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ABSTRACT 

A class of DNA viruses called herpesviruses is well-known for its capacity to create latent infections that last a 

lifetime and to elude the host's immune system. Natural killer (NK) cells, cytotoxic T lymphocytes, and anti-

body-mediated reactions are examples of both innate and adaptive immunity that are involved in the immune 

response to herpesvirus infection. Modulating host cytokine responses is one of the complex strategies that her-

pesviruses have evolved to circumvent these defences. The anti-inflammatory cytokine interleukin-10 (IL-10) is 

essential for controlling immunological responses and preventing tissue damage. To inhibit immune activation 

and increase viral persistence, a number of herpesviruses, including Epstein-Barr virus (EBV) and cytomegalo-

virus (CMV), encode viral homologs of IL-10 or cause the host to produce IL-10. This immunomodulatory ef-

fect aids in the development of latency and reactivation as well as the virus's ability to evade immune surveil-

lance. Knowing how herpesviruses and IL-10 

Keywords: Immune evasion, Latency, Cytokines, Herpesvirus, Interleukin-10, Immune response 

Introduction to Herpes Virus Infections  

Herpes virus infections are some of the most wide-

spread in human populations, with high-grade chro-

nicity, posing a considerable burden to public health 

worldwide. Infection by herpes viruses may take a 

very wide variety of clinical forms that can involve 

not only the orofacial and genital regions but, in 

some circumstances, other organs, such as the brain 

and the eye. Although clinical presentation is, overall, 

very variable, the presence of vesicles demonstrates 

the likelihood of the involvement of the virus family 

Herpesviridae. These may be diagnosed by immuno-

logic assays, viral culture, or detection of viral DNA 

through PCR. Particularly, the herpes viruses Herpes 

simplex, varicella-zoster, and Epstein-Barr are re-

sponsible for herpes stomatitis and/or orofacial or 

genital ulcers (1). 

This is why, for a successful strategy to counteract 

herpes virus infections, we need to know the details 

of our enemy, the herpes virus. Knowing the immu-

nology and, in particular, the mechanisms that regu-

late the interaction between the host’s cells and the 

herpes virus lies, indeed, at the base of successful 

control and eradication strategies. Thus, this manu-

script will focus on this latter topic, i.e., the role of 

IL-10 in controlling the immune response against 

herpes viruses. To our knowledge, a review on this 

specific subject has never been done in the past. In 

the upcoming paragraphs, we reinforce this stand-

point and the context in which it can be observed (2). 

1.1. Types of Herpes Viruses 
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Herpes viruses are categorized into three families: 

alpha herpes virus, beta herpes virus, and gamma 

herpes virus. Among the herpes viruses, eight of 

them infect humans, including Herpes Simplex Vi-

rus 1, Herpes Simplex Virus 2, varicella zoster vi-

rus, Epstein-Barr Virus, cytomegalovirus, human 

herpes virus 6, human herpes virus 7, and human 

herpes virus 8. Herpes Simplex Virus types I and II; 

varicella zoster virus that is also known as human 

herpes virus 3; Epstein Barr Virus, or human herpes 

virus 4, manifests as infectious mononucleosis or 

acute or chronic infectious syndrome but can lead 

to a variety of diseases, including malignant lym-

phomas such as Burkitt's lymphoma, biological 

lymphoma, Hodgkin's lymphoma, and nasopha-

ryngeal carcinoma depending on the target cell and 

time of infection; cytomegalovirus, or human her-

pes virus 5, is common and infects 50–80% of 

adults before the age of 40. Human herpes virus 8 

can cause Kaposi's sarcoma in acquired immune 

deficiency syndrome patients. Human herpes virus 

6 and human herpes virus 7 manifest as exanthem 

subitum in young children (1). 

Among these eight viruses, Herpes Simplex Virus 1 

and Herpes Simplex Virus 2 can cause severe dis-

eases depending on age, immune status, socioeco-

nomic conditions, and significantly associated 

pathogens; further, these pathogens have high anti-

genicity. Herpes Simplex Virus 1 manifests as oro-

labial herpes, herpes simplex keratitis, encephalitis, 

genital herpes, viral meningitis, and herpes simplex 

stomatitis. Herpes Simplex Virus 2 manifests ex-

clusively in the genital tract of humans and is 

transmitted through sexual routes. Genital Herpes 

Simplex Virus 2 manifests as a primary infection, 

first episode, first-episode severe, first-episode mild, 

recurrent anogenital, and asymptomatic shedding. 

