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The role of genetic factors in pathogenesis
of acute rheumatic fever and rheumatic heart
disease (Review of the literature)
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Acute rheumatic fever (ARF) and rheumatic heart disease (RHD) still belong to diseases whose pathogenesis remains
unclear. The issue of its multifactorial nature is widely discussed in the literature. Genetic, environmental, immunological,
hormonal, infectious and other factors actively participate in the development of the rheumatic process. Unlike classical
genetic diseases, in which many different genes and their combinations predispose to the development of the disease, ARF
is a genetically heterogeneous disease, which is primarily caused by genetic imperfection of immunoregulatory processes.
According to numerous studies, the risk of rheumatic process development is associated with the carriage of the major histo-
compatibility complex antigen class IT human leukocyte antigen (HLA)-DR4 and HLA-DR1, which includes more than 20 al-
leles. The roles of other genetic factors not directly associated with HLA-DR are also actively discussed. These include gene
polymorphism of mannose binding lectin-2 (MBL2), ficolin-1 (FCNT), and ficolin-2 (FCN2), tumor necrosis factor (TNF),
interleukin-1 receptor antagonist (IL7RN), transforming growth factor p1 (TGFj7), etc. However, it should be noted that the
results available to date are contradictory, some of them have a number of limitations related to the sample size.

Thus, according to the literature data, we analyzed the direct connection of these genes with predisposition to ARF and
RHD. It can be concluded that further study of the presence of such genes in patients with rheumatic process is very
relevant at the moment in order to assess their impact on the possibility of disease development, variants of the clinical
course, treatment and prognosis of this pathology.
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Posnb reHeTU4YHUX PpakKTOpIB y NaToreHesi rocTpol peBMaTUYHOI JIMXOMaHKU Ta peBMaTU4HOI
XBOpOoOU cepuda (Ornag nitepaTtypm)
K. I. Safarova

Toctpa peBmarnuna jmxomanka (I'PJT) Ta peBmarmuna xBopoba cepiist (PXC) moci HamexaTh 0 3aXBOPIOBaHb, MATOTEHE3
SIKMX 3aJIUIIAETHCS HEIIOBHICTIO 3PO3yMIJIMM, MUTaHHS IXHBOI GaraTo(pakTOPHOI IPUPO/IH IIHPOKO OOTOBOPIOETHCST B JIITEPATYPI.
TeneruyHi, eKOJIOTIUHI, IMyHOJIOIYHI, TOPDMOHAJIBbHI, 1HMEKIiliHI Ta iHII (aKTOPH aKTUBHO GEPyTh y4acTh Y PO3BUTKY PeBMa-
TUYHOTO Tporecy. Ha BiaMiny Bif KIacMYHUX TEHETMYHMX 3aXBOPIOBaHb, P AKUX 6arato pisHUX TeHiB i iXHIX KoMOiHaiiil
CIIPUSIIOTH BUHUKHEHHIO Ta IporpecyBaHHIo nartosiorii, [PJI € reHeTHYHO TeTepOreHHUM 3aXBOPIOBAHHSIM, sIKe TIEPEBAKHO 00Y-
MOBJICHO '€HETHYHOIO HEJIOCKOHAJIICTIO iIMyHOPEryJIATOPHUX MPOIECiB. 3riIHO 3 YNCICHHUMU JIOCITI/PKEHHSMHU, PU3UK PO3BUT-
Ky PeBMaTUYHOTO MIPOIeCy MOB'I3aHNi i3 HOCIEM aHTUIeHY TOJOBHOIO KOMILIEKCY ricrocymicHocTi kiaacy I human leukocyte
antigen (HLA)-DR4 ta HLA-DR1, axuii Bkitouae oHaz 20 ajnenis. AKTUBHO OOTOBOPIOETHCS TAKOK POJIb IHIINX T€HETUYHUX
(daxropis, He noB’s3anux Oesnocepearbo 3 HLA-DR. Jlo HUX Hajexarh 10giMOPGIi3M IeHiB MAaHO303B’SI3yBAJIBHOTO JIEKTH-
Hy-2 (MBL2), dikominy-1 (FCNT) ta dikoniny-2 (FCN2), daxropa nexposy nyxuauau (TNF), antaronicra perenrtopa inrep-
netikiny-1 (IL1RN), tpancdopminoro dakropa pocty B1 (TGFB1) tomo. Oxnak ciif 3a3HaYUTH, 10 HASBHI HA CHOTOJHI
PE3yJIBTaTH JOCHI/KEHD € CYNEePeUsnBi, esiKi 3 HUX MAlOTh HU3KY 0OMEKEHb, IO TTOB’sI3aHO 3 PO3MiPOM BUOGIPKH.

