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CHARACTERISTICS OF IMMUNE RESPONSE DURING HERPES SIMPLEX

VIRUS INFECTION IN CHILDHOOD

Hristina Stamenkovié*?, Katarina Harfman-Mihajlovié3

The infection with the herpes simplex virus (HSV) basically implies the chronic

activation of the immune system. Interferon gamma (IFN—Y) and Interleukin 4 (IL-4) are
part of the mechanisms that control the immune system's response to recurrent herpes
simplex virus.

The research included 40 children (2—15 years old) with clinical herpes simplex
virus infection. Routine laboratory tests were performed on the patients: leukocyte count,
creatinine-kinase-CPK, oxidative stress (nitro-blue tetrazolium), NBT test, lactate-LDH
dehydrogenation, IFN-Y, IL-4 levels in serum were measured by ELISA test. The serological
test for HSV type | virus was positive in all patients.

A high level of LDH, CPK was detected as well as a low ability to reduce NBT. An
increased level of IFN-Y, IL-4 was observed compared to the control group of patients (who
did not have clinical manifestations of herpes virus infection). Patients with a high
concentration of IFN-Y are associated with a low concentration of NBT-test.

During infection of virus herpes simplex, an immune response is activated
(lymphocyte Thland Th2 type are stimulated). Different clinical manifestations are based
on a certain type of immune response. Our results presented the dominance of the Thl
type of response over the Th2 type. The production of IFN gamma was higher compared to
IL4. Oxidative stress parameters were also associated with the dominant Thl type of
immune response. This is all important for prognosis, prevention and therapy.
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Introduction

Herpes simplex virus type 1 (HSV-1) is a
DNA virus, a member of the Herpes viridian’s
family (25 family members) associated with
manifestations like: dermatologic, immunologic,
or neurologic disorders (1,2,3). Infection of HSV-
1 can manifest as primary, latent and recurrent
(3). Xu et al report that 36% of children younger
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than 14 years of age have serological evidence of
HSV-1 infection in the United States (4).

In children and young adults, primary
infection (gingival stomatitis) usually occurs with
HSV-1 (5). Studies show that primary HSV-1
infection manifests itself in two groups of
children: the first group of children, between 6
months and 5 years of age, and the second in
adolescence (6,7).

Often the primary
asymptomatic. Primary infection is manifested
with damaged oral mucosa and (gingiva
accompanied by pyrexia, lethargy, loss of
appetite (8,9). Also, patients can have irritability
headaches and bilateral cervical
lymphadenopathy (10—-13).

Shaffer et al. point out that HSV can cause
lifelong infection, through the spectrum of
diseases depending on host factors such as
immune competence, age and site of infection
(5) Theil et al. report that latency infection HSV-1
is a part of the inflammatory process where virus
factors are a crucial role for of latency (14,15).

The interactions between the host
immune system and HSV-1 are very complex.

infection is
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Many investigators tried to explain the
mechanisms of the pathogenesis of infection
HSV-1. Previous studies demonstrated that

monocytes, natural killer (NK) cells and different
T lymphocytes populations all have important
functions in the control of HSV infections
(16-19).

Usually during virus infection, the immune
system is activated with the intent to destroy the
virus. Many studies described that CD4+ and
CD8+ T lymphocytes and their soluble products
(cytokines) have a function in the control of
disorders during HSV-1 infection (20).

Mogensen et al demonstrate that the HSV
down-modulates the production of
proinflammatory cytokines. Also, Mogensen et al
described the role of macrophages during HSV
infection (21). In this study, the author and
colleagues demonstrate that HSV-1 suppresses
the production of cytokines (22).

Cytokines control cell survival. Antiviral
functions are triggered by cytokines and lead to
the activation of inflammatory factors. Therefore,
it is not surprising that one of the strategies of
viruses is to target cytokines to avoid removal by
the immune system (23). Many studies try to
explain the mechanisms of latent infection of
HSV. Herpes simplex virus type 1 (HSV-1) after a
primary infection of the skin or mucous
membrane, attacks sensory neurons and is
transmitted by in sensory ganglia. Therefore,
remittent illness is not the result of exogenous
reinfection, but the awakening of a latent virus
(24). Also, investigators point out the main role
of cytokines during infection of HSV (25).

The purpose of this study was to explain
the physiology of immunoregulation (parameters
of oxidative metabolism, clinical manifestations,
haematological and biochemical parameters, cell
injury enzymes) and their effect on the clinical
manifestation of disease in HSV-1 seropositive
children.

Matherial and Methods

Fourty children were involved in the study(
from 2 to 15 years old) with signals of herpes
virus (HSV) herpes simplex virus infection and
medical history of frequent inflammatory
reactions such arelapse of labial herpes, urticaria,
remittent respiratory tract infections. Inclusive
measures were positive ELISA test and age for
viruses HSV. None of the children were under any
treatment before blood collection for analysis.

Blood was taken after their verbal
agreement from patients and controls. There are
20 healthy patients in the control group.

