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Abstract : Varicella-zoster virus (VZV) is the causative agent of varicella (chickenpox) and
herpes zoster (shingles). Primary VZV infection is thought to happen via the inhalation of virus
either in respiratory droplets or from shedding varicella lesions or by direct contact with
infectious vesicular fluid. The immune responses act to eliminate replicating virus during
varicella, but not all virus is cleared during this time, with some presumed to access nerve
axons in the skin, enabling transport to neurons in sensory ganglia where the virus is able to
establish a lifelong latent infection. When immunity declines, the virus reactivates causing
herpes zoster (shingles). Fifty patients with herpes zoster attending Marjan Hospital in Babylon
– Iraq, and thirty healthy control were subjected for this study. Serum samples were collected
from patient and from healthy control. All samples were investigated for measuring the level of
IL10, IFN ɣ and TNFα cytokine by ELISA to investigate their role in the immune-regulatory
mechanisms involved in reactivation of latent VZV. The results showed that the highest
proportion of herpes zoster infection within age group (41-60) by 23 (46%). Also there is
significant rise in the levels of IL10 (12.12±5.59)pg/ml of shingles patients when compared
with the healthy control group(4.74±0.90) pg/ml, while the levels of IFNɣ and TNFα were
significantly lower in patients (184.31±21.95 ,51.55±5.14) pg/ml respectively when compared
with healthy control group (218.03±26.21 ,62.35±6.74) pg/ml respectively.
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Introduction:
Varicella-zoster virus (VZV) is a double stranded DNA virus belongs to the herpesviridae family,
highly contagious, exclusively infects human that infects a majority of the world's population. VZV causes two
clinically significant diseases; varicella (chicken pox) and herpes zoster (shingles)1-3.
The primary infection of VZV results in varicella. Varicella in the immunocompetent host is a mild
disease, with lesion formation ceasing within 7 days4. The immune responses act to eliminate replicating virus
during varicella, but not all virus is cleared during this time, with some presumed to access nerve axons in the
skin, enabling transport to neurons in sensory ganglia, where the virus is able to establish a lifelong latent
infection5.
In about 10-20% of cases, VZV reactivates in life causes herpes zoster (HZ), also known as zoster or
shingles6,7.
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VZV-specific cell mediated immunity may limit reactivation of latent VZV in sensory neurons and
prevent the development of HZ by inhibiting the spread of VZV infection from these neurons8.
Herpes zoster (HZ) manifests as an acute, painful vesicular rash and is often accompanied by chronic
pain or postherpetic neuralgia9,10. HZ does not develop in all patients who had varicella. Unless the immune
system is compromised, it suppresses reactivation of the virus and prevents herpes zoster outbreaks, but herpes
zoster is more likely to occur in people whose immune systems are impaired due to aging, immunosuppressive
therapy, psychological stress, or diseases that depress the cell-mediated response of the immune system,
including human immunodeficiency virus infection and lymphoma11.

Materials and Methods
This study includes fifty cases of herpes zoster infection were identified in patients admission to
Marjan hospital in Babylon – Iraq, and about thirty healthy persons. The age of two groups range (14-80)
years. Patients whose treated with antiviral therapy were excluded. Venous blood sample was obtained from
herpetic and control groupsby using a disposable syringe. Five milliliter (ml) of blood were taken from each
subject by venipuncture and pushed slowly into a gel disposable tubes . Blood in the gel disposable tube was
allowed to clot for 10-15 minutes, then centrifugation of samples was done for 10-15 minutes at 1000 rpm, and
then serum was separated into several 0.5 (ml) Eppendorf tubes, and then stored at (-20° C) until the time of
analysis was carried out12.
Enzyme Linked Immunosorbent Assay (ELISA) was used to evaluate the levels of IL10 (Elabscience),
and IFNɣ and TNFα (Biolegand).

Results and Discussion
Shingles or herpes zoster is a viral infection caused by reactivation of latent varicella zoster virus 13.
Many studies suggest that weakened cellular immunity may be responsible for reactivation of the virus because
of aging, stress, or genetic factors14,15. However, cytokines and soluble factors may be involved in the
pathogenesis of herpes zoster. Cytokines play important roles in determining T cell responses 16.
Through reactivation of latent VZV from sensory ganglia and transport to the skin which followed by
skin lesion formation, inflammatory response formed include immune mediators that associated with the release
of paracrine secretion such as complement, interferon, histamine, substance p, and pro-inflammatory
cytokines17.
