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Abstract

Meningitis is a serious condition that affects the central nervous system. It is an inflammation of the meninges, which is the
membrane that surrounds both the brain and the spinal cord. Meningitis can be caused by bacterial, viral, or fungal infections.
Many viruses, such as enteroviruses, herpesviruses, and influenza viruses, can cause this neurological disorder. However,
enteroviruses have been found to be the underlying cause of most viral meningitis cases worldwide. With few exceptions, the
clinical manifestations and symptoms associated with viral meningitis are similar for the different causative agents, which
makes it difficult to diagnose the disease at early stages. The pathogenesis of viral meningitis is not clearly defined, and more
studies are needed to improve the health care of patients in terms of early diagnosis and management. This review article
discusses the most common causative agents, epidemiology, clinical features, diagnosis, and pathogenesis of viral meningitis.

Introduction

Meningitis is an inflammation that affects the three protec-
tive membrane layers that cover the brain and spinal cord,
called the meninges [1]. The outer layer of the meninges
is called the dura mater, followed by the arachnoid mater
and the pia mater. The two inner layers (arachnoid and pia
mater) are also called the leptomeninges and are separated
by the subarachnoid space, which contains cerebrospinal
fluid (CSF) [2]. Aseptic meningitis, also known as slow viral
disease, became an area of interest at the beginning of the
1950s, when it was considered a potential model for chronic
nervous system diseases [3]. Bacteria are the most common
causative agents of meningitis. However, viruses, fungi,
and non-infectious agents such as drugs can also induce
meningitis [2]. Pathogens can reach the CSF through hema-
togenous spread by two main mechanisms: 1) by infecting
immune cells, which in turn carry the pathogen to the nerv-
ous system, and 2) by crossing blood capillaries and entering
the CSF as free pathogens [4]. The term aseptic meningitis
is used to describe meninges inflammation that is caused by
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pathogens other than pus-producing bacteria [5]. Viral men-
ingitis is the most common type of aseptic meningitis and
usually affects young children [1]. Enteroviruses (EVs) are
the most common causative agents of viral meningitis, with
an estimated 75,000 new cases annually in the United States
[6]. Here, we provide an overview of viral meningitis and its
most common causative agents and their pathogenesis. We
also discuss epidemiological aspects, diagnosis, and clinical
manifestations of the disease.

Epidemiology

Viral meningitis occurs throughout the year, but it is most
commonly seen in summer and autumn [7]. A study con-
ducted in England between 2011 and 2014 showed that the
incidence of viral meningitis was 2.73 per 100,000, with the
largest number of cases caused by non-polio enteroviruses
[8]. Another study in the United Kingdom (UK) showed that
the incidence of viral meningitis caused by EV and human
parechovirus (HPeV) is double that of bacterial meningitis
[9]. In addition, a study done in Denmark showed similar
findings, with non-polio enteroviruses being the most com-
mon causative agent. They also showed that the incidence
of aseptic meningitis decreases with increasing age (58.7
per 100,000 after birth, 38.7 per 100,000 in 6-month-old
infants, and 15.6 per 100,000 in 5-year-old children) [10]
(Table 1). Also, a study conducted in China found that viral
meningitis caused by EV-71 accounted for approximately
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55.2% of neurological disorders [11]. In South Africa, chil-
dren less than 10 years of age constituted 87.3% of those
affected by an aseptic meningitis outbreak in which the
responsible pathogen was coxsackievirus A9 [12]. In Aus-
tria (2001-2004), 56% of the patients included in a study
had viral meningitis, where E-30 (36.4%), coxsackievirus-B
(19.6%), and EV-71 (13.1%) were the viruses that were most
frequently found [13]. The most recently detected viral agent
causing meningitis was reported in a case study of a 24-year-
old male from Japan who had aseptic meningitis caused by
SARS-CoV-2, which was demonstrated by performing an
RT-PCR test on a CSF sample from the patient. This case
report indicates the possible neuroinvasive potential of

Table 1 Epidemiology of viral meningitis in children worldwide

SARS-CoV-2 and its potential to cause CNS complications
such as meningitis [14] (Tables 1 and 2).

