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CHANGES IN THE IMMUNE STATUS OF INDIVIDUALS INFECTED WITH HSV VIRUS 
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Abstract 

The problem of opportunistic infections becomes an actual problem in modern times. This is related to a 

number of factors, including the increase of chronic diseases treated with immunodepressants, which weaken the 

immune system. Opportunistic infections are caused by various microorganisms, including bacteria, fungi, para-

sites, and viruses. These microorganisms, which often cause asymptomatic infections in healthy individuals, can 

cause infections that pose a threat to life in the presence of weakened immune systems. 

This article examines the role of cytokines, chemokines, macrophages, T and B cells produced by immune 

cells during HSV infection, which is one of the opportunistic infections. 
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Introduction 

Opportunistic infections are increasingly becom-

ing an important topical problem, which leads to a 

steady increase in the number of HIV-infected individ-

uals and the emergence of new methods in the treatment 

of oncopathologies. However, many people are asymp-

tomatic carriers of opportunistic infections. Clinical 

polymorphism and lack of specific symptoms of oppor-

tunistic infections make diagnosis and treatment a seri-

ous multidisciplinary problem. 

For the manifestation of opportunistic infections, 

infection with pathogenic microorganisms - viruses, 

bacteria, fungi and protozoa - is a must. Up to 20 typical 

agents of opportunistic infections are known, and this 

list is constantly growing in modern infectious diseases. 

Herpeviruses are one of these infections. 

Herpes viruses are large double-stranded DNA vi-

ruses. Human herpesviruses HSV-1 and HSV-2 (HSV) 

are major human pathogens in the simplex virus family. 

Both viruses infect people of all ages, with HSV-1 be-

ing more common than HSV-2 [1]. the seroprevalence 

of the latter tends to increase with age in various popu-

lations [2]. In the most extreme cases, HSVs can cause 

fatal systemic infections or encephalitis, problems 

commonly associated with immunocompromised pa-

tients [1]. Therefore, it is important to provide antiviral 

intervention for those infected with this virus. Eight 

types of herpes virus affect people. 

In older age groups, viral factors together with 

host immune responses determine virulence and inva-

siveness. After initial infection, the virus establishes a 

chronic infection in the host and remains dormant until 

reactivation [2]. 

Herpes simplex viruses types 1 and 2 (HSV1 and 

2) are members of the Alphaherpesvirinae family and 

are known for their broad tissue tropism and ability to 

establish and maintain latency in sensitive ganglia [3, 

4, 5]. HSV1 and 2 usually enter the deeper layers of the 

epidermis of the oropharyngeal and genital mucosa to 

spread primary infection. From these sites of infection, 

HSV spreads to the axons of sensory neurons in the ep-

idermis and then travels to the trigeminal/dorsal root 

ganglia, where it escapes immune eradication and es-

tablishes a chronic infection. After HSV1 and 2 relapse, 

it usually causes self-limiting lesions, mainly in the 

mouth, face and eyes (HSV1) or genital area (HSV1 

and 2), or asymptomatic infection. Infrequent compli-

cations include encephalitis, blindness, susceptibility to 

HIV, and fatal outcome in severe cases in neonates and 

immunosuppressed individuals. HSV1 and 2 (as of 

2016) are highly prevalent in the human population [6]. 

Transmission of HSV1 and 2 to others occurs through 

contact with an asymptomatic active person through sa-

liva or genital secretions. 

HSV1 and 2 often reactivate asymptomatically 

with occasional noticeable lesions in both the oral and 

genital areas. It is constantly reactivated by the immune 

system to ensure that reactivation cycles are limited. 
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Several types of immune cells and their products func-

tion to contain and clear HSV infections, such as 

keratinocytes that produce chemokines that attract T 

cells to the site of infection [7] and keratinocytes that 

infiltrate interferon-γ (IFN-γ)-secreting CD4 T cells [8] 

secrete effector CD8 T cells that clear infected lesions 

by direct killing of HSV-infected cells or by IFN-γ con-

trol [9]. These immune responses are initiated by epi-

dermal type 2 conventional dendritic cells (Epi-cDC2s) 

of Langerhans cells (LC) in the epidermis [10]. LCs un-

dergo apoptosis and migrate to the dermis, where viral 

transfer of HSV antigen to uninfected dendritic cells 

(DC) in the dermis occurs [11] . All these processes re-

quire the secretion and action of cytokines and chemo-

kines. Cytokines and chemokines are major soluble 

modulators of immune cells and are initially secreted 

by resident epidermal and dermal cells—LC, DC, mac-

rophages, and keratinocytes—and then infiltrate im-

mune cells. Some of these communications can be hi-

jacked and modulated by HSV to allow the virus to per-

sist and prevent antiviral immune responses, discussed 

below. However, unlike other Herpesviruses, HSV has 

not been shown to produce any functional cytokine and 

chemokine homologues [12]. 

