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Abstract
Rabies infection is one of the fatal zoonotic encephalitis and caused by neurotropic viruses in the genus Lyssavirus, family Rhabdoviridae.
Rabies virus is unique because the virus replicates in nervous system and sheds from saliva when its host is stimulated to bite. The virus escapes
from responses of the immune system with some mechanisms as much as possible. So far, many studies have been conducted to identify the
methods of escaping the virus from the immune system. This mini-review study discusses about some distraction rabies strategies to escape
from immune system.
Abbrevations: BBB: Blood-Brain Barrier; CMI: Cell-Mediated Immune; CHUK: Conserved Helix-Loop-Helix Ubiquitous Kinase; CNS: Central
Nervous System; G: the Rabies virus Glycoprotein; IFN-1: Interferon Type I; IKBKB: Inhibitor of Kappa Light Polypeptide Gene Enhancer in
B-cells, Kinase beta; IRF-9: Interferon Regulatory Factor-9; ISG: Interferon-Stimulated Gene; ITK: IL2-Inducible T-cell kinase; JAK: Janus Kinase;
MAVs: Mitochondria Antiviral Signaling Protein; MYD88: Myeloid Differentiation Primary Response 88; NCAM: Neuronal Cell Adhesion Molecule;
p75NTR: p75 Neurotrophin Receptor; PIK3CG: p110γ subunit of class-I PI3-Kinase; PEP: Post-Exposure Prophylaxis; PrEP: Pre-Exposure
Prophylaxis; PRRs: Pathogen Recognition Receptors; RAF: Rapidly Accelerated Fibrosarcoma; RV: Rabies Virus; RLR: The RIG-like Receptor;
ssRNA: Single-Stranded RNA; STAT: Signal Transducers and Activator of Transcription; TBK-1: Serin-Threonine Protein Kinase-1; TLRs: Toll-Like
Receptors

Introduction
Rabies virus (RV) causes a zoonotic and fatal infectious
disease among all warm-blooded animals including humans that
already do not acquire immunity against rabies [1,2]. Rabies virus
as a negative-sense, single-stranded RNA (ssRNA) virus is a type
species of the Lyssavirus genus of the Rhabdoviridae family. Rabies
is cause of more than 59,000 deaths annually worldwide. The
disease is endemic in most parts of the world, especially in Asia
and Africa. In addition, this virus is capable of infecting livestock
and creating financial damage [3-5]. Therefore, it is one of the
major health problems in every community. So far, many studies
have been performed to identify the methods of escaping the virus
from the immune system. This mini-review study discusses about
some distraction rabies strategies to escape from immune system.

Pathogenesis of Rabies

Infected animals carrying the virus in their saliva and in the
final stages of the disease they transmit the virus to other sensitive
animals or humans usually via biting. Unusual transfer methods
such as organ transplant and aerosol (for example in infested bat
caves) have also been reported in some human rabies cases [6]. At
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the first, the viruses replicate in myocytes, at the wound site [7].
Therefore, viruses reach to the brain via reverse axonal transport
and finally encephalitis occurs. Rabies viruses have a different
pathogenesis than other viruses, the virus enters to central
nervous system (CNS) by escaping the immune system and causes
pathogenesis [8]. The infection incubation period is varying from
around 7 days to 3 months. Significant variance in the incubation
period occurs due to difference in amount of the virus which
introduced to the wound, severity and distance of the wound to
CNS [9]. Direct inoculation of the virus into the nerve leads to a
shortening of incubation period due to presence of several bite at
different areas such as the neck and head [9].

Several molecules have been described on the nerve cells
surface, which need to facilitate the virus entry into the cells as
receptors such as the muscular family of nicotinic acetylcholine
receptor (nAChR), neuronal cell adhesion molecule (NCAM), and
p75 neurotrophin receptor (p75NTR) (Figure 1). The nAChR is the
most important receptor for RV to enter to neuromuscular system
[10]. Differences in these receptors affect the sensitivity of different
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species to the rabies. The axonal transport occurs at a rate of 12
to 24 mm per day. On the other hand, the rapid axonal movement
by microtubule-dependent motors and slow axonal movement via
actions are mediated in this transport. Laboratory experiments
showed the Colchicine effect on the virus axonal movement by
destruction of microtubule factors. As a result, the drug leads to
a slow transportation during axon that can effectively prevent
spread of the virus [11]. As the virus reaches to CNS, neurological
signs appear in two forms: classic encephalitic (furious) rabies or
paralytic (dumb) rabies. Furious rabies, which occurs in 80% of
patients, is well recognized with aphasia, incoordination, paresis,
paralysis, hydrophobia, aerophobia, larynx spasms, confusion,
delirium, hallucinations, hyperactivity to aerophobia and seizures
[12]. Fourteen days after the onset of symptoms, death occurs
due to cardiac arrhythmia and cardiopulmonary arrest [13].

