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Abstract

Background: Viral infections of the central nervous system are an important cause of morbidity and mortality.

Aim: This study was designed to identify the viruses responsible for viral involvement of the CNS and to determine their
frequency, circulation pattern, and seasonality.

Methods: Detection, by multiplex PCR using FilmArray® Meningitis/Encephalitis panel, of viruses in the cerebrospinal
fluid of all patients admitted for suspected viral infection of central nervous system and requiring hospitalization in the
various departments of the Mohamed VI University Hospital of Marrakesh.

Results: Viral infection was diagnosed in 74 of 984 patients (7.5%). The viruses responsible were identified as
enterovirus in 22 cases (26.82%), Cytomegalovirus in 21 cases (25.6%), Herpes simplex virus-1 and Varicella-Zoster
virus in 12 cases each (14.63%). Other agents were also reported with lower frequencies namely human herpes virus 6
and herpes simplex virus-2. Although the overall rate of CNS viral infection was significantly higher between the
summer and spring seasons, the seasonality of the different viral pathogens was variable.

Conclusion: The FilmArray® test can be an aid in the diagnosis of meningitis/meningoencephalitis, especially of viral

etiology. Its rational use can improve the management of patients with potentially severe infections without additional
cost.
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1. Introduction

The central nervous system (CNS) plays a fundamental role in the functioning of the body and its adaptation to the
environment.

Central nervous system infections are currently a real diagnostic and therapeutic challenge due to mortality, sequelae
and significant socio-economic costs.

Viral infections following virus replication in the CNS can cause meningitis, encephalitis and myelitis.

Encephalitis, in particular, is a serious illness often accompanied by long-term or life-long sequelae and a high fatality
rate. [1].
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The incidence of CNS viral infections is estimated to be 20-30/100,000 per year, about three times higher than bacterial
infections whose prevalence has decreased through vaccination in many countries. [2].

Many viruses can be responsible for CNS damage, neurotropic viruses, which can cross the blood-brain barrier, which
are directly responsible for neuroinvasive lesions.

The most frequently detected etiological pathogens in the world are viruses belonging to the families Herpesviridae
[Herpes simplex virus (HSV), varicella zoster virus (VZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV)] and
Picornaviridae (enterovirus (EV), parechovirus). A wide range of less common viruses (such as mumps viruses, and
measles), or arthropod-transmitted viruses (arbovirus) have been recognized as additional etiologies of acute CNS
infections [3].

The diagnosis in this case is essentially based on the identification of the virus responsible in the cerebrospinal fluid
(CSF). Over the past two decades, techniques based on nucleic acid amplification and hybridization have revolutionized
the diagnosis of CNS infections and improved the detection rate of viral agents, thus reducing the unnecessary use of
antibiotics and the length of hospitalization. [4].

This study was conducted with the aim of identifying, from the updated data, the viruses responsible for CNS viral
infection as well as determining their frequency, circulation pattern and seasonality.

2. Material and methods

2.1. Type and framework of the study

This is a retrospective study with descriptive aim, carried out within the Department of Microbiology of the Arrazi
Hospital of the Mohamed VI University Hospital Center (UHC), including all patients treated for a suspicion of meningitis
or meningo-Encephalitis of viral origin and requiring hospitalization in the various departments of the Mohamed VI
UHC of Marrakesh.

2.2. Study duration

This work was completed over a 5-year period from January 2018 to December 2022.

2.3. Inclusion criteria

This study included all patients hospitalized at the various departments of the Mohamed VI UHC, who had received
Meningitis/ Encephalitis (M/E) multiplex PCR during the study period.

2.4. Exclusion criteria

Have been excluded: patients who did not benefit from PCR (M/E), patients treated in outpatient without medical
records, non-viral CNS infections (bacterial, tubercular, parasitic, fungal and aseptic inflammatory origin) and control
PCRs.

2.5. Data collection

Data collection was based on the microbiology service database.

2.6. Data analysis

The Microsoft Excel 2016 software was used for the statistical analysis of the data. These have been converted to a
percentage, average or median.

