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Background: Central nervous system (CNS) infection is associated with high rates of morbidity and mortality, and despite advancements in molecular testing, aseptic meningitis remains challenging to diagnose. Aseptic meningitis cases are often underreported worldwide, which impacts the quality of patient care. Therefore, we aimed to assess the results of BioFire® FilmArray® meningitis/encephalitis (ME) PCR panel, clinical characteristics, and etiologies of aseptic meningitis patients.

Methods: From January 2018 to January 2020, all pediatric and adult patients in a large tertiary medical center who underwent lumbar puncture and cerebrospinal fluid (CSF) testing by a ME multiplex PCR panel and who fit the aseptic meningitis definition were retrospectively reviewed.

Results: Data were reviewed from 1,607 patients; 240 met the inclusion criteria (54.6% males; 68.8% <4 years of age). The rate of detected viral causes of aseptic meningitis was 40.4%; therefore, 59.6% of the patients remained with unidentified etiology. Among the identified viral meningitis, enterovirus and human herpesvirus 6 (HHV-6) were the most common (25 and 7.9%, respectively). The median length of hospital stay was 6 days, and it was longer in patients with unidentifiable aseptic meningitis (p < 0.0001).

Conclusion: Aseptic meningitis is common among suspected meningitis patients, but most cases remained of unknown etiology. The most common identified viruses were enterovirus followed by HHV-6, and there is predominance in males and the pediatric age group. These results highlight that further research is needed to identify other etiologies and possible additional viral pathogens for aseptic meningitis in the current diagnostic methods.
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INTRODUCTION

Central nervous system (CNS) infections—whether by bacteria, fungi, protozoa, or viruses—are neurological emergencies requiring urgent medical intervention (1–3). CNS infections are diagnosed as meningitis, encephalitis, and meningoencephalitis, depending on the presence of meningeal signs, focal signs, and altered brain functions, respectively (4).

Aseptic meningitis, which is the most common form of meningitis, is confirmed when there is presence of acute onset of meningeal signs and cerebrospinal fluid (CSF) pleocytosis [CSF white blood cells (WBC): ≥5 cells/mm3] with negative bacterial and fungal cultures (5–8). Importantly, the viral etiology of the majority of aseptic meningitis cases is unknown (9–11). Generally, the diagnosis of meningitis is clinically challenging; however, polymerase chain reaction (PCR) testing helps distinguish between viral, bacterial, and fungal meningitis (5, 12). Using PCR, several international studies reported more viral than bacterial or fungal meningitis cases (13–15).

Since the introduction of vaccines, the rate of bacterial meningitis has dropped significantly, with nearly complete elimination of some types of viral and bacterial meningitis (16). Before the measles, mumps, and rubella (MMR) vaccine, mumps-related meningitis was the leading cause of viral meningitis (17, 18). Viral meningitis is frequently reported in pediatric populations; however, enteroviruses are responsible for many cases in both pediatric and adult populations (11, 12, 18–23).

In the United Kingdom (UK), a study reported an estimated annual incidence of viral meningitis in adults as 2.73 per 100,000 (19). However, the hospital admission rate of viral meningitis in those aged <15 years was reported as 13.5 per 100,000, with the same rate found in infants (18). In the Arabian Gulf Cooperation Council countries, data are limited; however, a recent study in Qatar found that viral meningitis is the most common form of CNS infection, with enterovirus being the most common cause (21). In the Kingdom of Saudi Arabia (KSA), no studies have yet investigated the etiologies of viral meningitis using PCR multiplex panels.

Therefore, this study aimed to contribute to the literature on aseptic (viral) meningitis in the KSA, more specifically by assessing the most common etiology of aseptic meningitis among pediatric and adult patients.



MATERIALS AND METHODS


Study Design and Settings

This retrospective cohort study was conducted at King Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia. KAMC is a tertiary medical center with a bed capacity of 1,501. KAMC also encompasses King Abdullah Specialist Children's Hospital (KASCH), which has a 600-bed capacity. The study was designed to investigate the rates and etiologies of aseptic meningitis, clinical patient characteristics, mortality rate, length of stay, and treatment among patients who underwent lumbar puncture (LP) between January 2018 and January 2020 and who had available results from CSF testing with the BioFire® FilmArray® meningitis/encephalitis (ME) multiplex PCR panel.



