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IFN-vy gene polymorphisms

+874 T/A and +2109 A/G are
associated with the serofast state
after early syphilis treatment: a
prospective observational study

Konrad Kaminiow®, Martyna Kiotbasa and Maciej Pastuszczak

Clinical Department of Dermatology in Zabrze, Medical University of Silesia, Katowice, Poland

Background: In approximately 20% of patients with early syphilis, the classical
serological response pattern is absent following treatment. They experience a
serofast state, which manifests as less than a 4-fold decline in non-treponemal
titres, without any clinical signs of treatment failure or reinfection. The
effectiveness of the immune defense against T. pallidum, as well as its potential
failure and the occurrence of the serofast state, depends on the Thl cellular
response, including cytokines such as IFN-y. The aim of this prospective
observational study was to investigate the impact of IFN-y gene
polymorphisms on the occurrence of the serofast state.

Materials and methods: A cohort of 97 patients with early syphilis (73.2%
secondary syphilis, 26.8% early latent syphilis) and 50 healthy volunteers were
enrolled. Two single nucleotide polymorphisms (SNPs) in the IFN-y gene
promoter region, +874 T>A (rs2430561) and +2109 A>G (rs1861494), were
analyzed. Serum IFN-y levels were measured at baseline, prior to treatment.
Patients were stratified into serofast (n=18) and serologically cured
(n=79) groups.

Results: Serofast patients exhibited significantly lower baseline serum IFN-y
levels compared to the serologically cured group (p=0.01). All healthy subjects
had IFN-v levels below the detection limit. Analysis of IFN-y gene polymorphisms
revealed a significant association with treatment outcomes. The +874 AA and
+2109 GG genotypes, associated with low IFN-y production, were significantly
more frequent in serofast patients (p=0.0004 and p=0.002, respectively), with
odds ratios (OR) of 7.1 (95% Cl: 2.2-23.2) and 5.5 (95% Cl: 1.8-17.3), respectively.
Additionally, carriers of the +874A/+2109G haplotype were significantly more
likely to remain serofast (OR 4.4, p=0.01). Conversely, the +874 TT and +2109 AA
genotypes, associated with high IFN-y production, were significantly linked to
serological cure (OR 4.4, p=0.03; OR 4.4, p=0.01). Similarly, the +874T/+2109A
haplotype was strongly associated with serological cure (OR 17.9, p<0.0001).

Discussion: Distinct IFN-y polymorphisms and haplotypes are associated with
serological outcomes in syphilis. The +874 T>A and +2109 A>G variants influence
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IFN-v levels, potentially modulating the immune response and serological
recovery. These findings suggest a genetic predisposition underlying serofast
syphilis and underscore the importance of personalized approaches in

its management.

syphilis, serofast state, IFN-y, polymorphism, SNP, +874 T/A, +2109 A/G

1 Introduction

Syphilis, caused by the spirochete Treponema pallidum, remains
a significant global health concern, with millions of new cases
diagnosed annually. Despite the availability of effective antibiotic
therapies, a subset of patients develops a serological phenomenon
known as the serofast state. This condition is characterized by a less
than four-fold decrease in non-treponemal antibody titres during a
6-month follow-up period after the end of treatment compared to
pre-treatment values (1, 2). The pathophysiological mechanisms
underlying this state remain incompletely understood, raising
critical questions about whether it reflects persistent infection,
residual immune activation, or other immunological phenomena
(3-5).

The immune response to T. pallidum is predominantly
mediated by Thl-driven cellular immunity, with interferon-
gamma (IFN-y) playing a central role. IFN-y activates
macrophages, enhances pathogen clearance, and coordinates
downstream immune processes critical to the eradication of
treponemal infection. Studies have demonstrated that higher
baseline and treatment-induced IFN-y levels are associated with
favorable serological responses, including the decline of non-
treponemal antibody titers following therapy (3, 4). Conversely,
suboptimal IFN-y production has been implicated in impaired
pathogen clearance, potentially predisposing patients to a serofast
state (3).

