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Abstract

Purpose: To investigate a possible association between
IFNL4 rs12979860 variants and susceptibility to herpetic
keratitis (HK) in individuals with a history of COVID-19.

Material and Methods: The study group included 50
eyes in 50 patients with HK and a history of COVID-19 (16
patients with primary HK and 34 patients with recurrent
HK). Patients were genotyped for IFNL4 rs12979860
using Tagman probe real-time polymerase chain reaction.
Analysis of amplification curves was performed to obtain all
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polymorphic variants of IFNL4 SNP rs12979860. Genotyping
data of the comparison group (n = 73; women with a history
of COVID-19 of various severity but without manifestations
of eye disease during hospitalization for COVID-19) were
available from project N 0120U104508 and were used for
analysis in this study. Genotyping data of the population
control group (n = 100) were available from the database
of the Human Genomics Laboratory, Institute of Molecular
Biology and Genetics, National Academy of Sciences of
Ukraine and were used as controls. These groups included
healthy individuals from various Ukrainian regions who were
not related to each other.

Results: Fisher exact test showed a significant difference
(p < 0.05) in the distribution of genotypes and polymorphic
variants (alleles) between the study group and the comparison
group and between the study group and the control group.
We compared the distribution of genotype and alleles for
rs12979860 between patients with recurrent HK and the
control group. The homozygous (CC) genotype of rs12979860
was significantly more common in patients with HK.

Conclusion: We found an association between the
homozygous CC genotype of IFNL4 (SNP rs12979860) with
recurrent HK. The C allele could be viewed as a genetic
marker of inherited predisposition to HK in individuals with
a history of COVID-19.

Keywords: herpetic keratitis, COVID-19, gene polymorphism,
IFNL4, cornea.
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Peslome

Mema. Busuumu moxciusuil 38 ’a30K NOAiMoppizmie
C/T rs12979860 cena IFNL4 30 cxunvhicmio 00 po3eumky
2epnemuunozo kepamumy (I'K) y ocio nicisa nepenecenoco
COVID-19.

Mamepian ma memoou. Bcvozo npoarnanizosaro 50 ouetl
y 50 xeopux y 3aeanvhiii epyni nayienmis iz I'K (n=>50), wo
pozeunyeca nicis neperecenoi COVID-19 ingexyii. Ipyna
obcmedicents ekouana: a) xeopi 3 nepsunnum I'K nicis ne-
penecenoeo COVID-19 (n=16) ma 6) xeopi 3 peyuousom I'K
nicnsa nepenecenozo COVID-19 (n=34). I'enomun nayienma
3a nonimopgizmom e2ena IFNL4 (rs12979860), eusnauasca
Memodom nonimepasnoi nanyro2osoi peaxyii (ITJIP) y peans-
HOMY 4aci 3 6UKOPUCIAHHAM QIYOpecyeHmHOo MiteHux 30H0i8
TagMan. 3a donomoeoio ananizy kpueux amniigixayii 6yno
OMPUMAHO 8Ci NONIMOPPHI 8apiaHmu 3a OOHOHYKIEOMUOHUM
sapianmom C/T rs12979860 eena eena IFNL4 (CC, CT, TT).
Jnsa ananisy 6yno euxopucmano 0ami 2eHOMuny8anus epynu
nopieHsAHHA (N=73), W0 6KIIOYANA MHCIHOK, SKI nepeHeciu
COVID-19 piznoeo cmyneHs maxicKkocmi ma He Maiu nposieie
ouHux x60po6, ezsmi 3 npoekmy N 0120U104508. B sikocmi
KOHMPOTI0 OYNI0 GUKOPUCTNANO OaHi 2eHOMUNYB8AHHS 0CIO Nno-

Introduction

Herpetic keratitis (HK) remains a major cause of vision
loss and is a challenge to the ophthalmological commu-
nity, especially in the context of the COVID-19 pandemic.
Immune dysregulation caused by the SARS-CoV-2 virus
may trigger the reactivation of latent viral infections, par-
ticularly herpetic infections [1, 2].

