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Abstract

Neuroinflammation can be induced under several conditions including pathogen infection such as virus. As the
main immune cells in brain, microglia activation plays a pivotal role in neuroinflammation by responding to the
invading pathogens (viral DNA/RNA) through toll-like receptors. Chronic activation of microglia caused by sustained
viral infection will lead to persistent release of pro-inflammatory molecules, which is different from their beneficial
functions under physiological conditions. Sustained exposure of neurons to the inflammatory condition can result
in neuronal dysfunction as well as cell degeneration that contribute to the pathogenesis of several neurological
disorders. This review proposed that during sustained infection, viral DNA/RNA activated microglia through TLRs,
inducing persistent inflammatory response that causes long term, mild but irreversible changes, which ultimately
contribute to the neuronal dysfunction or cell degeneration.
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Role of microglia in neuroinflammation
Microglia are the main immune cells that are widely
spread in the central nervous system (CNS), which are
originally derived from the mesodermal yolk sac at the
developmental stage [14]. In the normal condition,
microglia display as ramified phenotype with a high
number of processes which moves and interacts with ad-
jacent blood vessels, neurons as well as astrocytes, that
are important to maintain CNS homeostasis and neur-
onal plasticity [25]. Upon infection or other neural injur-
ies, microglia response to the invading pathogens
(exogenous protein and RNAs) or misfolded proteins,
retracting their process and change into a reactive-like
morphology with hypertrophy of the cell body [50, 58].
Those activated microglia migrate rapidly to brain lesion
areas and devour potential invaders or degenerated cells.
Along with astrocyte, reactive microglia play a pivotal
role in neuroinflammation, releasing several pro-inflam-
matory cytokines and chemokines, which further recruit
more microglia and macrophages to remove cell debris

during neural injury [15, 48]. The release of these
pro-inflammatory factors including the tumor necrosis
factor-α (TNFα) and interleukin-1β (IL-1β), free radicals
such as nitric oxide (NO) and superoxide is initially as a
defensive strategy of the immune system [17, 57]. How-
ever, sustained exposure of neurons to these inflamma-
tory factors can result in neuronal dysfunction as well as
cell degeneration that contribute to the pathogenesis of
aging related neurodegenerative diseases [26, 51]. The
double-edged effects of microglia in brain during disease
condition may be explained by the M1/M2 phenotype of
the cells. M1 polarization is considered to be
pro-inflammatory while the M2 polarization has
anti-inflammatory effect that facilitates tissue recovery
[51]. Long term and intensive stress condition will lead
to sustained activation of microglia that represent neuro-
toxic M1 phenotype that has detrimental effects to the
pathogenesis of neurological diseases [6, 23].
Recently, it is observed that there are microglia mediated

synaptic structure loss in several neurological disease model
including Alzheimer’s disease, multiple sclerosis and lupus,
which further emphasizes the significance of microglia in
the pathogenesis of CNS disorders [2, 20, 36, 42]. It is ori-
ginally suggested microglial cells as important players in
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pruning excessive synapses during early development in
CNS, which is an essential process for brain maturation
[16, 38]. Among these studies, the best characterized are
the complement cascade regarding C1q and C3 pathway
since these KO mice showed significant defects in synapse
clearance and neural circuits refinement [16]. Although the
same molecular pathway is activated in the progression of
these diseases, it is still not clear whether such synaptic
clearance in disease condition is similar to the physiological
spine pruning during development stage. Neuroinflamma-
tion is likely to be involved in the process as it also leads to
the dysregulation of microglial phagocytosis.

