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Abstract

Herpesviruses (family Herpesviridae) are widespread double-stranded DNA viruses capable of establishing
lifelong latent infections and causing diverse clinical manifestations, particularly in immunocompromised individ-
uals. In addition to acute and recurrent infections, certain herpesviruses such as Epstein—Barr virus (EBV) and
Kaposi’s sarcoma—associated herpesvirus (KSHV) possess oncogenic potential, making them a major focus of
modern virological and oncological research. This study provides a comprehensive overview of herpesvirus biol-
ogy, replication mechanisms, latency, and pathogenesis, with a particular emphasis on in vitro cell culture models
and emerging molecular technologies. Various cell lines, including Vero, HEp-2, HeLa, HFF, and L929 fibroblast
cells, are discussed as experimental platforms for studying herpesvirus infection, cytopathic effects, and antiviral
susceptibility. Experimental findings from L929 fibroblast cells inoculated with HSV-2 demonstrate characteristic
stages of cytopathic effects, highlighting the suitability of cell culture systems for visualizing viral replication
dynamics. The article also reviews current diagnostic approaches, including PCR-based molecular methods, sero-
logical assays, and immunohistochemical techniques, which are critical for detecting both active and latent infec-
tions. Furthermore, the potential of CRISPR-Cas9 technology as a novel antiviral strategy targeting latent herpes-
virus genomes is critically evaluated. Although conventional antiviral therapies effectively suppress viral replica-
tion, they fail to eliminate latent infection. CRISPR-based genome editing offers a promising avenue for achieving
functional cure, despite existing technical and bioethical challenges. Overall, this study emphasizes the importance
of integrating cell culture models, molecular diagnostics, and advanced genetic technologies to improve the un-
derstanding, diagnosis, and treatment of herpesvirus infections.

Keywords: Herpesviruses, latent infection, CRISPR-Cas9, cell culture, viral replication, molecular diagnos-
tics, antiviral treatment.

Introduction:

Herpesviruses (family Herpesviridae) are large-
genome, double-stranded DNA viruses widely distrib-
uted in humans and animals. They are of special im-
portance in virology because they are distinguished by
their ability to reactivate latency and produce different
clinical manifestations. Herpesviruses can remain la-
tent in the cells of the body, creating lifelong infections.
These viruses are acute infections that damage various
organ systems. When the immune system is weakened,
they have the ability to cause severe complications [1].
Herpesviruses not only cause infection, some types (eg,
EBV and KSHV) can cause oncogenic transformation
in humans [2]. In this regard, herpesviruses are not only
infectious, but also the subject of oncological research.
The spread of herpesviruses at the global level and the
social and economic impact of the diseases caused by
them increase the relevance of the research conducted

in the direction of the pathogenesis and treatment of
these viruses [3]. Herpesviridae family represents a
large and complex group in virological taxonomy. Vi-
ruses included in this family are divided into three main
families:

1) Alphaherpesvirinae 2) Betaherpesvirinae 3)
Gammaherpesvirinae [4].

Alphaherpesvirinae: This group includes Herpes
simplex virus 1 (HSV-1), Herpes simplex virus 2
(HSV-2), and Varicella-zoster virus (VZV). These vi-
ruses are characterized by fast replication and mainly
create latency in nervous tissues. HSV-1 mainly causes
oral and labial lesions, while HSV-2 causes genital her-
pes. VZV is the causative agent of chicken pox and
shingles [5]. Betaherpesvirinae: This group includes
Cytomegalovirus (CMV), Human herpesvirus 6 (HHV-
6), and Human herpesvirus 7 (HHV-7). These viruses
replicate slowly in cell culture and remain mostly latent
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in immune cells. CMV can cause severe infections in
those with weakened immune systems (eg, post-trans-
plant or HIV patients) [6]. Gammaherpesvirinae: Ep-
stein-Barr virus (EBV) and Kaposi's sarcoma-associ-
ated herpesvirus (KSHV, HHV-8) are included in this
group. Gammaherpesviruses show a tropism mainly to
lymphoid cells and create long-term latency. EBV is
the main etiological factor of infectious mononucleosis
and some lymphomas, and KSHV is the main etiologi-
cal factor of Kaposi's sarcoma [7]. Genomes of herpes-
viruses consist of double-stranded DNA and range in
size from 120-240 kbp. The genome contains a variety
of structural and regulatory genes and encodes more
than 70 proteins. These proteins play an important role
in virus replication, synthesis of structural components,
evasion of the body's immune response, and latency
mechanisms [8]. Viruses pass through the cell wall
membrane and replicate in the cell nucleus. The mech-
anism of infection and pathogenesis of herpesviruses is
based on the type of virus, the site of infection and the
immune state of the body. Infection can occur in differ-
ent ways: skin and mucous membrane contact (HSV-1,
HSV-2, VZV), oral, airborne or sexual (EBV, CMV);
Transplantation or transplacental infection (CMV);