Herpes Simplex Virus causes a dermal infection 

before entering sensory nerve endings, which can 

cause injections or scratch reactions within the skin. 

Additionally, Herpes Simplex Virus can enter sen-

sory nerve endings, move in a retrograde manner 

within the sensory nerve, and hide in the nerve cell 

body after reaching the sensory ganglion. Herpes 

Simplex Virus can then become latently infected 

and occasionally recur. The replication of various 

herpes viruses causes disease, and the clinical 

symptoms are different; thus, they are divided into 

human herpes susceptibility to infectious and ma-

lignant lymphomas. Overall, the different herpes 

viruses manifest as acute, persistent, and chronic, or 

malignant diseases (3). 

2. Immunological Response to Herpes Virus 

A complex immunological response is triggered by 

the herpes virus entry process. Initial innate im-

munity is mediated by uptake, proteolytic digestion, 

or degranulation of the herpes virus by approxi-

mately three seconds of natural killer (NK) cells, 

circulating macrophages, and then larger numbers 

of mononuclear monocytes in the vaginal mucosa. 

Neutrophils, on the other hand, are present next to 

the extravasation. They are not cleared in the initial 

flow-through and probably work later. Cutaneous 

dendritic cells with Siglec-H high produce the first 

interferon-beta in the body in response to degranu-

lation, except for dermal. γ/δ T cells and α/β T cells 

undergo high production and recruitment of IFN-γ. 

In addition, skin dendritic cells (DCs) migrate 

through the lymph nodes and degranulate to release 

IFN-β, thus causing the lymph node itself to recog-

nize antigens. Next, various lymphadenitides can 

mediate and target HSV-1 (3). 

A very important finding is the release of lipoxin 

A4 and aspirin-triggered lipoxin in dendritic cells 

(DCs) to reduce pain and tumor necrosis factor, and 

not only to cause α/β T lymphocytes to infiltrate 

into the sensory dorsal root ganglion, where they 

are suppressed and effectively closed. The study of 

concentrated leukotriene B4 showed that it can ef-

fectively reduce the skin inflammation and it is 

blocked to reduce neural pain reduction by aspirin, 

then intramuscularly with leukotriene B4 receptor 
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blockers. This data illustrates the depth of the in 

vivo immune response to the herpes virus role in 

immune evasion. This research offers the promise 

of a new way of thinking about treating herpes in-

fections and allocating expensive vaccination re-

sources more effectively and equally to immune 

responses. It opens the way to individualized care 

that can predict the immune response to empirical 

therapy and allow scientific intervention to mini-

mize structural damage at the end of treatment and 

shorten treatment time. A range of in vivo response 

diversity may explain conflicting research findings, 

such as those of Liu. This could help explain the 

dominance of activated T lymphoblast populations 

(2). 

2.1. Innate Immune Response 

Herpes viruses are ubiquitous pathogens, often 

asymptomatic but present with clinical manifesta-

tions when there is a breakdown in patient immun-

ity. The innate immune response is the first line of 

defense, with three main mechanisms: immediate 

defense mechanisms in the early recognition phase, 

up to a few hours, and finally, recruiting and acti-

vating the adaptive immune system. The recogni-

tion of viral molecular patterns and the following 

immune response against herpes viruses is neces-

sary to close all the doors facilitating their elimina-

tion. Pattern recognition is primarily due to the ac-

tion of pattern recognition receptors, a mixed pop-

ulation of soluble, transmembrane, and intracellular 

receptors that can regulate the immune response 

against herpes virus components (4). 

In the later stages of an infection, various immune 

cells, such as monocytes and macrophages, detect 

infected target cells and either phagocytose them as 

apoptotic bodies or directly secrete cytokines, or 

use cytokines for enhanced phagocytosis, recruit 

neutrophils, and secrete cytokines and chemokines 

as an iatrogenic response, which culminates in the 

era of inflammation. The large amounts of chemo-

kines released by the infected cells retain organic 

debris at the primary site and are subject to destruc-

tion by granulocyte arrival in the form of neutro-

phils, the main phagocytes in this era. Cytokines 

such as IL-10 are central components of viral con-

trol because they are multifunctional cellular thera-

pies in many cell types. They inhibit different stag-

es of T cell activation and are secreted to limit the 

host’s autoimmune response and prevent harmful 

self-destructive conditions. The variety of effects of 

IL-10 is evident from its ability to regulate the de-

velopment of several major immune cells and is 

important for antiviral control (4). 

