupt germinal center
reactions, potentially contributing to lower RF produc-
tion rather than promoting autoimmunity [13, 14].

A key question arising from our data is whether the
observed reduction in RF-IgM reflects a pathophysi-
ologically meaningful state, such as B-cell dysfunction
or immune exhaustion, or if it is merely an epiphenom-
enon without direct clinical consequences. Several lines
of evidence favor a dysfunctional/adaptive model rather
than benign incidental findings. First, the suppression
was remarkably consistent across distinct organ compli-
cation groups (lung, skin, and eye) and severity strata,
suggesting it is a systemic, exposure-linked trait rather
than a random fluctuation. Second, the parallel evidence
of long-term oxidative stress [11, 12] and altered im-
mune cell populations [8-10] in SM survivors provides
a plausible biological platform for B-cell impairment, as
oxidative damage is known to compromise lymphocyte
function and survival [13, 14]. Third, the stronger sup-
pression observed in women hints at a regulated, sex-
dimorphic process, which is less characteristic of a non-
specific epiphenomenon. While we cannot definitively
rule out that low RF is a passive marker without clini-
cal impact, its association with other persistent immu-
nological disturbances makes this less likely. Therefore,
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we posit that the RF reduction is more consistent with a
state of chronic immune adaptation or antigen-driven B-
cell exhaustion resulting from decades of managing SM-
induced tissue damage and inflammation. This state may
represent one end of a spectrum of immune outcomes
in SM survivors, contrasting with the elevated autoanti-
body profiles observed in cohorts with more severe ac-
tive inflammatory disease [7].

Skin pathology in SM survivors may also be relevant.
A large retrospective cohort study found a much higher
prevalence of chronic dermatoses (itching, blistering,
xerosis, and excoriated dermatitis) in exposed individu-
als compared to controls [15]. Chronic skin inflamma-
tion and tissue remodeling may contribute to systemic
immune dysregulation.

From an epidemiological standpoint, a World Health
Organization (WHO) and International League against
Rheumatism Community Oriented Program for Control
of Rheumatic Diseases (WHO-ILAR COPCORD) study
among chemical-warfare veterans reported a significant
burden of rheumatic complaints, including possible
rheumatoid arthritis, though definitive serological con-
firmation was often limited [16].

That study underscores that clinical theumatic disease
is not uncommon in SM survivors, even if RF levels in
some cohorts (like ours) are lower. Based on these find-
ings, several mechanistic hypotheses have emerged: 1)
B-cell dysfunction or antigen-driven exhaustion: Chron-
ic SM-induced inflammation and oxidative stress may
lead to functional impairment, selective depletion, or
exhaustion of autoreactive B-cell clones, resulting in a
diminished capacity to produce RF-IgM and potentially
other antibodies. 2) Senescence and microenvironment
disruption: SM-induced oxidative stress and senescence
in stromal or immune-supporting tissues may degrade
the architecture required for autoreactive B-cell survival.
3) Unfavorable cytokine milieu: Exposure may shift cy-
tokine balance toward a suppressed, exhausted immune
state, rather than a continuously activated, autoantibody-
promoting environment in the long term. 4) Antioxidant
depletion and oxidative stress: Persistent oxidative dam-
age may compromise B-cell function or survival, ex-
plaining reduced RF despite immune system activation
in other compartments.

The limitations of our study are as follows: the exposed
cohort is likely heterogeneous in clinical severity, which
may obscure subgroups with different immune trajecto-
ries. Also, some subgroups (e.g. moderate-to-severe skin
involvement) had small sample sizes, limiting statistical
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power. Furthermore, the ELISA method employed in
this study specifically measured IgM isotype RF (RF-
IgM). We did not assess other RF isotypes (e.g. IgG or
IgA), which may have distinct biological roles and clini-
cal associations.

Future studies on SM survivors should longitudinally
track autoantibody trajectories (RF, ANA, anti-DNA)
and include detailed B-cell phenotyping to assess subset
depletion or dysfunction. Parallel profiling of cytokines,
oxidative stress, and senescence markers would clarify
the immune context of RF suppression. The stronger RF
reduction in women warrants investigation of sex-spe-
cific mechanisms, while linking immunological changes
to clinical outcomes could define the prognostic signifi-
cance of altered RF in this population.