Cytokines are important modulators and commu-

nicators between immune cells and non-immune cells. 

Cytokines are best known for regulating local and sys-

temic inflammation, but they can also be involved in 

the processes of cell migration and cell proliferation. 

Both pro- and anti-inflammatory cytokines play an im-

portant role in host defense against disease by partici-

pating in the regulation of inflammation. Cytokines and 

cytokine receptors can be divided into several groups 

depending on their biological activity and molecular 

structure. Cytokines include interleukins (denoted by 

"IL"); interferons (IFN: eg IFN-α, β and γ), tumor ne-

crosis factors (TNF: TNF-α and lymphotoxin), growth 

stimulating factors (including granulocyte macro-

phage-colony stimulating factor (GM-CSF)) and chem-

okines [13]. These groups consist of structurally related 

but not always functionally similar cytokines. 

Chemokines regulate cell migration in the immune 

system and are a component of the immune response. 

Chemokines are secreted into the extracellular space by 

all major immune cells and either remain as soluble 

proteins or bind to extracellular matrix components to 

form a hemotactic gradient to attract other cells [14]. 

Chemokines can be classified as either inflammatory or 

homeostatic in nature. 

Primary HSV lesions are an understudied source 

because they are rarely acquired. Although HSV stim-

ulation cannot be detected in primary herpetic lesion bi-

opsies in animal or cell culture models, it can provide 

important information about the immune response in 

human tissue. The role of cytokines and chemokines in 

human primary lesions has not yet been investigated. 

Cytokines and chemokines present in recurrent lesions 

were investigated. Human recurrent lesion studies 

showed that IL-1α, IL-1β, IL-6, IL-10, IL-12, CCL4, 

CCL3, and CCL5 were detected on day 1 from onset. 

[7]. 

Keratinocytes 

Although not usually considered immune cells, 

keratinocytes can detect pathogens, including HSV, 

through pattern recognition receptors (PRRs) such as 

Toll-like receptors (TLRs). Keratinocytes are the first 

cells infected with HSV, which is initially detected by 

TLR2 binding of viral glycoproteins. Induction of 

TLR2 signaling results in the production of pro-inflam-

matory cytokines such as TNF, IL-1, IL-6, and antiviral 

cytokines, including type I interferons. These cytokines 

can act on surrounding keratinocytes and immune cells 

to reduce viral spread. IFN-α/β induces an antiviral 

state in surrounding keratinocytes and increases MHC-

I production in HSV-infected keratinocytes, allowing 

them to be more easily targeted and eliminated by CD8 

T cells. IFN-α/β also induces apoptosis. However, HSV 

inhibits apoptosis and counteracts this effect in most 

cell types. IL-1 is produced by keratinocytes, but its re-

lease is inhibited by HSV infection. IL-1β, a proinflam-

matory cytokine, is active in its cleaved form, but HSV 

suppresses this activation. IL-1ɑ is biologically active 

in its pro form, with its release further promoting in-

flammation and neutrophil infiltration. Another indirect 

effect of TLR2 stimulation is the enhancement of tight 

junctions between keratinocytes to reduce viral spread 

through the intercellular interstices. Keratinocytes se-

crete low levels of the complement factors, C3a and 

C5a, and TNF increases this expression, resulting in 

chemokine secretion that attracts innate immune cells 

[15]. 

In general, the response of keratinocytes to HSV 

is complex and important in early infection. They pro-

duce many cytokines in interaction with HSV. Cyto-

kine production increased along with the production of 

chemokines released after interaction with other resi-

dent and infiltrating immune cells. Cross-signaling be-

tween them is important for optimizing early host de-

fense and HSV control. 

Dendritic cells 

DCs are an important part of the immune response 

to HSV due to their ability to mediate between the in-

nate and adaptive immune systems. Their main role is 

patrolling for pathogens, presenting antigens to T cells 

in the lymph nodes after infection is detected. 

