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Abstract

The genome of the Nipah virus (NiV) encodes a variety of structural proteins linked to a diverse array of symptoms, including fevers,
headaches, somnolence, and respiratory impairment. In instances of heightened severity, it can also invade the central nervous system
(CNS), resulting in more pronounced problems. This work investigates the effects of NiV on the blood-brain barrier (BBB), the vital
physiological layer responsible for safeguarding the CNS by regulating the passage of chemicals into the brain selectively. To achieve this,
the researchers (MMJAO, AM and MNMD) searched a variety of databases for relevant articles on NiV and BBB disruption, looking for
evidence of work on inflammation, immune response (cytokines and chemokines), tight junctions (TJs), and basement membranes related
to NiV and BBB. Based on these works, it appears that the affinity of NiV for various receptors, including Ephrin-B2 and Ephrin-B3,
has seen many NiV infections begin in the respiratory epithelium, resulting in the development of acute respiratory distress syndrome.
The virus then gains entry into the circulatory system, offering it the potential to invade brain endothelial cells (ECs). NiV also has
the ability to infect the leukocytes and the olfactory pathway, offering it a “Trojan horse” strategy. When NiV causes encephalitis, the
CNS generates a strong inflammatory response, which makes the blood vessels more permeable. Chemokines and cytokines all have a
substantial influence on BBB disruption, and NiV also has the ability to affect TJs, leading to disturbances in the structural integrity of the
BBB. The pathogen’s versatility is also shown by its capacity to impact multiple organ systems, despite particular emphasis on the CNS.
It is of the utmost importance to comprehend the mechanisms by which NiV impacts the integrity of the BBB, as such comprehension has
the potential to inform treatment approaches for NiV and other developing viral diseases. Nevertheless, the complicated pathophysiology
and molecular pathways implicated in this phenomenon have offered several difficult challenges to researchers to date, underscoring the
need for sustained scientific investigation and collaboration in the ongoing battle against this powerful virus.
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1. Introduction

The Nipah virus (NiV) lies within the Paramyxoviri-
dae family, part of the Henipavirus genus. It is charac-
terised as a single-stranded RNA virus with a negative-
sense genome [1] that encodes six distinct structural pro-
teins (Fig. 1): nucleoprotein (N), phosphoprotein (P), ma-
trix protein (M), fusion protein (F), attachment glycopro-
tein (G), and the large protein or RNA polymerase protein
(L). Infections of the central nervous system (CNS), cardio-
vascular system, kidneys, and lungs have all been linked to
NiV [2], which is thus associated with a wide range of side
effects; however, the most well-known ones include fever,
headache, and sleepiness [3]. Initial infections have also
been linked to breathing difficulties [3].

The blood-brain barrier (BBB) is a physiological layer
that effectively prevents the unregulated leakage of endoge-
nous substances and xenobiotics into the brain, thereby pre-
serving the homeostatic neural microenvironment crucial
for the proper functioning of neurons. The inner lining
of brain microvessels consists of microvascular endothe-
lial cells (ECs), which form the BBB. These cells lie in

close proximity to the basal membrane, surrounded by as-
trocytic end-foot processes and accompanied by pericytes.
The BBB has the characteristic of selective permeability,
which enables it to permit the passage of particular sub-
stances while impeding others, hence safeguarding the in-
tegrity of the CNS. It thus hinders the entry of various
molecules, safeguarding the brain’s parenchyma from in-
fection while facilitating the outflow of waste molecules.
The BBB thus serves the purpose of maintaining the opti-
mal fluid environment required for proper brain functioning
alongside safeguarding the CNS tissue [4].

While the mechanism by which NiV enters the CNS
is not presently known, ECs are a prominent target of this
virus [3]. Ephrin-B2 and ephrin-B3 are viral entrance re-
ceptors that are expressed on a wide variety of cell types
in various organs [5]. Prior studies have demonstrated in
vivo expression of Ephrin-B2 on ECs [6], while neurons and
brain endothelium both express the tyrosine kinase recep-
tors Ephrin-B2 and Ephrin-B3 [7,8]. The ligand Ephrin-
B2 has further been identified as an anchor for EphB4 re-
ceptors, and this is involved in the processes of angiogen-
esis and neurogenesis [9]. Other work provides evidence
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Fig. 1. The structure of Nipah virus (NiV). It encodes six structural proteins: nucleoprotein (N), phosphoprotein (P), matrix protein
(M), fusion protein (F), receptor-binding glycoprotein (G), and RNA polymerase protein (L).

of ephrin-B3 expression inside the brain parenchyma, in-
dicating its potential role as an alternative receptor in cer-
tain cell types when Ephrin-B2 is inaccessible [10]. Addi-
tionally, the virus may gain entry into specific cells by mi-
cropinocytosis [11]. Macropinocytosis is a cellular mech-
anism of endocytosis characterised by the random inter-
nalisation of substantial quantities of extracellular fluid,
solutes, and membrane into enlarged endocytic vesicles
known as macropinosomes [12]. After this process, the
virus releases its genetic material into the cytoplasm of the
cell by undergoing conformational alterations in the G and
F proteins.