A number of studies have been conducted to evaluate the
epidemiology of viral meningitis in the Middle East and
North Africa (MENA) region (Table 3). Based on earlier
studies in the Gulf region between 2000 and 2005, 37% of
meningitis cases in the United Arab Emirates (UAE) were
caused by viral infections, with a mortality rate of 3%. The
same study also showed that children and young adults are
the most affected age group [15]. In another study from
Kuwait, it was shown that 387 patients (mainly pediatric
patients) had aseptic meningitis, with the most common viral
agents being echovirus 9 (E-9), E-11 and E-30, accounting

Country Years Number of cases n (%) Incidence Common causative Most common clinical ~Reference
agent manifestation
Denmark 1977-2001 1642 cases 38.7 per 100,000 Mumps and non-polio - [10]
(6-month-old infants) enteroviruses
Fiji (South Pacific) 2004-2007 12 (17.1%) - EV Fever [110]
USA 2005-2011 7618 cases - EV Fever and headache [111]
China 2013 74 (55.2%) - EV-71 Fever and myoclonic [11]
seizures
England 2014-2015 703 cases EV = 0.79 per 1000 EV and HPeV Fever and irritability [9]

HPeV = 0.04 per 1000

for

Table 2 Epidemiology of viral meningitis in adults worldwide

Country Years Number of cases n (%) Common causative agent Most common clinical manifestation Reference
Greece 2003-2006 36 (44.4%) EV, VZV, and HSV-2 - [112]
South Korea 2008-2013 96 (54.2%) EV and VZV Headache and fever [113]
Italy 2002-2006 162 (80%) - Fever and headache [114]
England 2011-2014 638 (57%) Non-polio enteroviruses Headache and photophobia [8]
Finland 1999-2003 95 (66%) EV Headache and photophobia [115]

Table 3 Epidemiology of viral meningitis in the MENA region

Country Years Number of patients with Common causative agent Most common clinical manifestation Reference
meningitis n (%)
Jordan 1999 32 cases E-9 and Coxsackievirus B4 Fever and vomiting [116]
2001 474 cases - Fever [19]
2014 463 cases - Fever [19]
Egypt 2007 17 (6.8%) EV and HSV - [23]
2010-2012 100 cases EV Fever and signs of meningeal irritations [24]
Kuwait 2003-2006 387 cases E-9, E-11 and E-30 Fever [16]
UAE 2000-2005 34 (37%) - Fever and neck stiffness [15]
Qatar 2011-2015 411 (74.7%) EV Fever and headache [17]
Palestine 2013-2014 80 (62%) EV Fever and vomiting [20]
2012-2015 356 cases EV-B Fever and headache [21]
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for 24% of the cases [16]. In Qatar, it has been estimated
that the incidence of viral meningitis from 2011 to 2015
was 6.4 per 100,000, with most cases being children infected
with EV [17]. Additionally, a three-year study (2013-2015)
in Egypt indicated that 573 out of 1337 meningitis cases
(42.86%) were due to viral infections [18]. Moreover, higher
percentages of viral meningitis were reported in Jordan,
reaching 83% of all meningitis cases between 2001 and
2004, and 81% in 2014 [19]. In a two-year study in Gaza
(2013-2014), 72% of meningitis cases were classified as
viral meningitis, caused mainly by an EV infection (35%)
[20]. A different study in Palestine on EV-positive aseptic
meningitis cases found that the most affected age group was
children less than one year old, accounting for 64%. Also,
58% of the cases were detected in spring and summer, while
42% were detected in fall and winter [21]. According to the
Palestinian Ministry of Health, the incidence of aseptic men-
ingitis is 6.8 per 100,000 in the West Bank and 247 per
100,000 in the Gaza Strip [21]. Furthermore, a study in Leb-
anon showed that 82.7% of study subjects were diagnosed
with viral meningitis, while only 17.3% were diagnosed with
bacterial meningitis [22]. In Egypt, out of 250 confirmed
cases of meningitis, 17 were caused by viral agents, and
the most commonly encountered viruses were EV, herpes
simplex virus (HSV), and varicella zoster virus (VZV) [23].
Another study in Egypt done on pediatric patients with asep-
tic meningitis found that 56% of cases were due to EV [24].