Orke, 3TIIHO 3 JAHUMIY JITEPATYPH, IPOAHATIZ0BAHO NPSIMUI 3B'sI30K 11X TeHiB 31 cxusibHicTio 10 [PJT ta PXC. MoskHa 3poGutn But-
CHOBOK, 1110 Ha ChOTOJIHI TIO/IAJIbIIE BUBYEHHST HASIBHOCT] TAKUX TCHIB Y MAIEHTIB i3 PEBMATHYHUM TIPOIECOM € JTy3Ke aKTYaTbHUM JIJISt
OLIHIOBaHHsT IXHBOTO BILIMBY HA PU3UK PO3BUTKY [ATOJIOTI, KJIiHIYHI BapiaHTH 11epebiry, e(heKTUBHICTh TePallil Ta POrHO3 ISl XBOPHX.
Kmouosi cnosa: 2ocmpa peemamumna iuxomManKa, peeMamuiHa Xe0poda cepist, noimMop@ism 2etis, 20106HULL KOMIIEKC 2iCMOCYMICHOCI.

Acute rheumatic fever (ARF) is an immune-mediated
complication of tonsillopharyngitis caused by group A
streptococci (GAS) [1].

Despite widespread preventive measures, the statistics
remain quite unfavorable. About 470,000 new cases of ARF
are registered annually, with a higher proportion of the
disease occurring in developing countries with higher rates
of untreated or inadequately treated GAS infections [2, 3].

Over the past decades, the prevalence of ARF and rheu-
matic heart disease (RHD) had decreased significantly in
developed countries. Currently, the burden of RHD pre-

dominantly related to developing countries, but also in high-
income countries among the elderly and immigrants, which
seems especially important in the modern reality [4, 5].

A major long-term consequence of ARF is RHD, which
carries significant morbidity and mortality [1, 2].

RHD control programs were successfully implemented
in some low- and middle-income countries in the second
half of the 20th century, which prompted the World
Health Organization (WHO) and other organizations to
reduce the scope of their ARF / RHD activities by the
early 2000s. A number of countries have seen prominent
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reductions in mortality, which can be explained by the im-
plementation of surveillance programs and improvements
in local and international health systems [2, 6-8].

However, the statistical data of developing countries
support the thesis that RHD remains an important, but
potentially preventable cause of cardiovascular mortality
and disability in these countries. Worldwide, more than
275,000 deaths are associated with RHD each year [9, 10].

Despite the improvements, related to special programs,
many regions, including Africa, South Asia and the Pacific
Islands, continue to report high rates of RHD prevalence
and mortality [5, 6, 11, 12].

The researchers noted that there is growing interest in the
burden of RHD, driven in part by the availability of scree-
nings, including echocardiography-based screening in coun-
tries and regions where the disease is endemic and the growing
need to achieve cardiovascular health targets [13, 14].

In 2013, WHO and the World Heart Federation called
for a 25% reduction in mortality in people under 25 years
due to cardiovascular causes, including RHD, by 2025.
In previous years the annual mortality rate from chronic
RHD was 1.5%, reaching a maximum in the countries of
the Asian region (3.3%) [1, 15].

Since the problem still remains relevant, the study of the
factors underlying the pathogenesis of the disease is certainly
capable of having an effective impact on the prevention of
serious consequences of GAS infection and ARF [2, 16, 17].

The pathogenesis of ARF and RHD is multifaceted, so, it
requires detailed study, but the data obtained to date indicate
that the inflammatory process is an integral part of it [9, 18].