The virus initially enters epithelial cells, where
rapid replication begins. Alphaherpesviruses enter the
transmission nerves and reach the nerve ganglia by ret-
rograde flow, where they take a latent state. For exam-
ple, HSV may remain latent in the trigeminal or sacral
ganglia, and VZV may remain latent in the dorsal root
ganglia. During the latency period, the viral genome re-
mains in the cell nucleus in an episomal form and does
not show any clinical symptoms. Due to the weakening
of the immune system or the influence of factors such
as stress, infection, UV radiation, the virus is activated
and may manifest itself with symptoms at the site of the
previous infection or in new areas [9]. Betaherpesvi-
ruses maintain latency mainly in monocytes and lym-
phocytes, while gammaherpesviruses can remain latent
in B-lymphocytes. The pathogenesis of herpesviruses is
not limited to cell lysis and inflammatory reactions.
Some herpesviruses can also cause the formation of tu-
mor cells by manipulating genes that play an important
role in regulating the cell cycle. For example, EBV can
lead to Hodgkin and non-Hodgkin lymphomas by caus-
ing B-cell immortalization. KSHV is the etiological
factor of Kaposi's sarcoma and some rare lymphopro-
liferative diseases [10].

Clinical signs of herpesviruses are diverse and
vary depending on the type of virus, the body's immune
system, and the location of the infection.

HSV-1 and HSV-2: HSV-1 causes infections in-
volving the mouth, lips, eyes, and brain. The most com-
mon form is labial herpes (cold sore). HSV-2 is the
main cause of genital herpes and is sexually transmit-
ted. It can also cause neonatal herpes in newborns [11].

VZV (Varicella-Zoster Virus): Primary infection
presents as chicken pox (varicella). During reactiva-
tion, shingles (herpes zoster) appear - this manifests as
a painful, blistering rash along the nerve [12, 13].

CMV (Cytomegalovirus): Is asymptomatic in
those with a healthy immune system, but can some-
times present with mononucleosis-like symptoms. In

immunosuppressive patients, it can cause severe pneu-
monia, retinitis, hepatitis and brain pathologies. If
transferred to the fetus during pregnancy, it can cause
severe abnormalities before or after birth [14].

EBV (Epstein-Barr Virus): It is the main causative
agent of infectious mononucleosis ("kissing disease").
It has oncogenic potential during long-term latency:
Burkitt's lymphoma, nasopharyngeal carcinoma, etc.
[15].

KSHYV (Kaposi Sarcoma Herpesvirus): Can cause
Kaposi's sarcoma, primary effusion lymphoma, and
Multicentric Castleman's disease in immunocompro-
mised individuals (especially AIDS patients) [16].

Diagnosis of herpesviruses is determined by sev-
eral methods. These include -Virus isolation and cell
culture, PCR and real-time PCR - provide high accu-
racy in the detection of viral DNA, Serological tests
(ELISA, Western blot) - determine the phase of infec-
tion by detecting antibodies, Immunohistochemistry
and in situ hybridization - used to detect viral antigens
and genome in tissues [17].

The main goal in the treatment of herpesvirus in-
fections is to stop the replication of the virus, relieve
symptoms and prevent reactivation. The main antiviral
drugs currently used against herpesviruses target the
DNA polymerase enzyme of the virus [18].

In recent years, it has become possible to target
specific regions of the herpesvirus genome with
CRISPR-Cas9 technology. This is a promising ap-
proach for complete eradication of latent infection [19].
At the same time, work is being done in the direction of
delivery of antiviral drugs, immunotherapy and antivi-
ral vaccines with nanoparticles. Currently, only an ef-
fective vaccine against VZV is available. Extensive re-
search is being done on the development of vaccines
against other herpesviruses.

Varicella vaccine (Varivax): -Used to prevent
chicken pox infection in children. Live attenuated virus
based. Zoster vaccine (Shingrix, Zostavax): Used to
prevent shingles in the elderly. Shingrix is a recombi-
nant non-enveloped protein-based vaccine that is more
effective and less risky [20]. Vaccination against HSV-
2: Vaccines in Phase Il clinical trials, especially vac-
cines based on the gD2 antigen, show promising results
in generating an immune response [21].