While NiV’s route and speed of entry into the CNS and
its subsequent spread throughout the host are poorly under-
stood, most studies appear to agree that several mechanisms
may occur that facilitate NiV entry into the CNS by allow-
ing infected cells to cross the BBB [2]. One theory is that
the BBB can be disrupted by a Trojan horse method that
directly infects lymphocytes and monocytes with the NiV
virus [2]. Previous research has also revealed that NiV has
the ability to infect neurons and microglial cells that exhibit
CD68 in nonhuman primates [13].

The purpose of the current review was thus to inves-
tigate the process of NiV infection and the effects of this

virus on the BBB and its degradation as discussed in the
literature. Immune response leading to BBB breakdown
and cellular mechanism by which NiV triggers BBB break-
down was also investigated, alongside the integrity of the
tight junctions (TJs), basement membrane, and adhesion
molecules, all of which may be impaired by NiV infection,
causing BBB breakdown. This was undertaken as the de-
velopment of effective techniques for the management and
control of NiV infection may benefit from a better under-
standing of such virus and host interactions.

2. Research Strategies

For this work, three researchers, MMJAO, AM and
MNMD, conducted a literature search using the Google
Scholar, PubMed, and EMBASE databases in order to iden-
tify papers relevant to the study. The search was con-
ducted for the period from January 2018 to June 2023 us-
ing specific keywords in order to identify relevant studies
recently published in the English language. The keywords
utilised to achieve this included variations such as “BBB”,
“Blood brain barrier”, “Brain”, and “BBB degradation”.
The search focused, however, on topics related to “Nipah
virus” and “Paramyxoviridae and Henipavirus”, with addi-
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tional filters for “immune response”, “inflammation mark-
ers”, “cytokines”, and “chemokines”. A further search was
then added for “tight junctions and adhesion molecules”
along with “endothelial barrier”. The study focused on the
relationships between inflammation, cytokine storm, pro-
inflammatory cytokines, immune response, and TJs, in con-
junction with the effects on the basement membrane related
to BBB disruption by NiV.

In order to identify supplementary papers aligned with
the research requirements that were not initially retrieved,
the reference lists of publications arising from the original
search were additionally examined. The study employed
the following inclusion criteria: (1) articles written in En-
glish; (2) research focused on the NiV and the BBB; (3)
observational studies conducted retrospectively or prospec-
tively; (4) studies investigating acute therapy for the NiV;
and (5) assessments of BBB disruption conducted prior to
the administration of acute NiV treatment. The study thus
included works with both experimental and animal research
methodologies, as well as data from theWorld Health Orga-
nization (WHO) and Centers for Disease Control and Pre-
vention (CDC) websites. Where there was overlap across
study cohorts, only the research with the largest sample size
was considered. Conference papers, research procedures,
and unpublished works were not considered for inclusion.

3. An Emerging Threat: NiV and Its
Alarming Clinical Impact

NiV is a member of the Paramyxovirus family of
negative-sense, single-stranded RNA viruses. Paramyx-
oviruses are generally thought of as viruses with a lim-
ited host range and a propensity for causing only mild ill-
ness outbreaks [14]. NiV is most usually spread by fruit
bats (Pteropus species), though there has been a rise in
human-to-human transmission in recent years [15]. In con-
trast to the usual mild Paramyxovirus severity, NiV epi-
demics cause severe illnesses with significant fatality rates
in the southeast Asian area almost every year. Human and
pig infections with NiV were first documented in 1998 in
Malaysia, where the spread of the virus to wider parts of
the country was attributed to the movement of the sick pigs.
During 1998, NiV spread from pigs to humans, and only af-
ter the slaughter of 900,000 suspected infected pigs was that
the outbreak contained [16]. Nipah thus became the name
commonly given to the virus, after the Malaysian village
where it was initially discovered [17]. In subsequent oc-
currences in Bangladesh and India, the transmission of NiV
was believed to be via direct human-to-human contact, pri-
marily via individuals’ secretions and excretions [15,18].
In the city of Siliguri, India, in 2001, instances of viral
transmission were documented inside a healthcare facility,
with over 75% of the reported cases in hat outbreak seen
among individuals affiliated with the hospital, including
staff members and tourists. Australia, Bangladesh, Cambo-
dia, China, India, Indonesia, Madagascar, Taiwan (China),

and Thailand have all had outbreaks, based on serological
evidence or genetic detection in pteropus bats, and Bhutan,
Brunei, China, Indonesia, Laos, Madagascar, Myanmar,
Nepal, the Philippines, Singapore, Taiwan (China), Thai-
land, and Vietnam are all home to endemic populations of
pteropus bats [19].

