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Clinical features and prognostic factors in
adults with viral meningitis

Pelle Trier Petersen,? (®Jacob Bodilsen,>* Micha Phill Grgnholm Jepsen,®

Lykke Larsen,> Merete Storgaard,® Birgitte Rgnde Hansen,” Jannik Helweg-Larsen,®
Lothar Wiese,? Hans Rudolf Liittichau,'® Christian @stergaard Andersen,*
Henrik Nielsen,** Christian Thomas Brandtand ° for the Danish Study Group

of Infections of the Brain (DASGIB)

Clinical features applicable to the entire spectrum of viral meningitis are limited, and prognostic factors for adverse
outcomes are undetermined.

This nationwide population-based prospective cohort study included all adults with presumed and microbiologically
confirmed viral meningitis in Denmark from 2015 until 2020. Prognostic factors for an unfavourable outcome
(Glasgow Outcome Scale score of 1-4) 30 days after discharge were examined by modified Poisson regression.

In total, 1066 episodes of viral meningitis were included, yielding a mean annual incidence of 4.7 episodes per 100 000
persons. Pathogens were enteroviruses in 419/1066 (39%), herpes simplex virus type 2 in 171/1066 (16%), varicella-zos-
ter virus in 162/1066 (15%), miscellaneous viruses in 31/1066 (3%) and remained unidentified in 283/1066 (27%). The
median age was 33 years (IQR 27-44), and 576/1066 (54%) were females. In herpes simplex virus type 2 meningitis,
131/171 (77%) were females. Immunosuppression [32/162 (20%)] and shingles [90/149 (60%)] were frequent in vari-
cella-zoster virus meningitis. The triad of headache, neck stiffness and hyperacusis or photophobia was present in
264/960 (28%). The median time until lumbar puncture was 3.0 h (IQR 1.3-7.1), and the median CSF leucocyte count
was 160 cells/pl (IQR 60-358). The outcome was unfavourable in 216/1055 (20%) 30 days after discharge. Using uniden-
tified pathogen as the reference, the adjusted relative risk of an unfavourable outcome was 1.34 (95% CI 0.95-1.88) for
enteroviruses, 1.55 (95% CI 1.00-2.41) for herpes simplex virus type 2, 1.51 (95% CI 0.98-2.33) for varicella-zoster virus
and 1.37 (95% CI 0.61-3.05) for miscellaneous viruses. The adjusted relative risk of an unfavourable outcome was 1.34
(95% CI 1.03-1.75) for females. Timing of acyclovir or valacyclovir was not associated with the outcome in meningitis
caused by herpes simplex virus type 2 or varicella-zoster virus.

In summary, the outcome of viral meningitis was similar among patients with different aetiologies, including those
with presumed viral meningitis but without an identified pathogen. Females had an increased risk of an unfavourable
outcome. Early antiviral treatment was not associated with an improved outcome in meningitis caused by herpes
simplex virus type 2 or varicella-zoster virus.
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Introduction

Viruses are the leading cause of meningitis in adults in the western
world, and enteroviruses (EVs), herpes simplex virus type 2 (HSV-2)
and varicella-zoster virus (VZV) constitute the most common
pathogens.’ The aetiology, however, remains unidentified in
50-60% of patients with presumed viral meningitis.*> Although vir-
al meningitis is often considered a benign disease, incomplete re-
covery is observed in a substantial proportion of patients.™*? In
addition, the prognosis of presumed viral meningitis without an
identified pathogen is unclear, which may cause concern among
patients and physicians and lead to unnecessary examinations
and prolonged treatment and hospitalization.' Moreover, the bene-
fit of antiviral treatment with acyclovir in meningitis caused by
HSV-2 or VZV is unproven. As most previous studies on viral men-
ingitis have been restricted to small study populations, selected
pathogens or laboratory data incapable of discriminating between
meningitis and encephalitis, clinical data applicable to the entire
spectrum of the disease are limited. Here, we present clinical fea-
tures and prognostic factors of all adults hospitalized for viral men-
ingitis with and without an identified pathogen in Denmark from
2015 until 2020.