The results showed that the highest proportion of HZ infections within age group (41-60) by 23 (46%)
followed by age group (21-40) by 13 (26%) compared with the rest of groups which were the proportion of age
group (1-20) are 4 (8%) and age group (61-80) are 10 (20 %), in other word, the mean age of patients was
(47.66±18.63) years old.
In this study, we found that high concentration of IL10 in shingles patients group compared with
healthy control group, while the concentrations of IFNɣ and TNFα were significantly lower in patients
compared with healthy control group as shown in figures (1,2,3).
Interleukin (IL10) is an immunoregulatory and anti-inflammatory cytokine that is important in
protecting the host from infection associated immunopathology, autoimmunity, and allergy, mainly produced
by monocytes and, Th2 lymphocytes, mast cells. It downregulates the expression of Th1 cytokines, MHC class
II antigens, and co-stimulatory molecules on macrophages. ; however, it is also stimulatory towards certain T
cells (Th2) and mast cells and stimulates B cell maturation and antibody production18-21.
IL10 is capable of inhibiting synthesis of pro-inflammatory cytokines such as IFN-γ, IL-2, IL-3, TNFα
and GM-CSF made by cells such as macrophages and Th1 cells22,23.
IL10 is an immunomodulatory cytokine that suppresses cell-mediated immunity by inhibiting antigen
presenting cells leading to T-cell anergy24,25, also functions to minimize the development of Th1 responses by
decreasing Th1 related cytokines (IL-12 and IFN-γ) and encouraging Th2 responses by increasing levels of Th2
related cytokines (IL-4, IL-5 and IL-13)26,27. Also, IL-10 potentiates humoral immune responses and can
directly affect IgE regulation28.
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Polymorphisms of the IL-10 promoter gene may be associated with susceptibility to infectious disease.
The promoter region of the gene for IL-10 is polymorphic, producing three different haplotypes (combinations
of DNA sequences on one chromosome that are inherited together): GCC, ACC and ATA. IL-10 may be a
factor in VZV reactivation leading to shingles, and genetic inheritance of a specific haplotype of the IL-10
promoter gene may predispose carriers to shingles. This idea, too, considers genetic variations in human hosts,
rather than genetic variations in the VZV itself, to be behind increase or decrease shingles14.
In the present study, serum IL-10 levels were higher in our patient during shingles infection than
healthy control persons. This result agrees with study had been done by Smith-Norowitz et al.(2009) that
concluded that (before shingles, low levels of IL-10 were detected in serum; during shingles, the serum level of
IL-10 was increased 30-fold; it subsequently diminished at 5 months after shingles)29.
Interferones (IFNs) are commonly grouped into two types. Type I IFNs are also known as viral IFNs
and include IFN-α (leukocyte), IFN-β, (fibroblast), and IFN-ω. Type II IFN is also known as immune IFN
(IFN-γ).
Human IFN-γ is a potent multifunctional cytokine which is secreted primarily by activated NK cells
and T cells. Originally characterized based on its anti-viral activities30,31 IFN-γ also applies anti-proliferative
and proinflammatory and immunoregulatory activities. IFN-γ can upregulate MHC class I and II antigen
expression by antigen-presenting cells.
Interferon gamma (IFN-γ) is a potent cytokine produced following primary VZV infection32.
Nonhuman primates experimentally infected with simian varicella virus (SVV), the counterpart of VZV,
produce IFN-γ 7 to 11 days post infection33,34. IFN-γ also inhibits herpes simplex virus 1 (HSV-1) infection in
vitro35 and in vivo36,37. IFNγ shows a key role in preventing the virus from exiting the latency state 38. Also,
VZV reactivation correlates with a decline of VZV-specific IFN-γ-producing immune cells39,40.
VZV infection of human neurons in vitro is productive, although infected cells appear healthy 2 weeks
later41-43.
In study had been done by Baird et al. (2015), tested whether a cytopathic effect (CPE) eventually
develops in VZV-infected neurons and, if so, whether IFN-γ treatment suppresses viral growth and promotes
neuronal survival after VZV infection. The study had been revealed the inhibition of VZV DNA accumulation
and viral transcription in VZV-infected human neurons by IFN-γ. Generally, IFN-γ prolonged the life of VZVinfected neurons by inhibiting viral growth, reducing VZV genome content and transcript abundance, and
decreasing production of infectious virus, that mean IFN γ has important role in latency of VZV44.
