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At the outset, it is necessary to briefly review the main stages of the immune 

response to viral infections. The human immune system consists of the following 

components: T- and B-cell branches and factors of nonspecific resistance. The T-cell 

branch is represented by so-called thymus-dependent CD4+ and CD8+ lymphocytes, 

which, upon antigenic stimulation, become activated and function as effectors and 

inducers.  
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B cells are representatives of the B-committed lineage of the bone marrow, which, 

after interaction with an antigen, function as specific producers of immunoglobulins of 

the main classes (M, A, E, G) [1,2,3]. 

Factors of nonspecific resistance are cellular and secretory effectors of the so-

called innate (non-adaptive) immunity. The cellular components of the innate immune 

system originate from pluripotent hematopoietic stem cells, with the main 

representatives being tissue macrophages, Langerhans cells, granulocytes, and NK 

cells. 

The secretory products of these cells are capable of exerting distal modulatory 

effects on pathogenic agents, transformed cells, and healthy host cells. These include: 

 Enzymes: cathepsins G, B, E, V; phospholipases A2, B, C; phosphatases; matrix 

metalloproteinases, and others. 

 Opsonins: complement components; mannose-binding lectin; C-reactive protein 

and other pentraxins. 

 Cytokines: IL-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12; TNF-α, TNF-β, 

lymphotoxin-β. 

 Anti-cytokines: soluble receptors (IL-1RIIb, IL-4, IL-3, GM-CSF, IL-6, TNF-

RI, TNF-RII, etc.) and antagonists (IL-1ra, IL-4R2, etc.). 
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 Vasoactive bioactive substances: histamine, prostaglandins, leukotrienes, 

thromboxanes, and others [4,5,6]. 

Macrophages (the resident tissue form of cells from the myelomonocytic lineage) 

are one of the main effectors of nonspecific tissue responses. They process ingested 

antigenic material—through phagocytosis or receptor-mediated endocytosis—

breaking it down into peptides suitable for effective interaction with MHC class I and 

II molecules. This allows subsequent membrane expression and participation in the 

activation of specific T cells (the phenomenon of “dual restriction”: T cell activation 

occurs only when the antigenic epitope is recognized in the context of self-MHC) 

[7,8,9,10,,11,12]. 

Macrophages also contribute to the formation of complement components (C2–

C5), which are necessary for cytolysis and immune complex formation. They 

synthesize factors important for granulocyte differentiation (M-CSF, GM-CSF, IL-3, 

and others) and release mediators that stimulate their own activity as well as the activity 

of T and B lymphocytes (IL-1, IL-4, IL-12, IL-10, and others) [20,21,22,23,24]. 

The effector role of macrophages primarily involves phagocytosis. In cases of 

incomplete phagocytosis, intracellular infectious agents—particularly HSV particles—

can persist intracellularly. During this process, additional membrane envelopes may 

form around virions using components from the phagocytic cell itself. As a result, 

mature, predominantly extracellular forms of HSV arise at the site of infection, which 

are infectious and contribute to the high contagiosity of the disease. Later, lymphocytes 

interact with the viral particles, and viral replication within these cells leads to the 

formation of virus-specific antigens [13,14,15,16]. 

When a virus enters the body, it is most often recognized as “foreign” by 

macrophages. After processing viral antigens, immunogenic viral epitopes appear on 

the macrophage membrane in complex with molecules of the major histocompatibility 

complex (MHC) — MHC class I and II. Viral antigens are presented as peptides 8–10 

or 15–25 amino acids in length, respectively. 

Specific CD4+ T cells can recognize foreign antigenic MHC–peptide 

determinants only in the context of MHC class II molecules (the “dual restriction” 

phenomenon, see above). During T-cell activation, the following stimulatory signals 

are known: 

1. First signal: paracrine effect of macrophage-derived IL-1 on T cells 

2. Second signal: interaction of CD80/CD86 on macrophage membranes 

with CD28 on T cells 

3. Third signal: interactions of co-stimulatory molecules such as CD2:CD58, 

CD54:CD11a/CD18, and others (Janeway, Ch. A., Travers, P., 1996). 

As a result of these processes, CD4+ T cells become activated and secrete specific 

cytokines characteristic of the two functional classes of T cells. 
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Natural killer (NK) cells are believed to be close relatives of cytotoxic T cells, as 

they apparently develop from a committed lymphoid stem cell in close proximity to 

the T-cell developmental pathway. NK cells do not express specific TCRs or BCRs, 

but they recognize target cells through alternative mechanisms, including: 

a) production of IFN-α, IFN-β, IFN-γ 

b) secretion of IL-12c) perforin-like molecules, and participation in receptor-mediated 

cytotoxicity processes 

The regulation of NK-cell activity is carried out by two main groups of receptors: 

KIR (Killer Inhibitory Receptor) and KAR (Killer Activating Receptor), which can 

recognize allelic forms of MHC class I molecules. In addition, the NKR-P1 receptor 

(CD161) can independently activate NK cells. NK cells are responsible for lysing 

virus-infected and transformed cells [17,18,19,20]. 

One well-established marker of NK cells is CD16, together with CD56+, CD57+, 

CD2+, CD8+, and CD3, which serves as a low-affinity FcγRIII for IgG, allowing NK 

cells to participate in antibody-dependent cellular cytotoxicity (ADCC). Furthermore, 

three newly identified genes structurally related to Fc receptors (FcγRII and FcαR) and 

KIR, called immunoglobulin-like transcripts (ILT), have been described; at least ILT2 

functions as a receptor for certain HLA-A, B, and G molecules. The ability of ILTs to 

interact with other classical MHC-I or MHC-I-like molecules such as CD1, MICA, 

MICB (Parmer, E. L., Zevine, K., 1996), and other proteins is currently under 

investigation [21,22,23,24]. 
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