4. The Range of NiV Infection and Its
Clinical Manifestations

The duration of clinical symptoms in patients infected
with NiV is variable, with the severity of the disease en-
compassing the spectrum from asymptomatic (subclinical)
infection to acute respiratory illness and encephalitis. The
onset of NiV disease is typically marked by influenza-like
symptoms, including fever, muscle pain, cough, vomiting,
and headaches [20]. Individualsmay experience respiratory
difficulties characterised by symptoms such as a feeling
cold, respiratory distress, shortness of breath, and atypical
pneumonia. NiV infection causes also localised alterations
in blood vessels, resulting in the development of vasculitis
in the tiny vessels in humans. An unfavourable prognosis is
associated with advanced age, thrombocytopenia, or the co-
existence of additional comorbidities [21]. In humans, in-
fection primarily spreads through the mouth and nose, with
various incubation durations documented in the literature,
commonly ranging from one to two weeks, though poten-
tially anywhere from four to 21 days [22]. Typically, symp-
toms are not apparent until after a clinically inactive period
of four days to two weeks [23].

Furthermore, as the virus disseminates to vital organs
[24] during the severe phase, NiV-infection has the poten-
tial to infiltrate the CNS, resulting in varying levels of en-
cephalopathy. The brain tissue then commonly exhibits
necrotic plaques and occasionally syncytia composed of
multinucleated large ECs. Neurological symptoms includ-
ing seizures, impaired cerebellar function, and diminished
consciousness may then ensue [25]. Instances of cognitive
confusion have also been observed [3]. After a week, the
typical symptoms of encephalitis may include decreased
muscle tone (hypotonia), involuntary muscle contractions
in specific areas (segmental myoclonus), absence of re-
flexes (areflexia), weakness in the limbs, and inability to
control eye movements (gaze palsy). Subsequently, coma
and mortality may ensue within a matter of days, and the
fatality rate of NiV infection is severe, with approximately
40 to 75% of infected individuals [26], however, with re-
ported death rates during NiV epidemics reaching as high
as 95% [27]. Approximately 20% of those individuals who
recover from acute infection may also experience persistent
fatigue, neurological impairments, and depression [28], and
there have been reported cases of recurrent or late-onset en-
cephalitis [29].

Meanwhile, the NiV has the ability to endure in the
body for a considerable duration, since it has been shown to
survive and persist in the bloodstream for a maximum of 7
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days [30]. The virus has demonstrated the ability to remain
alive in tissue culture conditions for a minimum duration
of 14 days. Additional investigation is required to have a
more comprehensive understanding of the mechanisms be-
hind the viral persistence. Autopsy studies on humans have
revealed that acute NiV infection is a widespread illness
that affects blood vessels and cells in most major organs,
including the brain [31]. Various risk variables were found
to have a substantial association with NiV infection, such
as engaging in tree climbing, being male, traveling outside
of one’s own sub-district, and being exposed to date palm
sap or pigs [27].

5. Diagnostic Techniques for Nipah Virus
Infection

When diagnosing this particular NiV, a number of dif-
ferent practical procedures are utilized. The competitive
enzyme-linked immunosorbent assay (cELISA) is the sero-
logical test used to diagnose NiV infection [32]. This uses a
monoclonal antibody and recombinant Nipah glycoprotein
as antigens, achieving high diagnostic sensitivity (98.58%)
and specificity (99.92%), with the ability to detect antibod-
ies from 14 days after infection. Another frequently em-
ployed serological assay is the plaque reduction neutral-
ization test (PRNT). This test remains positive throughout
the whole trial and demonstrates 100% consistency with
the desired outcome. Additionally, real-time polymerase
chain reaction (PCR) is another common method used for
identifying pathogens by means of specific primers and
probes. Furthermore, ELISA is also used to identify an-
tibodies against NiV in patient samples, based on colori-
metric or fluorescence signals. Moreover, immunofluores-
cence assays use fluorescently tagged antibodies to iden-
tify viral antigens, while histopathology can detect alter-
ations linked to NiV infection, such as inflammation and
cellular injury. Virus isolation and neutralisation can be
done using cell culture techniques. Lastly, a new biosensor,
(DNAzyme-Based Fluorescent Biosensor) NiV, has also
been developed to detect NiV RNA, based on a split cat-
alytic core of deoxyribozyme 10-23. This offers rapid and
precise identification, with a detection threshold of 10 nM
for synthesized target RNA [33].