Conclusion

Our findings of reduced RF levels in long-term SM—
exposed individuals challenge the assumption that SM
exposure inevitably leads to autoantibody-driven autoim-
munity. Instead, our data, together with the broader litera-
ture, suggest a more complex picture of immune remodel-
ing, possibly involving suppression, B-cell dysfunction,
or adaptation, rather than persistent autoimmunity. Con-
trasting results in other cohorts (with raised RF) highlight
heterogeneity among survivors and underscore the need
for mechanistic, longitudinal, and stratified research to
fully understand the immunologic legacy of SM.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee
of Shahed University, Tehran, Iran (Code: Shahed.
REC.1399.091).

Funding

This study is financially supported by Shahed
University and the Iranian Foundation of Martyr and
Veterans Affairs.

Authors' contributions

Conceptualization and investigation: Tooba Ghazanfari;
Writing the original draft: Tahereh Jamali; Supervision,
review and editing: Sussan Kaboudanian Ardestani.

Conflicts of interest

The author declared no conflict of interest.

Ghazanfari T, et al. RF in Mustard Gas Survivors. Immunoregulation. 2025; 8:E20.



http://immunoreg.shahed.ac.ir/
https://en.shahed.ac.ir/
https://en.shahed.ac.ir/
https://en.shahed.ac.ir/
https://www.isaar.ir/
https://www.isaar.ir/

IMMUNOREGULATION

References

[1] Zhao Y, Alakhova DY, Kim JO, Bronich TK, Kabanov AV.
A simple way to enhance Doxil® therapy: Drug release
from liposomes at the tumor site by amphiphilic block co-
polymer. Journal of Controlled Release. 2013; 168(1):61-9.
[DOI:10.1016/jjconrel.2013.02.026] [PMID]

[2] Togashi T, Ishihara R, Watanabe R, Shiomi M, Yano Y, Fuji-
sawa Y, et al. Rheumatoid factor: Diagnostic and prognostic
performance and therapeutic implications in rheumatoid
arthritis. Journal of Clinical Medicine. 2025; 14(5):1529.
[DOI:10.3390/jem14051529] [PMID]

[3] Sahin D, Di Matteo A, Emery P. Biomarkers in the diagnosis,
prognosis and management of rheumatoid arthritis: A com-
prehensive review. Annals of Clinical Biochemistry. 2025;
62(1):3-21. [DOI:10.1177 /00045632241285843] [PMID]

[4] Pourfarzam S, Ardestani SK, Jamali T, Ghazanfari H, Naghi-
zadeh MM, Faghihzadeh S, et al. Distinct inflammatory pro-
files in mustard lung: A study of sulfur mustard-exposed
patients with serious pulmonary complications. Internation-
al Immunopharmacology. 2025; 146:113832. [DOI:10.1016/j.
intimp.2024.113832] [PMID]

[5] Rezaei A, Pourfarzam S, Jamali T, Mohammadi NG, Andalib
A, Hassan ZM, et al. Exploring chemokines and soluble ad-
hesion molecules in mustard lung pathogenesis. Internation-
al Immunopharmacology. 2025; 149:114241. [DOI:10.1016/j.
intimp.2025.114241] [PMID]

[6] Cooper GS, Miller FW, Germolec DR. Occupational expo-
sures and autoimmune diseases. International Immunop-
harmacology. 2002; 2(2-3):303-13. [DOI:10.1016/51567-
5769(01)00181-3] [PMID]

[7] Shariatpanahi S, Rashidi A, Soroush MR, Poorfarzam S,
Faghihzadeh E, Yaraee R, et al. High-titer rheumatologic
markers in serum of veterans with severe pulmonary
complications 25-30 years after sulfur mustard exposure.
International Immunopharmacology. 2025; 146:113875.
[DOI:10.1016/j.intimp.2024.113875] [PMID]

[8] Ghazanfari T, Rezaei A, Rezaei R, Kariminia A, Naghi-
zadeh MM, Soroush M, Shams J, et al. The immune cells
profiles of individuals with sulfur mustard-induced seri-
ous long-term respiratory complications. International Im-
munopharmacology. 2025; 146:113851. [DOI:10.1016/j.in-
timp.2024.113851] [PMID]

[9] Riahi-Zanjani B, Balali-Mood M, Mahmoudi M, Sadeghi
M. Innate immune system status of sulphur mustard-poi-
soned Iranian veterans three decades after exposure. Basic
& Clinical Pharmacology & Toxicology. 2018; 123(5):635-9.
[DOI:10.1111/bept.13053] [PMID]

[10] Razavi SM, Saghafinia M, Salamati P. Paraclinical find-
ings in Iranian veterans exposed to sulfur mustard gas: A
literature review. Chinese Journal of Traumatology. 2017;
20(2):114-7. [DOI:10.1016/j.cjtee.2016.05.005] [PMID]