Emerging evidence highlights the importance of host genetic
factors in modulating cytokine production and immune responses.
Single nucleotide polymorphisms (SNPs) in the IFN-y gene,
particularly rs2430561 (+874 T/A) and rs1861494 (+2109 A/G),
are known to regulate IFN-y expression. The +874 T/A
polymorphism, located within an intronic regulatory region,
influences nuclear factor binding affinity, with the A allele
associated with lower IFN-y production (6, 7). Similarly, the G
allele of the +2109 A/G polymorphism, found in the third intron,
exerts a comparable suppressive effect on IFN-y production (8, 9).
Such genetic variability has been implicated in susceptibility to
infectious diseases such as tuberculosis, leishmaniasis, and viral
hepatitis (7, 10-13). However, its role in the immune dynamics of
syphilis, particularly in the context of serofast state,
remains underexplored.
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Cytokine regulation in syphilis is further modulated by the
interplay of pro- and anti-inflammatory mediators. For instance,
elevated levels of tumor necrosis factor-alpha (TNF-o) and
interleukin-10 (IL-10) have been associated with distinct
immunological pathways following T. pallidum infection (4, 5).
TNF-o is a potent pro-inflammatory cytokine critical for pathogen
elimination, whereas IL-10 suppresses excessive inflammation but
may inadvertently facilitate pathogen persistence. Studies have
demonstrated that polymorphisms in these cytokine genes, such
as TNF-o -308 G/A and IL-10-592 C/A, significantly influence the
risk of serofast state by altering cytokine expression levels and
immune regulation (4, 5).

Building upon previous findings by Pastuszczak et al., who
demonstrated that robust pro-inflammatory responses, particularly
elevated IFN-y levels, predict serological cure in syphilis (3, 4), this
study investigates the role of IFN-y genetic polymorphisms in
determining treatment outcomes. We hypothesize that specific
allelic configurations associated with reduced IFN-y production
increase the risk of developing the serofast state, thereby impairing
optimal immune resolution of treponemal infection.

This research aims to elucidate the genetic and immunological
factors underlying the serofast state in syphilis. By bridging
immunogenetic insights with clinical observations, the findings
may pave the way for novel diagnostic and therapeutic
approaches, enhancing the management of this complex and
enigmatic condition.

2 Materials and methods

2.1 Study design

This was a prospective observational study conducted between
2018 and 2024 at the Clinical Department of Dermatology in Zabrze,
Medical University of Silesia in Katowice, Poland. All consecutive
patients meeting the inclusion criteria and diagnosed with early
syphilis at our department between 2018 and 2024 were enrolled.
No patient selection beyond the eligibility criteria was applied.
Patients with early syphilis (either secondary or early latent) were
enrolled during their first episode of the disease. The inclusion criteria
were: age >18 years, positive treponemal and non-treponemal tests,
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no antimicrobial or immunosuppressive treatment within the 6
months preceding enrollment, no HIV infection, and no history of
chronic inflammatory or autoimmune diseases. Serological diagnosis
was based on reactivity in both the Rapid Plasma Reagin (RPR) test
and the Treponema pallidum hemagglutination assay (TPHA). The
RPR test (BD Macro-Vue ™ RPR Card Test; Becton, Dickinson and
Company, USA) was performed quantitatively, and the TPHA test
(TPHA 200; Bio-Rad Laboratories, France) was interpreted according
to the manufacturer’s guidelines, with a positive result indicating the
presence of antibodies against Treponema pallidum. After
enrollment, all patients received a single intramuscular dose of
benzathine penicillin G (2.4 million units), in accordance with
standard treatment guidelines. Healthy individuals matched for age
and sex served as controls. The control group consisted of 50 healthy
volunteers recruited from the hospital staff invitations. Controls were
frequency-matched to the patient group by age and sex
(approximately 1:2 ratio). Individuals were eligible for inclusion if
they had no history of syphilis or other sexually transmitted
infections, no recent (within the past 6 months) antibiotic or
immunosuppressive therapy, and no chronic inflammatory or
autoimmune diseases. All participants in the control group
underwent a structured medical history interview to confirm
eligibility. All participants were recruited at a single clinical site in
Poland and represented a relatively ethnically homogeneous
population, predominantly of Central or Eastern European descent.—

2.2 Patient characteristics

Patients with early syphilis (secondary or early latent) were
enrolled in this study. Disease staging was determined according to
CDC guidelines, based on clinical history, physical examination,
and laboratory results (14). The diagnosis of early latent syphilis
required positive treponemal and non-treponemal tests and at least
one of the following within the preceding 12 months: (I)
documented serologic relapse, (II) a 24-fold increase in non-
treponemal titre, or (III) presumptive clinical evidence of primary
or secondary syphilis (15). Demographic and clinical data were
collected for all patients at baseline, including age, sex, and syphilis
stage (secondary or early latent).