Materials and methods

This nationwide population-based prospective observational co-
hort study was based on the Danish Study Group of Infections of
the Brain (DASGIB) database. The DASGIB database has previously
been described and contains data on prospectively included epi-
sodes of CNS infections hospitalized at the departments of infec-
tious diseases in Denmark since 1 January 2015.*° Viral meningitis
was defined as a clinical presentation consistent with viral menin-
gitis (e.g. headache, neck stiffness, hyperacusis or photophobia, fe-
ver) combined with either: (i) detected viral DNA/RNA in the CSF; (ii)
CSF leucocyte count >10 cells/pl and positive intrathecal synthesis
of antibodies specific for herpes simplex virus type 1 (HSV-1), HSV-2
or VZV; (iii) CSF leucocyte count >10 cells/pl and detected DNA from
HSV-1, HSV-2 or VZV from skin lesions or positive serology of a
neurotropic virus; or (iv) CSF leucocyte count >10 cells/pl and no
other diagnosis considered more likely at last follow up (i.e. cate-
gorized as presumed viral meningitis without an identified patho-
gen). In the present study, we included all episodes of viral
meningitis in adults (>18 years) in the DASGIB database hospita-
lized between 1 January 2015 and 31 December 2019. Patients
with encephalitis (fulfilment of the diagnostic criteria for infectious
encephalitis proposed by the International Encephalitis
Consortium™) were not included, and patients with herpes zoster

oticus were excluded. We have previously used the DASGIB data-
base for studies on HSV-2 meningitis'® and enteroviral meningitis"?®
separately. Eleven episodes of enteroviral meningitis in patients
aged 15-18 years included in the study on enteroviral meningitis
were not included in the present study. Conversely, 11 episodes
of enteroviral meningitis were retrospectively identified through
quality control of the database and only included in the present
study. The DASGIB database was approved by the Danish Health
and Medicines Authority (record nos. 3-3013-2579/1 and
3-3013-3168/1). Danish legislation does not require consent from
patients in this type of study.

Data on clinical features were obtained from medical records
during hospitalization and registered in an online database using
the Research Electronic Data Capture (REDCap) software.
Immunosuppression was alcohol abuse, intravenous substance
abuse, organ transplantation, cancer, diabetes mellitus, asplenia,
HIV infection, primary immunodeficiency, prednisolone >7.5 mg/
day or other immunosuppressive therapy.

Outcomes were categorized using the Glasgow Outcome Scale
(GOS) (1, death; 2, vegetative state; 3, severe disability; 4, moderate
disability; 5, good recovery) and assessed at discharge, and at
follow-up visits 30, 90 and 180 days after discharge. In case of miss-
ing values, the last observation was carried forward if patients had
a good recovery (GOS score of 5) at the most recent contact. An un-
favourable outcome was defined as a GOS score of 1-4.

Mean and standard deviation (SD) or median and interquartile
range (IQR) were reported for quantitative variables. Counts and
percentages were reported for categorical variables. Data were
compared using the y? test, Fisher’s exact test or a Mann-Whitney
U-test. Annual incidences were calculated by dividing the number
of episodes of viral meningitis by the total adult Danish population
of each study year. Population data were obtained from Statistics
Denmark.'* Multiple In-linear regression was used to assess asso-
ciations between brain imaging prior to lumbar puncture (yes, no)
and admission directly to a department of infectious diseases
(yes, no) and time from admission until lumbar puncture
(In-hours). A referral diagnosis of CNS infection (yes, no) was in-
cluded as a covariable. To obtain easily interpretable parameters
of differences in the probability of an unfavourable outcome 30
days after discharge between potential prognostic factors, a modi-
fied Poisson regression was used to estimate crude and adjusted
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relative risks (RRs) with 95% confidence intervals (95% CI)."
Potential prognostic factors and their classifications were prespeci-
fied and based on general knowledge and previous research,'®’
and constituted age (18-30, 31-50, >51 years), sex (male, female),
immunosuppression (yes, no), duration of symptoms until admis-
sion (0-1, >2 days), the triad of headache, neck stiffness and
hyperacusis or photophobia (yes, no), CSF leucocyte count (0-100,
101-500, >501 cells/pl), CSF protein (0.0-0.5, 0.6-1.0, >1.1 g/l), aeti-
ology (unidentified pathogen, EVs, HSV-2, VZV, miscellaneous
viruses) and treatment with dexamethasone for acute bacterial
meningitis (yes, no). The analysis was repeated post hoc stratified
according to aetiology, except for miscellaneous viruses due to a
limited number of episodes. As the occupational dimension of the
GOS can most reliably be assessed in patients with work or study
before the event,’® a subgroup analysis was done in patients with
premorbid full-time occupations. A subgroup analysis using only
GOS scores that had not been carried forward was also done.
Modified Poisson regression was used to estimate RRs of an un-
favourable outcome 30 days after discharge for time until treat-
ment with acyclovir or valacyclovir (<8, 8-16, >17 h from
admission) in meningitis caused by HSV-2 or VZV. The analysis
was adjusted for all previously described factors as well as aetiology
(HSV-2, VZV). Post hoc, patients were stratified according to immune
status, and associations between time until acyclovir or valacyclo-
vir and outcome were examined with 42 test or Fisher’s exact test. A
P-value <0.05 was considered statistically significant, except in
comparisons of signs and symptoms among aetiologies where a
Bonferroni adjusted significance level of 0.005 was used. SAS
Enterprise Guide v.7.11 was used for all statistical analyses.