Toll like receptors in microglia mediated
neuroinflammation
The microglial cell surface expresses several important
proteins including transporters, channels and receptors,
in which there are a class of pattern recognition recep-
tors (PRR) – Toll like receptors (TLRs) [3, 4]. Toll was
first shown with important function in Drosophila’s im-
munity to fungal invading [31]. Afterwards, TLRs were
found in mammalian cell that is responsible for the initi-
ation of innate immune to infection. For instance, activa-
tion of TLR4 induces pro-inflammatory cytokines such
as IL-1, IL-6, and IL-8 in human monocytes in NF-κB
dependent manner [35]. Abnormal activation of TLRs
may lead to devastating results ranging from sustained
inflammation to diseases of autoimmunity [40]. In
microglia, there are constitutively expression of TLR3,
TLR7 and TLR9 [12]. Although the basal level of these
membrane protein is relatively low, their expression is
strongly upregulated after viral infection [39, 45].
Among these TLRs, TLR3 responses to viral

double-stranded RNA (dsRNA) as well as its synthetic
analog, polyinosine-deoxycytidylic acid (poly(I:C)) [32].
In contrast, TLR7 is found to response to
single-stranded RNA (ssRNA) in cells after virus infec-
tion while TLR9 recognizes DNA with unmethylated
CpG motifs from bacteria and virus [7, 28]. The exist-
ence of these TLRs in cell surface sensitized response of
microglia to exogenous pathogens, including exRNA and
exDNA, leading to the neuroinflammation after infec-
tion. However, the effect of persistent infection on
microglia activation as well as potential neuronal dys-
function needs further investigation.
TLR3 is the first identified PRR that recognize to the

viral pathogens by glial cells, which also respond to poly
(I:C) producing proinflammatory factor such TNF-α and
IL-6 [10, 24]. In addition, administration of poly (I:C) in
brain results in microglia activation that ultimately cause
neuronal damage, while such neural injury is remarkably
alleviated in TLR3 deficient mice [52]. There are sub-
stantial evidences that Poly(I:C) not only regulates the
gene expression but also modulates immune response in

microglia, which further affects neuronal function
during stress condition [11, 32]. Furthermore, the ex-
pression of TLR3 is strongly upregulated at the very be-
ginning of viral infection, indicting the important role of
TLR3 in viral RNA response [33]. When binding to the
dsRNA produced by viral during infection, TLR3 dimer-
ized and activated transcription factors including nuclear
factor-κB (NF-κB), that further modulate the cytokine
production and induce viral associated encephalitis [24].
In line with this finding, TLR3 absence can protect the
mice from viral induced neuroinflammation by reducing
microglia activation [56]. Nevertheless, it is also reported
that TLR7 expression increased in the brains of RABV
infected mice [29]. Activation of microglia through
TLR7 results in the production of inflammatory factors
including TNF-α, IL-1β, IL-6, and IL-12 as well as sev-
eral chemokines such as CCL2, CCL3 and CSCL1 [28].
These results suggest the positive role of TLRs in medi-
ating neuroinflammatory response after viral infection.
Although deficiency of TLRs signaling reduced glial cells
activation and inflammatory response in CNS, the fol-
lowing consequences after viral infection is much more
complicated. Mice lack TLR7 signaling have defects in
both the development of peripheral immunity and viral
clearance in the CNS in RABV model [29]. In contrast,
in HSV-1 mice model, absence of TLR2 expression lead
to alleviated CNS inflammation and increased rate of
survival. Microglia without TLR2 expression demon-
strated less neuronal toxicity after HSV-1 infection [1].

Viral infection and neurological disorders
A wide range of viruses may cause immediate or delayed
neurological manifestations in humans and animals. In-
fection by neurotropic viruses as well as the consequent
immune response can lead to irreversible disruption of
functional structure in CNS, which frequently cause sig-
nificant clinical phenotype [21, 22, 60]. In addition to
the immediate and direct effects, there are several
neurological diseases that are considered to be long term
and delayed virus-induced disorders: multiple sclerosis,
Guillain–Barré syndrome and encephalitis lethargica,
which are usually associated with autoimmune response.
Varicella zoster virus infections in immunocompromised
patients may induce multifocal encephalitis, cerebral in-
farcts and macrophage-rich demyelinating “multiple
sclerosis-like” periventricular cerebral and spinal cord le-
sions [44]. In several West Nile virus (WNV) infection
cases, muscle weakness with a similar presentation to
Guillain–Barré syndrome are reported [27]. These viral
infection-induced symptoms mentioned above are rela-
tively easy to identified. However, there are mild, long
term but irreversible change after viral infection that
may possibly be neglected, playing critical roles in those
slow progressive neurological disorders during
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developmental stage or aging such as Autism spectrum
disorders (ASD) and Alzheimer’s disease (AD) [9, 19].
ASD are considered as developmental neural disorders