In study has been done by Smith-Norowitz TA et al.(2009) revealed that before, during, and after
shingles, low levels of IFN-gamma were detected in serum, but neither IL-1beta nor IL-4 were detected29.
Tumor necrosis factor (TNF) is a proinflammatory cytokine that has a wide variety of functions. It can
cause cytolysis of certain tumor cell lines; it is involved in the induction of cachexia; it is a potent pyrogen,
causing fever by direct action or by stimulation of interleukin-1 secretion; it can stimulate cell proliferation and
induce cell differentiation under certain conditions.
TNF-α is produced by activated macrophages, T and B lymphocytes, natural killer cells, astrocytes,
endothelial cells, smooth muscle cells, some tumor cells, and epithelial cells45.
TNF is considered a central cytokine in acute viral diseases, including those caused by influenza virus,
dengue virus, and Ebola virus46.
Dysregulation of TNF production has been implicated in a variety of human diseases including
Alzheimer's disease47, cancer48, major depression49, Psoriasis50, and inflammatory bowel disease51.
Excess TNF production is associated with a number of chronic inflammatory and autoimmune diseases.
TNF is essential in the control and suppression of intracellular pathogens: it stimulates recruitment of
inflammatory cells to the area of infection, and stimulates the formation and maintenance of granulomas that
physically contain infection. In addition to stimulation of granuloma formation, TNF directly activates
macrophages, which then phagocytose and kill pathogens.
Previous studies have revealed that TNF-α had a markedly greater effect on influenza virus
replication52, and can inhibit the replication of vesicular stomatitis virus, encephalomyocarditis virus, and
herpes simplex virus in a dose-dependent manner and can prevent the development of cytopathic effects53.
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Inflammatory cytokines, like tumor necrosis factor and the members of the interferon family, are
effective mediators of the innate antiviral immune response. The intracellular antiviral states resulting from
treatment of cultured cells with each of these cytokines independently has been well studied; but, within
complex tissues, the early inflammatory response is likely mediated by simultaneously expressed mixtures of
these, and other, protective anti-viral cytokines. Such cytokine mixtures have been shown to induce potently
synergistic anti-viral responses in vitro which are more complex than the simple summation of the individual
cytokine response profiles. The physiological role of this 'cytokine synergy', however, remains largely
unappreciated in vivo54.
TNF inhibitors have been approved for the treatment of inflammatory bowel disease, psoriasis, and
rheumatoid arthritis55,56. In contrast, the use of TNF inhibitors for the treatment of sepsis has not been
successful, possibly due to the early release and short circulating half-life of the cytokine45.
Many studies reported the increased risk of HZ infections in patient on anti-TNF-α therapy57-63.
In fact, the incidence of HZ in the general population ranges from 3.2-4.2 cases per 1000 persons per
year64, while it is reported that rate is increased up to 10.60 per 1000 patient-years in patients on anti-TNF-α
therapy65.
TNF-α inhibits replication of VZV and VZV antigen expression and it has been shown that blocking of
TNF-α by monoclonal antibodies completely inhibits this antiviral activity. As a result, blocking of TNF-α may
have a severe impact on host defense including viral infections66.
There is a connection between development of shingles and involvement of cellular immunity in
peripheral blood. In study done by Zhang M. et al.(2011) to explore the levels of T-helper cell Th1/Th2 type
cytokine profiles in the blister fluid of the skin lesions from the patients with HZ ,the result was revealed that,
TNF-α in the blister fluid from the patients’ skin lesions were significantly lower than those from the control
group, whereas the levels of Th2 cytokines IL-10 and IL-4 were significantly higher than those in the control
group. It was concluded that a cytokine imbalance was present in the local lesions of patients with shingles
during disease development67.
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Figure (1) Concentration of IL-10pg/ml level between shingles patients group and control group.
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Figure(2) Concentration of IFNγpg/ml between shingles patients group and control group.
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Figure (3): Concentration of TNFα pg/ml between shingles patients group and control group.
Statistical Analysis
Data were analyzed statistically by using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).The
normal distribution was conformed correlation analysis, independent t-test was used to estimate differences
between two groups in continuous variable. Result are reported as mean and standard deviation (mean±SD)
unless otherwise indicated. A p-value of ≤ 0.01 was considered as a lowest limit of significant68,69.
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Conclusions
The latent VZV reactivates leading to shingles when the levels of Th1 cytokines such IFN ɣ and TNFα
decrease and levels of Th2 rise such as IL10 that suppress cell mediated immunity.
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