Quantification of NBT test/Tetrazolium

reduction test

The Nitro-blue-tetrasolium (NBT) test was
performed according to the method to Park et.al.,
1968.

Serologic survey using ELISA assay

Level of IgM and IgG antibody for HSV
were determined by ELISA test.

Statistical analysis

Data are reported as mean x, = SD and as

a percentage of certain parameters. The
statistical significance of differences was
estimated by using Student's t-test. Microsoft

program SSPS version 7,5 was used for statistical
calculation of data.

Results

Control group had healthy children (20)
and 40 children.

There are very heterogeneous clinical
manifestations which comprised different organs
and systems (Table 1).

52% of the patients were positive for anti-
HSV whereas only 4% of the patients were
positive for IgM against HSV (Table 2).

Means levels of IFN-y and IL-4 were high
values in relation to control group (Table 3).
Results showed significantly low values of mean
level of IFN-y (p < 0,01) — Student t-test. There
was no normal level of IFN-Y. Values of IL-4
were significantly high and low (p < 0,01). A
higher value of INF-y was present in about 75%
of patients and high value of IL4 was present in
about 46% of patients. High values of IFN-y
followed change in haematologic parametars as
low values of leukopenia (74%), Hb (62%),
monocytosis (82%).

A high concentration of IFN-y followed
leukopenia (74%). We wused low levels of
haemoglobin about 80-90 g/lit, in relation to the
age of the children, in our study. Monocytosis
(35%) and low values of Hb (55%) were
associated with high values of IL-4 (Table 4).

There was no significant deviation at low
values of IFN-Y. High values of IL-4 are associated
with high values of GOT (49%), but low level of
IL-4 are associated with low values of CPK (25%)
(Table 5).

Domination of low levels of NBT in patients
with high levels of IFN-Y (Table6).
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Table 1: Clinically manifestations

Clinical manifestations n (%)
Labial HSV infection 7 17,5
Urticariarecidivans 6 15

BHR 5 12,5
Atopic dermatitis 5 12,5
Stomatitsaftosa 5 12,5
Laryngitis 4 10
Erythema anulare 4 10
Pneumonia 3 7,5
Encephalitis 1 2.5

Table 2: Positive ELISA test for HSV in patients

HSV
IgM + 1gG +
4% 52%

Table 3: Mean values of IFN-vy, IL-4

IFN-Y (1U/1) IL-4 (pgr/ml)
Study group(n=40) 0.59 = 0.21 1.42 + 0.42
Control group (n=40) 0.25 + 0.41 1.20 + 0.21

Results show as mean values + SD; n-number of patients

Table 4: Comparision between haematological parametars and IFN-y, IL-4. Interleukins, and low
levels of Hb, leukopenia, monocytosis

Low Hb Leukopenia Monocytosis
high IFN-Y 62% 74% 82%
high IL-4 55% 35%

Table 5: Comparision between enzymes, IFN-y and IL-4. Interleukins (IFN-Y, IL-4) and enzymes

(LDH, CPK, GOT, GPT)

High LDH High CPK High GOT High GPT
High IFN-Y 72% 80% 62% 61%
High IL-4 Normal Normal 49% Normal
Low IL-4 Normal 25% Normal Normal
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Table 6: Comparision between NBT test, IFN-Y, and IL4. Interleukine IFN-Y, IL4 and NBT-test

Low spont. NBT test

Low. stim. NBT-test

High IFN-Y 35%

72%

High IL4 17%

47%

Discussion

Children are infected primarily with orolabial
HSV by 5 years of age, with infection rates of 33%
in populations that are of lower socioeconomic
status and 20% in those who have improved
socioeconomic status. By adulthood, HSV affects
70% to 80% people of the lower socioeconomic
population and 40% to 60% of the higher
socioeconomic population (26).

This study showed that herpes virus
infection leads to activation of the immune system
and phagocytes.

Patients with other evidence of the disease
in this study, (labial HSV:17,5%, urticaria:15%,
BHR:12,5%, atopic dermatitis:12,5%, stomatitis
aphtosa:12,5%, laryngitis:10%,) are indicated in
Table 1.

All mothers of children included in the study
had herpes labialis.

HSV infection in persons with eczema or
other skin diseases causes eczema herpetic (27).

Exaggerated Th2 responses to common
allergens are characterized for atopic eczema and
such answers may be showed in the physiology of
eczema herpetic (28).

In our study we did not have aggressive
form of HSV infection on the skin. In 52% of
patients ELISA test was positive (IgG antibody on
HSV). Positive IgM antibody on HSV was 4% in
patients.

Our results show high concentrations of IL-4
were connected to a low percent of Hb (55%) and
high concentration of monocytes (35%).

Otherwise, high concentrations of IFN-yY were
connected to a high percent of monocytosis (82%o)
and low percent of Hb (62%), leukopenia (74%).

During HSV-1 infection many investigations
analysed the roles of subpopulations (CD4+ and
CD8+ T lymphocytes) (21). CD4+ T cells are
sufficient to clear the infection from both
peripheral and neuronal sites in the absence of
CD8+ T cells, (21). CD4+ T cells have been
suggested to be responsible for the inflammatory
response in HSV keratitis proved by investigation
(29).