Data are only available with permission from the Danish health and
legal authorities.

Results

A total of 1120 episodes of presumed and microbiologically con-
firmed viral meningitis in adults were identified in the DASGIB
database (Supplementary Fig. 1). Next, episodes with herpes zoster
oticus (n = 54) were excluded, leaving 1066 episodes of viral menin-
gitis in 1045 individuals for further analyses. EVs were detected in
419 (39%) of 1066 episodes, HSV-2 in 171 (16%) of 1066 episodes
and VZV in 162 (15%) of 1066 episodes (Fig. 1). Eleven miscellaneous
viruses were detected in 31 (3%) of 1066 episodes, whereas a patho-
gen was not identified in the remaining 283 (27%) of 1066 episodes.
In the 5-year study period, the total mean annual incidence of
presumed and microbiologically confirmed viral meningitis was
4.7 episodes (SD 1.3) per 100 000 persons, with an annual variation
from 3.1 to 6.1 episodes due to fluctuation in episodes of enteroviral
meningitis (Fig. 2).

The referral diagnosis was CNS infection in 435 (47%) of 917 epi-
sodes, and 474 (45%) of 1065 episodes were admitted directly to a de-
partment of infectious diseases (Table 1). The median age was 33
years (IQR 27-44) in the total study population and 46 years (IQR
27-69) in VZV meningitis (Table 2). Females constituted 576 (54%)
of all 1066 episodes and 131 (77%) of 171 episodes of HSV-2 meningi-
tis. Immunosuppression was present in 83 (8%) of all 1066 episodes,
32(20%) of 162 episodes of VZV meningitis and 6 (19%) of 31 episodes
of meningitis caused by miscellaneous viruses. In enteroviral men-
ingitis, prodromal gastrointestinal or respiratory symptoms were
reported in 66 (17%) of 385 episodes and 60 (16%) of 384 episodes,

P. T. Petersen et al.

respectively. In viral meningitis of all other causes, prodromal
gastrointestinal or respiratory symptoms were reported in 67
(11%) of 606 episodes and 81 (13%) of 601 episodes, respectively.
Shingles were presentin 90 (60%) of 149 episodes of VZV meningitis.
Atadmission, headache was reported in 1005 (95%) of 1061 episodes,
a history of fever in 691 (71%) of 971 episodes and hyperacusis or
photophobia in 660 (67%) of 987 episodes. Neck stiffness was found
in 371 (36%) of 1028 episodes and was most frequent in HSV-2 men-
ingitis [92 (57%) of 162 episodes]. The triad of headache, neck stiff-
ness and hyperacusis or photophobia was present in 264 (28%) of
960 episodes. Atleast two of four classic signs and symptoms of viral
meningitis (headache, neck stiffness, hyperacusis or photophobia
and a history of fever or measured fever) were present in 835 (87%)
of 955 episodes and were less frequent in VZV meningitis [105
(74%) of 142 episodes] than in enteroviral meningitis [361 (94%) of
383 episodes; P < 0.001] and HSV-2 meningitis [138 (92%) of 150 epi-
sodes; P < 0.001]. At least two classic signs and symptoms were also
less frequent in meningitis without an identified pathogen [211
(82%) of 257 episodes] than in enteroviral meningitis (P < 0.001)
and HSV-2 meningitis (P =0.003).