Clinical manifestations and diagnosis

Although the etiology of meningitis can vary, the symp-
toms are usually similar. In fact, signs and symptoms of
meningitis can be similar to those of other diseases such
as encephalitis or brain abscesses, and hence, viral men-
ingitis can be misdiagnosed [25]. There are a number of
risk factors that are known to increase one’s susceptibility to
contracting viral meningitis, including compromised immu-
nity, age, travel history, and HIV infection [7]. For more
than 100 years, meningitis was assessed by the presence of
Brudzinski’s sign, Kering’s sign, or nuchal rigidity, which
are the best-known bedside tests used by physicians to assess
whether a patient should have a lumbar puncture. Brudzin-
ski’s sign is identified when severe neck stiffness results in
knees and hips bending when the neck is flexed [26]. Ker-
ing’s sign is identified when there is resistance or pain when
the patient’s knee is flexed to a 90-degree angle and the leg
is slowly straightened by the physician [27]. Although these
signs are widely used, studies have shown that the diagnostic
accuracy of these physical assessments are not significantly
different between meningitis cases and normal cases [26].
Therefore, it is advised that patients with suspected menin-
gitis undergo a lumber puncture regardless of the presence

or absence of these physical signs [27]. Patients with men-
ingitis usually suffer from fever, chills, abdominal pain, nau-
sea, and headache [5]. Other manifestations of the disease
include short and fast breathing, loss of appetite, neck stiff-
ness and pain, and sensitivity to bright light [28]. In addi-
tion, difficulty in focusing or concentrating as well as dou-
ble vision can also be associated with meningitis and may
continue after recovery [29]. Skin rash is also observed with
certain types of meningitis and is considered a late sign of
bacterial meningitis, where the pathogen in the blood targets
the capillary cells, leading to their damage [30]. Children are
usually less likely to present with meningeal complications
and usually present with nonspecific illness, which makes
meningitis more likely to be misdiagnosed in children [31].

Diagnosis of meningitis starts with a physical examina-
tion and a review of the patient’s health history for any of the
signs mentioned above. A recent and less recognized physi-
cal examination technique that has been developed to assess
meningeal irritation is known as jolt accentuation of head-
ache. A systematic review done by Iguchi and colleagues
showed that jolt accentuation can be used in emergency set-
tings to exclude meningitis. However, the pooled sensitiv-
ity and specificity of this test (65.3%, 70.4% respectively)
are considered low, and more research is needed to assess
its usefulness [32]. To test for etiological agents, a lumbar
puncture and collection of CSF is needed. The procedure is
performed while the patient is in a lying or sitting position,
and a hollow needle is injected into the subarachnoid space
between vertebrae L3, L4 or L5, where the CSF is aspirated
[33]. The CSF is then tested to determine red blood cell and
leukocyte count as well as the glucose and protein levels.
The cell counts typically help in differentiating the differ-
ent types of meningitis. For instance, a high WBC count (>
500 cells/pl) with a large proportion of neutrophils (>80%)
is usually observed in bacterial meningitis. Furthermore, in
bacterial meningitis, the CSF glucose level typically does
not exceed (300 mg/dL), but a decreased glucose CSF/
blood ratio (< 0.4), and an elevated protein level (1 g/l) are
indications of bacterial meningitis [2]. In addition, the con-
centration of lactic acid (> 4.2 mmol/l) can be used to dif-
ferentiate between viral and bacterial meningitis with 100%
specificity [34]. Gram staining and bacterial culture are the
key diagnostic tools for identifying bacterial infections [2],
and viral meningitis is suspected when Gram staining and
culture of CSF are negative. In viral meningitis, the WBC
count typically ranges between 80 and 100 cells/pl (pleocy-
tosis), with a large proportion of lymphocytes (>80%) [21].
Also, glucose and protein levels usually remain normal [35].
Pleocytosis generally is considered an important criterion
for diagnosis of viral meningitis. However, a number of stud-
ies have shown that pleocytosis is often not observed in EV
meningitis cases involving infants (38%) or children (39%),
or when a lumbar puncture is performed at an early stage

@ Springer



338

A. Kohil et al.

of disease [36, 37]. The reason for this is not known, but it
might be explained by the immaturity of the immune system
in young children [38]. The presence of neutrophilic pleocy-
tosis is usually indicative of bacterial meningitis rather than
viral meningitis. However, it has been found that 25% of
patients with CNS abnormalities caused by viral agents have
neutrophilic pleocytosis [39]. Moreover, a study showed that
47% of study subjects with enteroviral meningitis had neu-
trophilic pleocytosis [40].