without a definitive etiology, which is characterized by im-
pairments in two core domains: social-communication
and restricted and repetitive patterns of behavior, interest
or activities [5]. Congenital cytomegalovirus (CMV) infec-
tion are reported to be associated with the onset of ASD,
in which virus infection may cause abnormality in brain
development and neuronal connectivity. Ivan et al. investi-
gated the prevalence of congenital CMV infection in chil-
dren with ASD and demonstrated that the infection rate
was 10-fold higher in ASD population than in healthy
control at birth [13]. There is also demonstration that val-
noctamide inhibits CMV infection during developmental
stage and improved neurobehavioral dysfunctions and al-
leviated brain abnormalities indicating the pivotal role of
CMV infection in the pathogenesis of ASD [41]. Deficit in
dendritic spine pruning is reported in ASD patients and
changes in synaptic structure are detected in multiple
ASD model mice [59]. Postnatal synaptic development in
brain is a dynamic process regulated by both synapse for-
mation and elimination. Microglia plays the major work in
dendritic spine pruning both in physiological and patho-
logical condition [16]. Therefore, it is possible that con-
genital CMV infection alters microglial cells function
which ultimately results in the abnormalities in dendritic
spine development. In line with this, it is demonstrated
that targeting microglia alleviates the neurodevelopmental
defects after CMV infection [8].
Alzheimer’s disease (AD) is one of the most popular

neurodegenerative diseases in aged people that charac-
terized by the progressive loss of memory and cognitive
dysfunction [30]. The pathological hallmark of AD are
amyloid plaques composed of β-amyloid (Aβ) protein,
neurofibrillary tangles with hyperphosphorylated tau
protein, as well as sustained neuroinflammation [47].
Circumstantial evidences suggest the association be-
tween cognitive decline and the levels of cytokines in
AD patients at all stages, targeting this process in AD
may contribute to the diagnostic as well as therapeutic
purposes [46]. Various pathogens are indicated to con-
tribute to the pathogenesis of AD, including Herpes sim-
plex virus type 1 (HSV-1), Cytomegalovirus, and
Chlamydophila pneumoniae [34, 49]. However, a consist-
ent association with specific viral species has not been
identified until recently, a multiscale analysis of inde-
pendent AD cohort showed that AD patients have in-
creased human herpesvirus 6A (HHV-6A) and human
herpesvirus 7 (HHV-7) infection rate [43]. These patho-
gens usually cause persistent infection that may lead to
chronic inflammation, in which pathogen DNA and
RNA increase the level of pro-inflammatory factors by
activating glial cells in the CNS, destroying neuron

directly or indirectly. Especially in aging brain, microglia
are primed that will response more quickly and robustly
to the invading pathogen such as DNA/RNA from virus,
causing more inflammatory molecules production and
dysregulated phagocytosis [18]. Nevertheless, the blood
brain barrier integrity is compromised during aging,
resulting in increased risk of pathogen (viral RNA/DNA)
infection in brain [37, 53]. In the meantime, the aging
brain is usually characterized by increased neuroin-
flammation and declined cognition, which is at least
partially due to the sustained exposure to exogenous
pathogen DNA/RNA in brain [54]. Notably, it is re-
ported that during WNV-induced memory impair-
ment, there is remarkable synapses loss which is
driven by complement-microglial axis. This study
identifies a potential mechanism underlying virus in-
duced memory loss, in which microglia plays a pivotal
role [55].

Conclusion
Taken together, we proposed that during infection, ex-
ogenous DNA/RNA activated microglia through TLRs,
which induces inflammatory response with dysregulated
cytokine production as well as phagocytosis, that further
destroy the structure of neural connectivity and neur-
onal survival, leading to the neuronal dysfunction or
neurodegeneration.
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