Herpes simplex virus type 1 (HSV1) keratitis is a lead-
ing cause of infectious blindness in developed countries
[3-6]. Superficial keratitis lesions are most common corne-
al lesions in patients with primary HSV-1 keratitis, while
herpes stromal keratitis accounts for 20-48% of recurrent
cases of ocular HSV infection [7] and is the form of HSV
keratitis that is associated with long-term vision loss due to
corneal scarring and neovascularization [8].

Ocular manifestations reported in COVID-19 patients
include conjunctivitis, anterior uveitis, sclerouveitis, re-
activation of inactive anterior uveitis, vitritis, panuveitis,
retinal hemorrhage, retinal artery or vein occlusion, multi-
focal chorioretinitis, and central serous chorioretinopathy
[9-13]. In a study by Wu and colleagues [14], a total of
12 of 38 COVID-19 patients (31.6%) had ocular mani-
festations. COVID-19 is known to be able to contribute
to exacerbation of chronic infections particularly herpetic
infections. Cases of HK in patients with active COVID-19
infection (possibly due to reactivation of HSV-1 keratitis)
have been reported [15].

The immune system of patients with severe COVID-19
exhibits immunosuppression and is characterized by cyto-
kine storm syndrome and low levels of T and natural killer
(NK) cells, creating an environment favorable for HSV-
1 reactivation. Majtanova et al [3] reported five cases of
HSV-1 keratitis in patients who had laboratory-confirmed

nyaayitinoi konmpoawvHoi epynu (n=100), saki oynu ompuma-
Hi 3 6asu danux 1abopamopii 2enomiku 10ouHu IHcmumyny
MonekynapHoi bionocii ma eenemurxu HAH Yxpainu. L]i epynu
BKIIOUATU 300POBUX HECHOPIOHEHUX THOUBIOIE 3 PI3HUX pe2io-
Hie Yrpainu.

Pe3ynomamu. B pezynemami nopiguanehoco auanisy
PO3NOOINY 2eHOMUNIE Ma NOLIMOPEHHUX 8aAPIAHMIE MidC iH-
ousioamu 3 epynu obcmedicennsi: 1) epynoio nopieHanus, 2)
KOHMPONbHOIO epynu 3a Kpumepiem Piwepa — 6yn0 ompuma-
HO cCmamucmuyHo 3nayywy siominuicms (p<0,05). I[1odionuti
NOPIGHAIbHULL AHANI3 NPOBOOUNIU MIdC THOUBIOAMU 3 2PYNU 3
peyuougyrouum I'K ma xonmponvroio epynoro. Yacmoma zo-
mozueomunoeo eenomuny CC 6yna 6ipo2ioHo euwjoro y epyni
nayieumie 3 I'K.

Bucnoeku. Bcmanogneno acoyiayiio 20M0O3UcOmMHUX 2eHO-
munie CC (rs12979860) cena IFNL4 3 pozgumkom peyuousy-
104020 2epnemuynoo kepamumy. Anenv C modcna posanaoa-
My 6 AKOCMI 2eHeMUYHO20 MapKepa CNaoKo80i CXUTbHOCHI
w000 PUUKY PO3GUMKY 2EPREMUUHO20 Kepamumy y 0cib, o
nepenecau COVID-19.

Knrouogi cnosa: cepnemuunuii kepamum, COVID-19, no-
aimop@izm eena, IFNL4, pozciska

COVID-19. SARS-CoV-2 infection may be a risk factor
for developing HSV-1 keratitis, or it may act as a potential
activator of this ocular disease [3]. Aside from environ-
mental factors, patient’s genetic features play an important
role in the variability of the clinical course of infection.
Comprehensive research on the relationship between the
clinical manifestations of HK, history of COVID-19 infec-
tion, and genetic features is important in the personalized
approach to the diagnosis, treatment and prevention of the
disease.

Interferons (IFNs) are the first line of defense against
pathogens e.g. respiratory viruses. They are key compo-
nents of the innate immune system and, during the initia-
tion of antiviral immune response, they play an important
role in the inhibition of viral replication and are involved
in the formation of adaptive immunity [16, 17]. Two types
of IFN (type I [IFN-I] and type III [IFN-III or IFN-A or
IFNL) are involved in this process [18].