6. Dynamic Regulation and Vulnerabilities
Seen in the BBB in Pathogen Invasion

As noted, the BBB plays a crucial role in regulat-
ing the transportation of solutes, chemicals, and cells,
with the primary objective being to limit the infiltration
of pathogens into the brain. The BBB is a dynamic entity
that may undergo modulation through the influence of sig-
nalling molecules. However, one hypothesis suggests that
some viruses have the potential to infiltrate the CNS via
hematogenous, neural, retrograde axonal transport, and the
olfactory nerve, as various chemicals synthesised by the en-
dothelium, astrocytes, and neurons in proximity to the cap-

illaries have been discovered to modulate the permeability
of the BBB. Cytokines, chemokines, and neurotransmitters
are all examples of BBB-permeable chemicals [34], and
these are significant due to the fact that there is some ev-
idence that systemic inflammation can cause a slight rise
in BBB permeability, putting the CNS at a higher risk of
infection [35,36]. In addition, it is widely recognised that
TJs play a crucial role in the formation and maintenance of
the BBB, as well as in regulating the movement of viruses
through the paracellular route. TJs, which are established
by the interaction of adjacent ECs, thus play a significant
role in the establishment of a physical barrier [37,38]. Peri-
cytes therefore play a crucial role in preserving the struc-
tural and functional integrity of the BBB by supporting
the TJs of ECs, such as claudin-5, occludin, and Zonula
occludens-1 (ZO-1), and by regulating the process of tran-
scytosis in ECs [37,38]. Paradis et al. [39] also reported
that several bacterial and viral infections have the poten-
tial to negatively impact TJs through various mechanisms,
resulting in BBB disruption.

7. Mechanisms of NiV Dissemination in
Infected Hosts

The transmission dynamics of NiV inside an infected
human host have been subject to only minimal investiga-
tion, thereby necessitating emphasis on insights derived
from animal models. In hamsters, for instance, NiV was
discovered to infect the olfactory epithelium of the respi-
ratory system first [40] before entering the brain via the
olfactory pathway, following the neurons of the olfactory
epithelium [41]. Additionally, the cranial nerves and the
bloodstream both appear to play a role in NiV’s dissemi-
nation into the CNS in the pig model [42]. Recent in vivo
research confirmed that NiV replicated successfully in hu-
man olfactory ECs and sensory neurons, suggesting that this
approach may also be possible for human infection [43].
However, NiV may instead infect and disseminate itself via
leukocytes, as NiV replication at low levels has been shown
in both a monocytic cell line (THP-1) and immature den-
dritic cells [44,45]. According to reports by Mathieu et al.
[45], NiV may attach to the cell surface of lymphocytes and
monocytes, leading to trans-infection in vitro in hamsters.
It is also possible for infected dendritic cells to function as a
“Trojan horse” and successfully traverse the BBB, as shown
by Tiong et al. [2].

8. Insights into Host Cell Receptors and
Pathogenic Mechanisms of NiV

Invasion of the host cell, viral assembly, budding, and
immune evasion are all factors that contribute to a virus’s
pathogenicity, yet overall understanding of the NiV patho-
genesis remains elusive. The host cell receptors, ephrin-B2
and ephrin-B3, have been identified as the causative agents
for infection by the NiV virus in both animal and human
hosts [46]. The entrance of NiV is facilitated by a pH-
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independent process of membrane fusion, which is medi-
ated by the attachment and fusing of glycoproteins. In ad-
dition, the ligands ephrin-B2 and ephrin-B3, which belong
to the family of receptor tyrosine kinases, have been ob-
served to play a role in cell fusion and thus to determine the
host cell’s susceptibility to NiV [46]. NiV-binding sites are
modulators of cell migration in the nervous system, located
on the surface of most mammalian ECs, though the highest
levels of expression are in the lungs. These receptors are
widespread among mammals, contributing to the spread of
the disease: when infectious virus particles are breathed in,
infection begins.

ECs have been shown to be the primary target cells
following inhalation, though CNS infection has also been
documented. However, full comprehension of the pro-
cess remains elusive. Acute respiratory distress syn-
drome is a consequence of NiV infection of the respira-
tory epithelium, which triggers the release of inflamma-
tory cytokines and the subsequent recruitment of immune
cells. The Interlukine (IL)-6, IL-8, and IL-1, as well as
Monocyte Chemoattractant Protein-1 (MCP-1), granulo-
cyte colony-stimulating factor, and granulocyte-monocyte
colony-stimulating factor, are all important mediators [47].
Replication and dissemination of the virus occur inside the
respiratory epithelium, followed by transfer to the endothe-
lium. NiV may bind to CD3 leukocytes [46], as well as in-
fecting monocytes, CD6, CD8 T lymphocytes, and natural
killer cells, as seen in a pig investigation [46].

The microvascular ECs that form the BBB contain
active leukocyte adhesion molecules to which CD6 binds.
These adhesion molecules are involved in the regulation of
immune responses in the CNS and are essential for the di-
apedesis of immune cells across the BBB [48]. Key ad-
hesion molecules present on BBB-ECs include Activated
leukocyte cell adhesion molecules, Melanoma cell adhe-
sion molecules, Mucosal vascular addressin cell adhesion
molecule 1, Vascular adhesion protein (VAP-1), Junctional
adhesion Molecule-L, and Ninjurin-1 [48]. The extent to
which the NiV gains access to the CNS following its inter-
action with CD6 is uncertain. Once the BBB is breached,
the NiV can infiltrate the brain and induce encephalitis by
various routes, including the olfactory nerve, the choroid
plexus, or the cerebral arteries. It is worth noting that the
permeability of the BBB has been associated with inflam-
matory cytokines including tumour necrosis factor-alpha
(TNF-α) and interleukin beta (IL-1β) [49]. The release
of these cytokines can also occur from microglia that have
been infected [50]. Viral multiplication inside brain mi-
crovasculature or the release of cytokines from neurons and
microglia have both been proposed as potential causes of
BBB instability [51].

