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ABSTRACT 

Abstract: 

The central nervous system is severely harmed by meningitis. The meninges, which are the membranes that 

encircle the brain and spinal cord, are inflamed. Bacterial, viral, or fungal infections can result in meningitis. 

This neurological condition can be brought on by a variety of viruses, including influenza, herpes, and 

enteroviruses. The majority of viral meningitis cases, however, have been linked to enteroviruses globally. It 

can be challenging to make an early diagnosis of viral meningitis because, with few exceptions, the clinical 

manifestations and symptoms are the same across the different causative agents. More research is required to 

better understand the pathogenesis of viral meningitis so that patients can receive better healthcare. 

Keywords: Meningitis, enteroviruses, herpesviruses, influenza viruses 

INTRODUCTION 

Introduction: 

The three protective membrane layers known as the meninges, which cover the brain and spinal cord, are 

prone to inflammation in the case of meningitis [1]. Dura mater, arachnoid mater, and pia mater are the 

meninges' three outermost layers, respectively. The subarachnoid space, which contains cerebrospinal fluid 

(CSF), divides the two inner layers—the arachnoid and pia mater—and is also referred to as the leptomeninges 

[2]. Beginning in the 1950s, when it was thought that aseptic meningitis might serve as a model for chronic 

nervous system diseases, aseptic meningitis, also known as slow viral disease, attracted attention [3]. 

Meningitis is most frequently brought on by bacteria. Meningitis can also be caused by non-infectious 

substances like drugs, viruses, and fungi [2]. Through hematogenous dissemination, infections can enter the 

CSF in two ways: 1) by infecting immune cells, which then transport the pathogen to the brain system, or 2) 

by passing through blood capillaries and entering the CSF as free pathogens [4]. For inflammation of the 

meninges brought on by pathogens other than pus-producing bacteria, the term aseptic meningitis is used [5]. 

Young children5ys are often affected with viral meningitis, which is the most prevalent kind of aseptic 

meningitis [1]. Approximately 75,000 new instances of viral meningitis are reported each year in the United 

States due to enteroviruses (EVs), which are the most frequent cause of the condition [6]. The most frequent 

causes of viral meningitis, as well as its pathophysiology, are discussed below in general terms. The disease's 

diagnosis, clinical symptoms, and epidemiological aspects are also covered. 
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Epidemiology: 

The two seasons where viral meningitis is most prevalent are summer and autumn [7]. According to a research 

done in England between 2011 and 2014, there were 2.73 occurrences of viral meningitis for every 100,000 

people, with non-polio enteroviruses being the main culprit in most of these cases [8]. The frequency of viral 

meningitis brought on by EV and human parechovirus (HPeV) is twice as common as bacterial meningitis, 

according to a different research conducted in the UK [9]. Additionally, a Danish research that was conducted 

revealed similar results, with non-polio enteroviruses being the most typical cause. They also demonstrated 

that aseptic meningitis incidence declines with age (58.7 per 100,000 after delivery, 38.7 per 100,000 in 6-

month-old infants, and 15.6 per 100,000 in 5-year-old kids) [10]. A research from China also revealed that 

EV-71-caused viral meningitis accounted for about 55.2% of neurological problems [11]. When aseptic 

meningitis broke out in South Africa, coxsackievirus A9 was found to be the culprit responsible, and children 

under the age of 10 made up 87.3% of the victims [12]. E-30 (36.4%), coxsackievirus-B (19.6%), and EV-71 

(13.1%) were the most frequently identified viruses in a study of patients in Austria from 2001 to 2004 that 

indicated that 56% of them had viral meningitis [13]. In a case study involving a 24-year-old Japanese man 

who had aseptic meningitis brought on by SARS-CoV-2, the most current virus to be identified as causing 

meningitis was revealed. This was shown by doing an RT-PCR test on a patient's CSF sample. In this case 

report, SARS-CoV-2's propensity for neuroinvasion and its ability to result in CNS sequelae like meningitis 

are also discussed. [14]. 

 

Clinical manifestations and diagnosis: 

The symptoms of meningitis are often the same, despite the fact that the cause might change. In fact, 

meningitis's signs and symptoms might be mistaken for those of other illnesses including encephalitis or brain 

abcesses [15]. As a result, viral meningitis may go undetected. Compromised immunity, advanced age, travel 

history, and HIV infection are some of the risk factors that have been shown to make people more vulnerable 

to getting viral meningitis [7]. For more than a century, the presence of the most well-known bedside tests 

used by doctors to determine whether a patient should undergo a lumbar puncture—Brudzinski's sign, 

Kering's sign, or nuchal rigidity—was considered a reliable indicator of meningitis. It is known as the 

Brudzinski sign when a person's knees and hips bend while the neck is flexed [16] due to significant neck 

stiffness.  