The cytokines IL-4, IL-5, IL-10 and IL-13
express Th2 cell lineage and are involved in the
activation of B cells. In HSV-1 infection IL-4 and
IL-10 have been detected, but some of these data
are controversial, probably due to different mouse
models and virus strains used (25). Increased IL-4

levels correlated with increased HSV-1 replication
in the eye indicate that IL-4 might function by
down-regulating IL-2 in the HSV-1 infection. When
IL-2 is down producing, HSV-1 titers increase
(30).

In our investigation values of IFN-y, IL-4,
were compared with values of LDH, CPK, GOT, GPT
(Table 5). Patients with high levels of IFN-y had
high level of CPK (80%), LDH (72%), GOT (62%b)
and GPT (61%). The presence of risen levels of
this immune modulation cytokine in insistent
infection proposes that when the immune system
is unable to mediate viral clearance it may
contribute to injury of hepatocyte (31). Patients
with low levels of IL-4 had high levels of CPK
(25%0), while patients with high levels of IL-4 had
high levels of GOT (49%). The presence of risen
values of CPK may contribute to cell injury during
herpes virus reactivation.

IL-4 mRNA and protein were detected at
days 7 through 14 after HSV-1 infection; In a
study by Heilinhenhaus et al. compared to IL-2
and IFNgama, IL-4 staining intensities were lower
(32).

In resistance to HSV infection IFN-y may be
critical. HSV-specific IFN-y production by cultured
peripheral blood mononuclear cells (PBMC) is
lacking in some patients who have frequent
episodes of herpes labialis (33). A recent study
(29) compared titers of antibody to HSV and
cytokine production by cultured PBMC for
seropositive patients with or without a history of
herpes labialis.

Research has shown that activation of
lymphocytes causes HSV-1 keratitis, then type 1
cells release IL-2 and IFN-Y. Type 2 cytokines play
a role in better disease prognosis (34).

Lekstrom-Himes et al. suggest that IFN-y
plays two roles in HSV-1 infection. First, it
prevents acute disease and limits the quantity of
virus amenable to ganglionic latency; second, it
limits the spread of the virus once reactivated.

Viruses trigger an oxidative metabolism and
function of phagocytes. In our investigation, most
patients with high concentraions of IFN-Y,had low
NBT test (35).

Conclusion

During HSV infection, an immune response
is activated that goes in the direction of Thl and
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Th2 type of response. Different clinical
manifestations are based on a certain type of
immune response. Our results determined the
dominance of the Thl type of response over the
Th2 type. The production of IFN gamma was
higher compared to IL4. Oxidative stress

parameters were also associated with the
dominant Thl type of immune response. It is
important to recognize the mechanisms and the
activity of the immune answer in a viral infection.
This is all important for prognosis, prevention and
therapy.
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U osnovi infekcije herpes simpleks virusom (HSV) jeste hroni¢na aktivacija

imunosistema. Interferon gama (IFN-Y) i interleukin 4 (IL-4) Cine deo regulatornih
mehanizama reakcije imunosistema na rekurentne infekcije herpes simpleks virusom.

Analizirano je Cetrdesetoro dece (starosti 2-5) sa infekcijom herpes simpleks
virusom tipa 1. Uradena je laboratorijska analiza bolesnika kojom su odredeni broj
leukocita, nivo laktat dehidrogenize (LDH), kreatinin kinaze (CPK) i oksidativni
metabolizam fagocita (sposobnost fagocita da redukuje boju nitro-blue-tetrazolium -
NBT). Nivo IL-4 i IFN-Y odredivan je pomocu ELISA testa. Seroloska analiza za HSV tipa
1 bila je pozitivna kod svih bolesnika.

NaSi rezultati su pokazali visok nivo LDH, CPK i niske vrednosti NBT testa. Bile su
povecane vrednosti IFN-Y i IL-4. Kod bolesnika sa visokim vrednostima IFN-Y bile su
povisene vrednosti LDH, CPK, GOT, GPT, a zabeleZeni su i nizak nivo hemoglobina
(Hb), leukopenija i monocitoza.

PoviSene vrednosti IFN-Y udruZene su sa nizim vrednostima NBT testa.

U toku infekcije herpes simpleks virusom aktivira se imunski odgovor
(stimulisani su limfociti Th1l i Th2 tipa). RazliCite klinicke manifestacije zasnivaju se na
odredenoj vrsti imunskog odgovora. Nasi rezultati pokazali su dominaciju Thl tipa
odgovora nad Th2 tipom odgovora. Proizvodnja IFN-7Y bila je ve¢a nego proizvodnja IL-
4. Parametri oksidativnog stresa takode su bili povezani sa dominantnim Th1l tipom
imunskog odgovora. Vazno je prepoznati mehanizme patogeneze i aktivnost imunskog
odgovora kod virusne infekcije. Sve ovo je vazno za prognozu, prevenciju i terapiju.
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