9. Molecular Mechanisms and Immune
Responses in NiV-Induced Encephalitis

NiV pathophysiology and its molecular basis remain
poorly understood, though the immune response is iden-
tified by the synthesis of pro-inflammatory cytokines,
chemokines, and interferons, which aid in the elimination
of the virus, but which may also result in tissue damage
[52]. NiV can also trigger apoptosis in the cells it infects,
exacerbating tissue damage and the advancement of the dis-
ease [53]. In order to control NiV infection and stop vi-
ral spread to other organs, the adaptive immune response
is triggered by activating T cells and producing antibod-
ies that are specific to the virus [54]. Nevertheless, im-
munopathology, which can result from dysregulated im-
mune responses, appears to amplify the impact of NiV-
induced encephalitis [54]. Acute NiV encephalitis is fur-
ther characterised by neuroglial infection and ischaemia-
microinfarction associated with vasculitis-induced throm-
botic occlusion [55]. Human NiV infections are further
characterised by widespread infection of neurons, ECs, and
smooth muscle cells in the arteries [20]. Humans infected
with NiV develop a severe form of encephalitis marked by
systemic vasculitis and necrosis, particularly in the CNS
[56].

Again, during NiV encephalitis, the CNS is flooded
with inflammatory cells such as neutrophils, macrophages,
lymphocytes, and reactive microglia [20]. It is conceivable
that cytokines and chemokines, which act as small molecule
messengers and chemoattractants, are responsible for the at-
traction of these cells. The chemokines IL-8, C-X-C motif
chemokine ligand-8 (CXCL8), regulated upon activation,
normal T cell expressed and secreted (RANTES) also know
as CCL5, macrophage inflammatory protein-1 (MIP-1) also
known as CCL3, MCP-1 also known as CCL2, and C-X-C
motif chemokine ligand-10 (CXCL10), also known as in-
terferon gamma-induced protein-10 (IP-10), as well as the
inflammatory cytokines TNF and IL-6, have all been ob-
served in viral CNS disease [54,57,58]. Cells in the CNS
and the inflammatory infiltrate may also both manufacture
and release cytokines [59,60], highlighting the diversity of
cellular sources for these molecules. Chemokines in partic-
ular play a crucial role in directing cell migration. Previ-
ous data further suggests that NiV infection of human lung
and lung lymphatic ECs leads to increased expression of the
inflammatory chemokines MCP-1, IL-8, and IP-10, which
may play a role in the activation of monocyte and T lym-
phocyte chemotaxis [56]. Additionally, it is demonstrated
that smaller airway epithelium becomes infected, it triggers
the production of important inflammatory mediators such
as interleukin IL-1α, IL-6, IL-8, granulocyte-colony stim-
ulating factor (G-CSF), and CXCL10 [5]. Stamatovic et
al. [61] demonstrated that MCP-1 plays a role in modu-
lating the permeability of the BBB by influencing the or-
ganisation of TJ proteins in ECs, while the activation of
pro-inflammatory chemokines in primary ECs infectedwith
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NiV in a laboratory setting aligns with the notable occur-
rence of vasculitis in human cases of NiV infection [42].
Additionally, the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κB) pathway, which is also in-
volved in the production of cytokines and chemokines that
promote inflammation, is one of several signalling path-
ways activated by NiV infection [52]. It is found that CNS
by the NiV causes disruption of the BBB and the expression
of IL-1β and TNF-α. This finally results in the develop-
ment of neurological symptoms [62].