At six months post-treatment, patients were stratified into two
groups according to their serological response: (I) the serofast
group, defined as a <4-fold decline in RPR titre, and (II) the
serologically cured group, defined as a >4-fold decline relative to
baseline. Serofast following early syphilis treatment was defined,
based on Sena AC et al. (16), as the failure to achieve at least a
fourfold decline in the RPR titer six months after completion of
therapy compared to the pretreatment value. Blood samples for
serological testing for syphilis, including non-treponemal titre
assessment, were collected at baseline and at the 6-month follow-
up after treatment. In contrast, samples for cytokine level
measurements and genetic analyses were obtained only at baseline.
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In addition, 50 healthy volunteers aged 18 to 57 years, matched
for age and sex, were recruited as a control group. None of the
control participants had a history of syphilis, chronic inflammatory
conditions, HIV infection or autoimmune diseases. The control
group size was determined pragmatically based on the availability of
eligible volunteers and was approximately matched to the patient
group at a 1:2 ratio.

2.3 Cytokine measurement

Serum samples for IFN-y measurement were collected at
enrollment. These baseline samples were obtained prior to
treatment initiation, during active syphilis infection. Samples were
stored at -80°C until analysis. Serum IFN-vy levels were measured
using a high-sensitivity ELISA (R&D Systems, Minneapolis,
Minnesota, USA). All measurements were performed in duplicate.
Cytokine measurements were performed according to the
manufacturer’s instructions.

2.4 Genotyping for IFN-y gene promoter
polymorphisms

DNA was extracted from whole blood using the GenElute Blood
Genomic DNA Kit (Sigma-Aldrich Co., St. Louis, Missouri, USA)
according to the manufacturer’s protocol. SNP genotyping (+874 T/
A) [rs2430561] and (+2109 A/G) [rs1861494] was determined by
allelic discrimination using TagMan SNP genotyping assays (assay
IDs: C_11688847_20 and C_2683477_10; Life Technologies Co.
Carlsbad, California, USA) with 7900HT Fast Real-Time PCR
platform (Life Technologies).

2.5 Statistical analysis

Statistical analysis was performed using GraphPad Prism 7.0
software (GraphPad Software, La Jolla, California, USA). Unless
otherwise noted, data were expressed as median and IQR values.
The %2 test was used to compare allele frequencies and confirm
Hardy-Weinberg equilibrium. The Fisher’s exact test was used to
analyze the association between serofast status and SNP variants.
Continuous variables were compared using the Mann-Whitney U
test. P<0.05 was considered statistically significant.

2.6 Ethical aspects

This study was submitted to and approved by the Jagiellonian
University Bioethics Committee (approval number KBet/164/B)
and by the Medical University of Silesia Bioethics Committee
(approval number BNW/NWN/0052/KB1/13/1/24). Fully
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informed, voluntary, written consent was obtained from all study
participants, including consent for genotyping.

3 Results
3.1 Characteristics of the patients

97 patients aged 18-57 years with a first episode of early
syphilis, who were staged as secondary (73,5%) or early latent
(26,5%) syphilis, were enrolled in this study. Six months after
completing their syphilis treatment, 18 patients (18.5%) had not
achieved at least a 4-fold decline in RPR titre compared with their
pretreatment values. Individuals were stratified into (1) serofast
state (n=18) and (2) serologically cured (n=79) groups.

The serofast state and serologically cured groups did not differ
in basic demographic and clinical characteristics such as age, sex
and syphilis symptoms (Table 1). Specific clinical signs such as
macular trunk rash and palmo-plantar exanthema were listed
separately to provide more detailed insight into the distribution
of symptoms among patients with secondary syphilis. Patients with
serofast syphilis had significantly lower baseline levels of serum
IFNYy compared with individuals from the serologically-cured group
(Table 1). All healthy subjects had IFNY levels below the detection
limit of the assay (data not shown).