In dumb rabies, an early sign is organ weakness with no loss of
consciousness. This weakness begins at the site of the bite and
spreads rapidly to other organs. Finally, paralysis spreads to the
respiratory system and can cause death by asphyxia or choking.
Patients can survive longer with dumb rabies than with furious
rabies, persevering for up to 30 days [14].
The pathogenicity of rabies virus depends on the presence
of an antigenic determinant on the viral glycoprotein (G) (for
example, arginine or lysine position in 333aa of two different
strains (ERA and CVS)). The glycoprotein is essential for integrity
of an antigenic determinant and rabies virulence in adult mice. In
addition, the lysine mutation at position 330 of the glycoprotein
destroys virus infiltration into motor-sensory neurons after
muscle inoculation [15].

RIG-1: Retinoic Acid-Inducible Gene-1, MAVs: Mitochondria Antiviral Signaling Protein, TBK-1: Serin-Threonine Protein Kinase-1, IRF:
Interferon Regulatory Factor, IKK: IĸB kinase, IFN: interferon, JAK-1: Janus Kinase-1, STAT: Signal Transducers and Activator of Transcription.
Figure 1: Schematic diagram of the IFN signaling pathways induced by the RV.

Intrinsic Immunity Performance
First defense line in body against the pathogenic factor is the
intrinsic immunity. The intrinsic immunity cells produce different
cytokines such as interferon α/β and chemokines, which leads
to activation of the complement and absorption of phagocytes
including neutrophils and macrophages to the site of infection
[16]. According to numerous studies, toll-like receptors (TLRs)
are the best pathogen recognition receptors (PRRs) as part of
the intrinsic immune response. Toll-like receptors expression in
neurons has not been reported in normal conditions, until now.
However, it has been observed that the human neurons express
the TLR-3 molecule when are infected with some viruses such
as RV. Beta interferon, chemokines and inflammatory cytokines
are produced from infected cells by stimulating this receptor.
The studies indicate that in rabies-infected neurons, the receptor
contributes to development of some inclusion bodies (IBs). These
IBs consist of viral N and P proteins. Experiments on the mice
indicate that these IBs are not developed in absence of the TLR3
receptor. On the other hand, as it was mentioned, interferon β
affects HLA-G expression and inhibits its immune function [16,17].
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When some kinases (Tyrosine or Serine), including the p110γ
subunit of class-I PI3-kinase (PIK3CG), IL2-inducible T-cell kinase
(ITK), inhibitor of kappa light polypeptide gene enhancer in
B-cells, kinase beta (IKBKB) and rapidly accelerated fibrosarcoma
(RAF)-1 were under-expressed, observed a dampening in the
inflammatory response. In addition, up-regulation of antiinflammatory genes such as cell proliferatory proteins and
conserved helix-loop-helix ubiquitous kinase (CHUK), N-Ras and
K-Ras proto-oncogenes can influence the inflammatory response.
Viral infected cells naturally upregulate some genes such as; IRF3,
IRF7 and IFNB1, which could not stimulate an immune response
with activation of the viral phosphoprotein. Furthermore, AKT
activation (including IRF3 and IRF7) could change inflammatory
macrophages to anti-inflammatory [18].
A low level of immune response is seen in victims of rabies.
Rabies virus can escape immune responses using unique
mechanisms and leads to death in non-vaccinated individual
[2]. In general, it can be said that limitation of the inflammation
by rabies virus infection may occur as follows: reduction of
leukocyte, monocyte and macrophage insertion into the nerve
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tissue; maintaining the inability to pass the blood-brain barrier
(BBB) to penetrate the CNS; minimizing the release of neurotoxic
molecules that can maintain the function of the nervous system
and host survival [19,20].

