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Abstract
BACKGROUND
Rapid molecular testing has revolutionized the management of suspected viral meningitis and encephalitis by providing an etiological diagnosis in < 90 min with potential to improve outcomes and shorten inpatient stays. However, use of molecular assays can vary widely.

AIM
To evaluate current practice for molecular testing of pediatric cerebrospinal fluid (CSF) samples across the United Kingdom using a structured questionnaire.

METHODS
A structured telephone questionnaire survey was conducted between July and August 2020. Data was collected on the availability of viral CSF nucleic acid amplification testing (NAAT), criteria used for testing and turnaround times including the impact of the coronavirus disease 2019 pandemic.

RESULTS
Of 196/212 (92%) microbiology laboratories responded; 63/196 (32%) were excluded from final analysis as they had no on-site microbiology laboratory and outsourced their samples. Of 133 Laboratories included in the study, 47/133 (35%) had onsite facilities for viral CSF NAAT. Hospitals currently undertaking onsite NAAT (n = 47) had much faster turnaround times with 39 centers (83%) providing results in ≤ 24 h as compared to those referring samples to neighboring laboratories (5/86; 6%).

CONCLUSION
Onsite/near-patient rapid NAAT (including polymerase chain reaction) is recommended wherever possible to optimize patient management in the acute setting.
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Core Tip: Rapid diagnosis of viral meningitis in children through nucleic acid amplification testing (NAAT) of cerebrospinal fluid (CSF) can help in establishing a firm diagnosis, allowing early discontinuation of antibiotics and ensuring improved antibiotic stewardship. Turnaround times will be improved through availability of onsite NAAT facilities in the hospitals with inpatient pediatric units. All CSF samples in infants, irrespective of their white cell counts (actual/adjusted) should be offered NAAT, as viral meningitis due to enterovirus or human parechovirus can occur without pleocytosis.

INTRODUCTION
Timely diagnosis of meningitis is crucial to reduce mortality and long-term neurological disability[1,2]. The introduction of public health initiatives and immunization programs over the last 50 years have significantly decreased the incidence of bacterial meningitis in the United Kingdom[3]. In the United Kingdom, viral pathogens are the commonest cause of meningitis in both adult and pediatric populations[2]. The diagnosis of meningitis involves clinical assessment and a variety of laboratory investigations. Distinguishing between viral and bacterial causes can be challenging at initial presentation. For cases of suspected meningitis, in the absence of contraindications including coagulation disorders or raised intracranial pressure, a lumbar puncture should be performed[4,5]. Nucleic acid amplification testing (NAAT), predominantly through polymerase chain reaction (PCR) technology of the cerebrospinal fluid (CSF), is recognised as the gold standard for diagnosis in viral meningitis[6].
The aim of this study was to evaluate the use and availability of viral NAAT testing of CSF in microbiology laboratories across the United Kingdom.

MATERIALS AND METHODS
An electronic search of the National Health Service (NHS) database (http://www.nhs.uk/servicedirectories/pages/nhstrustlisting.aspx) was conducted to identify NHS trusts providing pediatric services across the United Kingdom (n = 212): England (n = 172), Scotland (n = 20), Wales (n = 12) and Northern Ireland (n = 8). Structured telephone surveys were conducted with either a Consultant Microbiologist (n = 3) or a Senior Biomedical Scientist (n = 193) in participating hospitals between July and August 2020. Twenty three of the 196 respondents submitted data via email citing data protection policy for their hospital. Sixteen laboratories did not respond, citing work pressures due to the coronavirus disease 2019 (COVID-19) pandemic, and were excluded from this study. The study was conducted and approved as an outcome audit. Ethical approval was considered not necessary as no confidential patient data was collected.
The survey consisted of a standardized questionnaire delivered by a single interviewer and the responses were collated electronically. The questionnaire asked the following details regarding NAAT of Paediatric CSF samples: (1) Whether the laboratory had onsite facilities to perform viral NAAT on CSF samples, type of assay used, criteria required to perform viral NAAT, the availability of point-of-care (POC) testing, and the approximate turnaround time (TAT); (2) If the laboratory did not perform viral NAAT, they were asked where samples were sent, criteria required to perform testing, and the TAT for NAAT results; and (3) All the laboratories performing onsite testing were questioned about the impact of the COVID-19 pandemic on their ability to process CSF NAAT samples
Statistical analysis was performed using standard Chi-squared analysis and a P value < 0.05 was considered to indicate significance.