2.2. Adaptive Immune Response 

Upon herpes virus infection, the human body acti-

vates a specific immune response against the virus, 

the adaptive immune response, that works espe-

cially to fight the infection and remember it to 

avoid any future relapse. The main characters in-

volved in this response are called T cells and B 

cells. The adaptive response generally takes some 

days to be activated after the infection because T 

cells need time to recognize and kill the infected 

cells and destroy the virus itself, and B cells need to 

create antibodies capable of neutralizing viruses 

and preventing infection. In some cases, it is diffi-

cult to fight the infection, mostly for people with 

weak immunity. However, other characteristics in 

our body, although less effective, are also activated 

during and after herpetic infection to limit it and 

protect our body from damage (1). 

T lymphocytes or T cells are the mediators of the 

cellular arm of the adaptive immune system. When 

a dendritic cell presents an antigen to a naive T cell, 

it becomes an activated T lymphocyte or a T helper 

cell, which can kill any virus-infected cell assem-

bled on an MHC I, while the T helper cell can pro-

ceed to activate a cytotoxic T lymphocyte by 

providing signal 2. This ensures that cytotoxic T 

lymphocytes target infected cells when viral parti-

cles are produced and is therefore crucial in pre-

venting the viral spread in an organism (5). 
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2.3. Role of Cytokines 

Cytokines play a central role in communication 

among the diverse cell populations that form the 

immune system. They establish the sequence of 

events in the complex process of inflammation that 

is largely responsible for the immunological re-

sponse against infections. In the context of onto-

genesis, pregnancy, and/or chronic conditions, cy-

tokine-related processes may be associated with or 

responsible for certain states of viral shedding and a 

higher risk of transmission. Some herpesviruses 

interact with the immune system, inducing the 

production of these soluble factors, in particular, 

the release of interleukin-10, a pleiotropic cytokine 

produced by a variety of cell types, including 

non-immune cells and all of the major leukocyte 

populations (6). 

Proinflammatory cytokines are very important in 

triggering a number of antiviral cellular responses. 

However, the long-term activity of these molecules 

leads to the development of harmful autoimmune 

responses and lesion formation. This action needs 

to be adequately controlled, which occurs through 

the regulation of the production of proinflammatory 

cytokines and the production of molecules respon-

sible for the neutralization of their actions, such as 

interleukin-10 itself. The balance between the pro-

duction of inhibitory and proinflammatory cyto-

kines will determine the diversification of the dis-

ease. Therefore, a more rational therapeutic ap-

proach would involve the neutralization of specific 

inhibitory cytokines or their molecules, allowing 

for more effective proinflammatory responses. Fi-

nally, all cytokines are also able to directly or indi-

rectly stimulate the production of these vi-

rus-specific molecules through other immunologi-

cal components. It has been recently shown that the 

quality, and not the quantity, of the presence of 

these molecules is fundamental for the adequate 

elimination of a pathogen during an immunological 

response (7,16,20). 

3. Interleukin 10: Overview and Function 

Interleukin 10 is a highly anti-inflammatory cyto-

kine with many ways of working. It can be made by 

many cells, but the regulatory T cell and the regu-

latory B cell are the main producers of the inducer 

subtype. It is more likely to be an immunosuppres-

sive factor due to its extensive impact on almost all 

immune cells. The most common foreign function 

is to promote the differentiation of regulatory T 

cells and inhibit the effects of antigen-presenting 

cells, as an antagonistic factor to other 

pro-inflammatory cytokines. In response to herpes 

virus infections, the concentration of IL-10 in the 

peripheral blood of the host usually increases sig-

nificantly and is closely related to the severity of 

the disease. IL-10 is also involved in the mecha-

nism of virus responsiveness, inducing the reactiva-

tion of the herpesviruses. (8.17). 