Study Participants

The patients included had LP and CSF testing by PCR, and they fit the definition for aseptic meningitis developed by Wright et al., namely, the presence of acute onset of meningeal signs and CSF pleocytosis [CSF white blood cells (WBC): ≥5 cells/mm3] with negative bacterial and fungal cultures and the exclusion of any patient who presented with a clinical picture of encephalitis such as cranial nerve palsies, paresis or paralysis, altered reflexes, or convulsions (6). Moreover, all ICU patients were reviewed to exclude autoimmune/infectious encephalitis, drug-induced meningitis, and other diagnoses such as vascular diseases, brain tumors, and traumatic brain injuries. Aseptic meningitis patients were divided into two groups: patients with positive viral etiology in the ME multiplex PCR panel and those with negative viral etiology. The sampling technique used was purposive sampling, as shown in Figure 1.
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FIGURE 1. Study cohort. Shows the population inclusion and exclusion criteria. The study reviewed all patients with available CSF samples from Jan. 2018 to Jan. 2020 (N = 1,607). We excluded every sample with positive fungal or bacterial culture or other diagnoses (N = 1,349). Finally, only patients with aseptic meningitis were included in this study (N = 243). The included cases were subdivided based on the ME PCR panel into a positive viral etiology group (N = 97) and a negative viral etiology group (N = 143).




Data Collection

The electronic medical records of the included patients were reviewed. Signs, symptoms, and temperature (°C) were collected at the first presentation to the emergency department. Travel history, contact history, and comorbidities were collected from consultation notes throughout the hospitalization course. CSF results, including CSF glucose, CSF protein, and CSF WBC, were collected from the laboratory at the first-time test. PCR results were collected from the records.



Laboratory Diagnostic Procedure

All CSF samples were tested for PCR, cultures, and cell count/differential. For PCR, the BioFire® FilmArray® ME panel, a qualitative multiplex real-time PCR assay, was used. Nucleic acids were automatically extracted and processed in a multiplex PCR assay for enterovirus, herpes simplex virus type 1 and 2 (HSV-1/HSV-2), varicella-zoster virus (VZV), cytomegalovirus (CMV), human herpesvirus 6 (HHV-6), and human parechovirus (HPeV).



Statistical Analysis

Data were analyzed using Statistical Package for Social Sciences (SPSS) v. 22 (Chicago, IL, USA). Percentages and frequencies were used for categorical variables (e.g., gender). Continuous variables were analyzed as mean, standard deviation, median, and interquartile range (IQR) for non-normally distributed variables. Inferential statistics were applied to compare the demographic and clinical characteristics between positive and negative patients and compare between patients who received antibiotics alone or antiviral-based treatment on the independent t-test and chi-square tests for continuous and categorical variables, respectively. A p < 0.05 was considered significant.



Ethical Approval

The study received approval from the Institutional Review Board (IRB) committee (RC19/242/R) at King Abdullah International Medical Research Center (KAIMRC), the Ministry of National Guard Health Affairs.




RESULTS

Of the 1,607 patient files reviewed, 240 met the inclusion criteria; their demographic and clinical characteristics are presented in Table 1. Among these 240 patients (54.6% male), the rate of positive viral meningitis was 40.4% (n = 97), and the rate of aseptic meningitis of unknown etiology was 59.6% (n = 143). The majority of patients with viral meningitis were <4 years of age (66%), while 18.6% were 5–17 years of age. The most common symptom in positive viral meningitis cases was fever (72.2%), followed by headache (25.8%) and vomiting (20.6%); few patients (5.2%) presented with neck pain/stiffness, and Kernig's and Brudzinski's signs were rarely reported (2.1 and 2.1%, respectively). Among the 97 patients, 14 (14.4%) were admitted to the intensive care unit (ICU), 9 of which (9.2%) were pediatric cases. None of the ICU cases were diagnosed with encephalitis. Death was reported in three viral meningitis patients, all of whom were immunocompromised patients.


