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Annotatsiya. Ushbu maqolada Herpes simplex virusi (HSV-1 va HSV-2) chaqiradigan
infeksiyaning zamonaviy davolash usullari, antiviral preparatlarga rezistentlik muammolari
hamda istigbolli terapevtik yondashuvlar keng tahlil qilingan. Gerpes infeksiyasi dunyo bo‘yicha
eng keng tarqalgan surunkali virusli kasalliklardan biri bo‘lib, virusning nerv gangliylarida latent
holatda umrbod saqlanib qolishi kasallikni to‘liq davolashni murakkablashtiradi. Maqolada
asiklovir, valasiklovir va famsiklovir kabi asosiy antiviral preparatlarning ta’sir mexanizmi,
klinik samaradorligi, qo‘llanilish tamoyillari hamda rezistent shtammlar bilan bog‘liq
muammolar yoritilgan. Shuningdek, immunomodulyatorlar, terapevtik vaksinalar, mRNK
texnologiyalari, CRISPR-Cas9 gen tahrirlash tizimi, epigenetik boshqaruv va tabiiy antiviral
birikmalar asosidagi yangi davolash strategiyalari haqida zamonaviy ilmiy ma’lumotlar
keltirilgan. Maqolada HSV ning latent holati, relapslarning oldini olish, neonatal gerpes, gerpetik
ensefalit va immun yetishmovchiligi bo‘lgan bemorlarda kasallikning og‘ir kechishi ham batafsil
muhokama qilingan. Bundan tashqari, antiviral preparatlarga chidamli shtammlarning paydo
bo‘lish sabablari, virusning immun tizimdan qochish mexanizmlari hamda yangi avlod antiviral
preparatlarining afzalliklari hagida ham ma’lumot berilgan.
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AHHoTanusA. B 1aHHOW cTarhbe MOAPOOHO pPacCMATPUBAIOTCS COBPEMEHHBIE METOJIbI
JedeHus MHPEKINH, BbI3bIBaEMOM BUpycoM npocrtoro repreca (Herpes simplex virus, HSV-1 u
HSV-2), mpoGmembl pE3UCTEHTHOCTH K MPOTUBOBHPYCHBIM IIperaparam, a TaKxke
MEPCIEKTUBHBIE TepaneBTUYECKUE MOAXOAbl. [ eprmerndeckas MHGEKUIUs SBISETCS OJIHUM U3
Hanbosee pacmpoCTpaHEHHBIX XPOHWYECKUX BHPYCHBIX 3a00JICBaHHN B MHUpPE, MPH KOTOPOM
BUPYC CHOCOOEH MOKU3HEHHO COXPAHATHCS B HEPBHBIX TAHINIMSX B JJATEHTHOM COCTOSIHHH, YTO
3HAYUTENILHO OCJIOXKHSET €ro MOJIHOE ycTpaHeHue. B craThe ocBelleHbl MEXaHU3MBbI JICHCTBUS,
KIuHU4eckass S()(QEeKTUBHOCT W NPUHLUIBI MPUMEHEHHS] OCHOBHBIX IMPOTUBOBUPYCHBIX
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[pernapaToB, TaKUX KaK alUKIOBUD, BATALMKIOBUD U (aMIUKIOBHp, a TaKXKe MPOOIEMBI,
CBA3aHHBIE C IIOSIBJICHUEM PE3UCTEHTHBIX LITaMMOB BuUpyca. Kpome TOro, mpeacraBiieHb
COBpPEMEHHbIE HayyHble JaHHbIE 00 HMMYHOMOIYJATOPAX, TEPaNeBTUUECKUX BaKIMHAX,
texHonorusix MPHK, cucreme pepaktupoBanuss reHoma CRISPR-Cas9, snurenernueckom
KOHTPOJIE U HOBBIX CTPATETUsAX JICUEHUS HA OCHOBE MPUPOIHBIX IPOTUBOBUPYCHBIX COEAMHEHUN.