LCs are among the first immune cells to encounter 

HSV, and thus they are vital in the formation of an im-

mune response to HSV [16]. Thus, LCs become in-

fected with HSV and migrate to the dermis and fuse 

with dermal DCs, which then present HSV antigens to 

T cells [17, 18]. Cytokines and chemokines are hypoth-

esized to be involved in this process, but little is known 

about the chemokines and cytokines that may be in-

volved. HSV-infected human monocyte-derived DCs 

(MDDCs) have been shown to produce TNF, CXCL10, 

and IL-8, which may be important in the clustering of 

LCs and DCs. 

In addition to releasing their own chemokines and 

cytokines, DCs stimulate T cells to release cytokines 

and chemokines. A study in the vaginal tract of HSV2-

infected mice showed that inflammatory monocyte-de-

rived DCs were required to induce Th1 CD4 T cells to 

secrete IFN-γ. This process was based on Type I IFN 
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signaling and CCR2-mediated migration of inflamma-

tory monocytes to the vaginal tract. Another study 

showed that vaginal submucosal CD11c + DCs were 

important in stimulating CD4 T cells to release IFN-γ 

when mice were infected with HSV2 [19]. Thus, re-

gardless of the origin and type of DC, they are crucial 

for the stimulation of an effective antiviral T cell re-

sponse. 

Macrophages 

Macrophages are particularly important for the 

formation of an immune response against HSV, con-

tributing to the reduction of viral load in mouse models. 

Resident macrophages are present in the skin, but their 

role in human HSV infection is poorly understood. 

During infection, the primary function of macrophages 

is phagocytosis of cellular debris and secretion of cyto-

kines, including TNF, IFN-α, IL-6, and IL-12 [20]. 

IFN-α and -γ activate macrophages and modulate their 

cytokine production. Recent studies in mouse eyes in-

dicate that the primary role of macrophages during 

HSV infection is to serve to process HSV antigens and 

present them to T cells [21]. 

Natural killer cells 

NK cells help clear HSV by two main mecha-

nisms; Infected cells that down-regulate MHC-I ex-

pression are cytotoxic to CD56 dim CD16+ subsets and 

release IFN-γ from the CD56 subset. As discussed 

above, this IFN-γ is a key antiviral effector, upregulat-

ing MHC-I and -II expression in infected keratinocytes, 

activating macrophages and DCs, and stimulating B 

cells. NK cells and γδ T cells are considered to be the 

main producers of IFN-γ prior to activation. IFN-γ in-

duction in NK cells is also induced by IL-12 secretion 

involving activated myeloid cells and precedes the at-

tenuation of the immune response by regulatory T cells. 

The relative importance of iNKT cells in HSV infection 

is still poorly understood, although their role has been 

demonstrated in mouse models [22]. Therefore, the rel-

ative roles of NK and iNKT cells in HSV infection 

should be investigated, in part, in human ex vivo model 

systems. 

T cells 

CD4 and CD8 T cells are a key part of the adaptive 

immune response to HSV. CD4 T cells are an effector 

cell involved in the immune response to recurrent hu-

man HSV infection 12–48 h after infection and are ac-

tivated 4 days after the onset of primary lesions in hu-

mans [23]. CD4 T cells help DCs to activate CD8 T 

cells, which produce IFN-γ, which modulates the im-

mune response and limits HSV replication and spread, 

and helps clear HSV by activating B cells. IFN-γ pro-

duction by CD4 T cells is critical and is produced by 

Th1 CD4 T cells [24]. Chemokines such as CCL5 at-

tract CD4 T cells to sites of infection, where cytokines 

such as IL-12 produced by DCs initiate the differentia-

tion of CD4 T cells toward the Th1 subtype, producing 

IL-2 and IFN-γ. 

B cells 

In human vaccine studies, systemic anti-HSV an-

tibody has been implicated in protection against genital 

herpes, while the role of systemic antibody diffusion in 

murine eye infection cornea has also been shown. The 

role of local infiltrating B cells in HSV infection and 

other sexually transmitted viruses has been less studied 

than other infiltrating adaptive immune cells. Anti-

body-secreting cells and detectable and increased levels 

of neutralizing anti-HSV antibodies are present in le-

sional biopsies and are clustered with CD4 T cells 

showing cross-talk. In addition to the antibody re-

sponse, B cells have been observed to secrete IFN-γ, 

IL-4, IL-6, and several other cytokines [25, 26]. How-

ever, the role of these cytokines by activated B cells in 

lesions in the context of HSV infection would be negli-

gible compared to other immune cells in existing le-

sions [8]. 

Thus, cytokines and chemokines are integral to the 

immune response to HSV because they control the 

function and effector functions of many immune cells. 