The basic mechanisms of the rheumatic process include
the development of a complex cascade of changes. The main
part of them are the inflammatory and proliferative processes
of varying intensity and significance, which unfold meanwhile
disease progresses. The essence of tissue disorders in ARF is
the systemic disorganization of connective tissue in combi-
nation with specific proliferative and non-specific exudative-
proliferative reactions, as well as damage to the vessels of the
microcirculatory system. Thus, the main zone that becomes
the site for extensive pathological manifestations should be
considered connective tissue, primarily the heart [1, 17, 19].

J. Osowicki et al. (2021) noted, that since the patho-
physiological processes in ARF are based on an abnormal im-
mune response of the body to GAS infection, characterized
by the so-called “molecular mimicry”, i.e. antigenic similarity
of GAS and the body’s own tissues, genetic factors are of
great importance. According to L. S. A. Passos et al. (2021),
as a result of molecular mimicry, the phenomenon of cross-
reacting antibodies occurs — antibodies produced against the
infection or T cells against the infectious pathogen attack the
host’s own cells, recognizing them as a target. In the case of
ARE heart and brain tissues are considered the main carriers
of target antigens for cross-reacting antibodies. Thus, in ARFE,
the defense mechanism turns against the host [18, 20].

But not in all persons with streptococcal infection ARF
develops. According to the classic theory some predisposing
factor are needed to stimulate the immune-mediated inflam-
mation by A streptococcal infection. Approximately 60% of
ARF patients develop RHD, thus a chronic aseptic inflam-
matory process in a genetically predisposed host plays an
important role in the progression of disease [12, 20, 21].
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P. D. Bright et al. (2016) claimed that the molecular
mechanisms underpinning the progression of ARF to RHD
are poorly understood. They noted that cross-reactivity
initiated by molecular mimicry may not be the mechanism
of progression, since autoantibodies have been detected in
healthy individuals and cardiac myosin is not expressed
at the cell surface [22]. A. Efstratiou et al. (2016) and
D. Sika-Paotonu et al. (2016) in their works emphasized
that there is a proven association between GAS infection
and RHD, the triggered autoimmune process in RHD can
occur autonomously after removing the stimulus [9, 17].

S. Zhuang et al. (2025) came to a conclusion, that avai-
lable data from studies of families with individuals suscepti-
ble to developing ARF have shown that this susceptibility
is characterized by hereditary tendencies and loci with
limited penetrance. The authors noted that, interestingly,
this inheritance does not follow a classical Mendelian pat-
tern, although concordance of phenotype among dizygotic
twins supports a hereditary component to ARF [23].

In addition, the class T human leukocyte antigen (HLA)
allele HLLA-B5 is associated with formation of immune
complexes, which are the crucial part of ARF pathogenesis.
These associations indicate that genetic alterations of the
Fc receptor (FcR) genes (low-affinity immunoglobulin-y Fc
region receptor Ila, FCGR2A). This mechanism is one of the
potential causes for failure of clearance of immune com-
plexes. In number of studies, it was noted that noneffective
elimination of immune complexes might play an important
part in ARF and RHD pathogenesis RHD, which is esti-
mated to affect 33.4 million people and results in 10.5 mil-
lion disability-adjusted life-years lost globally [24—26].

B. Muhamed et al. (2020) and D. Kumar et al. (2023)
claimed that the components of the class IT HLA system
are responsible for triggering adaptive immune responses
via the T cell receptor by being expressed on the surface
of antigen-presenting cells. The DR7 allele is most com-
monly associated with these conditions and is universally
associated with ARF and RHD [26, 27].

D. Kumar et al. (2023) found out a significant dif-
ference was found between the cases and controls for HLA-
DRB1*15:01 (p = 0.002), HLA-DRB4*01:01 (p = 0.045),
HLA-DRB5*01:01 (p = 0.017), and HLA-DQB1*02:01
(p = 0.005). Their study suggests that HLA class II haplo-
types may be a useful marker for predicting clinical outcome
in patients with rheumatic fever, as they provide informa-
tion about the molecular mechanism of RHD. The authors
emphasized that this knowledge could serve as a basis for
new treatments or vaccine development. However, they
noted that larger studies in different populations should be
conducted to address this issue [27].

The results of a meta-analysis conducted by M. Pooma-
rimuthu et al. (2022), showed that the presentation of auto-
immune peptides by HLA-DRB1*07:01 alleles, which are
associated with susceptibility, and HLA-DRB1#15:01 al-
leles, which play a protective role, is of critical importance
in the pathogenesis of rheumatic fever [28].

