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Original Article

Trends in the diagnosis and
management of infective
meningitis at a tertiary centre
over 10 years: a retrospective
cohort study providing
further evidence for culture-
independent diagnostics

SC Williams, O Topping, G Tsermoulas, ] Scriven & G Hassan-Smith

Abstract

Objective: This retrospective study analysed clinical characteristics, diagnosis, and management of infective
meningitis patients at a UK-centre, aiming to identify emerging trends in the patient pathway.

Methods: A ten-year review of meningitis patients at a UK tertiary centre was conducted. Inclusion criteria
encompassed signs/symptoms of meningitis with CSF WCC 24 cells/mm3 or causative pathogen identification.
Results: The study included 298 patients with infective meningitis were included (184 viral, 87 bacterial, 22
tuberculosis, 5 fungal). Key findings indicated underutilisation of culture-independent investigations, delayed
administration of antibiotics, and lumbar puncture. Viral meningitis cases with a positively identified causative virus
had shorter hospital stays.

Conclusion: Culture-independent investigations are under-utilised in meningitis diagnosis. Patients experience
delays in essential interventions. Future advancements in rapid, point-of-care genomic sequencing could enhance

diagnostic accuracy and speed.
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Introduction
Infective meningitis describes the pathological
inflammation of the tissue coverings of the brain
secondary to pathogenic infection. In recent decades,
the picture of meningitis seen across the United
Kingdom (UK) has changed. Widespread vaccination
programmes have reduced the incidence of bacterial
meningitis, the effects of this notably seen in paediatric
populations.' However, mortality from bacterial
meningitis remains high at 7 — 20% and is associated
with significant neurological sequelae. Conversely,
viral meningitis is typically a self-limiting condition
with low risk of morbidity, mortality, or significant
neurological sequelac.’ Rates of viral meningitis are
increasing, in part due to increasing availability of
molecular diagnostics.® The impact of viral meningitis
on healthcare systems is not benign, however -
distinguishing between viral meningitis and bacterial
meningitis can be challenging on initial presentation,
and therefore patients often receive protracted courses
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of empiric antibiotics and spend many days in hospital,
exposing the patient to unnecessary treatment and
accruing healthcare costs. The rapid identification of
viral meningitis, and therefore the exclusion of a more
sinister cause, may prevent prolonged and costly patient
admissions.”® Fungal meningitis and mycobacterium
tuberculosis (TB) meningitis are often devastating
conditions, particularly amongst immunocompromised
individuals, carrying high mortality and morbidity.!
For all causes of infective meningitis, early
identification of a causative pathogen is key to
outcomes. This has been echoed in national guidelines
produced by the British Infection Association.’
In the case of bacterial meningitis, this allows for
rationalisation of antibiotic therapy, and enables a
tailored therapeutic response. In the case of viral
meningitis, early detection allows patients to be
discharged promptly and empiric treatments stopped.
Immunisation programmes, novel diagnostic
modalities, and improved treatments have caused
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‘ Table 1. Final diagnosis and microbial cause of community acquired meningitis cases ‘

Viral meningitis 184

- No viral pathogen identified (‘likely viral’) 102 (55%)

- Herpes Simplex Virus 2 (HSV2) 32(17%)

- Enterovirus 30(16%)

- Varicella Zoster Virus (VZV) 13(7%)

- Epstein Barr virus (EBV) 3(2%)

- Herpes Simplex Virus 1 (HSV1) 3(2%)

- Enterovirus & EBV 1(1%)
Bacterial meningitis 87

- Streptococcus pneumoniae 38(44%)

- No bacterial pathogen identified ('likely bacterial’) | 29 (33%)

- Neisseria meningitidis 14(16%)

- Streptococcus pyogenes 1(1%)

- Escheria coli 1(1%)

- Staphylococcus aureus 1(1%)

- Staphylococcus cohnii 1(1%)

- Streptococcus intermedius 1(1%)

- Multiple 1(1%)
TB meningitis 22

- Confirmed TB meningitis 13(59%)

- No TB pathogen identified (‘likely TB meningitis’) | 9(41%)
Fungal meningitis 5

- Cryptococcus neoformans 5(100%)

a paradigm shift in the diagnosis and management
of meningitis in the UK.M® This retrospective
study aimed to provide a snapshot of the clinical
characteristics, diagnosis and management of infective
meningitis, detailing emerging trends in diagnostic
and management pathways, as well as providing
epidemiological data regarding infective meningitis
in the UK. Secondly, we aimed to compare our units
performance with the British Infection Association’s
(BIA) 2016 guidelines on the diagnosis and
management of meningitis.

Methods

This study comprised a retrospective cohort including
all consecutive adult patients meeting diagnostic
criteria for infective meningitis at a UK tertiary
centre between 2010 and 2019. Where applicable,
this study is reported in accordance with STROBE
guidelines for the reporting of observational data.!!
Patient data was collected as part of a locally registered
audit with the Clinical Governance and Patient
Safety Team at the Healthcare Trust (registration code
(CARMS-14502)). Patient data was inputted into an
anonymised database.