However, these responses have been neglected in vac-

cine and drug design in the past. Vaccines that specifi-

cally use cytokines and chemokines to stimulate the 

cells needed for a robust response to HSV are currently 

being developed. It is important to unravel the key im-

mune cell interactions required for optimal protection 

against HSV infection and therefore to guide the devel-

opment of vaccines and immunotherapies. 

The aim of this study is to review and collect pub-

lished data on the role of cytokines, chemokines, mac-

rophages, T and B cells produced by immune cells in 

response to HSV infection in the immune response to 

HSV. changes have been noticed. Thus, the following 

changes are found in a group of patients infected with 

HSV-2 infection. 

As a person ages, the immunity of cells decreases, 

which increases the risk of contracting herpes zoster 

(HZ). Although oxidative stress plays a crucial role in 

the development of HZ, serum biomarkers of antioxi-

dant activity of the disease are scarce. The aim of this 

study is to investigate the blood levels of key antioxi-

dants in HZ patients. To the best of our knowledge, this 

is the first study on this issue in the literature. Serum 

levels of antioxidants, including uric acid (UA), total 

bilirubin (TBI), albumin (ALB), vitamin D levels, and 

inflammatory markers such as homocysteine (Hcy) and 

C-reactive protein (CRP) in 53 age- and sex-matched 

HZ and analyzed retrospectively with healthy controls 

(HC). The relationships between these markers and the 

clinical severity of postherpetic neuralgia (PHN) and 

HZ were also evaluated.p <0.001), no statistical differ-

ences were found in vitamin D levels between the 

groups. Hcy and CRP levels were significantly in-

creased in HZ patients compared to HCs. Significant 

differences in serum levels of UA, Hcy, CRP and vita-

min D were observed in the PHN group versus the non-

PHN group ( p ). < 0.001). The presence of inflamma-

tory markers was found to be positively associated with 

disease activity. Furthermore, these biomarkers were 

statistically significantly increased in severe clinical 

type compared to mild or moderate clinical types of 

HZ. These results suggest that uncontrolled varicella-

zoster virus reactivation, acute nerve injury, and PHN 

may be associated with low antioxidant levels. These 

biomarkers may be a protective factor for HZ, but more 

research is needed to elucidate the underlying mecha-

nism [27]. 



Danish Scientific Journal No69, 2023 25 

 

Thus, indicators such as T and B cells, cytokines, 

chemokines, macrophages, keratinocytes, monocytes, 

etc., which occur during herpes infection from oppor-

tunistic infections, were investigated. In addition, the 

treatment and prevention of these infections, as well as 

the development of vaccine strategies, were investi-

gated. research is needed. 

 

References: 

1. Roizman, B.; Bıçaq, DM; Whitley, RJ Herpes 

Simplex Viruses. Fields Virology, 6th edition; Knipe, 

DM, Howley, PM, Cohen, JI, Griffin, DE, Lamb, RA, 

Martin, MA, Racaniello, VR, Roizman, B., Eds.; 

Wolters Kluwer/Lippincott Williams & Wilkins: Phil-

adelphia, PA, USA, 2013; pp. 1823–1897. 

2. Looker, KJ; Garnett, GP Systematic review of 

the epidemiology and interaction of herpes simplex vi-

rus types 1 and 2. Sex. Transm. Infect. 2005, 81, 103–

107. 

3. Kukhanova, M. K., A. N. Korovina, and S. N. 

Kochetkov. "Human herpes simplex virus: life cycle 

and development of inhibitors." Biochemistry 

(Moscow) 79 (2014): 1635-1652. 

4. Agelidis, Alex M., and Deepak Shukla. "Cell 

entry mechanisms of HSV: what we have learned in re-

cent years." Future virology 10.10 (2015): 1145-1154. 

5. Rechenchoski, Daniele Zendrini, et al. "Her-

pesvirus: an underestimated virus." Folia microbiolog-

ica 62 (2017): 151-156. 

6. James, Charlotte, et al. "Herpes simplex virus: 

global infection prevalence and incidence estimates, 

2016." Bulletin of the World Health Organization 98.5 

(2020): 315. 

7. Miklos, Zorka, et al. "In vivo production of cy-

tokines and β (CC) chemokines in human recurrent her-

pes simplex lesions—do herpes simplex virus-infected 

keratinocytes contribute to their production?." Journal 

of Infectious Diseases 177.4 (1998): 827-838. 

8. Cunningham, Anthony L., et al. "Evolution of 

recurrent herpes simplex lesions. An immunohistologic 

study." The Journal of clinical investigation 75.1 

(1985): 226-233. 