By inhibiting the activity of transcription factors, 

IL-10 is likely to have a broad-spectrum effect on 

different immune cells. This enabled it to serve as a 

balance between the host's self-protective immunity 

and the harmful inflammatory attack based on pre-

vious racial immunity or sensitization by previous 

vaccination. Many researchers have shown that if 

the secretion of IL-10 is too strong or out of con-

trol, it can easily lead to more virus replication in 

the host tissue, and more tissues are damaged by 

the over-inflammation. In addition, dysregulated 

IL-10 also has a broad-spectrum impact in some 

diseases, such as the dissemination of herpesvirus-

es, turning into a systemic immunosuppression re-

sponse in a variety of different groups, which 

means that IL-10 is likely to be a target for effec-

tive prevention and treatment of a series of vascular 

and other diseases (9,18). 

3.1. Structure and Production 

Interleukin 10 (IL-10) molecules (18 kDa) are 

non-glycosylated homodimers of two similar poly-

peptide chains containing 160-179 amino acids 

(human IL-10, 178 amino acids). Amino acid se-
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quence homology between species is around 70% 

between human and mouse IL-10. IL-10 binds to its 

receptor, a complex of two different subunits. Gen-

erally, the IL-10 receptor binds homodimerically, 

producing a complex that dimerizes on its own. 

IL-10 binding activates the Jak1 and Tyk2 kinases 

associated with the IL-10 receptor (10,19,20). 

IL-10 is produced by several cells: T-helper cell 2 

and a subpopulation of T-cytotoxic and 

T-suppressor cells following, in part, the action of 

TH-2 cells; a subpopulation of B cells; human B 

lymphomas; macrophages obtained from mono-

cytes stimulated with GM-CSF or LPS in the pres-

ence of IL-10; activated thymocytes; and murine 

mastocytoma stimulated with antigen. In 

steady-state conditions, activated human peripheral 

blood monocytes synthesize IL-10, in part, follow-

ing direct signaling between CD14 and IL-8 

κ-receptors. Several factors may induce the produc-

tion of IL-10 by different cells in culture or in vivo: 

heat-killed pathogens but not their products, pros-

taglandin E2, glucocorticoid hormone, at least one 

anti-inflammatory cytokine, and IL-10 itself 

through an autoregulatory circuit (11,16,21). 

3.2. Regulatory Functions 

The antagonization of a pro-inflammatory immune 

response by IL-10 indicates the key nature of this 

cytokine in immune modulation. Since its discov-

ery, extensive research has characterized IL-10 as 

essential in inhibiting various aspects of the im-

mune system in order to maintain homeostasis. 

Therefore, IL-10 is particularly important in main-

taining tolerance to harmless antigens. The main 

cells targeted by IL-10, due to their capacity to 

produce pro-inflammatory cytokines, are the mac-

rophages and microglia, in which IL-10 has its 

most prominent effect. IL-10 can suppress these 

cells either directly, by reducing the transcription of 

the M1 signature cytokines, just upregulated, or 

indirectly by inhibiting or promoting the degrada-

tion of pro-inflammatory neutrophils and vascula-

ture. This, in turn, results in a reduction in the sig-

naling through IGF-3, TNF-α, and IL-1, which re-

sults in a suppression of pro-inflammatory cytokine 

secretion. IL-10 also affects multiple immune cell 

types, including T cells, B cells, and anti-

gen-presenting cells, to modulate inflammation 

(12,22). 

Binding of IL-10 to its receptor and subsequent 

phosphorylation by JAK1, JAK3, and TYK2 leads 

to activation of STAT3, which migrates to the nu-

cleus to drive transcription of anti-inflammatory 

genes. Perhaps most significantly, IL-10 promotion 

of Treg development, likely via effects of IL-10 on 

antigen presenting cells, is a potent means by which 

increased IL-10 signaling can effectively dampen 

immunopathologies. This important broad an-

ti-inflammatory role of IL-10 that is potentially 

heightened in chronic inflammatory environments 

bears particular relevance to the immune response 

to herpes viruses. IL-10 has therefore received 

much attention as a target for the treatment of in-

flammatory diseases due to its regulatory role in 

dampening pro-inflammatory cytokine signaling 

and driving the immune system towards an envi-

ronment of immune tolerance. A lowered pheno-

type of any of the above-mentioned pathways pre-

dominantly leads to hyperactivation of the immune 

response and a heightened state of inflammation 

and autoimmunity. This illustrates a critical regula-

tory role of IL-10 in maintaining homeostasis and 

dampening inflammatory stresses (2,23). 