An initial patient database was created through
bioinformatic case extraction of patients with an ICD-10
diagnostic code for meningitis or meningoencephalitis,
over a period of ten years from 2010 to 2019 inclusive,
at a tertiary centre in the UK. Case notes were
individually reviewed for suitability for inclusion to

a final patient database for analysis. Inclusion criteria
were patients with signs and symptoms of meningitis
(as determined by the research team), with a CSE WCC
>4 cells/mm3 or a pathogen identified in CSF or blood.
Exclusion criteria included patients aged <16, repeat
cases, and patients who were ultimately diagnosed
with an alternative condition despite being coded as
meningitis. Patients with a final diagnosis of chemical,
carcinomatous, post-neurosurgical (within 50 days of
neurosurgery), and chronic lymphocytic meningitis
were excluded. Encephalitis, cerebral abscess, and
subdural empyema patients were excluded.

Data regarding clinical presentation, diagnosis,
management, and outcome was collected via in-house
electronic patient records. Laboratory data such as
white cell count (WCC), C-reactive protein (CRP),
was taken from the presenting time of the meningitis
episode. Patients who did not receive a blood culture
within 7 days of meningitis episode / admission
were listed as not having had a blood culture taken.
Patients were considered immunocompromised if
they had any of the following: active haematological
malignancy; solid-organ or bone-marrow transplant;
HIV infection with CD4 <200 cells/mm?; receipt
of chemotherapy, radiotherapy, or other systemic
immunosuppressive treatment; or any documented
primary immunodeficiency. For patients who presented
via A&E time of admission was recorded, along with
time of other key steps in the meningitis pathway to
enable analysis of time-to-intervention. Data regarding
antimicrobial ~prescriptions were gathered using
electronic prescribing records. Empiric antibiotic was
defined as the antibiotics administered to the patient
with the primary aim of treating meningitis prior to
finding a causative organism. Definitive antibiotics
were defined as those which the patient was treated with
after causative pathogen identification.

Final diagnosis was divided into viral, bacterial,
fungal, or TB meningitis. For meningitis cases in
which an organism was not isolated, a final diagnosis
of ‘meningitis — unknown cause — likely ‘pathogen™
was given, in-keeping with the audit tool derived from
the British Infection Association.” Final diagnosis of
likely bacterial, likely viral, or likely TB was based
upon clinical presentation, investigations, impression
by the parent team at time of treatment, and the
clinical research team. To minimise bias, cases were
reviewed in duplicate by two authors (SW, OT) and
any discrepancies were resolved through discussion
with a third reviewer (GHS).

Quantitative data is presented descriptively.
Missing data were excluded from analysis. Inferential
statistical analysis was carried out using GraphPad
Prism5 software (GraphPad Software, Inc.). Central
tendency is described using median and interquartile
range. Mann-Whitney statistical test was used when
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Table 2. Demographics, symptomatology, investigations, and outcome for community acquired meningitis cases over a ten-year period.

% Female

52%

59%

41%

40%

Age (median+ IQR)

45(30-62)

31(IQR25-41)

49 (IQR25-57)

34 (IQR20-57)

Immunocompromised

11%

8%

6%

80%

Headache 76% 95% 60% 100%
Fever 69% 69% 30% 40%
Vomiting 54% 55% 35% 100%
Neck stiffness 39% 49% 0% 100%
Photophobia 26% 38% 15% 40%
Seizures 17% 9% 15% 0%

Rash 11% 9% 5% 0%

Time from symptom onset to admission | 1.0 days 2 days 14 days 14 days
Median + (IQR) (1-3) (IQR1-4) (IQR 7 -29) (IQR6-52)

WCC at presentation (x10°/L) 14.9 8.9 7.2 8.7
Median + (IQR) (10-22) (IQR7.2-10.7) (IQR 6.1 -9.6) (IQR 5.0-9.6)
CRP at presentation (mg/L) 106 6 11 10
Median + (IQR) (27 —246) (IQR1 - 16) (IQR 5 - 42) (IQR 2-25)
Lactate at presentation 3.2(1.6-5.7) 1.5(IQR 1.2 - 2.0) - -
Median + (IQR)
CSF appearances