The gold standard tool for diagnosis of viral meningitis
is the polymerase chain reaction (PCR), which detects and
quantifies viral DNA or RNA in the patient’s CSF [41]. A
study of EV-positive meningitis cases in pediatric patients
showed that testing of CSF samples by real-time PCR (RT-
PCR) resulted in 100% sensitivity, compared to only 38%
sensitivity when using viral culture. Similarly, in a study
of HPeV-positive meningitis cases, 100% sensitivity was
achieved with RT-PCR, while viral culture failed to detect
the virus [42]. A recent case report described a 9-day-old
newborn admitted to the emergency department with non-
specific symptoms of fever and irritability. Molecular analy-
sis (RT-PCR and sequencing) showed that the patient was
positive for EV (specifically, E-25) and viral meningitis was
diagnosed [43]. However, since obtaining CSF is difficult,
alternative specimens, such as blood, throat or nasal swabs,
or stool samples might be used instead, particularly in cases
of suspected EV infections [44]. On the other hand, diag-
nosis of mumps virus, herpesvirus, arboviruses, and human
immunodeficiency virus (HIV) infections can be achieved
using serological assays, although the results might be nega-
tive at early stages of the disease. Hence, a second sample
should be obtained after two weeks and tested again for the
presence of viral agents [5]. Next-generation sequencing
(NGS) was recently used in a number of studies to detect a

Fig.1 Schematic presentation
of the general features of viral
meningitis pathogenesis
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wide variety of pathogens, including viruses, the possible
application of this technique as a diagnostic tool in meningi-
tis cases is not yet clear, and more studies are required [45].

Pathogenesis

The pathogenesis of viral meningitis begins when the caus-
ative agent enters the host through respiratory secretions
or by the fecal-oral route to cause primary infection in the
respiratory or gastrointestinal (GI) tract. This is followed
by secondary infection of the CNS, causing meningitis or
other neurological problems. Viral infection of the CNS can
occur through different mechanisms, such as infection of the
choroid plexus epithelium, infection of the lymphoid tissue,
induction of inflammation and blood-brain barrier (BBB)
breakdown, and infection of peripheral sensory neural path-
ways [46—49] (Fig. 1). Once the viral agent enters the CNS,
increased levels of chemoattractants, neutrophils, CD8 T
cells, and monocytes are detected, indicating the induction
of an immune response [46]. One study using a murine viral
meningitis model in which mice were infected with lympho-
cytic choriomeningitis virus (LCMV) showed elevated levels
of both IL-6 and INF-y in CSF [50]. Another study showed
an increased level of IL-1f (a pro-inflammatory cytokine)
in patients with aseptic meningitis [51]. Therefore, a strong
inflammatory immune response is induced during aseptic
meningitis and plays an important role in the pathogenesis of
the disease. However, the pathogenesis of aseptic meningitis
is not well understood, and it is difficult to study due to lim-
ited data. Moreover, it is made harder by the fact that most
viral meningitis cases go undetected, and fatal cases mani-
fest as severe encephalitic syndrome rather than meningitis
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[29]. Research in this area is needed to develop and improve
therapeutic interventions against this disease.

Family Picornaviridae
Enteroviruses (EVs)

Infection with EVs can lead to different clinical outcomes,
such as respiratory illness, hepatitis, pancreatitis, myocar-
ditis, and hand, foot, and mouth (HFM) disease [52, 53].
Enteroviruses can be transmitted through respiratory secre-
tions or by the fecal-oral route [54]. They can also undergo
vertical transmission from an infected mother to her infant
by crossing the placenta or through breastfeeding [55]. As
the virus enters the body, it replicates mainly in the epithe-
lium cells of the nasopharynx and the oropharyngeal and
intestinal mucosa [56]. In most cases, the virus enters the
body through the oral-fecal route until it reaches the lower
gastrointestinal (GI) tract, where it binds to a specific recep-
tor on the surface of enterocytes and crosses the lining of
the intestine, reaching the Peyer’s patches, where it contin-
ues its replication [57]. For a better understanding of the
pathogenesis of meningitis, it is important to investigate the
interplay between EV-infected cells and the progression of
neurological disease, since each cell produces a different
response upon infection. Various studies have shown that
EVs infect different neural cells, such as glia cells and astro-
cytes [56]. For example, EV-71 and coxsackievirus B have
been detected in undifferentiated neural progenitor cells in
mice after infection [58, 59]. In addition, EV-D68 strains
were able to infect and replicate in a human neuroblastoma
cell line and a postnatal cortical neuron culture, but non-neu-
rotropic strains were not [60]. Also, the virus could reach the
bloodstream by infecting immune cells and cause secondary
infections at other sites, such as the heart and CNS [61]. This
dissemination of the virus leads to different complications,
such as meningitis and encephalitis [62].