The median c-reactive protein was 5 mg/I (IQR 2-15) at admis-
sion, and 1010 (97%) of 1036 episodes had a c-reactive protein
<100 mg/l (Table 2). The median CSF leucocyte count was
160 cells/pl (IQR 60-358) in the total population and 374 cells/pl
(IQR 162-670) in HSV-2 meningitis (Supplementary Fig. 2). Among
38 patients with a CSF leucocyte count >1000 cells/pl, meningitis
was caused by HSV-2 (n=20), EVs (n=11), VZV (n = 3), unidentified
pathogen (n=3) and Toscana virus (n=1). The median CSF neutro-
phil percentage was 7 (IQR 1-31) in the total study population and 24
(IQR 6-55) in enteroviral meningitis (Supplementary Fig. 2).

Brain imaging was done in 544 (51%) of 1066 episodes during ad-
mission, of which 16 (3%) had new intracranial pathological find-
ings (Table 1). The radiological diagnoses comprised benign brain
tumours (n=6), brain cysts (n=>5), brain infarction (n=3), brain
haemorrhage (n=1) and brain oedema (n=1). The median time
from admission until brain imaging was 2.8 h (IQR 1.5-7.5). Brain
imaging preceded lumbar puncture in 408 (39%) of 1058 episodes.
A lumbar puncture was done in all episodes. The median time
from admission until lumbar puncture was 3.0 h (IQR 1.3-7.1). The
median time from admission until lumbar puncture was shorter
in episodes admitted directly to a department of infectious diseases
[2.0h (IQR 0.9-4.7)] than in those admitted elsewhere [3.9h (IQR 1.8-
11.2); P < 0.001] and longer in episodes where brain imaging pre-
ceded lumbar puncture [6.2 h (IQR 3.6-15.2)] than in those where
it did not [1.7 h (IQR 0.9-3.5); P < 0.001]. In multiple In-linear regres-
sion, admission directly to a department of infectious diseases was
associated with a 28% (95% CI: 16-39) decrease in time to lumbar
puncture, whereas brain imaging prior to lumbar puncture was as-
sociated with a 184% (95% CI: 140-235) increase.

Atleastone dose of acyclovir or valacyclovir was administered in
743 (70%) of 1060 episodes (Table 1). In meningitis caused by HSV-2
or VZV, acyclovir or valacyclovir was administered in 321 (96%) of
333 episodes at a median time from admission of 6.4 h (IQR 2.7-
18.0) and with a median duration of treatment of 10 days (IQR 7-
14). The route of administration was exclusively oral in 35 (11%) of
321 episodes, exclusively intravenous in 45 (14%) of 321 episodes and
a combination of oral and intravenous in 241 (75%) of 321 episodes.
The median length of hospitalization was 3 days (IQR 1-5), and within
30 days of discharge, 93 (9%) of 1037 episodes were readmitted. Causes
of readmission were headache (n=38, 41%), post-dural puncture
headache (n=21, 23%), non-CNS infections (n=28, 9%), other neuro-
logical symptoms (n =7, 8%) and miscellaneous (n =19, 20%).
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Figure 1 Aetiologies of viral meningitis in adults.
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Figure 2 Annual incidences of viral meningitis in adults.

An unfavourable outcome was observed in 216 (20%) of 1055 epi-
sodes 30 days after discharge, of which only three episodes had a
GOS score of <4 (Table 3). At 180 days after discharge, an unfavour-
able outcome was observed in 62 (6%) of 957 episodes.

Prognostic factors for an unfavourable outcome 30 days after
discharge were examined by modified Poisson regression. Using
meningitis without an identified pathogen as the reference, the ad-
justed RR of an unfavourable outcome was 1.34 (95% CI: 0.95-1.88)
for enteroviral meningitis, 1.55 (95% CI 1.00-2.41) for HSV-2

meningitis, 1.51 (95% CI: 0.98-2.33) for VZV meningitis and 1.37
(95% CI: 0.61-3.05) for meningitis caused by miscellaneous viruses
(Table 4). In two subgroup analyses restricted to episodes with pre-
morbid full-time occupation or where GOS scores had not been car-
ried forward, the adjusted RR for HSV-2 meningitis was 1.78 (95% CI:
1.06-2.98) and 1.56 (95% CI: 1.01-2.39), respectively (Supplementary
Table 1).