Two mechanisms illustrate the direct actions of cy-
tokines crossing the BBB in quantities that cause CNS ef-
fects [63]. The first is Transporter-mediated transcytosis,
in which transporters that are specifically expressed on the
ECs of the BBB aid in the transportation of cytokines across
the barrier. These transporters have the ability to identify
and attach to cytokines, facilitating their movement from
the bloodstream to the brain side of the BBB. This mecha-
nism is reliant on energy and necessitates the participation
of vesicular pathways. The transporters implicated in this
method have the ability to control the expression, location,
and conformation of the transport process. Among these,
solute carriers (SLCs) are a group of transporters that have
a vital function in transporting different compounds, such
as cytokines, through the BBB. The second mechanism,
Receptor-mediated transcytosis, is a process that allows
chemicals such as cytokines to traverse the BBB by binding
to specific receptors on the ECs of the BBB. This mech-
anism entails the attachment of cytokines to their corre-
sponding receptors on the luminal (blood-facing) side of the
BBB’s ECs. After such binding, the cytokine-receptor com-
plex is taken up into vesicles through endocytosis, and the
vesicles thereafter undergo intracellular trafficking, poten-
tially traversing organelles such as endosomes or the Golgi
apparatus. Ultimately, the vesicles that hold the cytokine-
receptor complex are conveyed via the ECs and discharged
on the abluminal side of the BBB, enabling the cytokines
to penetrate the CNS. Cannabinoid type 2 receptors (CB2
receptors) are present in brain endothelial cells (BECs), and
these are involved in regulating the BBB response to neu-
roimmune stimuli. Stimulation of CB2 receptors can thus
hinder the increase in gene expression caused by TNF-α,
diminish disruption of the BBB, and impede the movement
of macrophages.

Meanwhile, previous studies have shown that pri-
mary human ECs infected with NiV can generate a func-
tional interferon-beta (IFN-β) response, despite other ev-
idence suggesting that NiV V and W proteins have the
ability to inhibit IFN-β production by means of toll-
like receptors-3 (TLR-3) and melanoma differentiation-
associated protein-5 (MDA-5) mediated signalling [64,
65]. This inference is supported by the observation that
the presence of NiV W protein in the nucleus is neces-
sary to inhibit TLR-3 signalling, thereby enhancing the
production of Toll/interleukin-1 receptor (TIR)-domain-

containing adapter-inducing interferon-beta (TRIF). The
TRIF protein is of significant importance in the innate im-
mune response, particularly in the signalling pathways trig-
gered by TLRs and similar pattern recognition receptors
(PRRs). These signalling cascades ultimately lead to the
inhibition of interferon regulatory factor 3 (IRF-3) activa-
tion [65].

Furthermore, signal transducer and activator of tran-
scription 1 (STAT1) and STAT2 are proteins which play cru-
cial roles in the the Janus kinase/signal transducers and ac-
tivators of transcription (JAK-STAT) signalling pathway, a
pivotal signalling cascade involved in various cellular pro-
cesses, including immunological responses and cellular de-
velopment regulation. The collective action of P, V, and W
proteins results in the inhibition of STAT1/STAT2, thereby
affecting the signal transduction of IFN-β and the transcrip-
tion of interferon-stimulated genes (ISGs) [66]. The V pro-
tein of NiV in particular exhibits an interaction with both
STAT1 and STAT2, albeit only in the presence of STAT1.
This interaction leads to the formation of high-molecular-
weight complexes, which effectively inhibit the process of
phosphorylation, thus inhibiting both type I and type II IFN
responses. Both P and W proteins possess STAT1 binding
domains, although it is more probable that W functions by
sequestering STAT1 to the nucleus [67]. Similarly, a previ-
ous study discovered that the P, V, and W proteins in NiV
hinder the tyrosine phosphorylation of STAT1, STAT2, and
STAT4 by interacting with them, hence obstructing Inter-
feron (INF)-induced processes [68]. NiV V protein also in-
teracts with STAT5 and hinders its functionality. The same
study also discovered that the N-terminal domain (residues
114 to 140) of the NiV P gene products plays a crucial role
in binding to STAT1 and STAT4, specifically targeting the
STAT1 src homology 2 (SH2) domain. The fusion con-
structs containing this peptide thus have the ability to pre-
vent the phosphorylation of STAT1 caused by cytokines.

10. Effects of NiV on Adhesion Molecules,
Tight Junctions and the Epithelial Barrier

The initiation of primary brain microvascular ECs ac-
tivation can occur at an early stage, triggered by the stim-
ulation of virus-like particles carrying NiV glycoproteins,
regardless of viral replication [69]. Previous studies have
demonstrated that the process of binding and fusing of par-
ticles carrying the NiV glycoproteins leads to the rapid in-
duction of upregulation in adhesion molecules, particularly
E-selectin [69]. E-selectin is involved in the process of
leukocyte recruitment to the endothelium in the context of
inflammation [70]. The upregulation of E-selectin thus oc-
curs prior to the production of various cytokines, includ-
ing IFN-β, IP-10, and IL-8 [71]. The primary associa-
tion between the production of IFN-β and IP-10 in ECs is
with viral RNA and the replication of the virus, which most
likely occurs through pathways dependent on retinoic acid-
inducible gene I (RIG-I) [72], which plays a crucial role in
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Fig. 2. It shows the pathophysiology of NiV. (1) Bronchial epithelial cells harbour NiV during the initial stages of infection. (2)
The bronchi and alveoli contain NiV antigen. (3) When the airway epithelium becomes infected, inflammatory mediators are released.
(4) The virus makes its way to the pulmonary endothelial cells (ECs) in due time. The brain is susceptible to viral infections that
can be transmitted through the bloodstream (5). (6 and 7) Viruses can infiltrate the CNS by hematogenous and anterograde olfactory
nerves. G-CSF, granulocyte-colony stimulating factor; MCP-1, Monocyte chemoattractant Protein-1; IL-1α, Interlukine-1-alpha; IL-6,
Interlukine-6; IL-8, Interlukine-8; IP-10, Interferon gamma-induced protein-10; CXCL10, C-X-C motif chemokine ligand-10; IFN-β,
Interferon-Beta; TJ, Tight junction; TLR-3, Toll-like receptors-3; TRIF, Toll/interleukin-1 receptor (TIR)-domain-containing adapter-
inducing interferon-beta; STAT, Signal transducer and activator of transcription; ISGs, Interferon-stimulated genes; TNF-α, Tumour
Necrosis Factor-alpha; CNS, central nervous system; BBB, blood-brain barrier.