Studies on the interferon lambda (IFNL) gene poly-
morphisms demonstrated that polymorphisms in IFNL4,
including rs12979860 and rs368234815, were significant-
ly associated with reduced clearance of hepatitis C virus
(HCV) and other RNA viruses [19]. Our and others previ-
ous studies have shown that this single nucleotide poly-
morphism (SNP) was associated with sustained virological
response in patients with chronic hepatitis C treated with
pegylated IFN [20]. Griffiths et al [21] demonstrated that
the expression of the IFNL4 gene and the SNP rs12979860
variants were associated with the recurrence and severity
of recurrent herpes simplex virus type 1 (HSV-1) disease.
The data available provide evidence that rs12979860 does
not determine the susceptibility to infection, but primarily
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is associated with clearance of the virus and severity of
infection.

With this in view, we suppose that single nucleotide
polymorphism (SNP) rs12979860 may be considered as a
promising genetic marker of susceptibility to viral infec-
tion of various severity, particularly, the clinical phenotype
in patients with HK and a history of COVID-19. Given the
data available today, we focused our study on investigating
the association between functionally significant genetic
variants of IFNL4 and an increased susceptibility to HK in
individuals with a history of COVID-19.

The purpose of the study was to investigate a possi-
ble association between IFNL4 rs12979860 variants and
susceptibility to HK in individuals with a history of CO-
VID-19.

Material and Methods

Totally, we analyzed 50 eyes in the examination group
of patients with HK and a history of COVID-19 infection
(n=50), including patients with primary HK (n=16) and
those with recurrent HK (n=34). The mean age in both
groups was 55 years (SD 14.8). To perform this study,
blood samples were obtained from the fifty inpatients
treated at the Corneal Pathology Department, SI “The
Filatov Institute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of Ukraine”.

Inclusion criteria were patients with both HK and a
history of COVID-19 infection. Exclusion criteria were
patients with diabetes mellitus, autoimmune diseases or
immunosuppressive conditions.

The levels of immunoglobulin G (IgG) antibodies
against the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) spike receptor-binding domain (S-RBD)
in venous blood were measured to confirm a history of
COVID-19 infection. Sample values of 40-50 AU/ml were
classified as borderline, and values of > S0AU/ml, positive
for anti-SARS-CoV-2 IgG antibodies.

Patients were divided into those with a history of mild
COVID-19 infection (without evidence of viral pneumo-
nia) and those with a history of moderate-to-severe CO-
VID-19 infection (with pneumonia not treated at the inten-
sive care unit) [22].

Additionally, they were divided into those with den-
dritic HK, those with non-necrotizing stromal HK and
those with ulcerative necrotizing HK according to Liese-
gang’s classification [23].

Genotyping data of the comparison group (n = 73;
women with a history of COVID-19 of various severity
but without manifestations of eye disease during hospi-
talization for COVID-19) were available from project N
01200104508 and were used for analysis in this study.
Genotyping data of the population control group (n = 100)
were available from the database of the Human Genomics
Laboratory, Institute of Molecular Biology and Genetics,
National Academy of Sciences of Ukraine and were used
as controls. These groups included healthy individuals

from various Ukrainian regions who were not related to
each other.

Therefore, the study involved three groups, namely (i)
the study group of patients with both HK and a history of
COVID-19, (ii) the comparison group and (iii) the popula-
tion control group.

Whole peripheral blood samples were collected in
tubes containing ethylenediaminetetraacetic acid (EDTA)
to extract DNA from leucocytes while complying with
bioethical standards.

DNA samples were number coded to provide for easy
identification and to create and preserve anonymity. This
study was approved by the Ethics committee of SI “The
Filatov Institute of Eye Diseases and Tissue Therapy of the
National Academy of Medical Sciences of Ukraine” (com-
mittee meeting minutes of September 8, 2025) and written
informed consent was obtained from all study subjects.