9. Koelle, David M., et al. "Clearance of HSV-2 

from recurrent genital lesions correlates with infiltra-

tion of HSV-specific cytotoxic T lymphocytes." The 

Journal of clinical investigation 101.7 (1998): 1500-

1508. 

10.  Bertram, Kirstie M., et al. "Herpes Simplex 

Virus type 1 infects Langerhans cells and the novel ep-

idermal dendritic cell, Epi-cDC2s, via different entry 

pathways." PloS pathogens 17.4 (2021): e1009536. 

11.  Kim, Min, et al. "Relay of herpes simplex vi-

rus between Langerhans cells and dermal dendritic 

cells in human skin." PLoS pathogens 11.4 (2015): 

e1004812. 

12.  Pontejo, Sergio M., and Philip M. Murphy. 

"Chemokines encoded by herpesviruses." Journal of 

Leukocyte Biology 102.5 (2017): 1199-1217. 

13.  Holdsworth, Stephen R., and Poh-Yi Gan. 

"Cytokines: names and numbers you should care 

about." Clinical journal of the American Society of 

Nephrology 10.12 (2015): 2243-2254. 

14.  Sokol, Caroline L., and Andrew D. Luster. 

"The chemokine system in innate immunity." Cold 

Spring Harbor perspectives in biology 7.5 (2015): 

a016303. 

15.  Purwar, Rahul, et al. "Induction of C3 and 

CCL2 by C3a in keratinocytes: a novel autocrine am-

plification loop of inflammatory skin reactions." The 

Journal of Immunology 177.7 (2006): 4444-4450. 

16.  Puttur, Franz K., et al. "Herpes simplex virus 

infects skin γδ T cells before langerhans cells and im-

pedes migration of infected langerhans cells by induc-

ing apoptosis and blocking E-cadherin downregula-

tion." The Journal of Immunology 185.1 (2010): 477-

487. 

17.  Kim, Min, et al. "Relay of herpes simplex vi-

rus between Langerhans cells and dermal dendritic 

cells in human skin." PLoS pathogens 11.4 (2015): 

e1004812. 

18.  Bosnjak, Lidija, et al. "Herpes simplex virus 

infection of human dendritic cells induces apoptosis 

and allows cross-presentation via uninfected dendritic 

cells." The Journal of Immunology 174.4 (2005): 2220-

2227. 

19.  Zhao, Xinyan, et al. "Vaginal submucosal 

dendritic cells, but not Langerhans cells, induce protec-

tive Th1 responses to herpes simplex virus-2." The 

Journal of experimental medicine 197.2 (2003): 153-

162. 

20.  Malmgaard, Lene, et al. "Herpes simplex vi-

rus type 2 induces secretion of IL-12 by macrophages 

through a mechanism involving NF-κB." Journal of 

General Virology 81.12 (2000): 3011-3020. 

21.  Lee, Dhong Hyun, and Homayon Ghiasi. 

"Roles of M1 and M2 macrophages in herpes simplex 

virus 1 infectivity." Journal of Virology 91.15 (2017): 

e00578-17. 

22.  Dhanushkodi, Nisha R., et al. "High fre-

quency of gamma interferon-producing PLZFloROR-

γtlo invariant natural killer 1 cells infiltrating herpes 

simplex virus 1-infected corneas is associated with 

asymptomatic ocular herpesvirus infection." Journal of 

Virology 94.9 (2020): e00140-20. 

23.  Cunningham, Anthony L., et al. "Evolution of 

recurrent herpes simplex lesions. An immunohistologic 

study." The Journal of clinical investigation 75.1 

(1985): 226-233. 

24.  Wuest, Todd R., and Daniel JJ Carr. "The role 

of chemokines during herpes simplex virus-1 infec-

tion." Frontiers in bioscience: a journal and virtual 

library 13 (2008): 4862. 

25.  Shen, Ping, and Simon Fillatreau. "Antibody-

independent functions of B cells: a focus on cyto-

kines." Nature Reviews Immunology 15.7 (2015): 441-

451. 

26.  Duddy, Martin E., Andrea Alter, and Amit 

Bar-Or. "Distinct profiles of human B cell effector cy-

tokines: a role in immune regulation?." The Journal of 

Immunology 172.6 (2004): 3422-3427. 

27.  Oskay, Tuba, Cem Keskin, and Mehmet 

Özen. "Antioxidant and inflammatory biomarkers in 

herpes zoster." Journal of Medical Virology 94.8 

(2022): 3924-3929. 

 