3.2 Allele frequencies of IFNy gene
promoter polymorphisms

Minor allele frequencies of the IFNY gene +874 T>A
(rs2430561, allele A) and +2109 A>G (rs1861494, allele G)
polymorphisms in the whole cohort were 0.45 (for both alleles).

TABLE 1 Characteristics of patients included in the study.

Patient Serofast Serologically
Characteristic group cured

(n=18) group (n=79)
age years; (min-max) 26 (19-55) 22 (18-57) 0.5
males; n (%) 16 (89) 73 (92) 0.6
baseline RPR; 32 (16-256) 64 (4-128) 0.4
(min-max)
secondary syphilis; 13 (72) 58 (73) 0.5
n (%)
macular exanthema on 13 (72) 58 (73) 0.5
trunk; n (%)
papular exanthema on 4(22) 20 (25) 0.8
palms and soles; n (%)
early latent syphilis; 5(28) 21 (26,5) 0.9
n (%)
pre-treatment serum 0.5 (0.1-2.1) 1.6 (0.1-4.3) 0.01

IFNYy levels; pg/ml
(min-max)

Data are given as median (min-max) or otherwise stated.
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The observed genotype frequencies agreed with Hardy-Weinberg
equilibrium, both for the entire cohort.

To assess potential population stratification, we compared
genotype and haplotype frequencies between syphilis patients and
healthy controls. The distributions were similar across both groups.
For the +874T>A polymorphism, the TT genotype was present in
30.9% of patients and 30.0% of controls, TA in 52.6% vs. 50.0%, and
AA in 16.5% vs. 20.0%, respectively. For the +2109A>G
polymorphism, the AA genotype was found in 49.5% of patients
and 40.0% of controls, AG in 32.0% vs. 30.0%, and GG in 18.6% vs.
30.0%. The +874T/+2109A haplotype occurred in 76.3% of patients
and 70.0% of controls, while the +874A/+2109G haplotype was
present in 50.5% and 56.0%, respectively. None of these differences
were statistically significant (all p > 0.1).

In the whole syphilis group, individuals with the AA genotype
of +874 T>A polymorphism had significantly lower pretreatment
serum levels of IFNy compared with the TA+TT genotypes
(Figure 1A). Similarly, the GG genotype of +2109 A>G
polymorphism was associated with significantly lower serum IFNy
compared with AG+AA genotypes (Figure 1B).

3.3 Association between IFNy gene
promoter SNPs and treatment outcome

There was a significant association between IFNYy gene
promoter polymorphisms and the risk of serofast status after
treatment. The +874T>A AA and +2109A>G GG genotypes, both
associated with low IFNYy production, were significantly more
frequent in patients who remained serofast compared to those
who achieved serological cure (OR 7.1, 95% CI: 2.2-23.2,
p=0.0004; and OR 5.5, 95% CI: 1.8-17.3, p=0.002, respectively)
(Table 2). Similarly, carriers of the +874A/+2109G haplotype had a
significantly higher likelihood of remaining serofast (OR 4.4, 95%
CL: 1.3-14.6, p=0.01).

In contrast, the +874T>A TT and +2109A>G AA genotypes
(high IFNy producers) were associated with a reduced risk of
serofast status (OR 0.23, 95% CI: 0.05-0.82, p=0.03; and OR 0.23,
95% CI: 0.07-0.76, p=0.01, respectively). The +874T/+2109A
haplotype conferred a particularly strong protective effect against
the serofast state, with an OR of 0.06 (95% CI: 0.02-0.19, p<0.0001).

Table 3 summarizes pre-treatment IFNYy concentrations
stratified by clinical outcome and genotype. Across both
+874T>A and +2109A>G polymorphisms, patients who achieved
serological cure tended to exhibit higher IFNY levels compared to
those who remained serofast. This trend was also observed at the
haplotype level, although the differences did not reach
statistical significance.

4 Discussion

The immune response to T. pallidum infection has long been
recognized as widespread and complex, with cellular immunity
playing a pivotal role in the pathophysiology of syphilis. In early
stages of the disease, cellular immune mechanisms facilitates
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FIGURE 1

Serum IFN-v levels in patients with syphilis according to IFN-y gene polymorphisms.