Coxsackievirus B, a member of the species Enterovirus
B, is known to cause meningitis and other neurological dis-
orders [63]. A proposed route of coxsackievirus entry to the
CNS is through infected mononuclear cells (Mac-3) that can
penetrate the BBB and invade the choroid plexus epithe-
lium, allowing the spread of the virus into the CNS [64, 65].
This leads to the activation of extracellular signal-regulated
kinases 1 and 2 (ERK-1/2), subsequently promoting viral
replication inside leukocytes, mainly T cells [66]. Another
study demonstrated that this virus replicates in monocytes,
T cells, and B cells during the viremia phase and that the
level of susceptibility of immune cells to infection deter-
mines the severity of secondary organ damage [67], such as
causing severe meningitis after reaching the CNS. Moreo-
ver, analysis of brain tissues obtained from mice born to
mothers inoculated with coxsackievirus B4 showed signs

of meningitis and accumulation of immune cells (mainly
T cells) and increased secretion of inflammatory cytokines
and chemokines (IL6, TNF-a, IFNa and MCP-1) [68].
Echoviruses, such as E-6, E-9, E-11, E-13, E-19, and E-30
also belong to the species Enterovirus B and are commonly
known to be associated with viral meningitis in children
[69]. Different studies have shown that echoviruses use a
special type of integrin (a2 p1, very late antigen 2 [VLA-
2]) and decay-accelerating factor as receptors to infect host
cells to cause meningitis and febrile illness [70]. In a study
by Lee et al. on aseptic meningitis, it was found that E-30
affects the triple functional domain (TRIO) protein, lead-
ing to neural damage (Fig. 2) [71]. E-30 can cause neural
damage by modulating the function of the TRIO protein. In
the first pathway, the virus affects the function of guanine
exchange factor domain 2 (GEFD2), which results in the
activation of Ras homology family member A (RhoA), a
GTPase signaling protein. This activates both the ROCK
and MLC signaling pathways. This cascade of events leads
to actin formation and elevation of the nitric oxide level,
resulting in CNS complications [71].

Enterovirus D68 (EV-D68) is the most common member
of the species Enterovirus D found to be associated with the
development of aseptic meningitis. EV-D68 can cause CNS
complications in children, commonly meningitis and flaccid
paralysis [72]. The pathogenesis of EV-D68 is quite differ-
ent from that of other enteroviruses, since it is a respiratory
virus. As the virus enters the upper respiratory tract (URT),
it binds to the N-acetylneuraminic acid a2,6-galactose recep-
tor found on the surface of the epithelial cells. This receptor
is predominant in the upper respiratory tract (URT) [73],
which could explain the limited spread of the virus and its
rare progression to neurological complications, such as men-
ingitis. It has also been found that the virus binds to the
cellular receptor ICAM-5/telencephalin, which is expressed
in dendrites and some neurons, to enter the cell [74, 75]. In
addition, EV-D68 can reach the CNS through binding to the
functional receptors of the olfactory nerve in the nasal cavity
[76]. The neuropathogenesis of EV-D68 and its ability to
infect neuron cells may highlight the potential link between
EV-D68 infection and aseptic meningitis.

Human parechovirus (HPeV)

HPeV can be transmitted from person to person through res-
piratory secretions and saliva, leading primarily to respira-
tory infections [77]. However, it can also cause neurological
diseases, such as meningitis and encephalitis, particularly in
children [78]. HPeV-3 is the HPeV type that is most com-
monly associated with viral meningitis [79]. Moreover, it has
been found that HPeV-3 utilizes an RBS-receptor binding
site other than the arginine-glycine-glutamic acid sequence
motif at the carboxyl terminus of VP (capsid protein) that

@ Springer



340

A. Kohil et al.

Fig.2 Echovirus 30 affects the
TRIO protein, leading to neural
damage and CNS complica-
tions.

Spectrin-like ropoats

is utilized by the other serotypes of HPeV [80]. To date,
no receptor has been identified for HPeV-3 [81] that would
explain its different tropism. In fact, the lack of a receptor in
the respiratory tract might explain why HPeV-3 commonly
causes meningitis and neonatal sepsis, while HPeV-1 causes
respiratory and gastrointestinal illness.