Table 1. The demographic and clinical characteristics of aseptic meningitis patients with positive viral etiologya.
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The viruses we detected in aseptic meningitis cases are presented according to gender and age groups (Table 2). The most prevalent virus was enterovirus (25%; n = 60), followed by HHV-6 (7.9%; n = 19), and VZV (3.8%; n = 9). Enterovirus was common in the pediatric age group, especially in those younger than 4 years of age. Enterovirus was only reported in four cases in adults, an age group encompassing 18–34 year-olds. HSV-2 was detected in two female cases in the 34–64 year age group. However, in the majority of patients (59.6%; n = 143), the causative pathogen was not identified.


Table 2. The etiology of identified viral meningitis by gender and age groups.
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Demographic and clinical characteristics were compared between patients with positive and negative viral multiplex PCR panel results (Table 3). No statistically significant differences were found between the two groups in terms of gender and age group. However, fever and temperature differed significantly between the two groups (p < 0.0001). The temperature was higher in the positive group (37.8 ± 0.88 vs. 37.4 ± 0.9°C; p < 0.0001). Neck pain/stiffness was observed in 11.2% (n = 16) of the negative group and in 5.2% (n = 5) of the positive group. The length of stay was longer in the PCR-negative group (p < 0.0001), with a median duration of 2 days in the positive group and 6 days in the negative group. Sepsis was reported in 6.3% (n = 9) of the negative group and in 3.1% (n = 3) of the positive group.


Table 3. The demographic and clinical characteristics of aseptic meningitis patients with positive and negative viral multiplex PCR data.
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Of the positive group, 14.4% (n = 14) were admitted to the ICU, relative to 28% (n = 40) of the negative group. Death was reported in only three cases in the positive group, all of which were attributed to VZV infection with a known history of comorbidities and co-infection. The first case had VZV and co-infection with Candida albicans in urine, with a medical history that includes hypertension, diabetes mellitus, ischemic heart disease, chronic kidney disease, and immune thrombocytopenic purpura (ITP). The second case had VZV with a significant medical history of systemic lupus erythematosus (SLE), CNS lymphoma, and co-infection with blood CMV. The third patient had diffuse large B-cell lymphoma, ovarian cancer, and adrenal insufficiency (on long-term corticosteroids); was dual positive for CSF CMV and VZV; and co-infected with Proteus mirabilis and Acinetobacter bumannii. With respect to CSF characteristics, the median CSF WBC was 15 cells/mm3 (positive group) vs. 13 cells/mm3 (negative group); p < 0.0001. Similarly, CSF glucose levels were higher in the negative group (3.0 vs. 3.1 mmol/L; p = 0.02). Regarding CSF protein, the median was 0.82 g/L in the negative group and 0.5 g/L in the positive group.

The monthly distribution of aseptic meningitis with positive viral etiologies from January 2018 to January 2020 is shown in Figure 2, highlighting the seasonality of positive viral meningitis. The viruses detected in our study do not appear to have a seasonal occurrence. Figure 2A shows the trend and seasonality of viruses between January 2018 and December 2018; no identified viruses were reported in October. The figure shows a trend of enteroviral meningitis in November and May followed by September. Figure 2B depicts the trend and seasonality of viruses between January 2019 and December 2019; we reported no August cases. Enteroviral meningitis was noted to have a trend in May and April followed by November. We reported only one case with an unidentifiable virus in January 2020. No specific correlations were found between any other virus and a particular month or season in both years.
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FIGURE 2. The monthly distribution of aseptic meningitis cases is stratified by different viruses. (A) Shows the trend and seasonality of viruses between Jan 2018 and Dec 2018; no identified viruses were reported in October. The figure shows a trend of enteroviral meningitis in November, May, followed by September. (B) Depicts the trend and seasonality of viruses between Jan 2019 and Dec 2019; we reported no August cases. The figure shows a trend of enteroviral meningitis in May, April, followed by November. However, other viruses showed neither relation to seasonality nor any trends in both years.


Lastly, this study investigated treatment effectiveness. Table 4 describes the difference between treatments in the two groups. No statistical significance was found between the two groups with respect to sepsis, ICU admission, and length of hospital stay.