CMV vaccine: Research is being done on vaccines
containing different antigens that have a synergistic ef-
fect. It is critical for pregnant women and transplant pa-
tients. The development of effective vaccines is com-
plicated by the latent capacity of herpesviruses and
their immune evasion strategies. In the future, the intro-
duction of vaccines based on mRNA technology may
be a turning point in this field. In vitro cell culture is the
main experimental platform for the study of herpesvi-
rus biology, pathogenesis, and antiviral therapies. This
method is widely used to analyze viral replication
mechanisms, evaluate the effectiveness of antiviral
drugs, and test new vaccine designs. Advantages of cell
culture: It is possible to visualize the stages of the viral
replication cycle. The degree of resistance of viruses to
antiviral drugs can be measured. Mutant forms of vi-
ruses can be studied by genetic modification. Latent in-
fection models are difficult to establish. The complex-
ity of the immune system cannot be fully replicated in
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cell culture. Some types of herpesviruses are activated
only in certain cell types (eg B-lymphocytes for EBV).
For this reason, 3D organelle models and mouse mod-
els have recently been used as complementary tools in
laboratory research [22].

Cell culture is a method of growing cells in the la-
boratory, used in various research and experiments. In
this process, cells are grown and propagated in a special
nutrient medium [23].

For the study of herpesviruses in laboratory con-
ditions, their reproduction in appropriate cell culture is
one of the main research methods. Because herpesvi-
ruses have a broad cell tropism, they can be grown suc-
cessfully in a number of cell lines. The cell lines used
are: Vero cells (African green monkey kidney cells):
Widely used to study HSV-1 and HSV-2. HEp-2 and
HeLa cells: Epithelial cells of human origin, suitable
for observation of cytopathic effects.

HFF (Human Foreskin Fibroblasts): Optimal for
herpesviruses such as CMV and HHV-6. ARPE-19 and
RPE-1: Retinal pigment epithelial cells are used to in-
vestigate ocular types of CMV and HSV [24].

For this purpose, cell lines such as Vero, HEp-2,
HeLa, MRC-5 are widely used [25].

Materials and Methods

Materials obtained in our laboratory:

The L929 fibroblast cell line was obtained from a
cryo bank. Cells were maintained in pre-prepared nu-
trient media: DMEM-10% FBS and supplemented with
RPIM-10% FBS. Passage process was performed after
rapid proliferation of cells was observed. During pas-
saging, cells were detached with trypsin and transferred
to new flasks. A part of the passaged cells was filled in
cryotubes and frozen for future studies. During the

freezing process, 10% DMSO was added to the nutrient
medium. Cells were first stored at -80°C, then placed in
a liquid nitrogen tank for long-term preservation. Virus
inoculation: HSV-2 IgM positive serum obtained from
a clinical laboratory was subjected to high-speed cen-
trifugation (16000 rpm) and inoculated into L929 fibro-
blast cells. Morphological changes in the cells were ob-
served under a microscope.

Changes observed as a result of HSV-2 inocu-
lation:

L929 fibroblast cells were observed daily after in-
oculation with HSV-2. Morphological changes were
recorded in the following sequence:

Early stage: Cells were in normal fibroblast mor-
phology and maintained their needle shape. No patho-
logical changes were recorded at this stage.

Initial cytopathic effect: Aggregation and round
formation of cells were observed. The cells came close
to each other and formed small clusters. This stage
marked the beginning of cell-to-cell transmission of
HSV-2.

Middle stage: The morphology of the cells has
changed dramatically. They became round and swollen,
the cytoplasm became transparent, and the cells stuck
together to form large clusters. Cells that lost contact
with the substrate were observed as floating cells.
These changes reflected intensive reproduction of the
virus and disruption of cell membrane structures.

The last stage: The membrane of the cells com-
pletely collapsed and the process of fragmentation was
observed. This phase was considered the terminal phase
of the cytopathic effect. As a result, the majority of
L929 fibroblast cells consisted of dead cells.

[Figure 1] L929 fibroblast cells microscopic view



Norwegian Journal of development of the International Science No 174/2026 7

[Figure 2] Stages of cytopathic effect in L929 fibroblast cells during HSV-2 inoculation (rIy stage)

[Figure 4] Final stage of CPE of HSV-2 virus culture

Cytopathic effects (CPE) caused by herpesviruses
in cells are observed under a microscope. These include
changes in cell morphology, the formation of syncyti-
ums (the fusion of several cell cytoplasms to form a
multinucleated structure), and cell lysis. These symp-
toms are one of the main indicators of the presence and
intensity of infection. After the incubation period, the
presence and quantity of the virus is determined by var-
ious methods. Plaque assay, TCIDso (50% tissue culture
infection dose), Immunofluorescence, PCR analysis are
included [26, 27]. Application of CRISPR-Cas Tech-
nology Against Herpesviruses - The fact that herpesvi-
ruses create a latent infection and do not respond to
conventional antiviral treatment in this case makes
CRISPR-Cas9 technology promising in this field. With

this technology, the replication or latent form of the vi-
rus can be disabled by targeting specific regions of the
viral genome. The main directions of application are as
follows:

Cleavage of the latent viral genome: The latent
form of HSV-1 and CMV can be eliminated by cutting
from the genome using CRISPR-Cas9 [28]. Inactiva-
tion of viral genes: Viral activity is reduced by targeting
key replication genes such as UL29, UL30 (HSV) and
IE genes (CMV). Enhancement of the immune re-
sponse: Genes that enhance the immune response can
be activated in cells through the CRISPR-system.
Changes can occur in unwanted regions of the genome.
Mechanisms of viral resistance to the Cas system: Eva-
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sion of CRISPR targets is possible as a result of muta-
tions. Effective delivery system: AAV vectors and na-
noparticle-based systems are currently under testing
[29]. Despite all these reasons, the CRISPR-Cas system
is considered one of the most promising technologies
for the complete elimination of herpesviruses. Research
conducted in recent years provides a deeper under-
standing of viral replication mechanisms, molecular ba-
sis of latent infection, and interactions with the immune
system. Cell culture, molecular analysis and new ge-
netic technologies, especially the CRISPR-Cas9 sys-
tem, have opened up new opportunities in the fight
against herpesviruses. However, it is still not possible
to completely eliminate the latent form of herpesvi-
ruses. Currently used antiviral drugs mainly target the
replication phase and are ineffective against latent in-
fection. In the future, the use of technologies such as
CRISPR-Cas to target viral genomes may revolutionize
this field. Also, it is important to conduct more research
on immune evasion mechanisms, genetic variations and
drug resistance of viruses [30]. The results of these
studies will play a key role in the development of both
diagnostic and new antiviral strategies. In recent years,
the CRISPR-Cas system, considered a revolutionary
technology in the field of genetic engineering, has
shown promising results in the study and treatment of
many viral infections, including herpesviruses. This
system enables genetic modification by recognizing
and cutting specific DNA sequences in a targeted man-
ner [31].

CRISPR-Cas technology makes it possible to
completely destroy or prevent the activation of herpes-
viruses by targeting the genome of latently hidden her-
pesviruses in the cell. This is especially relevant for
Herpes Simplex Virus 1 and 2 (HSV-1 and HSV-2),
Cytomegalovirus (CMV) and Epstein-Barr Virus
(EBV) [32].

Because infections caused by herpesviruses have
a wide clinical spectrum, accurate and rapid diagnosis
is important. Molecular diagnostic methods are consid-
ered the most reliable approach to detect the presence
of the virus, especially in latent or asymptomatic cases.
Among these methods, the polymerase chain reaction
(PCR) takes the main place [33].

PCR (Polymerase Chain Reaction)-PCR amplifies
the genomic material of herpesviruses, allowing detec-
tion of even very low amounts of the virus. This method
is used for the identification of viruses such as: HSV-1,
HSV-2, CMV, EBV, HHV-6/7, VZV. Applied in both
qualitative and quantitative (real-time PCR) formats,
PCR-based technologies also allow determining virus
genotypes and detecting drug resistance [34].

Conclusion and discussion

Herpesviruses are viruses that are widespread,
manifest themselves with different clinical signs and
cause lifelong latent infections. Viruses such as HSV-
1, HSV-2, vzV, CMV, EBV, HHV-6, HHV-7, and
HHV-8 pose serious risks to human health, especially
in immunocompromised individuals and can cause
complications and sometimes oncogenic consequences
[35]. As can be seen from the data presented in the ar-
ticle, the study of herpesviruses requires a multidisci-
plinary approach. The genetic structure of viruses, rep-

lication mechanisms, latency strategies, and interac-
tions between the body and the immune system should
be thoroughly investigated. In recent years, advances in
molecular biology, cell culture, CRISPR-Cas technol-
ogy, molecular diagnostics, and vaccine research have
led to a better understanding of herpesviruses and the
development of targeted approaches [36—37].

Although the CRISPR-Cas system offers a prom-
ising approach for targeting latent forms of herpesvi-
ruses and removing them from the genome, the clinical
application of this technology is still at an early stage,
and bioethical, technical, and safety issues still require
serious investigation [38].

New technologies—particularly mRNA, CRISPR,
and NGS—may enable the development of more spe-
cific, effective, and personalized approaches to herpes-
viruses. Future studies should focus on viral latency
mechanisms, mutational profiles and immune evasion
strategies.
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