Patients were genotyped for IFNL4 rs12979860 using
Tagman probe real-time polymerase chain reaction (PCR)
[24] (TagMan SNP Genotyping Assay, Thermo Fisher Sci-
entific, Waltham, MA). During PCR amplification, Taq
DNA polymerase with 3-5 exonuclease activity degrades
probes attached to amplified templates, separating the re-
porter fluorochrome (e.g., fluorescein amidite [FAM] or
VIC) and quencher (tetramethylrhodamine [TAMRAY]). As
a result, fluorescence intensity rises proportionally to the
number of amplified DNA copies and is recorded in real
time. In order to perform the genotyping of the samples,
two dyes were used, VIC and FAM. One is specific for the
C allele (VIC), while the other is specific for the T allele
(FAM).

Statistics. The study group and control groups were
compared for distribution of genotypes and polymorphic
variants (alleles) using Fisher exact test and OpenEpi
(openepi.com). Odds ratios (OR) and 95% confidence in-
tervals (CI) were calculated using OpenEpi.

Results

Host SNP genotyping at rs12979860 C/T was per-
formed in patients with primary or recurrent HK (n = 50)
that had a history of COVID-19 of various severity. Anal-
ysis of amplification curves was performed to obtain all
variants of [FNL4 rs12979860.

The reaction mix contained primers and two fluores-
cence labeled TagMan probes; one probe was used for each
allele. The cycle number during the PCR run is depicted on
the X axis; fluorescence intensity on the Y axis directly
reflects the accumulation of amplified DNA. Following
PCR, an increase in the level of an FAM fluorescent sig-
nal without a rise in the VIC specific signal indicates that
only the FAM specific sequence (allele) was present and
that the sample is homozygous (Fig. 1 (homozygous TT
genotype)). An increase in the level of an FAM fluorescent
signal with a rise in the VIC specific signal indicates that
both the T and C alleles were present and that the sample
is heterozygous (Fig. 2 (heterozygous TC genotype)). An
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Fig. 1. Homozygous TT genotype. Fluorescence intensity against the number of DNA amplification cycles.
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Fig. 3. Homozygous CC genotype. Fluorescence intensity against the number of DNA ampilification cycles.
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increase in the level of a VIC-specific fluorescent signal
without a rise in the FAM specific signal indicates that
the sample is homozygous (Fig. 3 (homozygous CC geno-
type)). The difference in curve shape and time at which
the fluorescent signal crossed the threshold line allows for
reliable determination of the genotype for each sample.
Therefore, based on the results of amplification curve
analysis, we obtained all variants (CC, TC, and TT) for
IFNL4 (SNP r512979860).

Analyses were conducted for the total sample of pa-
tients with HK and subgroups with primary HK and recur-
rent HK, and the results were compared with the control
population group. Table 1 shows the distribution of geno-
type and allele frequencies for rs12979860 in the study
group and population control group.

Fisher exact test showed a significant difference (p
=0.0119 < 0.05) in the distribution of genotypes and al-

leles between the study group (n = 50) and population
control group (n=100). The homozygous (CC) genotype
of 1512979860 was significantly more common in patients
with HK (OR, 2.432; 95% CI, 1.213-4.957). Addition-
ally, the CC genotype was significantly more common in
patients with recurrent HK than in the population control
group (p = 0.03078; OR, 2.423; 95% CI, 1.09-5.387).

We also compared the distribution of genotype and al-
leles for rs12979860 in the study group and the compari-
son group of women with a history of COVID-19 but with-
out HK during hospitalization for COVID-19. The results
of this comparison are presented in table 2.