KiroueBbie ciaoBa: Herpes simplex virus, HSV-1, HSV-2, mpotuBoBupycHas Tepamnus,
AIMKJIOBUD, BAJAIMKIOBUD, (AMIMKIOBHD, NPOTUBOBUPYCHAS DPE3UCTEHTHOCTb, JIATEHTHAsS
unpekuusa, penuau, CRISPR-Cas9, TtepaneBTHueckre BaKIMHBI, HMMYHOMOIYJISLUSA,
snureHeTndeckas tepanusi, MPHK-BakuuHsl, reprieTnueckuii sHIEGaTuT, HEOHATAIBHBIN repriec.
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Abstract. This article comprehensively analyzes modern treatment methods for infections
caused by Herpes simplex virus (HSV-1 and HSV-2), the problem of antiviral drug resistance,
and promising therapeutic approaches. Herpes infection is one of the most widespread chronic
viral diseases worldwide, characterized by the lifelong persistence of the virus in nerve ganglia
in a latent state, which significantly complicates complete eradication of the infection. The
article discusses the mechanisms of action, clinical efficacy, and principles of use of major
antiviral drugs such as acyclovir, valacyclovir, and famciclovir, as well as issues related to the
emergence of resistant viral strains. In addition, modern scientific data on immunomodulators,
therapeutic vaccines, mRNA technologies, CRISPR-Cas9 genome editing systems, epigenetic
regulation, and novel treatment strategies based on natural antiviral compounds are presented.

Keywords: Herpes simplex virus, HSV-1, HSV-2, antiviral therapy, acyclovir, valacyclovir,
famciclovir, antiviral resistance, latent infection, relapse, CRISPR-Cas9, therapeutic vaccines,
immunomodulation, epigenetic therapy, mRNA vaccines, herpetic encephalitis, neonatal herpes

Relevance. The Herpes simplex virus (HSV) is one of the most common viral infections
among humanity. According to the World Health Organization, approximately 67% of the
population under the age of 50 is infected with HSV-1, and 13% with HSV-2. HSV-1 primarily
causes labial herpes, which is transmitted in most cases during childhood, while HSV-2 is the
primary causative agent of genital herpes. One of the important aspects of the disease is that
most infected individuals exhibit no clinical symptoms or have a very mild course, as a result of
which the virus can be transmitted to other people without being noticed. HSV infection persists
in the body for a lifetime and can reactivate under the influence of various factors - stress,
decreased immunity, fever, surgical interventions, or ultraviolet radiation. According to the
World Health Organization, HSV-2 infection increases the risk of HIV infection by
approximately three times. Furthermore, in immunocompromised patients, herpes infection is
more severe and can cause complications such as meningoencephalitis, keratitis, and
disseminated infection [1-5]. Herpes Simplex Virus (HSV) type 1 (HSV-1) and type 2 (HSV-2)
are two of the most prevalent viral diseases in humans, impacting billions of individuals globally.
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Clinical signs and symptoms of HSV infection are often minor and self-limiting in healthy
patients, but they are often more aggressive, persistent, and even fatal in immunocompromised
patients. The most effective antiviral medications for treating and preventing HSV infections are
acyclovir and its variants. Even though acyclovir resistance is a very rare illness, it can lead to
major consequences, particularly in patients with impaired immune systems. Our goal in this
review is to address the issue of drug-resistant HSV infection and go over the various therapy
options [6-10]. In pregnant women, the transmission of the virus to the newborn causes the
development of neonatal herpes, which is dangerous with the possibility of severe neurological
complications and even death. Therefore, studying the problems of modern diagnosis, treatment
methods, and resistance to antiviral drugs for HSV infection is currently one of the most pressing
issues in medicine [20]. While HSV-1 primarily causes herpes in the labia and facial areas, HSV-
2 is primarily associated with genital herpes. In recent years, the incidence of genital infections
caused by HSV-1 has been increasing. The main problem with herpes infection is that the virus
does not disappear completely after entering the body. It remains latent in the nerve ganglia for a
long time and reactivates when immunity decreases. Therefore, the disease is chronic and
relapsing in nature [19]. Relapses develop against the background of stress, ultraviolet radiation,
hormonal changes, fever, trauma, or immunosuppression. We analyzed every relevant study that
was published in PubMed between 1989 and 2022 regarding alternate treatment modalities for
acyclovir-resistant HSV infection. Antiviral medication prophylaxis and long-term treatment
increase the risk of drug resistance, particularly in patients with impaired immune systems. In
certain situations, foscarnet and cidofovir may be used as alternate therapies. Acyclovir
resistance is uncommon, although it can lead to serious problems. In order to prevent the current
drug resistance, it is hoped that new antiviral medications and vaccines will become accessible in
the future [12-15]. The most effective antiviral medications for treating and preventing HSV
infections are acyclovir and its variants. However, acyclovir resistance can arise, particularly in
people with impaired immune systems. Defects in cell-mediated immunity and intermittent or
prolonged antiviral therapy are among the factors that put these patients at risk for developing
resistance to antiviral medications, which could result in serious side effects like
meningoencephalitis, esophagitis, and herpetic pneumonia that could make HSV infection a
potentially fatal illness [14-19].