Table 4. The effect of antibiotics alone vs. antibiotics and antiviral treatment on the clinical coursea.
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DISCUSSION

The present study was designed to assess the utility of ME PCR panel testing in detecting the viral etiologies of aseptic meningitis in pediatric and adult patients in a single large medical center in Saudi Arabia. The rate of detected viruses among aseptic meningitis patients was found to be 40.4%. The incidence rate of aseptic meningitis in the Gulf region ranges from 7.2 to 38% (21, 24, 25). In this cohort, the most common viral cause of aseptic meningitis was enterovirus (25%), followed by HHV-6 (7.9%); these data corroborate the findings of earlier reports (21–23).

The diagnostic tests currently used to detect microorganisms that cause CNS infections are routine culture and advanced technologies such as multiplex PCR assay and metagenomic next-generation sequencing (mNGS) (26–28). Despite advances in molecular technologies allowing for rapid and accurate diagnosis, aseptic meningitis remained challenging to diagnose, given that we were unable to identify the causative pathogen in 59.6% of our sample. Meningitis of unknown cause was reported to be 62% in Qatar, 81.5% in the USA, and 42% in the UK (11, 19, 21). Unknown causes were probably due to the limitations of laboratory testing, such as the limitation of ME PCR panel testing for a few types of viruses. This indicates worsening cases in the absence of a diagnosis that correctly identifies the underlying cause. Some clinicians would send samples for further outsourced testing for specific meningitis-causing viruses, such as Epstein–Barr virus (EBV), BK, and JC (29–31).

In this cohort, we were unable to identify any EBV cases since it is not among the ME multiplex viruses. A study used MassTag (mNGS) and compared it to conventional qPCR to investigate the causes of bacterial and viral CNS infections, and the study found EBV to be the most common cause of viral CNS infections (32). Given the limited list of viruses in the current standard PCR panels for meningitis, as well as the uneasiness of collecting further CSF samples for additional testing, there is a clear need for more inclusive diagnostic tools (33); some reports have already called for the inclusion of BK and JC to be in the routine standard testing such as ME multiplex panel (34).

This study, and others, highlights the importance of developing or broadening the current molecular tests to identify more viral agents. A new emerging technique that might be very broad yet highly accurate at detection is the mNGS, which has been shown to detect more neuroinvasive viruses accurately (32, 35). In fact, mNGS was able to identify 16 pathogens that could not otherwise be detected by routine methods (35), attesting to its robustness and sensitivity. Another study used mNGS, VirScan, and serology and found a high rate of enterovirus detection (up to 92%) relative to routine qRT-PCR and mNGS (36). However, with advanced techniques such as mNGS, costs are significantly higher than those of routine PCR tests. Nevertheless, most of the aseptic meningitis cases have a manageable course of the disease that does not necessarily require further analysis. This is also important in the context of cost-effectiveness when evaluating clinical management costs against diagnostic costs and utility.

Regarding the clinical features in this study, a predominance of aseptic meningitis was noted in males (53.6%), which supports previous research that showed higher viral CNS infections in males (21). This can be explained by the male gender predominance (59.2%) in Riyadh, the capital city of KSA (37). In the context of age group and clinical presentation, our study is quite similar to a regional study in Qatar, wherein the most affected age group was pediatrics (0–4 years old) and the three most common symptoms were fever, headache, and vomiting (21).

In the current study, ICU admission was reported in 54 cases; most of them were in the negative group (28%; n = 40). Some of the ICU cases were admitted due to sepsis, immunosuppression, or requiring a 24-h observation by the ICU team. A previous study reported a similar rate of ICU admissions in aseptic meningitis patients (38).

The mortality rate of aseptic meningitis in our study was 1.1%. All deaths occurred in immunocompromised patients, who are typically known to be infected with fatal opportunistic pathogens; in these cases, fatal sepsis had developed. Of note, VZV was reported in all of the three fatal cases, while two of the cases also had co-infection with CMV; these cases also had a significant medical history, including autoimmune diseases such as ITP and SLE. Other studies reported VZV as the most common viral infection among ITP patients (39). SLE patients are on lifetime immunosuppressants and at high risk for viral infections, especially VZV (40). Moreover, the third case was severely immunocompromised, highlighting the importance of aseptic meningitis in this group of patients.

The study has potential limitations that include missing cases due to the retrospective nature of the study, limited generalizability of any data trends or conclusions, and the lack of a historic control group with data prior to the implementation of the ME multiplex PCR panel. However, this study also has strengths, namely, it used a standardized and broadly used assay, and it is the first report of its kind locally.