Family Herpesviridae

Major members of the family Herpesviridae that can cause
meningitis include human herpesvirus 1 and 2 (HSV-1 and
HSV-2), varicella-zoster virus (VZV), and Epstein-Barr
virus (EBV) [82]. The major neurological consequences of
HSV are encephalitis and meningitis [83, 84]. All of these
viruses are known to cause meningitis and can establish a
latent infection in neurons, which can be reactivated [82].
Four glycoproteins in HSV-1 and HSV-2 are important for
viral entry (gB, gD, gH, and gL); however, cell binding is
mediated by only two glycoproteins, gB and/or gC, that
bind to cell-surface heparan sulfate [82]. Three known cel-
lular receptors have been identified for HSV: 1) herpesvirus
entry mediator (HVEM), 2) members of the immunoglobu-
lin superfamily, and 3) heparan sulfate generated by certain
isoforms of 3-O-sulfotransferases [82]. HVEM is present on
the surface of various cell types, including epithelial cells
and neurons. Accordingly, viral entry through this receptor is
suggested in meningitis. EBV pathogenesis starts when the
virus infects oropharyngeal epithelium cells. It then spreads
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to the lymphoid tissue and infects lymphoid cells, mainly
B cells. In the infected B cell population, the virus can be
latent or, less frequently, lytic. In the latent stage, the virus
mainly expresses EBNAs (Epstein-Barr nuclear antigens)
and LMPs (latent membrane proteins) [85]. The virus can
also infect the endothelial cells of blood vessels in the brain,
causing latent infection. When the brain undergoes stress,
the virus can be activated and the expression of different
cytokines and chemokines, such as IL-1, TNF-a, IL-12 and
IL18 increases, resulting in an inflammatory response [86].

Family Orthomyxoviridae

Human influenza viruses often cause pneumonia and acute
respiratory distress syndrome (ARDS) [87], but on rare
occasions, they can cause extra-respiratory illnesses, includ-
ing meningitis [87], encephalitis [88], meningoencephali-
tis, and myelitis [89]. Studies have shown that the influenza
virus enters the CNS by the olfactory route [90] and other
cranial nerves [91]. Typically, the virus binds to o2,6-linked
sialic acid and a2,3-linked sialic acid found on epithelial
cells of the upper and lower respiratory tract [92]. However,
a study showed that a2,6-linked sialic acid and a2,3-linked
sialic acid receptors are also found in neurons of the cerebral
cortex and brainstem [91, 93]. Collectively, this can explain
the spread of influenza virus to the CNS, where it has the
potential to cause various neurological syndromes, such as
meningitis.
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Arboviruses

Several arboviruses of different families have been associ-
ated with CNS infection and development of meningitis.
These include members of the families Flaviviridae (e.g.,
West Nile virus [WNV]), Togaviridae (e.g., Eastern equine
encephalitis virus), and Peribunyaviridae (e.g., La Crosse
virus). Most of these viruses are zoonotic and are transmit-
ted to humans through arthropods such as mosquitoes, ticks,
and sandflies. The most important arbovirus associated with
CNS complications is WNV [94]. In the case of the arbovi-
ruses, viral entry can occur through skin bites from infected
arthropods, which results in regional lymph node infection,
viremia, and spread to the CNS, leading to meningitis [29].

West Nile virus commonly causes West Nile neuroinva-
sive disorders (WNNDs), such as aseptic meningitis, paraly-
sis, and encephalitis. The pathogenesis of the virus depends
mainly on the replication of virus in the host’s lymph nodes
and skin keratinocytes [95], resulting in primary viremia.
The virus can then spread to secondary locations such as
CNS after penetrating the BBB [96]. Infection of the CNS
by WINV activates Toll-like receptor 3, increases the concen-
tration of TNF-a and other pro-inflammatory factors, which
in turn increases the permeability of the BBB and leads to
neural death [96]. Therefore, WNYV infection can trigger the
development of various neurological complications, includ-
ing meningitis.