Clear colourless fluid 43% 93% 52% 100%

Turbid fluid 39% 3% 0% 0%

Straw coloured fluid 10% 1% 24% 0%

Blood stained 7% 3% 24% 0%

Fibrin clot 1% 0% 0% 0%
CSF WCC cells/mm3 415 124 36 34
Median + (IQR) (104-1198) (IQR 46 - 266) (IQR 15-110) (IQR11-110)
CSF polymorphs cells/mm3 290 8 8 4
Median + (IQR) (55-978) (IQR1 - 20) (IQR2-16) (IQR2-62)
CSF mononuclear cells x10° cells/mm3 30 94 27 13
Median + (IQR) (8—115) (IQR 27 - 236) (IQR11-106) (IQR5-61)
CSF protein (g/L) 1.3 0.64 1.36 0.62
Median + (IQR) (0.7-4.8) (IQR 0.49 - 0.99) (IQR0.77 -2.22) (IQR0.43-1.02)
CSF:serum glucose ratio
<0.5 73% 24% 82% 60%
Length of stay 14 days 4 days 30days 63 days
Median + (IQR) (10-24) (IQR 2-9) (IQR 18-67) (IQR35-133)
ITU admission (as direct result of 47% 1.1% 50% 40%
meningitis)
Neurosurgical intervention required 16% 0% 55% 60%
Mortality rate 14% 2% 23% 0%
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comparing unpaired, nonparametric groups, whilst
an unpaired t test was used when data was normally
distributed. Shapiro-Wilk normality tests were used to
determine whether data were parametrically or non-
parametrically distributed.

Results

In total, 1546 patients matched the ICD-10 diagnostic
code and were screened according to the inclusion/
exclusion criteria. Of these, 298 cases met inclusion
criteria (Table 1). In total, 140 cases (44% of total)
of meningitis had no pathogen or underlying cause
identified. These ‘unknown cause’ cases were deemed
as likely viral (n = 102), likely bacterial (n = 29), or
likely TB (n = 9).

Viral meningitis

184 cases of viral meningitis were identified (82
‘confirmed’ (viral pathogen identified), 102 likely)
(Table 1). Demographic, clinical, laboratory, and
outcome data can be found in Table 2, pathogen
specific data can be found in Table 3. The most
common causative virus was HSV2, detected in
32 patients (39% of identified viruses), followed
by enterovirus (37%), and VZV (16%). HSV2
meningitis predominantly affected women (81%
female), in contrast to other viral pathogens.

A past medical history of meningitis was noted
in 10% of cases (18/184). This was notably greater
in HSV2 meningitis cases, where 17% (5/32) of
patients had a history of meningitis. Symptomatic
onset to admission was a median of 2 days (IQR 1
- 4) in viral meningitis cases (data available for n =
165 patients). A short duration of onset was seen for
HSV and enterovirus meningitis, with the notable
exception being VZV meningitis, which had a
median time from symptom onset to admission of
5 days (IQR 3 - 6) (p < 0.05) (n = 13). In total,
8% (14/184) of viral meningitis patients were
immunocompromised; the proportion of patients
who were immunocompromised was much greater

for VZV meningitis patients at 31% (4/13).

Investigations and diagnostic methods
Laboratory data for viral meningitis patients is found
in Table 2. Pathogen specific data is found in Table 3.

Treatment

Antiviral therapy was administered to 65% (120/184) of
viral meningitis patients (median duration of therapy 6
days (IQR 3 - 11)). Patterns of antiviral treatment varied
(Supplementary Material, Table 4) — 35% (64/184)
were not prescribed any antivirals; 36%(66/184)
were prescribed antivirals empirically which were
then stopped once viral meningitis confirmed; 26%
(48/184) were prescribed antivirals in both the

empiric and definitive period; and 3% (6/184) were
prescribed antivirals upon discovery of an underlying
viral pathogen. Empiric antibiotics were administered
to 75% of viral meningitis patients (median treatment
duration 4 days (IQR 2 - 6)). Duration of empiric
antibiotic administration in viral meningitis was
significantly less in cases where an underlying virus was
identified (3 days (IQR 2 - 5) compared to likely viral
cases (5 days (IQR 2 - 6)) (p < 0.05).

Outcomes

Outcomes measured for viral meningitis cases
included length of stay (median 4 days (IQR 2 - 9)),
intensive therapy unit (ITU) admission rate (1%,
2/184), and mortality rate (2%, 3/184). Pathogen-
specific outcomes data can be found in Table 3.

Confirmed vs likely viral meningitis

In both groups, similar proportions of patients received
antiviral therapy (67% vs 65%) and antimicrobial
therapy (71% vs 77%). Duration of antibiotic
treatment was greater for likely (5 days (IQR 2 - 8)
compared to ‘confirmed’ (3 days (IQR 2 - 5)) (p <
0.05)). There was no statistically significant difference
in the duration of antiviral treatment between the two
groups. Length of stay was statistically significantly
shorter in ‘confirmed’ cases (median 4 days (IQR 2
— 7)) compared to likely cases (median 5 days (IQR
2 -10)) (p < 0.05, Mann-Whitney U)).