The main purpose of the presented manuscript is to provide a brief analysis of the
problems of modern treatment of the herpes virus and resistance to antiviral drugs based on the
results of authoritative scientific works.

HSYV not only damages the skin and mucous membranes but can also damage the central
nervous system. Herpetic encephalitis, meningitis, neonatal herpes, and disseminated infection
are the most dangerous complications [10]. The mortality rate remains high, especially among
newborns and immunocompromised patients. Existing antiviral drugs suppress viral replication
but cannot completely destroy the virus in a latent state [13]. Therefore, the problem of the
complete treatment of herpes is one of the most pressing areas of modern virology, immunology,
and molecular biology. In recent years, CRISPR-Cas9 gene editing technology, therapeutic
vaccines, epigenetic modulators, and next-generation antiviral drugs have been shown to have
great prospects for treating herpes [17]. In addition, the increasing number of strains resistant to
antiviral drugs also requires the development of new therapeutic agents. HSV is a double-
stranded DNA virus from the family Herpesviridae. The virus's genome has a complex structure,
containing more than 80 protein-coding genes [6]. Two main types of HSV are distinguished:
HSV-1 and HSV-2. HSV-1 primarily causes orolabial herpes, while HSV-2 causes genital herpes.
The virus enters the body through the skin or mucous membrane and begins to actively multiply
in epithelial cells. Subsequently, it moves along the nerve fibers and enters the sensory ganglia.
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HSV-1 is typically latent in the trigeminal ganglia, while HSV-2 is latent in the sacral ganglia
[11].

During the latent period, the virus does not proliferate actively and is practically
unrecognized by the immune system. During this period, LAT transcripts are primarily
synthesized. This mechanism allows the virus to survive for a long time [14]. When the virus
reactivates, it returns through nerve fibers to peripheral tissues, and clinical symptoms appear.
The frequency of relapses depends on the patient's immune status. In some people, relapses
occur once a year, while in others, they may recur several times a month. Antiviral drugs and
their mechanism of action. The main treatment for herpes infection is antiviral drugs belonging
to the group of nucleoside analogues. The most commonly used drugs are valclovir, valacyclovir,
and famciclovir [2-9].

Acyclovir is the "gold standard" drug for the treatment of herpes. It was first developed
in the 1970s and is still widely used today [9]. Acyclovir is activated by viral thymidine kinase.
It then inhibits the viral DNA polymerase, stopping DNA synthesis. The main advantage of
acyclovir is its selectivity. The drug is primarily activated in virus-infected cells; therefore, its
toxic effect on healthy cells is relatively low. Clinical studies have shown that clovir reduces
pain, accelerates wound healing, reduces viral excretion, and reduces the duration of relapses [7].
However, it cannot destroy a latent virus. Valacyclovir is a prodrug of valcyclovir. Upon
entering the body, it is converted into clovir. The drug is convenient for patients due to its high
bioavailability [3]. Valacyclovir is widely used in suppressive therapy. Taking 500-1000 mg per
day can reduce relapses by 70—-80% [5]. Famsiclovir is also one of the most effective anti-HSV
drugs. It is a prodrug of pencyclovir. According to studies, famcyclovir demonstrates high
efficacy in reducing the duration of relapses [15]. Long-term suppressive therapy is
recommended for patients with frequent relapses. In this method, antiviral drugs are taken
regularly for several months or years. The primary goal of suppressive therapy is to reduce the
number of relapses, reduce viral transmission, and improve the patient's quality of life. Long-
term use of Valacyclovir has been found to significantly reduce the incidence of genital herpes
infection. Therefore, it is widely recommended for sexually active patients [1].

The resistance of HSV to antiviral drugs has become a serious problem in recent years.
Resistant strains are particularly common in HIV-infected patients, transplant recipients, and
patients receiving chemotherapy [12]. The main cause of resistance is mutations in the viral
thymidine kinase gene. As a result, thymiclovir cannot be converted into an active form and
becomes ineffective. Foscarnet is used in cases of acyclovir resistance. It directly inhibits DNA
polymerase [4]. Although the drug is effective, its nephrotoxicity is high. Trifovir is also used
against resistant HSV. It can cause nephrotoxic and hematological complications. In recent years,
research has been conducted on new drugs such as prithelivir, maribavir, and amenamevir.
Pritelivir inhibits the helicase-primasis complex and has shown effectiveness against strains
resistant to pritelivir [18]. The immune system plays an important role in controlling HSV
infection. CD8+ T-lymphocytes monitor latently infected neurons and suppress viral reactivation
[8]. According to research, [FN-gamma inhibits viral replication, while granzyme B destroys
infected cells. Resident T-cells are important in the prevention of relapses. Immunomodulatory
drugs help strengthen the body's antiviral defense. In some cases, interferon preparations are
used as complementary therapy [12,13].