When the patient's knee is bent to a 90-degree angle and the doctor carefully straightens the leg, there should 

be no resistance or discomfort [17]. Despite their widespread usage, investigations have demonstrated that the 

diagnostic efficacy of these physical examinations in meningitis patients and normal cases is not substantially 

different [16]. Meningitis is first identified by a physical examination and assessment of the patient's medical 

history for any of the aforementioned symptoms. The physical examination approach known as jolt 

accentuation of headache, which was recently established and is less well-known, is used to evaluate 

meningeal irritation. 

 A lumbar puncture and CSF sample are required to conduct the etiological agent tests. The operation is carried 

out when the patient is lying or sitting down, and the CSF is aspirated by inserting a hollow needle into the 

subarachnoid space between vertebrae L3, L4, or L5 [18]. After that, the CSF is examined to measure the 

amounts of protein and glucose as well as the red blood cell and leukocyte counts. The different kinds of 

meningitis may usually be distinguished using the cell counts. For instance, bacterial meningitis is often 

characterised by a high WBC count ( 500 cells/l) and a high percentage of neutrophils (> 80%). Additionally, 

the CSF glucose level in bacterial meningitis usually doesn't rise above (300 mg/dL), but a low glucose 

CSF/blood ratio ( 0.4) and a high protein level (1 g/l) are signs of the condition [2].  

Additionally, with 100% specificity, viral and bacterial meningitis may be distinguished from each other by 

lactic acid content (4.2 mmol/l) [19]. The primary diagnostic techniques for diagnosing bacterial infections 

are gramme staining and bacterial culture [2], and viral meningitis is suggested when both tests for CSF culture 

and Gramme staining are negative. A high percentage of lymphocytes (>80%) make up the WBC count in 

viral meningitis, which generally ranges between 80 and 100 cells/l (pleocytosis) . Protein and glucose levels 

often stay within normal range [20]. For the diagnosis of viral meningitis, pleocytosis is typically regarded as 

a crucial factor. Pleocytosis is frequently not seen in EV meningitis cases involving babies (38%) or children 

(39%), or when a lumbar puncture is carried out at an early stage of the disease, according to a number of 

studies [21,22].  
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The immune system immaturity of young infants may provide an explanation for this, albeit the cause is 

unknown [23]. Neutrophil pleocytosis is often symptomatic of bacterial meningitis rather than viral 

meningitis. However, it has been discovered that 25% of individuals with CNS disorders brought on by viral 

agents also exhibit neutrophilic pleocytosis [24]. Additionally, a research found that 47% of study participants 

with enteroviral meningitis exhibited neutrophilic pleocytosis [25]. 

The polymerase chain reaction (PCR), which locates and measures viral DNA or RNA in the patient's CSF, 

is the gold standard method for diagnosing viral meningitis [26]. A study of EV-positive meningitis cases in 

paediatric patients found that real-time PCR (RT-PCR) testing of CSF samples produced 100% sensitivity, as 

opposed to viral culture's 38% sensitivity. Similar results were seen in a study of meningitis patients with 

HPeV positivity, where 100% sensitivity was obtained with RT-PCR but not with viral culture [27]. A 9-day-

old baby with fever and agitation was recently the subject of a case report who was brought into the emergency 

room. The patient tested positive for EV (particularly, E-25), and viral meningitis was identified as the cause 

by means of molecular analysis (RT-PCR and sequencing) [28]. However, because acquiring CSF can be 

challenging, other specimens may be utilised in its place, such as blood, throat or nasal swabs, or stool 

samples, particularly in situations when EV infections are suspected [29]. 

 However, serological tests can be used to diagnose infections with the mumps virus, herpesvirus, arboviruses, 

and the human immunodeficiency virus (HIV), even if the findings may be negative in the early stages of the 

illness. Therefore, a second sample should be acquired and analysed once more for viral agents two weeks 

later [5]. The efficacy of next-generation sequencing (NGS) as a diagnostic tool for meningitis patients is still 

unclear, and additional research is needed [30]. NGS has recently been employed in a number of studies to 

detect a wide range of infections, including viruses. 