Bacterial meningitis

Demographics and final diagnosis

A total of 87 bacterial meningitis cases were identified
(Table 1). Of these, 67% (58/87) had a causative
pathogen identified, whilst 33% (29/87) had no
pathogen identified throughout their admission.
In cases where a bacterial pathogen was identified,
streptococcus  pneumoniae was most common (n
= 38), accounting for 66% of confirmed bacterial
meningitis cases, followed by Neisseria meningitidis
(n = 14) (24% of cases). Median age was 45 (IQR 30
- 62) for all bacterial meningitis patients, 55 (IQR 32
— 64) for pneumococcal meningitis patients, and 27
(IQR 20 — 38) for meningococcal meningitis patients.

Diagnosis

Presenting features, laboratory data, and outcomes
are shown in Table 2; pathogen specific data is shown
in Table 3. Blood cultures were taken 84% (73/87)
of the time (38% (28/73) were positive (excluding
contaminants). CSF culture was sent in 80% (70/87,
66 LPs, 4 patients CSF sent via external ventricular
drain) of cases and yielded a positive result 19%
(13/70) of the time. CSF was sent for meningococcal/
pneumococcal PCR analysis 45% (39/87) of the
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Table 3. Pathogen-specific demographics, symptomatology, investigations, and outcome for community acquired meningitis cases over a ten year period. Pathogen-specific demographics,
symptomatology, investigations, and outcome for community acquired meningitis cases over a ten year period.

% Female

50%

57%

81%

50%

46%

Age (median+ IQR)

55(IQR 42 - 66)

27 (IQR 20 - 38)

31(IQR 27 - 44)

31(IQR27 - 36)

54 (IQR 26 - 64)

Immunocompromised

8%

7%

3%

0%

31%

Headache 58% 85% 100% 100% 100%
Fever 75% 75% 86% 79% 15%
Vomiting 48% 77% 57% 69% 46%
Neck stiffness 26% 54% 54% 62% 31%
Photophobia 26% 15% 25% 48% 62%
Seizures 19% 0% 14% 3% 0%
Rash 0% 46% 14% 0% 8%
Time from symptom onset to admission 1.0 day 1day 1day 2 days 5days
Median + (IQR) (1-2) (1-2) (1-3) (1-3) (3-6)

WCC at presentation (x10°/L) 16 21.5 9.4 8.3 8.2
Median + (IQR) (6.9-23.7) (16 -28) (8.1-10.4) (6.5-9.3) (6.5-9.5)
CRP at presentation (mg/L) 174 205 1* 17* 3
Median + (IQR) (64-318) (125-348) (1-5) (5-36) (1-16)
Lactate at presentation (mmol/L) 3.3 5.4 1.3 1.5 1.4
Median + (IQR) (2.1-5.6) (3.4-7.5) (1.2-1.7) (1.1-2.1) (1.38-1.5)
CSF appearances

Clear colourless fluid 22% 33% 94% 97% 92%

Turbid fluid 48% 67% 3% 0% 0%

Straw coloured fluid 22% 0% 3% 0% 0%

Blood stained 4% 0% 0% 3% 8%

Fibrin clot 4% 0% 0% 0% 0%
CSF WCC (cells/mm3) 663 3223 297 58 221
Median + (IQR) (292-1757) (497 -7267) (143 - 404) (41-97) (87 - 335)
CSF polymorphs (cells/mm3) 656 2900 9 12 12
Median + (IQR) (208 -1708) (401-7205) (3 -24) (5-22) (1.5-22)
CSF mononuclear cells (cells/mm3) 35 89 270 34 217
Median + (IQR) (13-118) (15-363) (125 - 289) (24 -81) (56 -332)
CSF protein (g/L) 5 2.3 1.1%* 0.5% 1.07
Median + (IQR) (3-7) (0.68-4.2) (0.7 -1.4) (0.35-0.65) (0.84-1.74)
CSF:serum glucose ratio

<0.5 90% 100% 5% 5% 56%

<0.3 60% 50% 0% 0% 0%

<0.2 60% 50% 0% 0% 0%
Length of stay (days) 20t 9t 4 days 3 days 6 days
Median + (IQR) (14-26) (6-11) (2-7) (2-4) (3-12)
ITU admission (as direct result of meningitis) | 66% 57% 0% 0% 0%
Neurosurgical intervention required 21% 0% 0% 0% 0%
Mortality rate 18% 7% 0% 0% 0%
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time, and these positively identified meningococcal/
pneumococcal species 46% (18/39) of the time.
Serum meningococcal/pneumococcal PCR was sent
in 22% (19/87) of bacterial meningitis patients and of
these, 42% (8/19) were positive for a pathogen. Figure
1 shows the diagnostic investigations performed and
their percentage rate of pathogen detection.

For bacterial meningitis with a confirmed
pathogen (58/87), the means of detection was varied.
Meningococcal meningitis cases were predominantly
diagnosed through PCR means, with 71% (10/14) of
diagnoses made exclusively through PCR detection.
In 50% of meningococcal meningitis cases, CSF
meningococcal PCR was positive when CSF culture
failed to generate a positive result.