Fisher exact test showed a significant difference (p =
0.0007 <0.05) in the distribution of genotypes and allele
frequencies between these two groups. The CC genotype
of 1512979860 was significantly more common in patients
with HK than in the comparison group (OR, 2.756; 95%

Table 1. Distribution of genotypes and polymorphic variants (alleles) in the IFNL4 gene in the examination group (1) versus
primary keratitis (2) versus recurrent keratitis (3) versus the population control group

rs12979860 1 2 3 4
in the IFNL4 Examination Primary Recurrent | Control group, P-value OR (95% Cl)
gene group, n=50 HK, n=16 HK, n=34 n=100
Genotypes (%)
TT 8.0% 0 12.0% 9.0% P>0.05 -
TC 30.0% 37.0% 26.0% 51.0% P>0.05 -
P=0019 14 .21%{34?.957)
CC 62.0% 63.0% 62.0% 40.0% 2423
P;,=0.03078 1 (109 5.387)
Alleles (%)
T 23.0% 81.3% 75.0% 34.0% P>0.05 -
77.0% 18.7% 25.0% 66.0% P>0.05 -

Table 2. Distribution of genotypes and polymorphic variants (alleles) in the IFNL4 gene in the examination group (patients with

herpetic keratitis) versus the comparison group

th; Izlfhzl?z?ere Comparison group*, n=73 | Examination group, n=50 P-value OR (95% CI)
Genotypes, n(%)
T 18.0% 8.0% P>0.05 -
TC 45.0% 30.0% P>0.05 -
CcC 37.0% 62.0% 0.007 2.756 (1.314 - 5.887)
Alleles
T 40.0% 23.0% P>0.05 -
Cc 60.0% 77.0% P>0.05 -

* The group of patients with a history of COVID-19 and without signs of herpetic keratitis
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Table 3. Distribution of genotypes and polymorphic variants (alleles) in the IFNL4 gene among patients with a history of mild
COVID-19 infection and those with a history of moderate-to-severe COVID-19 infection in the examination group (patients

with herpetic keratitis) versus the comparison group

Examination group of patients . & o
with herpetic keratitis, n=50 CETIPEBE e, (=1
rs12979860 in o
the IFNL4 gene 1 2 4 P-value OR (95% Cl)
mild moderate-to-severe mild moderate-to-
n=32 n=18 n=63 severe n=10
Genotypes, n (%)
T 9.0% 5.0% 21.0% 0 P>0.05 -
TC 31.0% 28.0% 46.0% 40.0% P>0.05 -
2.923
0, _
CcC 60.0% 67.0% 33.0% 60.0% P,,=0.01772 (1.214 — 7 038)
Alleles
25.0% 19.4% 43.7% 20.0% P>0.05 -
C 75.0% 80.6% 56.3% 80.0% P>0.05 -

* The group of patients with a history of COVID-19 and without signs of herpetic keratitis

ClI, 1.314-5.887), which was similar to the comparison be-
tween the study group and the population control group.

The study group and the comparison group were subdi-
vided into subgroups with a history of mild and moderate-
to-severe COVID-19 infection. We compared the distri-
bution of genotype and allele frequencies for rs12979860
between these groups (Table 3).

Fisher exact test showed a significant difference (p =
0.01772 <0.05) in the distribution of genotype CC between
patients with both HK and a history of mild COVID-19
and the comparison group without signs of eye disease.
The CC genotype was more common in patients with both
HK and a history of mild COVID-19 than in individuals
with a history of mild COVID-19 in the comparison group
(OR, 2.923; 95% CI, 1.214-7.038).

Discussion

Although the exact mechanisms by which COVID-19
may trigger HSV-1 reactivation are not fully understood,
several hypotheses have been proposed to explain this
phenomenon. Patients with severe COVID-19 are known
to exhibit reduced numbers of CD4+ and CD8+ T cells
and NK cells in the blood. Patients with severe COVID-19
infection have impaired immunity characterized by a re-
duction in the number of CD4+and CD8+T cells; reac-
tivation or coinfection with other viruses have been well-
documented among COVID-19 patients [25].

Studies have found that SARS-CoV-2 infection is as-
sociated with a dysregulated immune response and may
promote reactivation of latent viral infections (e.g., her-
petic infection) [26, 27].

The individual’s susceptibility to viruses is largely
determined by genetic factors. A virus may cause a wide
range of clinical presentations from asymptomatic to se-
vere lesions. Several lines of evidence have been reported

that indicate that such a difference is caused by human ge-
netic variability: susceptibility to severe infection may be
increased or decreased by the allelic variants of the genes
that control the synthesis of immune system proteins [26].