The genome-wide association study involved the in-
digenous population of Australia using the 550K Illumina
Infinium Human Core Exome platform was conducted.
L. A. Gray et al. (2017) by observation of 398 cases related
to RHD, found out identified HLA-DQA1 (rs9272622)
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as the most linked association. In this study in a list of
risk allele HLA-DQB1*06:01 was placed, and as protec-
tive allele the researchers noted HLA-DQA1*03:01. It
was also revealed that there are 2 risk and 1 protective
haplotypes: HLA-DQA1*01:01-DQB1*05:03 and HLA-
DQA1¥01:03-DQB1*06:01 are the risk haplotypes and
HLA-DQA1*¥03:01-DQB1*04:02 is the protective one.
According to authors data, these haplotypes played im-
portant role in the development of disease. The study
also identified HLA-DRB1*¥08:03 (odds ratio = 1.06;
p = 0.005) as a susceptibility locus [24].

In some small studies for candidate markers, the reports
about relationship between RHD and HLA were presented.

D. Kumar et al. (2023) describing the situation in vari-
ous populations, concluded that associations have some
differences: in a study conducted in Japan, patients with
RHD demonstrated an association with HLA-DQA1*01:04
and DQB1*05:03, in studies covering Turkish and Paki-
stani populations, HLA-DRB1*07:01 was identified as
a risk allele. The same allele was also identified in the
Latvian population, but HLA-DRB1*08:01 has not been
reported before. The authors also emphasized that an as-
sociation of the HLA-DRB1¥07:01-DQA1*02:01 haplo-
type with rheumatic mitral valve defects was established
in the Egyptian population. HLA-DRB1*01:01, HLA-
DRB1*13:01, HLA-DRB1*15:01, and HLA-DQB1*08:01
were also included in the risk allele groups [27].

J. Oliver et al. (2021) reported about protective HLA
alleles in various populations. As an example, HLA-
DRB1%04:01-DQA1*03:01 might be noted for Turkish
patients as well as HLA-DRB1*06:01-DQB1¥06:01 for
individuals from Latvia [21]. L. A. Gray et al. (2017) re-
vealed that HLA-DQA1%03:01 and HLA-DQA1*03:01—
DQB1*04:02 haplotypes demonstrated the protective role
among Australian indigenous population [24].

J. A. Osgood et al. (2018) noted that in recent years,
genome-wide association studies (GWAS) have played a
key role in identifying genetic loci responsible for suscep-
tibility to various severe diseases with complex pathogene-
sis and poor prognosis [30]. L. A. Gray et al. emphasized
that in the course of such studies, interesting relationships
have been established between susceptibility loci in RHD,
which are predominantly localized in critical immunological
pathways and are common with other autoimmune disea-
ses. The authors believed that natural positive selection
has developed in the course of evolution based on the role
of these loci in the fight against infectious diseases [24].

T. Parks et al. (2017) descibed three GWASs con-
ducted among patients with RHD which revealed a num-
ber of interrelations between HLA and immunoglobulin
heavy (IGH) loci. The first GWAS related to RHD was
carried out by Pacific Islands Rheumatic Heart Disease
Genetics Network in 2017. In the framework of the study,
1,006 indigenous people in various countries of Oceania
were examined using the Illumina HumanCore-300K Plat-
form. This tool is considered a low-density GWAS chip.
Based on their data, the authors highlighted that using
low-density GWAS could be useful, suggesting that fewer
variants would be needed due to linkage failures in popula-
tions from Oceania countries where larger distances matter
compared to populations from other regions. In addition,
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the new susceptibility allele was detected in the IGH locus
(IGHV4-61*02 allele), which is characterized with an as-
sociation with a 1.4-fold increased RHD risk [31].

M. Gutierrez-Arcelus et al. (2016) noted that the IGH lo-
cus is a challenging region to study because data of its polymor-
phisms is limited. Given that only 16 genotype variants were
in fact used in their study (actually; the locus has 1,255 kilo-
bases), and that it is poorly labeled in current arrays, research
in this area faces significant hurdles. However, it is undeniable
that discovering the genome-wide significance of a specific gene
segment may have invaluable potential for understanding the
subtle immunogenetic mechanisms of RHD development [33].