CONCLUSION

In this paper, 40.4% of the aseptic meningitis cases were caused by identifiable viruses using the ME PCR panel; most of these cases were males, in the pediatric age group, and diagnosed with enterovirus. A low mortality rate of 1.1% is reported in this study, all of which occurred in immunocompromised patients. Although there are advances in detecting viruses by molecular testing, etiologies of aseptic meningitis remain underdiagnosed. This suggests the need for broadening the existing ME multiplex PCR panels or increasing the use of emerging advanced technologies such as mNGS. Overall, in the absence of comprehensive and widely available molecular testing, better clinical management for aseptic meningitis is warranted, and further work is highly recommended to expand our knowledge of neuroinvasive viruses.
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Variable Positive Negative

N (%) N (%)
N=97) (N =143)
No. of patients 97 143
(40.4%) (69.6%)
Gender
Male 52 (53.6%) 79 (55.2%)
Female 45 (46.4%) 64 (44.8%)
Age groups
0-4 years 64 (66%) 101 (70.6%)
5-17 years 18 (18.6%) 15 (10.5%)
18-34 years 6(6.2%) 15 (10.5%)
35-64 years 5(5.2%) 10 (7%)
265 years 4(4.1%) 2(1.4%)
Symptoms
Fever 70 (72.2%) 73 (51%)
Headache 25 (25.8%) 27 (18.9%)
Vomiting 20 (20.6%) 31(21.7%)
Photophobia 10 (10.3%) 10 (7%)
Hypoactivity 13 (13.4%) 17 (11.9%)
Decreased oral intake 10 (10.3%) 17 (11.9%)
Seizure 8(8.2%) 10 (7%)
Altered mental status 6(6.2%) o
Signs
Neck pain/stifiness 5(5.2%) 16.(11.2%)
Kernig's sign 2(2.1%) 5(3.5%)
Brudzinski's sign 2(2.1%) 5(3.5%)
Temperature (°C) (mean = SD) 37.8+£08 37.4+£09
Median length of stay (IQR) 2(2-4) 6(2-17)
Sepsis 3(3.1%) 9(6.3%)
Intensive care unit (ICU) admissions 14 (14.4%) 40 (28%)
Death 3(3.1%) 0
CSF characteristics
Median WBC (cells/mm?) (IQR) 15 (1-84.5) 13 (8-44)
Median protein (g/L) (IQR) 05 (0.32-0.81) 0.82(0.47-1.4)
Median glucose (mmol/L) (IQR) 3(2.7-3.4) 3.1(27-3.8)

The bold values showed statistical significance (A p < 0.0 was considered significant).
P-value indicates statistical significance as obtained from chi-square for categorical variables and independent-samples t-test for continuous variables.
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Variable Antibiotics Antibiotics and P

alone antiviral
(N =186) (V=62)
N (%) N (%)
Sepsis 10 (5.5%) 2(4%) 0.66
ICU admission 46 (25.4%) 7 (14%) 0.12
Median length of 3(-11) 3(1-13) 0.89

stay (IQR)

Inclucing patients from positive and negative groups, with available treatment data
(n=243).

P-value indicates statistical significance as obtained from chi-square for categorical
variables and independent-samples t-test for continuous variables.

(Ap < 0.05 was considered significant).
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aPatients with positive ME multiplex panel (r
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Virus. No. of detected % of positive samples Gender No. of positive detections by age group (years)

Male  Female 0-4  5-17  18-34  35-64 265
cMvV 3 13% 2 1 2 0 1 0 0
Enterovirus 60 25% 32 28 41 15 4 0 0
HSV2 4 0.8% 0 & 0 0 0 2 0
HHV-6 19 7.9% 8 1" 16 2 0 1 0
HPeV 4 1.7% 3 1 4 0 0 0 [
vav 9 3.8% 7 2 1 1 2 2 4
Unknown? 0 0% 79 64 101 15 15 10 2

CMV, cytomegalovirus; HSV-2, herpes simplex virus; HHV-6, human herpesvirus 6; HPeV, human parechovirus; V2V, varicella-zoster virus.
aThe patient had negative results on the ME multilex panel.
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