Multiplex PCR using FilmArray® Meningitis/Encephalitis (M/E) panel of Biofire: Allows simultaneous and rapid one-
hour search for 15 different pathogens involved in meningitis and encephalitis on the same CSF sample, 7 viruses (CMV,
EV, HSV-1, HSV-2, Human herpes virus 6 (HHV-6), Human parechovirus, VZV and 6 bacteria [(Escherichia coliK1,
Haemophilus influenzae, Listeria monocytogenes, Neisseria meningitidis, Streptococcus agalactiae, Streptococcus
pneumoniae and 2 yeasts (Cryptococcus neoformans/gattii(CN)]. Each FilmArray cassette is single-use and includes all
the lyophilized reagents required for nucleic acid extraction, amplification and detection.
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This study focused solely on the viral etiology of CNS infections in symptomatic patients.

3. Results

Over a 5-year period, 8292 CSF samples were received at the microbiology laboratory, of which 984 were analyzed by
PCR Filmarray® Meningitis/Encephalitis, a prevalence of 12% of CRL that received syndromic PCR.

Of the 984 CSF samples analyzed, the FilmArray® M/E panel detected at least one neuro-meningeal tropism virus in 74
patients and the coexistence of two or more pathogens was found in 10 patients with a co-infection rate of 14.66%
(Table 1)

Table 1 Co-infection of agents causing CNS viral disease.

Types of co-infection Number

Viral co-infection

CMV+HHV-6

CMV+HSV-2

CMV+VZV

HHV-6+VZV

[ = SN I R N V)

EV+HHV-6+HSV-1

Bacterial co-infection

HHV-6+ Neisseria meningitidis

HHV-6+ Pneumococcus 1

CMV+ Haemophilus influenzae 1

Fungal co-infection

CMV+ Cryptococcus neoformans | 1

The total confirmed cases were almost similar throughout the study period. However, an increase in cases was observed
in 2021, with 26 cases of confirmed CNS viral infections (31.7%).

Patients in this study were 10 days to 99 years old, with a median age of 20.8 years. 47.3% were children and 52.7%
were adults.

Of the total number of patients, 38 were male (51.35%) and 36 were female (48.65%), with a H/F sex ratio of 1.06.

Concerning the distribution of patients by hospital departments, 40.54% of patients were hospitalized at the infectious
diseases department, 25.67% at the pediatric emergency department, 16.21% at the A pediatric department, 4.05% in
the pediatric intensive care unit and neurology departments, 2.7% in emergency and life-saving departments, 1.35% at
the neonatal intensive care units, of neurochirugia department and the B pediatric department.

The PCR was performed under clinical suspicion of meningitis (51.39%) meningoencephalitis (45.84%) and myelitis
(2.77%). The clinical symptomatology was in the context of an immunodepressive terrain represented mainly by HIV
infection in 28% of patients.

CSF cytology was normal in 37.13% of patients and high in 54.05% of whom 67.5% was lymphocytic predominant.

Of the 984 CSF samples tested throughout the study period, 74 (7.5%) were positive for at least one agent of viral
infection of CNS. (Table 2/Figure 1) summarizes the distribution of different viruses by year of detection. Among the
positive CSF, Enterovirus was the most frequently detected virus, representing 26.82% (22/82) of cases, followed by
Cytomegalovirus (21/82, 25.6%), and HSV-1 and VZV 12/80, 14.63%). Other agents were also reported with lower
frequencies, HHV-6 (10/82, 12.2%) and HSV-2 (5/82, 6.1%) (Table 2).
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Table 2 Distribution of viruses detected over the years from 2018 to 2022 (n= 82).

Allyears | 2018 2019 2020 2021 2022
N° (%) N° (%) | N°(%) | N°(%) | N° (%) N° (%)
Enterovirus | 22 (100) | 5(22.7) | 3(13.7) | 3(13.7) | 10 (45.4) | 1 (4.5)

CMV 21(100) | 4(19) |[3(143)|3(143) | 7(34) |4(19)
HSV1 12(100) | 3(25) |2(16.6) | 2(16.6) | 2(16.6) | 3 (25)
HV2 5(100) | 1(20) |1(20) |0(0) 3(60) | 0(0)
VZV 12 (100) |2(16.7) | 1(83) |2(167) | 3(25) | 4(33.3)
HHV6 10 (100) | 2(20) |3(30) |3(30) |1(10) 1(10)
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Figure 1 Distribution of viruses detected over the years from 2018 to 2022.