The human body's immune reaction to SARS-CoV-2
infection involves innate and adaptive responses. An intra-
cellular cascade signal leads to the production of numer-
ous proinflammatory cytokines such as tumour necrosis
factor (TNF), interleukin 1 (IL-1) and 6 (IL-6), and IFNs.
IFNs typically protect the host from viral replication by
inducing apoptosis of infected cells [28].

Studies on potential genetic factors of susceptibility
to SARS-CoV-2 infection and sensitivity of various cells
to this infection are promising for (i) identifying genetic
markers for predicting the course of the disease and (ii) de-
termining the fundamental basis for personalized therapy
for COVID-19 [29].

The major genes under investigation are the Angio-
tensin-Converting Enzyme-2 (ACE2) receptor gene that
affects entry of SARS COV-2 into cells; the ACE1 gene,
which, along with the ACE2 gene, is a component of the
renin-angiotensin system; and ABO blood group genes [29,
30]. Our studies on ACE1 rs4646994 have found previ-
ously that carrying the I allele may be considered a po-
tential risk factor for severe COVID-19 [31]. ACE1 gene
expression was 20-30% lower in subjects carrying the
ACE] 1II genotype compared to those carrying the ACE1
ID genotype or DD genotype [32]. However, the ACE2
protein level in lung epithelial cells was increased in sub-
jects carrying the ACE1 II genotype [33].

Several epigenetic phenomena (including epigenetic
regulation of ACE2 and IL6) have been associated with
SARS-CoV-2 infection. The change in IL6 expression
has been associated with the development of worse CO-
VID-19 symptoms due to excessive inflammation [34].

10
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Toll-like receptors (e.g. TLT-4) and vitamin D receptor are
important genetic factors in the regulation of expression
of immune system genes and endothelial function genes
(including renin-angiotensin system genes) [35].

Of note, an association of clinically significant retinal
changes with ACEI insertion-deletion genotypes in pa-
tients with various severity of COVID-19 has been found
[36].

In our study on children affected by COVID-19, the C
allele of rs12979860 was more common in children with
recurrent respiratory infections compared to those with
episodic viral infections (p < 0.05; OR 3.2; CI 1.52-6.71)
[37]. That is, the allele C could be considered a risk allele
for more frequent viral infections, which is likely to be as-
sociated with the stimulation of interferon-induced genes
and increased production of pro-inflammatory cytokines
[38]. In addition, we have found that the C allele could be
considered a risk allele for pneumonia in pediatric patients
with COVID-19 [37].

In the current study, we compared the distribution of
genotype and allele frequencies for rs12979860 in the
study group and the comparison group of adults with a his-
tory of COVID-19 but without HK during hospitalization
for COVID-19. We found a statistically significant asso-
ciation between IFNL4 (SNP rs12979860) and suscepti-
bility to HK in patients. The homozygous CC genotype
was significantly more common among patients with HK
than among individuals in the population control group
and among patients with a history of COVID-19 but with-
out ocular infection during hospitalization for COVID-19.
Additionally, the CC genotype of rs12979860 was most
frequent among patients with recurrent HK, which may
indicate that it may serve as a potential marker of suscep-
tibility to recurrent COVID-19.

Similar findings were reported by Borivoje et al (2019)
[39] who aimed to investigate a potential association be-
tween the IL28B host genotype and recurrent HK. They
found a significant association between recurrent HK and
carrying the C allele of rs12979860 by homozygous CC
individuals and heterozygous CT individuals. Moreover,
findings of [39] are in agreement with those of our previ-
ous study on pediatric patients with COVID-19 [37] where
the C allele of 1512979860 was more common in children
with recurrent respiratory infections and those with pneu-
monia due to COVID-19.

In conclusion, we found an association between the ho-
mozygous CC genotype of IFNL4 (SNP rs12979860) with
recurrent HK. The C allele could be viewed as a genetic
marker of inherited predisposition to HK in individuals
with a history of COVID-19.
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