Of the 66 patients who had LPs performed, 54%
(36/66) had clinical contraindications to LB, for which
the BIA state neuroimaging should be performed prior.
All of these patients were appropriately imaged prior
to LP. Overall, 97% (60/66) of patients undergoing
LP had pre-procedure neuroimaging (typically CT
head). Twenty-seven patients had no contraindication
to LP, yet 21/27 (77%) of these patients still had a CT
or MRI head prior to LP.

Management

Pre-hospital antibiotics were administered to 5%
(4/87) of bacterial meningitis patients. For patients
who presented via A&E, ceftriaxone was prescribed
in 63% (40/64) patients (in line with national
guidance), and aciclovir was co-prescribed in 45%
(29/64) patients. Once admitted, prescription of
ceftriaxone rose to 75% (61/81), and aciclovir was co-
prescribed in 57% (46/81). For bacterial meningitis
cases in which a pathogen was identified, definitive
antibiotics were in line with local guidance in 92%
(26/34) cases. Patients who met the criteria for
Listeria monocytogenes cover (n = 38) were prescribed
amoxicillin in 61% (26/34) of cases (criteria for
Listeria cover includes age >60, diabetic patients,
pregnant patients, and immunocompromised state).
For bacterial meningitis patients presenting via
A&E, time to first antibiotic administration was
98 minutes (IQR 41 — 242), with 33% (20/61) of
patients receiving antibiotics within the first hour.
The median duration of antibiotic therapy was 10
days (IQR 9 — 14) for all bacterial meningitis patients,
14 days (IQR 14 — 18) for pneumococcal meningitis
patients, and 8 days (IQR 8 — 10) for meningococcal
meningitis patients. Neurosurgical input was required
in 16% (14/87) of bacterial meningitis patients (21%
of pneumococcal meningitis patients (16% required
EVD insertion) and 0% of meningococcal meningitis
patients). Additional data regarding management
of bacterial meningitis patients can be found in

Supplementary Material 1, Table 5.

Outcomes

Median length of stay for bacterial meningitis patients
was 14 days (IQR 10 - 24). ITU admission rate for
bacterial meningitis was 47% (41/87). ITU admission
rates were notably greater in the pneumococcal (66%,
25/38) and meningococcal (57%, 8/14) groups.
Mortality rate was 14% (12/87); subgroup mortality
rate was 18% (7/38) for pneumococcal and 7% (1/14)
meningococcal meningitis group.

Tuberculosis meningitis
Twenty-two TB meningitis patients were included
(13 confirmed, 9 likely). Demographic, clinical,
laboratory, and outcome data can be found in Table 2.
Diagnostic means of TB identification were AFB CSF
microscopy (sent in 91% (20/22) of cases, of which
0% (0/20) were positive), MTB CSF PCR (sent in
77% (17/22) of cases, of which 41% positive (7/17)),
and mycobacterial CSF culture (sent in 91% (20/22)
of cases, of which 30% (6/20) positive). For cases
diagnosed through mycobacterial culture, the median
time to positive culture was 27 days (IQR 20.5 — 33).
Adjunctive steroids were administered in 68%
(15/22) of patients. Outcomes measured included
length of stay (median 30 days (IQR 18 - 67)), ITU
admission rate (50%, 11/22), and mortality rate
(23%, 4/22). Notably, for confirmed cases of TB
meningitis, the ITU admission rate was 69% (9/13)
and the mortality rate was 31% (4/13). Neurosurgical
intervention was required in 55% (12/22) of
cases, with 32% (7/22) requiring >2 neurosurgical
procedures.

Fungal meningitis

Five cases of fungal meningitis were recorded, all of
which were caused by Cryptococcus neoformans
(Table 2). Four out of five cases were known to be
immunosuppressed - one patient was HIV positive
with a CD4 count of 51 cells/mm3; and three patients
were on long term immunosuppressants.

Blood cultures were taken in all patients and were
positive in 1/5 patients. CSF cryptococcal antigen was
sent in all patients and was positive in all patients. CT/
MRI head was normal in two patients, whilst three
patients had positive signs on MRI including areas of
leptomeningeal enhancement, infective focal lesions,
and focal areas of inflammation.

One patient had no empiric phase. The remaining
four were managed empirically with ceftriaxone (two
of which also received aciclovir, and three of which
received amoxicillin for Listeria cover). For patients
with an empiric phase, antifungals were started on day
3 for two patients, day 4 for one patient, and day 12 for
another. All patients were started on an induction phase
of amphotericin and flucytosine, before a consolidation
and prolonged maintenance phase of fluconazole.
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Median length of stay was 63 days (IQR 35 -
133). Neurosurgical intervention was required in
3/5 (60%). ITU admission was seen in 2/5 (40%);
no patients died during their admission. Two of five
made a complete recovery; one patient developed
chronic kidney disease (CKD) secondary to antifungal
induced AKI; two patients ended up with significant
disability requiring full time care, of which one of
these patients died one-month post-discharge.