4. Interaction Between Herpes Virus and Inter-

leukin 10 

Herpesviruses and Interleukin 10 (IL-10): Interac-

tion between herpes virus and interleukin 10. Inter-

leukin 10 (IL-10) is produced in response to viral 

infections but also aids in immune evasion strate-

gies established by pathogens. Herpesviridae rep-

resent the leading cause of virus-associated cancer 

and are characterized by the ability to establish la-

tency in their host. γ-Herpesviruses can condition 
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the host immune response to enhance their replica-

tive niche in the host. IL-10 is often implicated, and 

dysregulation in its expression can alter the out-

come of infection in both directions (6,24,25) 

IL-10 is produced by different cell types, where it 

supports plasma cell development while acting as a 

negative regulator of neutrophil and Th1 cell acti-

vation and proliferation. Some herpesviruses can 

induce or upregulate IL-10 production themselves. 

The purpose of this is likely twofold, as it can sub-

vert or hinder immunity by the upregulation of this 

cytokine while subverting immune regulation to 

support the establishment of latency. The herpesvi-

ruses can express IL-10 homologues that signal 

through the IL-10 receptor, suggesting that the 

binding of IL-10 to this receptor plays a critical role 

in the establishment of latency. The idea that IL-10 

aids γ-herpesvirus infection is clear, as the deple-

tion of IL-10 often results in the rapid clearance of 

the virus. This suggests a possible route of inter-

ference: the modulation of IL-10 for the improve-

ment of the outcome of gamma herpesvirus persis-

tence. Nevertheless, it is important not to dismiss 

the importance of IL-10 in the clearance of 

γ-herpesvirus infection. An understanding of the 

interaction of a host and herpes viruses with IL-10 

is an important step to understanding the disease 

that these persistent herpes viruses cause. This 

study demonstrates how a virus's exploitation of 

immune regulation can help it cause disease. The 

level of IL-10 at the early stage of infection might 

be a factor in determining how and if a T cell re-

sponse will be able to clear and, if not, control a 

herpes virus. It could facilitate accurate as well as 

effective therapeutic intervention. Can we manipu-

late the concentration of IL-10 for the amelioration 

of symptoms and enhancement of immune re-

sponse? Treatment for patients infected with anoth-

er γ-herpesvirus is already trying to pinpoint this 

range of IL-10 for the best outcome (13,19,26). 

4.1. Effect of IL-10 on Herpes Virus Infection 

Herpes virus infections are immune modulators and 

can cause inflammatory responses. Many an-

ti-inflammatory cytokines are therefore associated 

with herpesvirus infections. One type of cytokine is 

interleukin 10. During acute infection of the body, 

levels of IL-10 increase. Increased IL-10 levels at 

this time may protect the body from overly exacer-

bated inflammatory responses. There are risks 

when IL-10 may increase significantly. One of the 

risks is that the immune system's response is 

blocked by a high level of IL-10. The absence of a 

response can then help the virus to survive. Several 

studies test the effect of IL-10 on herpes virus in-

fection. The conclusion is that the effect of IL-10 

depends completely on the situation. Generally, the 

moderate increase in IL-10 at the beginning of the 

herpes virus infection is considered positive. It 

helps reduce neuroinflammation and viral infection. 

However, chronic increases in IL-10 prevent the 

immune system from eliminating the virus. This 

will result in an increased viral load and reduced 

immune system protection. Treatment with thera-

peutic drugs must be considered for changes in 

IL-10 levels. Increasing or decreasing IL-10 levels 

can be a therapy in certain herpes virus infections. 

For example, one research team concluded that 

IL-10 supplementation suppresses the immune sys-

tem and the herpes virus. Other studies have shown 

that lowering IL-10 levels increases the immune 

system's ability to fight viruses. Combination ther-

apy by reducing IL-10 and overreactive inflamma-

tion has also been shown to be effective in herpes 

infections. It has been shown that immunomodula-

tory drugs combined with antivirals can reduce loss 

of corneal transparency. However, it can be detri-

mental, such as scarring of the cornea. Therefore, 

monitoring IL-10 at appropriate concentrations and 

times will affect the outcome of herpes virus infec-

tion (14,22,27). 