The adjusted RR of an unfavourable outcome 30 days after dis-
charge was 1.34 (95% CI: 1.03-1.75) for females compared with
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Table 1 Management and treatment of adults with viral meningitis

Unidentified pathogen

Miscellaneous viruses

HSV-2 VsV

EVs

Confirmed viral meningitis

All viral meningitis

Management and treatment

n=283

n=31

n=162

n=171

n=419

n=783

1066

n=

BRAIN 2023: 146; 3816-3825

81/214 (38)

10/27 (37)
13/31 (42)
4.4 (2.0-15.9)

82/149 (55)  42/126 (33)

220/401 (55)
221/419 (53)

354/703 (50)
372/782 (48)
2.7 (1.2-6.3)
732/783 (93)
779/783 (99)
167/783 (21)
591/775 (76)
356/783 (45)
270/780 (35)
552/782 (71)
365/776 (47)
283/780 (36)

435/917 (47)
474/1065 (45)

CNS infection as the referral diagnosis

102/283 (36)
4.3 (2.0-11.0)
253/283 (89)

63/162 (39)

85/170 (50)

Direct admission to a department of ID

Time until lumbar puncture, h

CSF culture

(2.1-17.8)

148/162 (91)
162/162 (100)

6.2

1.9 (1.0-4.7)
155/171 (91)
169/171 (99)
41/171 (24)

2.2 (1.0-4.7)
400/419 (95)
419/419 (100)

3.0 (1.3-7.1)

985/1066 (92)
1054/1066 (99)

29/31 (94)
29/31 (94)

275/283 (97)

CSF PCR for EVs/HSV/VZV

73/283 (26)
190/280 (68)

9/31 (29)
23/29 (79)
19/31 (61)
11/30 (37)
16/31 (52)
13/29 (45)
10/29 (34)

43/162 (27)

74/419 (18)

240/1066 (23)

ITS of antibodies for HSV/VZV

Blood culture

89/157 (57)

135/170 (79)
69/171 (40)

344/419 (82)
168/419 (40)
142/418 (34)
215/418 (51)
212/415 (51)

781/1055 (74)

188/283 (66)
138/278 (50)

100/162 (62)
69/161 (43)

544/1066 (51)
408/1058 (39)

Brain imaging

48/171 (28)

Brain imaging prior to lumbar puncture

Acyclovir or valacyclovir

191/278 (69)

158/162 (98)
44/161 (27)

163/171 (95)

743/1060 (70)

139/281 (49)
97/282 (34)

96/171 (56)

504/1058 (48)

Antibiotics for bacterial meningitis

78/171 (46)  27/162 (17)

168/418 (40)

380/1062 (36)

Dexamethasone for bacterial meningitis

Length of hospitalization, days

4 (2-6)

3 (2-6) 5 (3-11)

2 (1-2)

2 (1-4)

3 (1-5)

Quantitative data are presented as median (IQR) and categorical data are presented as n/N (%). ID = infectious diseases; ITS =intrathecal synthesis.
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males (Table 4). In analyses stratified according to the aetiology, the
adjusted RR for females was 2.35 (95% CI: 1.27-4.33) in meningitis
without an identified pathogen, 1.39 (95% CI 0.93-2.08) in enterovir-
al meningitis, 0.91 (95% CI: 0.47-1.79) in HSV-2 meningitis and 0.96
(95% CI: 0.52-1.77) in VZV meningitis (Fig. 3).

The association between timing of antiviral treatment and an un-
favourable outcome 30 days after discharge was examined by modi-
fied Poisson regression among patients with meningitis caused by
HSV-2 or VZV. Using administration of acyclovir or valacyclovir <8 h
from admission as the reference, the adjusted RR of an unfavourable
outcome was 0.61 (95% CI: 0.30-1.23) for administration between 8 h
and 16 h and 0.86 (95% CI: 0.51-1.43) for administration >17 h
(Supplementary Table 2). When stratified according to immune sta-
tus, post hoc testing did not disclose any associations between time un-
til acyclovir or valacyclovir and outcome in either immunocompetent
or immunosuppressed patients (Supplementary Table 3).