the innate immune response to viral infections, acting as a
PRR. Freitag and Maisner [69] further demonstrated that
particles containing glycoproteins in NiV have the ability
to increase the expression of the adhesion molecules that
play a role in the first stages of inflammatory processes in
microvascular brain ECs.

Moreover, TJs also play a crucial role in preserving the
structural integrity of polarised epithelial tissues. Certain
viruses have the ability to modify the barrier function of the
epithelia they invade, enabling them to traverse the barrier
and thus to spread throughout the host organism. This ne-
cessitates the alteration or deterioration of TJ [73], and the
TJ of polarized Caco-2 cells infected with rotavirus exhibit
changes, characterised by the disorganisation of occludin
[74]. Enveloped viruses possess fusogenic properties due
to the presence of glycoproteins and fusion proteins, and
the fusion of cells infected with NiV results in the disrup-
tion of TJ [75]. Lamp et al. [75] demonstrated that the
M protein is responsible for facilitating the process of viral

assembly and release through the apical membrane: while
NiV F and G proteins exhibit initial localisation to the baso-
lateral membrane and elicit cellular fusion, the M protein is
synthesised inside the cytoplasm of the host cell. Following
cell union, there is thus a subsequent apical buildup of M,
F, and G proteins, resulting in the eventual apical release
of NiV particles. This causes the epithelial barrier’s struc-
tural integrity to be compromised, resulting in the release of
NiV from the basolateral side and its subsequent diffusion
throughout the host [75], increasing vascular permeability
and causing the rupture of TJs, ultimately generating dis-
ruption of the BBB.

In terms of NiV encephalitis and disruption of the
BBB, several potential causes of viral tropism that may sub-
sequently lead to BBB disruption have thus been identified,
as shown in Table 1 (Ref. [2,5,13,20,40–46,55,56,62,65,66,
68,69,71,75]). In addition, the pathogenesis of NiV is also
depicted in Fig. 2.
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Table 1. Illustrations of NiV pathogenicity that might potentially disrupt the BBB are included.
Author Year Type of study Neurological Disorder Outcome

Escaffre et al. [5] 2013 In vivo Encephalitis Ephrin-B2 and ephrin-B3 are Nipah viral entrance receptors expressed on a wide variety of cell types in various organs.
Liu et al. [13] 2019 In vivo Encephalitis NiV has the ability to infect neurons and microglial cells that exhibit CD68 in nonhuman primates.
Baseler et al. [40] 2016 In vivo Eespiratory and neurological

disease
NiV infects the olfactory epithelium of the respiratory system first, entering the brain via the olfactory pathway, following
the neurons of the olfactory epithelium.

Munster et al. [41] 2012 In vivo Encephalitis
Borisevich et al. [43] 2017 In vitro Encephalitis NiV replicates successfully in human olfactory epithelial cells and sensory neurons.
Weingartl et al. [42] 2005 In vivo Invasion CNS by NiV The cranial nerves and the bloodstream both play a role in NiV dissemination into the CNS in a pig model.
Chang et al. [44] 2006 In vitro Nipah virus infection NiV replication at low levels shown in THP-1 and immature dendritic cells.
Mathieu et al. [45] 2011 In vivo and In vitro Severe encephalitis
Wong et al. [20] 2002 In vivo and In vitro Acute encephalitis The CNS can be flooded with inflammatory cells such neutrophils, macrophages, lymphocytes, and reactive microglia

upon infection with NiV.
Escaffre et al. [5] 2013 In vivo Encephalitis Infected smaller airway epithelium produces essential inflammatory mediators as IL-1α, IL-6, IL-8, G-CSF, and

CXCL10.
Shaw et al. [65] 2005 In vitro NiV infection The presence of NiVW protein in the nucleus is necessary to inhibit TLR-3 signalling, thereby enhancing the production

of (TRIF).
Tsimbalyuk et al. [66] 2020 Review Article Henipavirus Infection The collective action of P, V, and W inhibits STAT1/STAT2, thereby affecting the signal transduction of IFN-β and the

transcription of ISGs.
Keiffer et al. [68] 2020 In vitro NiV infection NiV proteins P, V, and W interact with STAT1, STAT2, and STAT4 to prevent INF-induced tyrosine phosphorylation.
Lo et al. [56] 2010 In vitro Encephalitis NiV infection of human lung and lung lymphatic endothelial cells leads to increased expression of the inflammatory

chemokines MCP-1, IL-8, and IP-10, which may play a role in the activation of monocyte and T lymphocyte chemotaxis.
Humans infected with NiV develop a severe form of encephalitis marked by systemic vasculitis and necrosis, most
noticeably in the CNS.