Polymorphisms in several genes coding for immune-
related proteins have been associated with ARF and RHD
susceptibility.

One of important pathways implicated in RHD is the
lectin pathway, which includes mannose binding lectin-2
(MBL2), ficolin-1 (FCNT), and ficolin-2 (FCN2) [34].

Some researchers evaluated minor FCN7 promoter vari-
ants. S. J. Catarino et al. (2018) noted, that variants of FCN7
have a protective role in cases of rheumatic fever due to the
fact that they encourage elimination of bacteria. The other
mechanisms include the increasing protein levels as well
as gene expression. In their work, the authors emphasized,
that two polymorphisms (—1981A and —144A) are associ-
ated with increased risk of RHD (the interrelations between
these alleles and lesions such as valvular stenosis and mitral
insufficiency were found out). The researchers noted that
on the other hand, four alleles (—1981A, 542A, —144A, and
—33T) are characterized by increasing of gene expression, so,
they may be considered as protective. They suggested, that
FCN1 has dual role in the development of RHD due to fact
that these alleles probably contribute to chronic inflamma-
tion and tissue injury, thus may also predispose the patients
to heart lesions [35]. Thus, it highlights the complexity of the
gene-environment interaction in RHD after GAS infection.

There is evidence that FCN2 has the ability to bind to
lipoteichoic acid. This acid is one of the components of the
cell wall of Streptococcus pyogenes, as well as all gram-
positive bacteria. Since there is no doubt that GAS is the
etiologic agent of rheumatism, this pathogenetic mechanism
should also be considered in the context of complications,
the most severe of which is chronic RHD. When studying
polymorphisms in the promoter region of the FCN2 gene (at
positions —986,/—602 and —4), it was established that there
is an association of the haplotype —986/-602/-4 G/G/A
with RHD, since this polymorphism was observed more of-
ten in patients of this group [36].

The role of other protein — mannose-binding pro-
tein C2 (MBL?2) is debatable. V. Marzetti et al. (2017),
studying 50 Caucasian patients with ARF assessed the
role of mannose-binding protein C2 gene (exon 1, co-
dons 52, 54, and 57) and FCN2 gene (promoter region at
position —986, —602, and —4). They also found out that a
—986 GG and —4 GG genotypes have protective impact
in cases with rheumatic fever. At the same time, it has
been established that —4 AG genotype has close interrela-
tions with rheumatic carditis. However, in their data the
possibility of MBL2 polymorphisms’ role in pathogenetic
mechanisms and clinical manifestations of rheumatic fe-
ver had not been confirmed [37].
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In the study of M. Poomarimuthu et al. (2018), the par-
ticipation of I1L-17, also called IL-17A, which is released by
a subset of T helper cells known as Th17 cells, in patho-
genesis of rheumatic process were evaluated. The IL17A
promoter polymorphism (rs2275913) demonstrated asso-
ciation with lesions of mitral valve [38]. The angiotensin
[-converting enzyme gene insertion/deletion polymorphism
is a locus which demonstrates a number of different asso-
ciations in various population groups. The meta-analysis of
Y. Tian et al. (2016), covered 9 studies did not show any
correlation RHD (this meta-analysis which was conducted
recently included 1,333 cases of RHD as well as 1,212 in-
dividuals for control from 7 different populations) [39]. In
some studies, the role of cytotoxic T-lymphocyte protein 4,
tumor necrosis factor, toll-like receptor 2, transforming
growth factor B1, interleukin-1 receptor antagonist, in de-
velopment of ARF and RHD were proven [40, 41].

Further understanding of genetic susceptibility to ARF
is likely to come from large multi-ethnic genome studies
rather than studies from a single region. As can be seen, the
results are quite heterogeneous, which complicates the im-
plementation of the obtained and identified genetic discove-
ries in clinical practice. In addition, L. A. Gray et al. (2017)
noted, that some established associations are often not con-
firmed in subsequent studies: for example, the relationship
between IGHV4-61*02 and the rheumatic process identi-
fied in the populations of Oceania was not confirmed in the
indigenous Australian population. The authors emphasized
that, interestingly, both populations are considered indige-
nous, so it is possible that genetic heterogeneity may have
influenced the results to some extent [24].