Discussion

The nationwide study design allowed us to estimate incidences of
viral meningitis based on the total adult Danish population.
Including presumed viral meningitis without an identified patho-
gen, the mean annual incidence was 4.7 episodes per 100 000 per-
sons. In a study from the UK,' the annual incidence of proven
viral meningitis was 2.73 episodes per 100 000 persons, whereas an-
nual incidences of aseptic meningitis in studies from Finland? and
Sweden® were 7.6 and 7.4 episodes per 100 000 people, respectively.
In contrast to our study, the Scandinavian studies included patients
with verified non-viral aseptic meningitis.

A correct tentative diagnosis based on signs and symptoms is a
prerequisite for timely lumbar puncture and appropriate manage-
ment of viral meningitis. In our study, only one in four patients pre-
sented with the triad of headache, neck stiffness and hyperacusis or
photophobia, and 1 in 10 patients had less than two of four classic
signs and symptoms (triad and fever). Thus, clinicians should remain
aware that viral meningitis may present atypically. Still, the median
time from admission until lumbar puncture was short in our study
compared with a previous study on viral meningitis (3 h versus 13
h).! Consistent with other studies, we found that brain imaging before
lumbar puncture was a potential amendable factor associated with
increased time until lumbar puncture in meningitis.**?° In addition,
we found that admission directly to a department of infectious dis-
ease was associated with decreased time until lumbar puncture.

In agreement with most previous studies, we observed that
short-term outcome after viral meningitis was frequently unfavour-
able but improved during extended follow up.®?>?? Reassuringly,
patients with presumed viral meningitis but without an identified
pathogen had a similar risk of an unfavourable outcome compared
with those with an identified virus. Of interest, the risk of an un-
favourable outcome was also not associated with the type of virus,
which contrasts with bacterial meningitis, where the prognosis var-
ies between different bacteria.’® It could be hypothesized that the
host immune response rather than the causative pathogen itself is
relatively more important for the course of recovery in viral menin-
gitis than in bacterial meningitis, as similarly proposed for some
post-infectious syndromes.?* Correspondingly, viral meningitis is
a relatively homogenous disease in terms of demographics, initial
presentation and severity and CSF characteristics. Still, unaccount-
ed factors such as serotypes and cross-immunity in enteroviral
meningitis, as well as differences between de novo infections and re-
activation in HSV-2 meningitis, could have affected our results. In a
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Table 3 Outcome assessed on the GOS in adults with viral meningitis

GOS score Days after discharge
At discharge 30 days 90 days 180 days
n=1062 n=1055 n=1010 n=2957
1 (death) 0(0) 0 (0) 0 (0) 1(<1)
2 (vegetative state) 0(0) 1(<1) 0(0) 0(0)
3 (severe disability) 3(<1) 2 (<1) 0 (0) 0 (0)
4 (moderate disability) 304 (29) 213 (20) 136 (13) 61 (6)
5 (good recovery) 755 (71) 839 (80) 874 (87) 895 (94)

Data are presented as n (%). GOS scores of 5 were carried forward for 121 (11%) of 1055 episodes at 30 days after discharge, 597 (59%) of 1010 episodes at 90 days after discharge and

779 (81%) of 957 episodes at 180 days after discharge.

Table 4 Prognostic factors for an unfavourable outcome (GOS score of 1-4) 30 days after discharge in adults with viral meningitis

Prognostic factor

Unfavourable outcome

Modified Poisson regression

N (%) Crude RR (95% CI) Adjusted® RR (95% CI)

Age, years

18-30 71/417 (17) Reference Reference

31-50 95/446 (21) 1.25 (0.95-1.65) 1.30 (0.98-1.74)