EV was found only in children, CMV mainly in young adults while the other viruses detected were present in almost all
age groups at varying percentages (Figure 2).
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Figure 2 Distribution of viral pathogens by age group

Seasonal viral distribution: Morocco is distinguished by four types of climate: humid, sub-humid, semi-arid and arid.
The climate observations, concerning Morocco, carried out over the last decades attest to the progression of the semi-
arid climate towards the north of the country. These data indicate that during the first 3 years a significant circulation
of viruses responsible for CNS infection was identified during the summer seasons (June-September) with a peak in late

212



GSC Advanced Research and Reviews, 2023, 14(03), 209-218

fall as shown in Figure 3. In 2021- 2022, a predominance of CNS viral infections was recorded mainly in late winter-
spring.

Over the entire study period and in general, EV has been circulating throughout the year except in February (Figure 4),
however, data from the 5 years identified significant peaks during the summer season (June-September). The highest
detection rate was observed between March and June 2021, with a detection rate of up to 45.5% of all EV-positive CSF
(Figure 3).
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Figure 3 Distribution of viruses detected by Filmarry® M/E by month of the 5 years (2018-2022)
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Figure 4 Distribution of viruses detected by month for all years combined.

CMV was the second leading cause and the first cause in immunocompromised (HIV) CNS viral infections (Figure
5/Table 3). It tended to move in a pattern that varied from year to year, but was not detected in March and September.
The highest detection rate was observed between January and June 2021, with a detection rate of up to 31.8% of all CSF
positive for CMV.
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Table 3 Distribution of viruses detected by Filmarry® M/E by year in HIV-positive patients (n=23).

Years CMV Enterovirus HSV1 HSV2 VZV HHV6
2018 3 0 0 1 1 1
2019 2 0 0 0 1 0
2020 2 1 0 0 0 0
2021 4 0 0 3 2 0
2022 2 0 0 0 0 0
Total 13 1 0 4 4 1

2022
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2018
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Figure 5 Distribution of viruses detected by Filmarry® M/E by year in HIV positive patients.

Although the overall rate of CNS viral infection was significantly higher between the summer and spring seasons, the
seasonality of different viral pathogens varied, as illustrated in Figure 3.

4. Discussion

Some neurotropic viruses can be responsible for CNS infection through various mechanisms, including direct replication
in the CNS, resulting in meningitis, meningoencephalitis, or immune-related processes, such as acute disseminated
encephalomyelitis. Viral pathogenicity and virulence strongly determine the expression of CNS infection, and host-
related risk factors such as immunosuppression often increase the risk of infection [5,22].

This study reports an overall positivity rate of 7.5% for viral agents by the multiplex PCR technique using FilmArray®
M/E panel. Similar studies in India and the US reported an approximate positivity rate [13,15]. While others
[10,11,12,14,17] found higher rates of up to 44%.

In terms of age and sex analysis, a mean age of 20.8 years and a male predominance were reported which is consistent
with several studies [6,8,10,11], a study in Columbia (2018 agrees with the results of this study with a mean age of 20
years and a male predominance [9].

The present study indicated a slight predominance of the clinical meningitis form to meningoencephalitis as a reason
for hospitalization, which represented 51.39% and 45.84% respectively, while myelitis represented only 2.77%. These
results are consistent with several studies [6,17,19,20], while others have shown the predominance of the
meningoencephalitis form, as in the Brazilian study by Mendoza et al., where meningoencephalitis was the most
frequent reason for hospitalization in 51.5% of cases, followed by meningitis in 36% of cases and then myelitis in 4.5%
of cases [7].

Neuro-meningeal symptomatology occurred in an immunosuppressive (HIV) setting in 28% of cases, similar results
were reported by Mawuntu et al in Indonesia (2018) [16].
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Etiological agents vary considerably from one region of the world to another, or even from one continent to another.
Several factors such as age, geographic location, socio-economic status, climate, and host immune competence affect the
epidemiology of CNS viral infections [29].