TABLE 2 Frequencies of IFNy gene single nucleotide polymorphisms (+874 T>A and +2109 A>G) in serofast and serologically cured group.

Genotype/Haplotype

Serofast group (n=18)

Serologically cured P value OR (95%Cl)

group (n=79)

+874 T>A genotype; n (%)

TT 2 (11.1) 28 (35.4) 0.04 0.2 (0.1-1.1)
TA 8 (44.4) 43 (54.4) 04 0.7 (0.2-1.9)
AA 8 (44.4) 8 (10.1) 0.0004 7.1 (22-23.2)
+2109 A>G genotype; n (%)

AA 4(222) 44 (55.7) 0.01 0.2 (0.1-0.8)
AG 6 (33.3) 25 (31.6) 0.9 1.1 (0.4-3.2)
GG 8 (44.4) 10 (12.7) 0.002 5.5 (1.8-17.3)
+874 T/+2109A haplotype; 5(27.8) 69 (87.3) 0.00001 0.1 (0.02-0.2)
n (%)

+874 A/+2109G haplotype; 14 (77.8) 35 (44.3) 0.01 4.4 (1.3-14.6)
n (%)

OR; Odds ratio and 95%CI; 95% confidence intervals indicating the likelihood of serofast status in patients carrying a given genotype/haplotype, compared to all other genotypes combined.
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TABLE 3 Pre-treatment IFN-y serum levels in serofast and serologically cured group, depending on genotype and haplotype.

Genotype/Haplotype Serofast group (n=18)

Serologically cured

group (n=79)

IFN-y +874 T>A (pg/mL)

TT 1.9 (1.6-2.1) 23 (14-43) 03
TA 1.2 (0.5-1.6) 1(0.1-2.1) 0.9
AA 0.1 (0.1-0.5) 1.4 (0.5-2.1) 0.06
IFN-y +2109 A>G (pg/mL)

AA 14 (05-2.1) 2.1 (1.4-4.3) 03
AG 1.3 (0.5-1.6) 0.8 (0.4-1.0) 0.8
GG 0.1 (0.1-0.5) 0.9 (0.1-2.1) 0.1
+874 T/+2109A haplotype 1(0.5-2.1) 1.8 (0.5-4.3) 0.6
+874 A/+2109G haplotype 0.5 (0.1-1.6) 0.8 (0.1-2.1) 07

Data are given as median (min-max).

bacterial clearance at the site of entry, often resulting in
spontaneous resolution of symptoms (17). The Thl-type response
is particularly prominent, and individuals exhibiting a robust Th1
profile are more likely to control infection and limit disease
progression (18, 19).

Conversely, impaired cellular immunity may lead to ineffective
bacterial clearance, persistent inflammation, and the development
of the serofast state after treatment (3, 4, 15). Several studies suggest
that an exaggerated regulatory immune response, especially
mediated by interleukin-10 (IL-10), may contribute to the
persistence of the serofast condition. Elevated IL-10 levels have
been proposed as markers of disease activity in syphilis, particularly
among people living with HIV who may display altered immune
regulation due to co-infection (20). Similarly, in neurosyphilis,
cerebrospinal fluid IL-10 has been identified as a potential
biomarker in both symptomatic and asymptomatic patients, and
is thought to facilitate bacterial persistence (21). Notably,
persistently elevated IL-10 levels, both before and after treatment,
have been associated with a higher likelihood of developing the
serofast state (4).

Our findings, showing increased serum IFN-y levels and
associations with specific IFN-y genotypes, are in line with recent
immunopathological models highlighting the role of IFN-y in
promoting the opsonophagocytosis of T. pallidum by
macrophages via CD64-mediated mechanisms (22). In contrast,
patients exhibiting a stronger pro-inflammatory profile—
characterized by higher levels of IFN-y, tumor necrosis factor-o
(TNF-a), and interleukin-6 (IL-6)—showed a greater likelihood of
achieving serological cure (3, 4).