‘Time to intervention’ in
suspected meningitis cases
Seventy-nine percent (235/298) of included patients
were admitted via A&E. Of these, 132 had 'meningitis’
recorded as a differential during clerking. Subgroup
analysis of this group enables us to review time to key
interventions in patients for whom meningitis was
suspected ‘at the front door’ (Figure 2).

It has been reported that CT scans delay time
to LD BIA guidelines advise that CT should only
be performed if there are signs of raised ICP (focal
neurological signs, uncontrolled seizures, GCS<12,
or papilloedema).” The earliest LP performed was
4.8 hours post-admission. Further analysis of three
subgroups reveals no link between undergoing CT and
delay in LP; those who did not undergo neuroimaging
had LP after median 13.4 hours (IQR 10.5 - 25.6);
those who received neuroimaging within two hours
of admission (i.e. no feasible reason why this would
delay LP) underwent LP after a median of 13.7 hours
(IQR 8.7 - 21); and analysis of all patients showed a
median time to LP of 16.5 hours (IQR 11.2 - 23.1).
There was no statistically significant difference in time
to LP between these groups.

Discussion

Principal Findings and Comparison to Current
Literature

This study presents a retrospective analysis of the
management of 298 meningitis patients at a single
centre over a ten-year period.

Viral meningitis patients tended to be young;
present with headache, fever, vomiting; have low
inflammatory markers, with clear CSF with an
elevated mononuclear cell count; and tended to have
short admissions and good outcomes, all of which
>12 Patients with
viral meningitis who had a causative virus identified

is in keeping with the literature.

(‘confirmed viral’) had a stadistically significantly
reduced length of stay and received fewer antimicrobials
when compared with those who did not (likely
viral cases). This highlights the importance of early
detection of causative pathogens to stakeholders in the
patient pathway. McGill et al. report the healthcare
cost of viral meningitis as £3,220,343 per annum

© 2025 Rila Publications Ltd.
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Figure 1. Diagnostic investigations performed in bacterial meningitis patients and their rate of pathogen
detection. Culture-dependent means of diagnosis were sent in the majority of patients (blood cultures 84%; CSF
culture 80%), and significantly more commonly than culture-independent investigations (CSF PCR 45%; Serum
PCR 45%). Despite this, culture-independent techniques showed higher rates of pathogen detection. This may, in
part, be due to the high rates of pre-investigation antibiotic administration seen in meningitis patients.

(95% CI £1,206,963 — £4,418,424) and noted that
hospitalisation accounted for 79% of the total cost.?
Significant healthcare costs could be saved through
early diagnosis and discharge, as well as reducing the
burden of antibiotic over prescription associated with
a microbial resistance.'4

Prescribing pattern of both antibiotics and
antivirals are a recurring issue in viral meningitis, which
were echoed in our findings (Supplementary Material,
Table 4).4">!1¢ A similar split was seen between viral
meningitis patients receiving no antivirals (35%), as
empiric management only (i.e. antivirals stopped once
virus identified, 36%), and those receiving aciclovir

Time to triage ] I-|.'..’

Time to assessment by doctor--[[l—} ::
Time to blood culture-\-l]j |- H .
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Figure 2. Time to intervention for patients with suspected meningitis presenting via the emergency department.
Median, interquartile range, 5th - 95th percentile whiskers! and outliers shown. Median time to triage was 16
minutes (IQR 6 - 26); median time to be seen by the clerking doctor was 72 minutes (IQR 32 - 112); median time
to blood culture was 81 minutes (IQR 43 - 169); median time to empiric antibiotic administration was 136 minutes
(IQR 82 - 217); median time to CT/MRI was 169 minutes (IQR 87 - 443); and median time to LP was 16.5 hours (IQR
11.2-23.1).
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definitively (29%). Present guidance states that
aciclovir should only be commenced where encephalitis
is a differential, and should not be routinely started
in suspected meningitis patients. Clarification should
be provided to local medical triaging teams to ensure
adherence to recommended guidance.

Analysis of bacterial meningitis patients revealed
several trends. Firstly, we note a reliance on culture-
dependent investigations (CSF and blood culture),
and an underutilisation of culture-independent
investigations (CSF and serum PCR), despite culture-
independent means showing a greater percentage
pathogen detection rate (Figure 1). Reliance on
culture-dependent investigations is reflected in current
literature.'® This poses numerous issues in the diagnosis
of meningitis, as research has demonstrated that CSF
culture sensitivity is markedly reduced once empiric
antibiotics have been administered (as was the case in
89% of our patients).'” Conversely, culture-independent
techniques have been shown to maintain a high
sensitivity and specificity many days after antimicrobial
administration and offer a rapid and accurate means of
identifying causative pathogens.”!® Our data supports
the increasing use of PCR and rapid-diagnostic tests in
the management of bacterial meningitis.