J. A. Osgood et al. (2018) claimed that it should not
be overlooked that the effects of various GAS strains also
differ, as do the protective responses and response inte-
ractions of the risk-associated HLA alleles [30]. C. Terao
et al. (2018) provided the hypothesis about the possibility
of epistasis between HLA alleles and non-HLA variants,
which may provide a rationale for explaining the discre-
pancies [42]. According to T. Parks et al. (2017), overall,
the HLA and IGH associations do not refute the theory
of molecular mimicry, which is currently the underlying
mechanism of RHD pathogenesis [31].

As noted in work of B. Muhamed et al. (2020), recently,
the candidate gene approach has been discussed in the con-
text of hypotheses aimed at predicting a potential gene or
locus that may be of interest in the study of pathogenetic
mechanisms. However, according their conclusion, given
that in cases of pathologies where some aspects of patho-
genesis are still unclear, this method does not always iden-
tify in detail the complete genetic basis of the disease [26].

M. Gutierrez-Arcelus et al. (2016) indicated that can-
didate gene case-control approaches undoubtedly play an
important role, since they have so far allowed to identify
related genetic loci associated with various autoimmune
diseases. It is undeniable that the above techniques have
shed light on the molecular mechanisms of many disea-
ses. The authors claimed that, unfortunately, according

to the available literature, compared to autoimmune pa-
thologies, relatively few candidate-gene studies were per-
formed for ARF and RHD. They emphasized that most
associations are not confirmed in independent popula-
tions, making them not fully verified [33].

One of the immunomodulatory genes is interleukin-10.
A. M. Abdallah et al. (2016) revealed that three promoter
polymorphisms in interleukin-10 (-1082A>G, —-829C>T
and —592C>A) were identified in patients with RHD from
different populations. These studies suggested that the
IL10-ACC promoter haplotype plays a protective role. At
the same time, the authors noted that this haplotype is as-
sociated with increased I1-10 production, which may serve
as a basis for conclusions about the role of this locus [40].

W. Dai et al. (2018) reported that this protective role
has been somewhat questioned, as a meta-analysis of three
different populations showed statistically insignificant re-
sults (p = 0.08) [41].

A. M. Abdallah et al. (2016), in one of their study exa-
mined the macrophage migration inhibitory factor (MIF)
promoter polymorphisms —173C and —794 (5-8 CATT re-
peats) in a Saudi Arabian population. The authors found
that these polymorphisms were correlated with the age of
RHD onset. There is association between higher MIF ex-
pression in T cell lines and C allele at —173 [43]. As in some
of the studies mentioned above, the authors encountered
a dual effect of these promoter polymorphisms on RHD.
Late onset of the disease and lower risk were found for the
—173C allele, while the —794 CATT5 allele was also associ-
ated with a low risk. However, the researchers noted that
the =794 CATT6 allele was associated with an increased
risk of RHD. These data were true for the studied popula-
tion, which requires the involvement of other regions to
confirm the universality of the hypothesis [43].

In the other study, M. Gutierrez-Arcelus et al. (2016)
indicated the dual effect of these alleles established for
other autoimmune diseases [33].

P. D. Bright et al. (2016) reported about a consistently
high production of TL-1p was found against the background
of GAS infection by mononuclear cells. These cells were
obtained from the peripheral blood of a patient with ARF,
in whom this production was significantly reduced after
treatment with hydroxychloroquine. These new findings
open up broader perspectives in the study of the pathoge-
netic mechanisms of RHD, the role of inflammasomes in
the development of RHD, as well as new opportunities in
the development of therapeutic approaches aimed at this
pathway [22]. However, it should be noted that the results
available to date are contradictory, some of them have a
number of limitations related to the sample size.

Thus, according to the literature data, we analyzed the
direct connection of these genes with predisposition to ARF
and RHD. It can be concluded that further study of the
presence of such genes in patients with rheumatic process
is very relevant at the moment in order to assess their im-
pact on the possibility of developing disease, variants of the
clinical course, treatment and prognosis of this pathology.
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