Pathogenesis: 

When the causal agent enters the host by respiratory secretions or by the fecal-oral route to produce primary 

infection in the respiratory or gastrointestinal (GI) tract, viral meningitis pathogenesis starts. Meningitis or 

other neurological issues may result from the CNS's secondary infection that follows this. Infection of the 

lymphoid tissue, induction of inflammation and blood-brain barrier (BBB) collapse, infection of peripheral 

sensory neurological pathways, and infection of the choroid plexus epithelium are some of the several methods 

via which the CNS can get infected with viruses [31,32,33,34]. Increased amounts of chemoattractants, 

neutrophils, CD8 T cells, and monocytes are seen after the viral agent has entered the CNS, which shows that 

an immunological response has been induced [31]. INF- and IL-6 levels in CSF were shown to be raised in a 

research utilising a murine viral meningitis model in which mice were infected with the LCMV (lymphocytic 

choriomeningitis virus) [50]. In a different research, individuals with aseptic meningitis had higher levels of 

IL-1, a cytokine that promotes inflammation [36]. Aseptic meningitis therefore triggers a strong inflammatory 

immune response that is crucial to the pathophysiology of the illness. But due to a lack of data, research into 

the pathophysiology of aseptic meningitis is challenging. Additionally, it is made more difficult by the fact 

that the majority of viral meningitis cases go unreported, and fatal cases show as severe encephalitic syndrome 

rather than meningitis. [17].  

 

Management: 

Although patients with viral meningitis typically do not require hospitalisation, medication should be offered, 

including antipyretics, antiemetics, and analgesics that may be taken at home. However, some individuals, 

such as those who experience seizures, need to be under medical monitoring [5]. Although corticosteroids are 

frequently used in cases of suspected bacterial meningitis to lessen the inflammatory impact that the illness 

causes, there is little proof of their effectiveness against viral meningitis, and additional research is still 

required [37]. Pleconaril is an antiviral medication that works as an inhibitor of enterovirus replication by 

concentrating on the viral capsid structure [38]. It is approved for use as intranasal therapy for the common 

cold, but because it reaches many times greater concentrations in the CNS, it may also be used to treat other 

conditions that affect the brain, such as meningitis [39]. The duration of symptoms, particularly headaches, 

are shortened by pleconaril, according to a number of studies [6, 39].  
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There was no discernible difference between the treatment and placebo groups, however, according to other 

research [40]. Due to the medicine's ability to activate the CYP3A enzyme and produce a drug interaction, 

particularly with oral contraceptives, the FDA did not approve its oral use [41]. According to a UK study, 

individuals with viral meningitis spent an average of 4 days in the hospital and those receiving antiviral 

medication spent an average of 9 days there. They came to the conclusion that lengthier hospital stays and 

long-term morbidity were related to delays in lumbar puncture procedures and needless therapies [8]. Aseptic 

meningitis does not have a defined course of therapy; instead, supportive drugs are typically used to reduce 

symptoms including fever and headache. In the majority of cases, complete recovery takes 5 to 14 days [5].  

Regarding HSV treatment, one research found that immunocompromised individuals with HSV-induced 

meningitis should begin antiviral therapy right once and that any delay in administering the medication might 

lead to the emergence of negative side effects [42]. Acyclovir's effectiveness in treating HSV-2-induced 

meningitis was also studied, and treated patients had improved results. One patient, however, experienced 

concentration issues as a meningitis symptom that persisted for around three months [43]. Psoromic acid, a 

bioactive chemical produced from lichens, has recently been shown to impede the replication of both HSV-1 

and HSV-2 by inhibiting proteases and DNA polymerases, making it a potential treatment for meningitis 

brought on by HSV [44]. The capacity of valacyclovir to reduce viral replication and prevent meningitis 

recurrence was also examined in clinical studies. The use of valacyclovir (twice daily) as a therapy, however, 

was not suggested for the prevention of recurrent meningitis [45, 46]. For certain viruses, including EV-71 

[47], vaccinations have been created. 

A virus-like particle (VLP) vaccination against EV-D68 has recently been created [48]. A 3CD protease and 

P1 precursor-expressing recombinant baculovirus makes up the VLP. High vaccination effectiveness was 

demonstrated in clinical studies [48].  

 

Conclusion: 

One of the most prevalent clinical disorders affecting people of all ages is viral meningitis. In adults, it 

frequently remains unnoticed or develops into a self-limited illness. Infants and young children, however, are 

susceptible to serious consequences that can result in high fever, mental impairment, and in extreme 

circumstances, even death. Aseptic meningitis has been linked to several viral pathogens, including 

enterovirus, parechovirus, and herpesviruses. Knowing the most frequent causes of aseptic meningitis would 

thus aid in better understanding the condition and serve as the foundation for developing preventative and 

control programmes. Many nations, particularly the MENA area, lack molecular epidemiology research on 

viral meningitis. The aetiology and pathogeneses of this sickness should thus be better understood in order to 

create novel treatment strategies that will aid in improving outcome. Ortner B, Huang CW, Schmid D, Mutz 

I, Wewalka G, Allerberger F, Yang JY, Huemer HP. Epidemiology of enterovirus types causing neurological 

disease in Austria 1999–2007: detection of clusters of echovirus 30 and enterovirus 71 and analysis of 

prevalent genotypes. Journal of medical virology.  
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