Exploratory epoch analysis (Supplementary
Material 2) revealed a modest increase in the use of
viral CSF PCR and TB meningitis proportion over
time, but no improvement in time-to-intervention
metrics such as lumbar puncture or antibiotic
administration. These findings suggest that despite
advances in diagnostic capability, systemic delays
persist. Future multicentre prospective audit cycles
will be required to confirm these trends and evaluate
whether changes in diagnostic practice translate to
improved clinical outcomes

While culture-independent techniques may reduce
time to diagnosis overall, a core issue remains the
time to CSF sampling through LP. Subgroup analysis
of patients presenting via A&E who had meningitis
listed as a differential enabled us to focus on the
time-to-intervention for patients in whom clinicians
suspected meningitis. Currently, BIA guidelines state
that within the first hour the patient should receive
antibiotics, have blood cultures taken, and undergo
LP, amongst other interventions.” Our data showed
that these targets are not being met.

The reasons for delay to CSF collection are
multifactorial. In the literature, the use of neuroimaging
prior to LP has frequently been targeted as a cause for
the observed delay. However, our data demonstrates
that CT does not appear to be associated with increased
time to LP. Given the widespread availability of CT
in emergency departments, its utility in excluding
differentials, and presented data suggesting it does not
delay LD, our findings support current clinical practice

of obtaining of CT in suspected meningitis cases, where
indicated. The root cause for delays in CSF sampling
are likely attributable to systems-based delays rather
than decision making and warrant dedicated process
mapping.'” Going forward, diagnostic delay secondary
to deferred CSF collection may be offset by early serum-
based PCR diagnostics

Quicker and more accurate diagnostic modalities
are needed more than ever, highlighted by one third of
our bacterial meningitis patients having no causative
pathogen identified (29/87; 33%). Crucially, mortality
rate within this group was high, at 7% - notably the same
mortality rate as meningococcal meningitis. Rapid,
accurate diagnostics are essential in enabling tailored
antimicrobial therapy. Indeed, several centres have
started integrating rapid multiplex PCR technology
into their diagnostic workflows; however, many current
screening sequencing tests are limited to tertiary centres
or entail prolonged result turnaround times.!%%
We envisage that further advancements in workflow
development to optimise DNA/RNA  extraction
methods and subsequent bioinformatic analysis will
enable development of point-of-care, unbiased genomic
sequencing technologies in the future.?’~ This is in line
with the WHO 2030 roadmap to defeating meningitis,
as well as enabling closer epidemiological mapping of
local disease outbreaks.?

TB meningitis patients included in this retrospective
study were in keeping with expected clinical presentation
and outcome.”? Again, the means of diagnosis
highlight the importance of modern diagnostic
modalities such as PCR. This finding is critical in the
context of research consistently demonstrating that
delayed diagnosis is associated with poor outcomes. In
recent decades the diagnosis of TB meningitis has made
several advances, particularly surrounding volume of
CSF sampled, exploration of extracranial TB, and the
use of novel rapid diagnostics.’*** Fungal meningitis is
typically seen in immunocompromised individuals and
incurs significant impact on patient outcomes, as well
as generating healthcare costs.> Our dataset was small
but mirrored these findings.

Our data closely mimic findings reported in
a national audit of meningitis management.'®
In particular, our data concurs on delay in key
interventions, underuse of culture-independent
investigations, and varied adherence to BIA guidance.
We echo their conclusions that further steps need
to be taken to ensure clinical translation of current
BIA guidelines, and agree that the implementation of
NICE guidelines will likely improve practice.

Strengths and limitations

Demographic and laboratory data from our bacterial,
viral, TB, and fungal meningitis datasets were in-
keeping with expected values, suggesting external
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validity of our dataset. Retrospective analysis of ten-
years enables time for management changes to be
observed and take effect, enabling a more holistic
picture of meningitis management, in contrast to a
cluster-based approach.

This study has several limitations. Firstly,
retrospective data limits the conclusions that can
be drawn from comparative statistical analysis.
Selection of our patient dataset was subject to
several limitations; initial identification of patients
was based upon clinical coding which relies upon
accurate coding; our study excluded patients with
ventriculitis, cerebral abscess, and empyema, all of
which can occur as a result of bacterial meningitis
and may have resulted in exclusion of meningitis
cases with such complications; patients who did
not undergo CSF sampling (and who did not have
a causative organism identified through other means
such as blood culture or serum PCR) were excluded;
all of which may have limited our initial dataset.
These factors may also have led to inadvertent case
misclassification or under-ascertainment of atypical
presentations. We acknowledge that excluding
patients who did not undergo lumbar puncture and
had no microbiological confirmation may introduce
selection  bias, potentially under-representing
patients who were too unwell or contraindicated
for LP. Time-to-intervention data was based upon
the time that interventions were recorded in clinical
notes, which may not match reality. For instance,
in the case of a patient with meningococcal sepsis,
antibiotics may have been administered rapidly,
and logged on a computer system once the patient
was stabilised. Discrepancies such as this are not
detected in our dataset, and therefore our time-to-
intervention data may be viewed as a best-estimate.