>51 50/192 (26) 1.53 (1.11-2.10) 1.26 (0.85-1.87)
Sex

Male 82/486 (17) Reference Reference

Female 134/569 (24) 1.40 (1.09-1.79) 1.34 (1.03-1.75)
Immunosuppression

No 193/973 (20) Reference Reference

Yes 23/82 (28) 1.41 (0.98-2.05) 1.19 (0.76-1.86)
Duration of symptoms, days

0-1 78/396 (20) Reference Reference

>2 137/655 (21) 1.06 (0.83-1.36) 1.05 (0.80-1.37)
Triad of signs and symptoms®

No 144/690 (21) Reference Reference

Yes 50/259 (19) 0.93 (0.69-1.23) 0.88 (0.66-1.17)
CSF leucocyte count, cells/pl

0-100 87/381 (23) Reference Reference

101-500 98/502 (20) 0.85 (0.66-1.10) 0.81 (0.60-1.09)

>501 31/172 (18) 0.79 (0.55-1.14) 0.85 (0.54-1.32)
CSF protein, g/l

0.0-0.5 77/392 (20) Reference Reference

0.6-1.0 94/424 (22) 1.13 (0.86-1.48) 1.08 (0.81-1.45)

>1.1 44/213 (21) 1.05 (0.76-1.46) 0.90 (0.59-1.38)
Aetiology

Unidentified pathogen 49/281 (17) Reference Reference

EVs 82/416 (20) 1.13 (0.82-1.56) 1.34 (0.95-1.88)

HSV-2 38/166 (23) 1.31 (0.90-1.92) 1.55 (1.00-2.41)

vzZV 40/162 (25) 1.42 (0.98-2.05) 1.51 (0.98-2.33)

Miscellaneous viruses 7/30 (23) 1.34 (0.67-2.69) 1.37 (0.61-3.05)
Dexamethasone for bacterial meningitis

No 138/675 (20) Reference Reference

Yes 77/376 (20) 1.00 (0.78-1.28) 1.16 (0.88-1.54)

Owing to missing values, 922 episodes were used in the adjusted analysis.
2Adjusted for all prognostic factors listed in the table.
Triad of headache, neck stiffness and hyperacusis or photophobia.

study from the UK, quality of life 6 weeks after discharge was lower
among patients with HSV-2 meningitis than among those with
meningitis caused by other viruses.! However, a direct comparison
with our results is limited due to the different outcome measures
(EQ-5D-3L versus GOS).

In our study, female sex was independently associated with an
increased risk of an unfavourable outcome 30 days after discharge.
However, when the study population was stratified according to
aetiology, the sex-based differences were not present in meningitis

caused by HSV-2 or VZV. In meningitis without an identified patho-
gen and in enteroviral meningitis, female sex was associated with
an increased risk of an unfavourable outcome, although not statis-
tically significant in the latter strata. In a previous analysis of enter-
oviral meningitis, we found that female sex was associated with an
increased risk of an unfavourable outcome at discharge.’®
Similarly, in an analysis based on combined data from two rando-
mized controlled trials of treatment with pleconaril in enteroviral
meningitis, females had a longer time to resolution of headaches
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Modified Poisson regression

. Adjusted* RR
0,
Aetiology n/N (%) (95% CI)
Female Male
Enteroviruses 45/193 (23)  37/223(17) 1.39 (0.93-2.08) H—-—i
Herpes simplex virus type 2 29/127 (23) 9/39 (23) 0.91 (0.47-1.79) ' - i
Varicella-zoster virus 22/81(27)  18/81(22) 0.96 (0.52-1.77) ——
Unidentified pathogen 37/156 (24)  12/125(10) 2.35(1.27-4.33) ——
All viral meningitis 134/569 (24) 82/486 (17) 1.34 (1.03-1.75) I—O—i
M T i T \
0.2 0.5 1 2 5

Favours female Favours male

Figure 3 Stratified analyses of sex-based differences in unfavourable outcome (GOS score 1-4) 30 days after discharge in adults with viral meningitis.
3Stratified analyses were adjusted for age (18-30, 31-50, >51 years), sex (male, female), immunosuppression (yes, no), triad of headache, neck stiffness
and hyperacusis or photophobia (yes, no), CSF leucocyte count (0-100, 101-500, >501 cells/pl), CSF protein (0.0-0.5,0.6-1.0, >1.1 g/1), and treatment with
dexamethasone for bacterial meningitis (yes, no). The number of episodes used in adjusted analyses were 251 in unidentified pathogen, 369 in EVs, 140

in HSV-2, 140 in VZV and 922 in all viral meningitis.

during admission.?* The importance of sex-based differences has
also been recognized in other CNS infections,?*® and an enhanced
immune response to certain pathogens among females has been
proposed as a theoretical framework for these observations.?”"?°
Since unaccounted factors probably remain in our analyses, these
results serve as leverage to further explore the impact of sex and
gender on the outcome of viral meningitis.