5. Clinical Implications and Therapeutic Poten-

tial 
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Interactions between herpes viruses and their host 

immune responses are complex. Herpesviruses are 

known to induce a multitude of cytokines during 

acute infection. There is a significant body of liter-

ature demonstrating the ability of herpesviruses to 

evade the host immune response through multiple 

pathways. This knowledge allows for the develop-

ment of innovative strategies to reduce viral burden 

and modulate immune responses. A focus on these 

interactions is especially important in viral infec-

tion, where an incomplete or inadequate immune 

response leaves the individual susceptible to higher 

rates of chronic infection. A key to the develop-

ment of new therapeutic strategies is to further un-

derstand the role of specific cytokine pathways 

during herpesvirus infection. Cytokines that are 

involved in modulating immune responses to 

chronic viral infections may be more promising 

candidates for adjuvant immunotherapies for indi-

viduals with chronic herpesvirus infection. Infec-

tions frequently trigger a unique pattern of im-

munopathology (15.21). 

Herpesviruses can subvert this process in many 

ways. Some can block the surface expression of 

major histocompatibility complex I proteins, some 

block the T cell receptor chain proteins that are re-

quired for T cell activation, some introduce early 

proteins that are homologs of cytokines and/or their 

receptors and thus skew cytokine responses away 

from effective antiviral immunity, and some ex-

press viral microRNA mimics open reading frame 

that result in viral interference of a wide variety of 

cytokine expression and regulation. In some cases, 

these strategies appear to mimic similar pathways 

in other chronic infections and negatively affect 

overall antiviral T cell immunity. Some signaling 

pathways are coordinated to produce IL-10, an 

immunosuppressive cytokine. For example, in the 

herpesvirus/IL-10 pathway, the virus infection can 

stimulate the innate immune response of macro-

phages or other antigen-presenting cells to make 

IL-12. Other investigators showed that IL-10 neu-

tralizing antibody can partially reverse CD8+ im-

munosuppression. Another example of this is the 

role of the Tolsotuzumab anti-IL-6 mAb that re-

verses the immunosuppression of CD4 and CD8+ T 

cells in cancer (15,29). 

5.1. IL-10 as a Therapeutic Target 

Elevated plasma IL-10 levels in patients with her-

pes virus infections are considered a marker of dis-

ease severity. An imbalanced inflammatory re-

sponse may contribute to excessive damage, espe-

cially that observed in nervous tissue. IL-10 re-

stricts IFN-γ signaling at the stage of the IFN-γ re-

ceptor by inhibiting its downregulation. The ra-

tionale to target IL-10 could be either to restrict the 

immune environment, thereby reducing hazards, or 

to increase the immune environment to protect 

from infection. There are different strategies in 

harnessing IL-10 to manage an infection, including 

IL-10 inhibition and augmented IL-10 expression. 

Recent research demonstrates the therapeutic po-

tential of IL-10 manipulation in enhancing antiviral 

responses. There is considerable interest in modu-

lating the activity of IL-10 for therapeutic gain in 

diverse conditions, as opposed to inhibiting IL-10 

systemically. While promising, IL-10-targeted 

therapies are challenging due to the multiplicity of 

IL-10 sources and the necessity to rebalance the 

actions of other cytokines and cells. Hence, the 

immediate exhaustion of IL-10 may not be a suc-

cessful approach. Targeting IL-10 to enhance anti-

viral responses is currently being explored but has 

yet to be trialed in humans. Some of the factors 

contributing to success in targeting IL-10 to en-

hance antiviral responses include a working im-

mune environment, among others. Furthermore, 

outcomes should be individualized based on pa-

tient-specific factors (8,28). 

Conclusion: 

Innate and adaptive immunity work together in the 

intricate immune response to herpesvirus infec-
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tions. Herpesviruses, however, have developed 

ways to weaken host defences, especially by alter-

ing cytokines like interleukin-10 (IL-10). These 

viruses can suppress immune responses, promote 

latency, and increase viral persistence within the 

host by eliciting or imitating IL-10. The potential of 

IL-10 as a target for therapeutic intervention is 

highlighted by our understanding of its role in her-

pesvirus pathogenesis. Future studies that concen-

trate on IL-10 signalling pathways and how viruses 

manipulate them could yield important information 

for the creation of innovative antiviral treatments 

meant to reduce reactivation and chronic infection. 
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