Adaptive Immune Response

Second line of defense, which acts after innate immunity, is
adaptive immunity. Formation of an adaptive immune response
against a microorganism is always created in the peripheral
lymphoid tissue. Nerve tissue is free of lymphatic organs.

Cell-Mediated Immune (CMI) Response

Cellular immunity plays a key role to eliminate viral invasion
and inhibited the access of RV to the peripheral nervous system
(PNS) at the beginning of infection. However, blood brain barrier
is a big challenge for CMI. In addition, expression of the human
leukocyte antigens (HLA)-G molecules on neuronal cells by the
production of interferon beta leads to converting naïve human T
cells to regulatory T cells and production of inhibitory cytokines
such as interleukin 10 leads to cellular immunosuppression
[11,21].

Neutralizing Antibodies

Humoral immune system plays an important role against
the rabies virus. When RV enters to body of immune individuals,
neutralizing antibodies can neutralize viral infectivity and prevent
adsorption of virus to neuronal cells. Studies indicated that
non-immune individuals cannot produce appropriate level of
neutralizing antibodies when affected by RV, thus the virus enters
to nerve. Actually, neutralizing antibodies is produced in peoples
who received the vaccine and in people who survived the disease
(rarely) [11].

Apoptosis

Neurotropic viruses also cause cell death due to apoptosis or
necrosis. Apoptosis is the main defense mechanism against the
cells infected with the virus, and it prevents the virus spread in
the body. Apoptosis of the virus-infected cells are directed by the
cytotoxic T cell and cytokines such as TNF-α, perforin, granzyme
and Fas-FasL (Fas Ligand) reaction. Instead of being a host defense
mechanism for the elimination of infected neurons, apoptosis
could be specifically inhibited by RABV as an immune subversive
strategy. As a strategy for neuro-invasiveness of the street RV
strains and progression through the nervous system, the virus
suppresses early apoptosis in neuronal cells via up-regulation
of AKT2 and AKT3 by G viral proteins and in turn, provides preapoptosis conditions in the immune cells via high representation
of FAS Ligand [18]. In fact, there is an inverse correlation between
the potency of a virus strain to invade the brain and induction of
apoptosis [18]. Neurons, microglia and astrocytes also contribute
to the viral proliferation via changing neuronal function [22].

HLA-G Expression

HLA-G1 molecule is expressed on the neurons due to
stimulation of rabies virus. This molecule prevents the
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inflammatory function of natural killer (NK) and T cells in
infectious conditions. In fact, the HLA-G molecule is attached to
the inhibitory receptors of the NK and T cells and leads to the
destruction of these cells. The inhibitory receptor KIR2DL4, NK
cell-activating receptor with inhibitory potential, located on the
NK cell and immunoglobulin inhibitory receptor (immunoglobulin
like transcript (ILT)), such as ILT2 and ILT4 expressed on NK,
TCD8+ and TCD4+ cells, are attached to the HLA-G molecule. On
the other hand, HLA-G is able to develop tolerance-mediating
dendritic cells by destructing the major histocompatibility
complex (MHC) class II presentation pathway. Cytokines such as
interferon beta also lead to the expression of the HLA-G molecule.
In fact, following infection of the neuron with RV due to presence
of HLA-G molecule on the neuron surface, occurs an adjustment of
the immune response [21].

Discussion

The pathogenic agents should be able to inhibit and escape
from immune system to cause chronic or fatal diseases. The virus
is a lethal virus that leads to inhibition of the immune system
responses using some mechanisms thus causes disease and death
of the patient [3,22,23]. Studies showed that the components of
intrinsic immunity as the first defense barrier cannot be activated
quickly and stimulate the adaptive immunity for eradicating the
disease. In addition, in this disease, performance of the immune
system is highly limited due to special sensitivity and unusual
structure of the nervous system. Therefore, due to limited immune
responses, the disease progresses and the virus can continuously
replicate and ultimately, acute and progressive encephalitis
leads to the death of the patient [22]. Rabies is still prevalent in
developing countries, affecting populations with limited access
to health care. Human exposure to potentially rabies-infected
animals is a public health concern worldwide. Thus, according
to the WHO recommendation, individuals at-risk of rabies virus
including rabies researchers, veterinarians, wildlife workers, dog
breeders, animal handlers and veterinary students should receive
rabies pre-exposure prophylaxis (PrEP) [24].
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