RESULTS
In total, 196/212 hospitals (92%) responded to the questionnaire. Of those responding, 133 (68%) had an onsite microbiology laboratory within the same hospital site as the pediatric facility and were included in the study; 63 hospitals (32%) were covered by offsite microbiology services at a different hospital and were excluded from the study (Figure 1). More than one-third of onsite microbiology laboratories in the United Kingdom (n = 47) had facilities to perform viral CSF NAAT as well as cover neighboring onsite laboratories (n = 88) with no NAAT facilities. Other laboratories with no onsite microbiology laboratories (n = 63) outsourced samples elsewhere. The criteria used to perform viral NAAT amongst the 47 onsite laboratories were as follows: (1) Clinician request in 32% (n = 15); (2) Combination of CSF white blood cell count and clinician request in 28% (n = 13); (3) Performed on all samples if requested (referred to as “blanket testing”) in 19% (n = 9); (4) Entirely dependent on CSF pleocytosis in 6% (n = 3); (5) Approval from a microbiologist in 4% (n = 2); and (6) Respondents unaware of the criteria for testing in 11% (n = 5).
The majority of microbiology laboratories (n = 86) that sent samples away did so on clinical request (n = 51; 59%). Other criteria included: CSF white cell counts (WCC) plus clinical request (n = 22; 26%), blanket testing (n = 8; 9%), and not known to respondent (n = 5; 6%). The TAT varied for CSF viral NAAT samples and is summarised in Table 1. The majority of laboratories (46 of 47) with onsite viral CSF NAAT facilities reported a sample processing time of ≤ 48 h, P < 0.00001. Four centers with onsite microbiology laboratories sent CSF samples to neighboring hospitals for more comprehensive NAAT targets as they offered limited facilities for viral PCR testing (only for enterovirus) performed through POC testing.
Onsite laboratories used a variety of assay kits to perform viral NAAT including BioFire® (n = 22), in-house kits (n = 8), various Multiplex PCR kits (n = 6), LightCycler® (n = 1), Altona diagnostics (n = 1), AusDiagnostics® (n = 3), EliTech® (n = 2), M2000 (n = 1) and kits not specified (n = 3). Most of the kits covered 4 common viruses: Enterovirus, Human parechovirus, Herpes simplex virus (HSV) 1 and 2. There were facilities for testing additional viruses such as Varicella zoster virus, Cytomegalovirus, Adenovirus, Human Herpes Virus-6, Epstein-Barr virus, which varied depending on the kit used.
The COVID-19 pandemic had minor effects on the turnaround time for viral CSF NAAT results for laboratories performing onsite tests (n = 4; 9%), primarily due to the sharing of PCR/NAAT machines for COVID-19 (severe acute respiratory syndrome coronavirus 2) analysis, as well as shortages of staff and/or manufacturer delays.

DISCUSSION
The diagnosis of pediatric meningitis can be fraught with difficulty, especially in neonates and infants. Although there are several suggestive clinical signs, there is no diagnostic isolated single finding or combination of features[7]. Clinical suspicion, with cytological and microscopic analysis of CSF samples are the mainstay of diagnosis; antibiotic treatment is often started empirically while these results are awaited.
Enterovirus and Human Herpes Virus-6 (HHV-6) are the main pathogens causing viral meningitis in older neonates, infants and children. They usually have a favourable outcome, though neurological impairment has been observed, particularly following certain enterovirus strains such as D68 or human parechovirus[2]. HSV 1 and 2 infections typically cause severe encephalitis with serious sequelae if treatment with antivirals is delayed; evidence of these infections should be confirmed by NAAT as soon as possible.
The use of NAAT in the diagnosis of viral meningitis has been demonstrated to result in briefer parenteral antibiotic courses[5,8]. A positive CSF enterovirus result has also been associated with shorter lengths of hospital stay in infants with viral meningitis[5,9,10]. Most experts recommend that CSF PCR results for HHV-6 (due to potential for reactivation) should be interpreted with caution in the absence of readily attributable symptoms. A recent study reported that following detection of HHV-6 in 25 of 1005 children, five were subsequently diagnosed with either HHV-6 meningitis or meningoencephalitis based on HHV-6 detection in CSF, clinical presentation, and radiographic findings. These results led to early discontinuation of empirical acyclovir treatment in 12 children and appropriate initiation of ganciclovir therapy in 4 as a result of faster establishment of microbiological diagnosis[11]. NAAT remains an underutilised investigation: One observational study of 323 patients with a negative CSF gram stain reported that although PCR had the highest diagnostic yield it was only requested for 39.6% of patients[12].
The overwhelming majority of laboratories with onsite NAAT facilities (n = 47) reported a sample TAT of ≤ 24 h in 39/47 (89%), as compared to only 5/86 (6%) for samples sent elsewhere (P < 0.00001). The impact of transit times meant that only 52% (n = 45) of microbiology laboratories without NAAT facilities had a TAT of ≤ 48 h. Hopefully, as technology develops, turnaround times should improve, especially if POC tests become increasingly available. This has already been demonstrated as feasible for viral respiratory swab testing during the COVID-19 pandemic. A Canadian study using a model-based analysis of a retrospective cohort of all hospitalised children admitted with suspected enterovirus meningitis between November 2013 and 2017 demonstrated that same-day TAT of CSF enterovirus PCR was associated with a cost reduction of 342.83 Canadian dollar per patient in comparison to specimens sent to a reference laboratory. Further benefits such as decreased length of stay (LOS) and antibiotic therapy were also noted[13]. A retrospective study from the United States with 363 children who had HSV PCR tested on CSF samples demonstrated that the median duration of acyclovir therapy was significantly reduced in the group following implementation of a direct sample-to-answer assay technique (leading to faster TAT) as compared to laboratory-developed real-time PCR assay used in pre-implementation group [14.3 h vs 29.2 h (P < 0.01)] and marginal reduction in median LOS [4 d vs 5 d (P 0.23)][14].
There was also a wide variation in the acceptance criteria for performing NAAT analysis in the 133 centers with an onsite microbiology laboratory; the most popular approaches being based on clinician request (66/133, 50%) or a combination of CSF WCC with clinician request (35/133, 26%). Two recently published studies from the United Kingdom have suggested performing viral PCR testing of all CSF samples in infants, irrespective of their adjusted CSF WCC, has potential to reduce length of hospital stay and antibiotic usage[5,9].
The COVID-19 pandemic had minimal effect on TAT with delay in sample analysis reported in 6% centers who had onsite testing facilities. Within the context of pediatrics, the cumulative effect of these delays can be lengthier hospital admissions, prolonged courses of parenteral antibiotics and diagnostic uncertainty.