[11] Hassanpour H, Mojtahed M, Nasiri L, Vaez-Mahdavi
MR, Fallah AA. Association of sulfur mustard toxicity with
oxidant/antioxidant system in veterans: A meta-analysis
of case-control studies. International Immunopharmacol-
ogy. 2025; 147:114007. [DOI:10.1016/j.intimp.2024.114007]
[PMID]

2025. Vol 8

[12] Jamali T, Vaez-Mahdavi MR, Taravati A, Mohammadian
R, Jalilvand F, Fallahi F, et al. Mustard lung with a unique
oxidative stress profile as an independent pulmonary dis-
ease. International Immunopharmacology. 2025; 149:114210.
[DOI:10.1016/j.intimp.2025.114210] [PMID]

[13] Bauer ME. Accelerated immunosenescence in rheumatoid
arthritis: Impact on clinical progression. Immunity & Age-
ing. 2020; 17:6. [DOI:10.1186/512979-020-00178-w] [PMID]

[14] Frasca D, Diaz A, Romero M, Garcia D, Blomberg BB. B
Cell Immunosenescence. Annual Review of Cell and Devel-
opmental Biology. 2020; 36:551-74. [DOI:10.1146/ annurev-
cellbio-011620-034148] [PMID]

[15] Toossi P, Etemadzadeh S, Sedighimoghadam M, Abdolla-
himajd F, Arabani MR, Babaei A, et al. Long-term risk of der-
matoses following sulfur mustard exposure: A retrospective
cohort study. International Journal of Dermatology. 2026;
65(2):314-22. [DOI:10.1111/1jd.70080] [PMID]

[16] Shakibaee A, Alishiri GH, Ebrahimpour Z, Shadmanfar S,
Hosseiniara R, Bayat N. Prevalence of rheumatic disorders
in Iranian chemical injured patients: A WHO-ILAR COP-
CORD study. Romanian Journal of Military Medicine. 2022;
125(1):66. [Link]

Ghazanfari T, et al. RF in Mustard Gas Survivors. Immunoregulation. 2025; 8:E20.



http://immunoreg.shahed.ac.ir/
https://doi.org/10.1016/j.jconrel.2013.02.026
https://www.ncbi.nlm.nih.gov/pubmed/23474033
https://doi.org/10.3390/jcm14051529
https://www.ncbi.nlm.nih.gov/pubmed/40094988
https://doi.org/10.1177/00045632241285843
https://www.ncbi.nlm.nih.gov/pubmed/39242085
https://doi.org/10.1016/j.intimp.2024.113832
https://doi.org/10.1016/j.intimp.2024.113832
https://www.ncbi.nlm.nih.gov/pubmed/39689604
https://doi.org/10.1016/j.intimp.2025.114241
https://doi.org/10.1016/j.intimp.2025.114241
https://www.ncbi.nlm.nih.gov/pubmed/39923581
https://doi.org/10.1016/S1567-5769(01)00181-3
https://doi.org/10.1016/S1567-5769(01)00181-3
https://www.ncbi.nlm.nih.gov/pubmed/11811933
https://doi.org/10.1016/j.intimp.2024.113875
https://www.ncbi.nlm.nih.gov/pubmed/39709907
https://doi.org/10.1016/j.intimp.2024.113851
https://doi.org/10.1016/j.intimp.2024.113851
https://www.ncbi.nlm.nih.gov/pubmed/39708483
https://doi.org/10.1111/bcpt.13053
https://www.ncbi.nlm.nih.gov/pubmed/29888462
https://doi.org/10.1016/j.cjtee.2016.05.005
https://www.ncbi.nlm.nih.gov/pubmed/28356208
https://doi.org/10.1016/j.intimp.2024.114007
https://www.ncbi.nlm.nih.gov/pubmed/39793222
https://doi.org/10.1016/j.intimp.2025.114210
https://www.ncbi.nlm.nih.gov/pubmed/39904044
https://doi.org/10.1186/s12979-020-00178-w
https://www.ncbi.nlm.nih.gov/pubmed/32190092
https://doi.org/10.1146/annurev-cellbio-011620-034148
https://doi.org/10.1146/annurev-cellbio-011620-034148
https://www.ncbi.nlm.nih.gov/pubmed/33021823
https://doi.org/10.1111/ijd.70080
https://www.ncbi.nlm.nih.gov/pubmed/41046329
https://www.scumc.ro/wp-content/uploads/2013/11/RJMM-vol-CXXV-nr-1-din-2022.pdf#page=68