Conclusions

This retrospective study identifies persistent weaknesses
in the diagnostic and treatment pathways for infective
meningitis. Over one-third of bacterial cases lacked a
confirmed pathogen, reflecting underuse of culture-
independent diagnostics. Broader implementation of
rapid, point-of-care genomic testing could markedly
improve detection and streamline management. In
viral meningitis, early pathogen identification was
associated with shorter hospital stay and reduced
empiric antibiotic exposure. Delays in antibiotic
administration and lumbar puncture remain common,

© 2025 Rila Publications Ltd.

despite evidence that neuroimaging itself does not
account for these delays.

These findings highlight three priorities for acute care
pathways: (i) embed culture-independent testing (CSF/
serum PCR) at first contact; (ii) reduce door-to-needle
and door-to-LP times through workflow redesign; and
(iii) standardise antimicrobial use, reserving aciclovir
for suspected encephalitis and de-escalating antibiotics
once a viral cause is confirmed. Addressing these targets
could reduce admissions, antibiotic exposure, and
inefficiency across meningitis care.
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[l Supplementary Material 1

Table 4. Treatment for viral meningitis patients; with subgroup analysis of ‘likely’ and ‘confirmed’ viral meningitis cases.

Received antiviral treatment 65%

Duration of antiviral treatment (median + IQR)

Patterns of antiviral treatment:

6 days (IQR3-11)

64%
6 days (IQR 4-10)

67%
7 days (IQR 3 - 14)

Duration of antibiotic treatment (median + IQR) | 4 days (IQR 2 -6)

Not prescribed at all 35% 36% 33%

Empiric only (stopped antivirals once viral 36% 42% 29%

meningitis confirmed / suspected)

Empiric and definitive 26% 21% 32%

Definitive only 3% 1% 6%
Received antibiotics during admission 75% 77% 71%

5 days* (IQR2-8) 3 days* (IQR2-5)

*=P<0.05.

Table 5. Treatment for bacterial meningitis.

Adjunctive dexamethasone prescribed? 38/87 (44%)
Pre-hospital antibiotics administered? 4/87 (5%)
A&E antibiotic management (data available for n = 64)

Ceftriaxone prescribed 40/64 (63%)
Aciclovir prescribed within guidance (i.e. encephalitis a differential) 29/64 (45%)
Aciclovir prescribed outside guidance 16/64 (25%)

Ward empiric antibiotic management (data available for n = 81)
Ceftriaxone prescribed

Aciclovir prescribed within guidance (i.e. encephalitis a differential)
Aciclovir prescribed outside guidance

61/81(75%)
46/81 (57%)
32/81 (40%)

Definitive antibiotics in line with local guidelines (data available for n = 34) 26/34(92%)
Percentage of patients who met need to for Listeria antibiotic cover* 38/87 (44%)
How many of these patients were correctly prescribed Listeria antibiotic cover? 23/38(61%)
Time to first antibiotics (median + IQR) 98 minutes
(41-242)

Antibiotics administered within the first hour? (data available forn = 61)

20/61 (33%)

Duration of antibiotic therapy (median + IQR):
All bacterial meningitis

Pneumococcal meningitis

Meningococcal meningitis

10days (IQR 9 -14)
14 days (IQR 14 - 18)
8 days (IQR 8- 10)

Neurosurgery required**

14/87 (16%)

*Amoxicillin antibiotic cover for Listeria should be provided to those deemed vulnerable. Local guidelines state that patients aged >60, diabetic patients, pregnant patients, and

immunocompromised patients fall under this category.

**Neurosurgical input was required in 21% of pneumococcal meningitis patients (16% required EVD insertion) and 0% of meningococcal meningitis patients.

[ Supplementary Material 2

Epoch Analysis

Our analysis demonstrated that CSF PCR utilisation (bacterial/
meningococcal/pneumococcal) decreased modestly from 25%
to 20%, while viral CSF PCR use increased from 72% to 80%.
The proportion of TB meningitis increased from 6% to 15%,
whereas serum/blood PCR utilisation decreased from 14% to 10%.
Median time to lumbar puncture increased from 13.9 hours (IQR
8.1-26.1) in the earlier epoch to 19.8 hours (IQR 12.6-27.7) in
the later epoch, and median time to first antibiotic administration
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rose from 2.3 hours (IQR 1.35-4.37) to 3.0 hours (IQR 1.66—
7.41).

These findings suggest greater use of viral molecular diagnostics
and an increasing proportion of TB meningitis cases in the latter
half of the decade, but no temporal improvement in key time-to-
intervention metrics. Importantly, there was no significant difference
in ITU admission rate or mortality rate between epochs, suggesting
that these workflow changes have not yet translated into measurable
outcome improvements.