Management

Although patients with viral meningitis usually do not need
to be hospitalized, treatment should be provided, such as
antipyretics, antiemetics, and analgesics, which can be taken
at home. However, some patients, such as those who suffer
from seizures, need to be under medical supervision [5].
Although corticosteroids are commonly given in cases of
suspected bacterial meningitis to reduce the inflammatory
effect that accompanies the disease, there is a lack of evi-
dence of their efficacy against viral meningitis, and more
studies are still needed [97]. Pleconaril is an antiviral drug
that acts as an inhibitor of enterovirus replication by target-
ing the viral capsid structure [98]. It is licensed as intrana-
sal therapy for the common cold, but it attains several-fold
higher concentrations in the CNS, making it a potential treat-
ment for brain-related diseases such as meningitis [99]. Sev-
eral studies have shown that pleconaril plays an important
role in shortening the course of symptoms, especially head-
ache [6, 99]. However, other studies have shown that there
was no significant difference between treatment and placebo
groups [100]. The FDA did not approve the oral usage of
the drug because it induces CYP3A enzyme activity, result-
ing in a drug interaction, especially with oral contraceptives

[101]. In a study done in the UK, researchers found that the
median length of hospital stay was 4 days for patients with
viral meningitis and nine days for those under antiviral ther-
apy. They also concluded that delays in performing lumbar
puncture and unnecessary treatments were associated with
prolonged hospital stays and long-term morbidity [8]. No
specific treatment is prescribed for aseptic meningitis cases,
and supportive medications are usually given to minimize
disease complications such as fever and headache, and full
recovery takes from 5 to 14 days in the majority of cases [5].
Regarding to HSV treatment, one study showed that antiviral
therapy in immunocompromised patients with HSV-induced
meningitis should be started immediately and that any delay
in the administration of treatment can result in the develop-
ment of adverse complications [102]. The use of acyclovir
against HSV-2-induced meningitis was also evaluated, with
better outcomes observed in treated patients. However, one
patient developed concentration difficulties as a meningitis
symptom that lasted for approximately three months [103].
Recently, a promising drug called psoromic acid (a bioac-
tive lichen-derived compound) has been found to inhibit the
replication of both HSV-1 and HSV-2 by inhibiting proteases
and DNA polymerases, which makes it a possible drug for
treating meningitis caused by HSV [104]. Valacyclovir was
also tested in clinical trials for its antiviral suppression abil-
ity on recurrence of meningitis. However, treatment with
valacyclovir (twice daily) did not prevent recurrent menin-
gitis and was not recommended for this purpose [105, 106].
Some vaccines have been developed for some viruses such
as EV-71 [107], considering its clinical significance, and
the different types of EV-71 vaccines are summarized in
Table 4.

Recently, an EV-D68 virus-like particle vaccine (VLP)
has been developed [108]. The VLP is composed of a
recombinant baculovirus expressing 3CD protease and P1
precursor. Clinical trials showed a high efficacy of the vac-
cine [108]. Moreover, V-7404 (viral polymerase inhibitor)
and DAS181 (sialidase) are newly developed drugs against
EV-D68 [73, 76]. A recent systematic analysis showed that
most viral meningitis cases have a good long-term clinical
outcome and that patients with viral meningitis have a bet-
ter outcome after hospital discharge than patients with viral
encephalitis [109].

Conclusion

Viral meningitis is considered one of the most common
clinical conditions affecting different age groups. It often
goes undetected or leads to a self-limited disease in adults.
However, severe complications can develop in infants and
children, including high fever, mental retardation, and even
death in some cases. Many viral causative agents are found
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Table 4 The most common types of vaccines developed against EV-71

Type of vaccine Composition

Advantages

Virus-like particle (VLP)
or

SP70 epitope (EV-71) + hepatitis B core antigen
Adenovirus (E1/E3 deleted) + EV71 P1 and 3CD genes

Recombinant vaccine

Live attenuated vaccine
type A

SP70 epitope (EV-71) + CVA16 structural protein

Experiments were done using EV71(S1-3") from geno-

Highly immunogenic with the production of neutralizing
antibodies at high titers

Showed neutralization of EV71 B4 and C2 genotypes
Reduces the viral load by activating IFN-y, IL-17, IL-4,
and IL-13

Showed neutralizing activities against A, B1, B4, C2, and
Cc4

to be associated with aseptic meningitis, such as enterovi-
rus, parechovirus, and herpesviruses. Therefore, knowing
the most common causative agents responsible for aseptic
meningitis will help in better understanding the disease, and
hence provide the basis for the development of preventative
and control programs. Molecular epidemiology studies of
viral meningitis are scarce in many countries, including the
MENA region. Accordingly, more studies should be con-
ducted to understand the etiology and pathogeneses of this
illness to develop new therapeutic interventions that will
help in improving outcome.
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