Sayed et al. [46] 2019 Narrative review NiV properties and its
epidemiological determinants

NiV infects monocytes, CD6, CD8 T lymphocytes, and natural killer cells in pig investigations.
NiV can bind to CD3 leukocytes.

Ong et al. [55] 2022 In vivo Encephalitis Acute NiV encephalitis has neuroglial infection, ischaemia-microinfarction, and vasculitis-induced thrombotic occlusion.
Rockx et al. [62] 2011 In vivo BBB disruption NiV-induced CNS disrupts the BBB and IL-1 β and TNF-α expression. Finally, neurological problems appear.
Tiong et al. [2] 2018 In vitro Acute encephalitis BBB can be disrupted by means of a Trojan horse method where NiV directly infects lymphocytes and monocytes.
Freitag & Maisner [69] 2016 In vitro NiV infection Binding and fusing of particles carrying the NiV glycoproteins leads to rapid induction of upregulation in adhesion

molecules, particularly E-selectin.
Silva et al. [71] 2018 In vitro General infection, inflamma-

tion, and immunotherapy
The upregulation of E-selectin occurs prior to the production of cytokines such as IFN- β, IP-10, and IL-8.

Lamp et al. [75] 2013 In vitro NiV infection The fusion of cells infected with the NiV results in the disruption of TJ.
The M protein is responsible for facilitating the processes of viral assembly and release through the apical membrane.

THP-1, monocytic cell line; CNS, Central nervous system; MCP-1, Monocyte chemoattractant Protein-1; IL-8, Interlukine-8; IP-10, Interferon gamma-induced protein-10; IL-1α, Interlukine-1-alpha; IL-
6, Interlukine-6; G-CSF, Granulocyte-colony stimulating factor; CXCL10, C-X-C motif chemokine ligand-10; TLR-3, Toll-like receptors-3; STAT1, signal transducer and activator of transcription 1; INF,
Interferon; TRIF, TIR-domain-containing adapter-inducing interferon-beta; IFN-β, Interferon-Beta; ISGs, Interferon-stimulated genes; BBB, Blood-brain barrier; IL-1β, Interleukin-1 Beta; TNF-α, Tumour
Necrosis Factor-alpha; TJ, Tight junction.
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11. Current Understanding and Future
Direction

Although there has been some progress in the under-
standing of NiV infections, there remain several important
areas of research that still need to be addressed fully, most
notably with reference to the processes by which NiV enters
the CNS. The precise pathways and mechanisms by which
NiV enters the CNS remain unknown, which hinders the
development of specific therapeutic treatments. It is also
necessary to conduct further research on the specific host
cell receptors, the interactions between viral proteins, and
the full range of effects on the BBB. Future research should
examine the molecular mechanisms that allow NiV to enter
the CNS, the roles of different cell types, and BBB interac-
tions to develop effective treatments for NiV-related neuro-
logical issues. The key to expanding understanding of NiV
pathogenesis and improving the ability to tackle this pow-
erful viral threat thus lies in addressing these research gaps.

12. Conclusion
NiV is currently a complex and unknowable challenge

in terms of human understanding of viral infections. Its
capacity to affect multiple organ systems, particularly the
CNS, showcases its versatility as a pathogen. As the BBB
acts as a guardian of the brain, selectively allowing or deny-
ing entry to various substances, including viruses, NiV’s
ability to breach this barrier has become the subject of in-
tense research; however, the underlying mechanisms of this
are yet to be fully elucidated. Several studies have demon-
strated that NiV may enhance the inflammation markers
that lead to BBB disruption, while other studies have shed
light on certain leukocyte populations that may aid the virus
in crossing the BBB, emphasising the role of host immunity
in viral dissemination. This review underscores the impor-
tance of understanding the mechanisms by which NiV af-
fects BBB integrity, highlighting the disruption of TJs and
cellular adhesion as key issues in this process. As compre-
hension of NiV and its interaction with the BBB deepens,
new potential therapeutic strategies for NiV and other viral
infections may emerge, offering a brighter horizon for the
fight against emerging pathogens. Nonetheless, the com-
plex pathogenesis of NiV and the molecular basis of its im-
pact on the CNS continue to challenge researchers, under-
scoring the necessity for ongoing scientific inquiry and col-
laboration to address the impact of this challenging virus.
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