The precise mechanisms underlying the serofast state remain
unclear. Possible explanations include persistent T. pallidum
antigenic stimulation, immune dysregulation, or incomplete
bacterial eradication (17). This ambiguity has significant clinical
implications, as it remains uncertain whether serofast individuals
are at risk of developing late-stage syphilis or pose an
epidemiological threat to others (17).

Frontiers in Immunology

In our study, 19.5% of patients exhibited a serofast response six
months post-treatment. This aligns with previous reports, where the
prevalence of serofast status ranged from 9.4% to 44.4% (14, 19).
This broad variability may be partially attributable to differences in
infection stage at the time of diagnosis and treatment. Notably, early
latent syphilis has been associated with an increased likelihood of
serofast status compared to primary or secondary syphilis (23).

The host immune response to T. pallidum involves a balance
between pro- and anti-inflammatory cytokines, enabling bacterial
clearance while minimizing tissue damage (17). Interferon-gamma
(IFN-v), a key pro-inflammatory cytokine, plays a pivotal role in the
immune response to T. pallidum. Produced predominantly by T
cells and natural killer (NK) cells, IFN-y enhances T-cell
cytotoxicity and macrophage-mediated bacterial phagocytosis
(18). Prior studies have indicated that variations in serum IFN-y
levels may influence infection outcomes, with lower concentrations
potentially facilitating bacterial persistence, chronic inflammation,
and the development of a serofast state post-treatment (3, 4).

Genetic factors are known to influence IFN-y expression. The
IFN-y gene, located on chromosome 12q24, spans approximately
5.4 kb and comprises four exons and three introns (24). Numerous
single nucleotide polymorphisms (SNPs) have been identified
within this region (12, 24), including the +874T/A (rs2430561)
polymorphism in the first intron and the +2109A/G (rs1861494)
polymorphism in the third intron, both of which have been shown
to influence IFN-y serum levels (13, 25-27) (SNPs in the gene for
IFN-y are shown in Figure 2). Given that IFN-y function is
directly proportional to its concentration, these polymorphisms
may modulate immune responses and consequently alter
infection outcomes.

It should be emphasized that IFN-y levels were measured at the
time of diagnosis, during active infection. Therefore, the observed
differences likely reflect genotype-dependent variability in the
magnitude of immune activation rather than constitutive
(baseline) cytokine expression. This distinction is important for
interpreting the immunogenetic associations observed in this study.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1602527
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kaminiow et al.

10.3389/fimmu.2025.1602527

Chomosome 1224

exon 1 exon2 exon3

exon 4

-

Q | @ - ['l'

rs2069705

(-1616T/C) (+874T/A) (+875)

FIGURE 2
IFN-v gene polymorphisms with marked variants analyzed in this study.

The +874TT genotype of the IFN-y gene has been shown to be
associated with robust IFN-y production, whereas the AA and TA
genotypes correlate with reduced cytokine expression and low IFN-
vy production (28). In the present study, we demonstrated
significantly lower serum IFN-y concentrations in patients with
the +874AA genotype compared to those with the +874AT and
+874TT genotypes. Additionally, we observed a significantly higher
frequency of the AA genotype at +874T>A in the serofast group
compared to the serologically cured group (44% vs. 10%, p < 0.05).
Conversely, the TT genotype, which is associated with higher IFN-y
production, was more prevalent in the serologically cured group
(35% vs. 11%, p < 0.05). Similar trends have been reported in other
infectious diseases, where the T allele has been linked to stronger
immune responses and disease control (29, 30). The protective
effect of the T allele has also been documented in TB, where it was
associated with milder or localized disease forms (29). Likewise,
Wei et al. (31) demonstrated that the T allele of IFN-y +874T/A
(high IFN producer) confers resistance to Mycobacterium
tuberculosis infection by enhancing IFN-y expression. The
reduced IFN-y production in these genotypes may contribute to
incomplete bacterial clearance, persistent antigenic stimulation, and
chronic inflammation, thereby promoting serofast status
post-treatment.

Previous studies indicate that the G allele of the IFN-y
rs1861494 polymorphism is associated with lower IFN-y
production, which may influence susceptibility to disease in
different ways. In the study from Argentina, individuals carrying
the GG genotype exhibited the lowest IFN-y secretion in response to
Mycobacterium tuberculosis antigens (8). Compared to AA and AG
carriers, GG individuals had significantly reduced levels of IFN-y in
culture supernatants and a lower percentage of CD4 IFN-y*
lymphocytes (8). This suggests that the G allele is linked to
decreased IFN-y expression, which may impair the immune
response against tuberculosis and contribute to increased
disease susceptibility.