The distribution of pathogens in this study showed the prevalence of EV (26.82%). Other authors have also reported
that enteroviruses are the most common cause of CNS infection [6,20,21].

They are responsible for most viral meningitis, accounting for about one billion infections each year worldwide [30].

The EV cases found in this study were all in children, consistent with previous studies also showing a high rate of
enterovirus CNS infection in children [23, 24]. However, other authors believe that CNS enterovirus infections are
underestimated in adults [25].

CMV infection was found in 21 CSF samples, 62% of patients with CMV infection in CSF were HIV positive. CMV acts as
an opportunistic agent, causing acute and chronic CNS infections in immunodeficient patients [7]. Some studies suggest
that CMV infection of the CNS is probably underestimated in immunocompetent patients [26].

Since CMV may exist in a quiescent state in leukocytes, detection of the CMV genome could occur without active
infection.

HSV is considered the second most common cause of viral meningitis after enterovirus in developed countries. [27,30]

HSV-1 was detected in 14.63% of the 74 positive CSF samples. This finding is consistent with previous studies that show
that HSV-1 is the most common causative agent especially in encephalitis and is the most detected virus in the CNS in
elderly patients (>64 years). [28]

VZV was detected in CSF in patients of all ages in children and adults, of whom 33% (4 patients) were
immunocompromised. Other authors have also reported that VZV infects the CNS of patients with retroviral HIV
infection with a higher risk of developing disseminated forms [7,27].

Reactivation of herpes simplex virus, type 1 and 2, varicella zoster virus, and cytomegalovirus is common in the context
of human immunodeficiency virus (HIV) infection.

Infection of the CNS with more than one virus is rare in the literature, Co-infections have been previously reported in 1-
7% of positive samples [7,15,18]. In this study, co-infections were detected in 10 patients. 6 patients were infected with
two viruses and 1 patient with 3 viruses (EV, HSV1 and HHV®6).

The triple virus co-infection was observed in Triple virus co-infection was observed in an apparently immunocompetent
2-year-old child with meningitis. In this case, it is possible that the disruption of the blood-brain barrier by the
enterovirus may have facilitated the introduction of other viruses into the CNS.

The possibility of false positives can be discussed since this multiplex PCR does not distinguish between the active and
latent forms of herpesviridae. The use of other quantification techniques may be required depending on the clinical
context.

In terms of seasonality, and in general, our data indicate that CNS viral infection circulates throughout the year, but with
higher rates during the summer seasons and a decrease during the cold seasons. Our results are consistent with
literature data in some countries [23,30,32,33] which reported that the seasonal dynamics of neurotropic viruses are
higher during the summer and early fall.

On the other hand, a recent study conducted in Iran (2019) reported higher circulation rates during the cold months
(fall to spring) [31].

As mentioned previously, enterovirus was the most frequently detected virus, and reached significant peaks during the

summer seasons (June-September). According to reports of several previous studies EV circulates throughout the year
but tends to peak in summer [30,35, 36].
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The mechanisms that explain this observation are not well known, but some theories have been proposed. Green et al.
suggest that during the summer and fall, there is potentially increased fecal-oral transmission of enteroviruses
promoted by warm weather and scanty clothing, especially in children [35].

Limitations of the Study

This is a retrospective study and we were not able to review the charts of patients with suspected CNS, which would
have allowed us to obtain more information and perform a more thorough analysis.

5. Conclusion

CNS viral infections represent a significant public health burden due to the high morbidity and mortality, the difficulties
in diagnosis and the lack of specific treatment in most cases. The application of molecular methods allows the rapid
detection of pathogens in the acute phase of the disease. A useful strategy for the laboratory diagnosis of CNS infections
in humans is to search for a wide panel of potential causative agents at one time using molecular techniques. The
FilmArray® test can be a tool to assist in the diagnosis of meningitis/meningoencephalitis. As well, its rational use can
improve the management of patients with potentially severe infections at no additional cost.
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