CONCLUSION
Despite the widely documented benefits of using NAAT technology to aid the diagnosis and management of pediatric meningitis, onsite testing facilities for viral NAAT are limited in the United Kingdom. The lack of available NAAT facilities may have significant implications on patient outcomes, including increased LOS and duration of parenteral antibiotics. Early discontinuation of antibiotics in cases of viral meningitis should lead to improved antibiotic stewardship. Our study underlines the need for a national consensus on the role of PCR testing and emphasises the desirability of onsite PCR testing equipment for microbiology laboratories in the United Kingdom and elsewhere in the world.

ARTICLE HIGHLIGHTS
Research background
Viral pathogens are considered the major cause for meningitis worldwide. The use of nucleic acid amplification testing (NAAT), predominantly through polymerase chain reaction (PCR) in the diagnosis of meningitis has been demonstrated to result in faster turnaround times, shorter length of stay and briefer course of parenteral antibiotics.

Research motivation
NAAT remains an underutilized investigation and it is important to develop a national consensus on the role of PCR testing for diagnosing viral meningitis in children. 

Research objectives
The aim of this study was to evaluate the use and availability of viral NAAT testing of cerebrospinal fluid (CSF) in microbiology laboratories across the United Kingdom.

Research methods
Structured telephone questionnaire survey was conducted to understand the availability of viral CSF NAAT in the United Kingdom with emphasis on the criteria used for testing and turnaround times including the impact of the coronavirus disease 2019 pandemic.

Research results
Onsite facilities for viral CSF NAAT was available in 35% centres with much faster turnaround times of ≤ 24 h as compared to those outsourcing to neighboring laboratories.

Research conclusions
Onsite/near-patient rapid NAAT [including polymerase chain reaction (PCR)] is recommended wherever possible to optimize patient management in the acute setting.

Research perspectives
Our study underlines the need for a national consensus on the role of NAAT and emphasizes the need for on-site PCR testing equipment for microbiology laboratories in the United Kingdom.
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Figure 1 Microbiology laboratories offering cerebrospinal fluid nucleic acid amplification testing. CSF: Cerebrospinal fluid; labs: Laboratories; NAAT: Nucleic acid amplification testing.

Table 1 Turnaround times based on the presence of onsite laboratory nucleic acid amplification testing facilities
	TAT (in hours)
	Laboratories with onsite viral NAAT facilities (n = 47)
	Laboratories without onsite viral NAAT facilities (n = 86)
	P value

	< 12
	21
	4
	< 0.00001

	12-24
	18
	1
	< 0.00001

	24-48
	7
	40
	< 0.00001

	48-72
	0
	23
	NC

	> 72
	0
	15
	NC

	Variable
	1
	3
	NC


NC: Not calculated; NAAT: Nucleic acid amplification testing; TAT: Turnaround time.
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