Figure 3 illustrates the authors” hypothesis that polymorphisms
in the IFN-y gene - specifically the AA genotype of the +874 T/A
polymorphism and the GG genotype of the +2109 A/G
polymorphism - lead to reduced IFN-y production. This results in
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diminished stimulation of macrophages for the phagocytosis and
destruction of T. pallidum, representing an impairment of the host’s
cellular immune response. Consequently, these alterations may
predispose individuals to the development of a serofast state
following early syphilis treatment.

A meta-analysis evaluating the efficacy of various antibiotics in
the treatment of syphilis demonstrated that doxycycline, when
compared to benzathine penicillin, is associated with a higher rate
of serological failure (32). In addition to their antimicrobial
properties, tetracyclines suppress the production of pro-
inflammatory cytokines and exert immunomodulatory effects
(33-35). Penicillins, on the other hand, disrupt bacterial cell
walls, leading to the release of pro-inflammatory components into
the host system (36-38). These findings suggest that the choice
of antibiotic regimen may influence immunological dynamics
and treatment outcomes, potentially interacting with host
genetic predispositions.

Despite the strengths of our study, some limitations should be
acknowledged. First, the sample size was relatively small,
necessitating validation in larger cohorts. Multi-center studies
would be beneficial to provide a broader perspective on IFN-y
polymorphisms in syphilis serological outcomes. Second, our study
population was homogenous, and genetic variations across different
ethnic groups were not assessed. Finally, the observational nature of
our study limits causal inferences. Although we identified
associations between IFN-y polymorphisms and serological
outcomes, experimental studies or longitudinal assessments with
repeated immune profiling could help establish causal relationships
between genetic predisposition and serofast status.

5 Conclusions

The results of our study introduce a new, previously unexplored
direction in research on the phenomenon of serofast state syphilis. The
current literature contains a few studies on the polymorphisms of the
IFN-y gene in the pathogenesis of various diseases—primarily viral
and bacterial — but to our best knowledge, our study is the first to
address the impact of IFN-y gene polymorphisms in the context of the
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FIGURE 3

Hypothetical mechanism linking IFN-y gene polymorphisms to serofast state after syphilis treatment.

immune response to T. pallidum infection, the persistence of infection,
and the occurrence of the serofast state in syphilis. We demonstrated
that the +874 T>A and +2109 A>G polymorphisms, involved in many
diseases, also influence IFN-y production in patients with syphilis.
The results of our study indicate a significant role for single
nucleotide polymorphisms (SNPs) in the IFN-y gene and their
haplotypes in modulating the immune response in syphilis patients.
Our findings suggest that the +874 T>A and +2109 A>G
polymorphisms in the IFN-y gene, as well as the haplotypes
associated with them, may influence IFN-y production levels. We
demonstrated that the AA genotype (+874 T>A) and GG genotype
(+2109 A>G) were statistically significantly associated with lower

Frontiers in Immunology

serum concentrations of IFN-y and were linked to the group of
patients who develop the serofast state after early syphilis treatment.

These polymorphisms, by reducing IFN-y production, which is
one of the main mediators in the cellular response to T. pallidum
infection, may result in low serum levels of this cytokine in patients.
Consequently, this may contribute to incomplete tissue eradication
of the bacteria, prolongation of inflammation, and the occurrence of
serological resistance after syphilis treatment. Our observation
suggests that these polymorphisms are a genetic risk factor for the
development of the serofast state.

The analysis of these polymorphisms may be useful in assessing
the risk of serofast status in syphilis patients. These polymorphisms
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could become prognostic biomarkers, enabling the personalization
of diagnostic and therapeutic approaches in the future.

Further studies on larger patient groups are necessary to
validate our findings and to assess the significance of genetic and
immunological factors in the development of the serofast state. In
the future, it may be possible to harness the therapeutic potential of
modulating pathways associated with IFN-y in individuals who
develop the serofast state.
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