Although Danish guidelines on viral meningitis recommend with-
holding antiviral treatment until HSV-2 or VZV have been detected,*
most patients in our study were treated with acyclovir or valacyclovir.
In analyses of time until treatment with aciclovir or valaciclovir
among patients with meningitis caused by HSV-2 or VZV, early ad-
ministration was not associated with an improved outcome 30 days
after discharge. Similarly, previous observational studies have not
found an apparent effect of antivirals in HSV-2 meningitis,>"*? except
in immunosuppressed patients, where no or delayed treatment has
been linked to complications.**** In the present study, time until
acyclovir or valacyclovir was not associated with the outcome when
examining immunosuppressed patients separately, but the analysis
was not adjusted for potential confounders due to the limited number
of episodes. Although at risk of residual confounding, these results to-
gether indicate that it is safe to withhold antivirals for 1-2 days until a
microbiological diagnosis is established in immunocompetent pa-
tients without signs or symptoms of encephalitis.

First, although the Danish Board of Health requires that adults with
CNSinfections be managed in specialized departments of infectious
disease, some patients might have been admitted elsewhere, which
would underestimate incidences and potentially introduce selec-
tion bias. Second, a CSF leucocyte count >10 cells/pl was chosen
as the cut-off to indicate meningitis if no viral DNA/RNA was de-
tected in the CSF. This may limit the generalizability in the pre-
sumed small subpopulation of patients with viral meningitis and
lower CSF leucocyte counts. Third, patients without an identified
pathogen were included in this study if viral meningitis was other-
wise considered the most likely diagnosis, given all available infor-
mation, including information on the post-discharge course of the
disease, which was equal to patients with an identified pathogen.

Although the aetiology is not microbiologically confirmed, we be-
lieve that it is important to account for this group of patients in re-
search on viral meningitis to cover the entire spectrum of the
disease. Fourth, as the completeness of the DASGIB database is en-
sured by annual searches of ICD-10 code of CNS infections or review
of patients with CSF pleocytosis at local sites,® a few patients may
have been retrospectively identified. Fifth, information on the char-
acter of impairments was unavailable for the total study population,
butin previous studies on enteroviral meningitis and HSV-2 menin-
gitis, we observed that neurological (headache, photophobia and
phonophobia, vertigo and tinnitus), cognitive (concentration and
memory difficulties) and more general complaints (fatigue
and sleep disturbances) were common."®*? The GOS used to assess
the outcome in the present study was developed to evaluate recov-
ery after brain injury>® and is—although frequently used*®'”-**—not
validated for CNS infections. The GOS may be too crude to capture
subtle neurocognitive impairments in patients with an otherwise fa-
vourable outcome (i.e. ceiling effect). Most patients with an unfavour-
able outcome had moderate disabilities (GOS score of 4), meaning they
could not resume premorbid social or occupational activities.
Therefore, the results on prognostic factors were validated by repeat-
ing the analysis in patients with premorbid full-time occupations.
Sixth, data on long-term outcomes were missing for some patients,
which could introduce bias. In Denmark, hospital follow up is usually
discontinued if full recovery is achieved 30 days after discharge. Thus,
GOS scores of 5 were carried forward if there was no subsequent follow
up. Similarly, in the minority of patients without any post-discharge
follow up, GOS scores of 5 at discharge were carried forward, assuming
that full recovery would most probably persist. Importantly, results on
prognostic factors for an unfavourable outcome 30 days after dis-
charge were overall consistent when the analysis was restricted to pa-
tients where GOS scores had not been carried forward.

Conclusions

The outcome of viral meningitis was similar among patients with
different aetiologies, including those with presumed viral meningi-
tis but without an identified pathogen. Females had an increased
risk of an unfavourable outcome, and future studies should explore
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causes of these sex-based differences. Stressing the need for rando-
mized control trials, nearly all patients with meningitis caused by
HSV-2 or VZV received antiviral treatment, but early administra-
tion was not associated with an improved outcome.
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