Therapeutic vaccines: Creating a vaccine against herpes has been one of the most
important areas of virology for many years. GEN-003 is a therapeutic vaccine that has been
found to reduce HSV-2 relapses by 30-50% [16]. HSV529 is a weakened virus-based vaccine
that generates a strong T-cell response. After the COVID-19 pandemic, mRNA technology also
began to be used in herpes vaccines. Vaccines developed by Moderna and BioNTech are
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showing promising results. CRISPR-Cas9 and gene editing. CRISPR-Cas9 technology is one of
the most promising methods for the complete eradication of HSV. In 2016, Aubert and his
colleagues succeeded in cutting the latent HSV genome using CRISPR. Subsequent studies have
observed a reduction in viral DNA to 90-99 percent. The main advantage of CRISPR technology
is the ability to destroy a latent virus. This can lead to the complete elimination of relapses.
However, this technology also carries certain risks. The problems of off-target gene editing,
immunogenicity, and long-term safety have not yet been fully studied. Nevertheless, CRISPR
technology could provide a complete cure for herpes in the future. HSV latency is controlled by
epigenetic mechanisms. Histone modification and DNA methylation play an important role in
the viral genome [10,11].

HDAC inhibitors can re-activate a latent virus. According to this "shock and kill"
strategy, the latent virus is first activated and then destroyed using antiviral drugs. Preparations
such as vorinostat and panobinostat have shown promising results in experimental studies.
Natural compounds can be used as adjuvant therapy against HSV. Flavonoids, including
baikaline, quercetin, and luteolin, inhibit viral replication [11]. Melissa officinalis extract has an
antiviral effect against HSV [14]. Lysine is an arginine antagonist and can reduce the number of
relapses [9]. Zinc, vitamin D, and vitamin C support immune function [7]. However, natural
remedies cannot replace basic antiviral therapy and are used only as an auxiliary agent. Neonatal
herpes is one of the most dangerous viral infections in newborns. The infection is usually
transmitted from mother to child during childbirth. The disease can have a cutaneous-ocular-oral
form, involve the central nervous system, or be disseminated. The mortality rate in the
disseminated form is very high [15]. Treatment involves the intravenous administration of
thymiclovir at a dose of 20 mg/kg every 8 hours for 21 days[1]. Early diagnosis and prompt
treatment significantly improve the prognosis. Herpetic encephalitis. Herpes simplex encephalitis
is considered one of the most severe viral diseases of the central nervous system [16]. The main
symptoms of the disease are fever, impaired consciousness, seizures, and neurological symptoms.
Without treatment, the mortality rate exceeds 70 percent. Treatment with acyclovir reduces this
indicator by up to 20%. In the future, combined therapies combining antiviral drugs,
immunostimulants, gene editing, and epigenetic modulators may provide a complete cure for
herpes [15,16,21].

Conclusions. The Herpes simplex virus is a common viral infection that persists throughout
life in the human body. Currently, drugs such as valclovir, valacyclovir, and famcyclovir are
effective in controlling the disease, but they cannot completely destroy the latent virus.
Increasing resistance to antiviral drugs requires the development of new treatment strategies.
Immunomodulators and therapeutic vaccines play an important role in reducing relapses.
CRISPR-Cas9 gene editing technology is the most promising direction today, as it allows for the
destruction of the latent viral genome. Epigenetic therapy, HDAC inhibitors, and next-generation
antiviral drugs are also expanding the prospects for treating herpes. In the future, it may become
possible to completely eliminate herpes using combined therapies.

The cornerstone for treating and preventing HSV-1 and -2 infections has been acyclovir and
its congeners. Although ACVr is a rare illness that primarily affects immunocompromised
patients, it can have serious consequences. Even while the prevalence of ACVr has remained
steady over the past 40 years, the increasing number of immunocompromised patients and their
longer survival times increase the likelihood that resistance may become a concern in clinical
practice. The safest strategy that guarantees a timely transition to an alternate antiviral
medication and prevents unfavorable clinical consequences is increased knowledge and care for
the potential of ACVr HSV-infections. Research is currently underway to develop novel antiviral
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medications that circumvent TK-dependent or DNA pol-related drug resistance. Hopefully, these
medications will soon be accessible for usage.
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