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Abstract

Despite the availability of nucleic acid amplification tests (NAATs), most of aseptic acute meningitides, encephalitides, and
meningoencephalitides (AAMEMs) in adults remain of unknown etiology so far. To shed light on such topic, we aimed to
evaluate potential predictors for AAMEMs of unknown origin. We collected retrospectively data from all consecutive cases of
AAMEMs in adults discharged from an Italian referral hospital, from January 2004 to December 2016. Laboratory analysis
included common immunometric methods and NAATs. Potential predictors for unknown etiology (age, seasonality, serum C-
reactive protein value, antibiotic use before lumbar puncture, immunodeficiency conditions, clinical symptoms and signs) were
evaluated by a logistic regression analysis model. A p value <0.05 was considered to indicate statistical significance. The study
included 92 patients (median age 39 years; 54.3% males) affected by meningitis (n = 57), encephalitis (n =25), and meningo-
encephalitis (n = 10). The identified agents that cause AAMEMs were herpesviruses (20.7%), enteroviruses (5.4%), tick-borne
encephalitis virus (3.3%), influenza virus A (2.2%), West Nile virus (1.1%), and parvovirus B19 (1.1%), while 66.3% of cases
were of unknown etiology. No predictor was found to be significantly associated with AAMEMSs of unknown etiology. We
suggest that potential infectious agents causing undiagnosed cases should be investigated among non-bacterial, non-opportunis-
tic, and non-seasonal organisms.
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Introduction

Acute aseptic meningitis, encephalitis, and meningoencepha-
litis (AAMEMSs) are inflammations of the central nervous sys-
tem (CNS) generally distinguished from one another by the
presence of meningeal and/or cerebral involvement. Despite
being separate nosological categories, AAMEMs may have
overlapping symptoms, signs, cerebrospinal fluid (CSF) find-
ings, and etiologies [ 1-3]. AAMEMs are uncommon diseases,
but they are clinically challenging and potentially associated
with cognitive or physical long-term sequelae. In the past
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10 years, causes of non-infectious encephalitis are increasing-
ly reported [4, 5] such as autoimmune conditions as anti-
NMDA receptor encephalitis [6, 7]. Despite being a healthcare
issue of global concern, the epidemiology of AAMEMs is
poorly studied, and a lack of data regarding their frequency,
etiology, and outcome can be observed. For instance, more
than 100 etiological agents can cause encephalitis but clinical
studies in adults are often limited to single etiological agents
or local geographical reports [8]. In fact, etiological diagnosis
of AAMEM is quite challenging so far. At present, since most
etiological agents causing AAMEMs are considered to be
viruses, nucleic acid amplification tests (NAATSs) are world-
wide recognized as the gold standard for the etiological diag-
nosis of AAMEMs [9].

However, despite their undeniable usefulness, the detection
of a pathogen nucleic acid alone in the CSF is not by itself a
straightforward proof of that agent causality [10]. Even inte-
grating molecular findings with other laboratory data, the rec-
ognition of an etiological diagnosis in AAMEMs could be
intellectually demanding and, in different settings worldwide,
up to 85% of cases of encephalitis are of unknown etiology
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[8]. The understanding of AAMEM etiology is critical both
for the clinical management of some of these diseases and
public health interventions. Moreover, failure to obtain etio-
logical diagnosis results in unnecessary use of antimicrobial
agents with increased antibiotic resistance, a potential onset of
side effects, and additional costs.

Consequently, we aimed to study the incidence of
AAMEMs, the frequency of etiological agents causing non-
bacterial AAMEMs in adults referring to our institution, and
the presence of potential predictors for unknown etiological
diagnosis.

Patients and methods

We collected retrospectively clinical and laboratory data from
all consecutive adult patients discharged from January 2004 to
December 2016 from the university hospital of Trieste (Italy)
with a diagnosis of aseptic acute “meningitis,” “encephalitis,”
or “meningoencephalitis” (ICD-9-CM diagnosis codes 047.0,
047.1, 047.8, 047.9, 0.49.1, 052.0, 053.0, 053.3, 054.3,
054.72, 062.9, 063.2, 064, 066.41, 072.1, 072.2, 139, 322.0,
322.9,323.01, 323.71, 323.81, 323.9), retrospectively evalu-
ating every clinical diagnosis. “Aseptic” was defined by neg-
ative CSF Gram staining and sterile CSF standard culture for
common bacteria and fungi. We defined “acute” every clinical
condition of abrupt onset (<72 h). We defined “meningitis” a
clinical condition characterized by clinical signs of meningeal
irritation associated with a “pathological” CSF analysis (de-
fined by CSF proteins > 50 mg/dL and/or CSF leukocytes > 5
cells/uL). “Encephalitis” was defined as clinical, radiological,
or electroencephalographic evidence of neurological dysfunc-
tion associated with “pathological” CSF analysis.
“Meningoencephalitis” was defined as a subset of encephali-
tis characterized by an overlap of findings of both encephalitis
and aseptic meningitis.

Laboratory investigations included common serologic
methods (enzyme immunoassay [EIA], immunofluorescence
assay [IFA], chemiluminescence immunoassay [CLIA]) and
NAATs in the CSF and other biological samples (blood and/or
urine). In detail, cytomegalovirus (CMV), herpes simplex virus
(HSV), Epstein-Barr virus (EBV), varicella zoster virus (VZV),
West Nile virus (WNV), and enteroviruses were detected by
real-time PCR using commercial kits (Elitech, formerly
Nanogen, Trezzano sul Naviglio, Italy). Identification of tick-
borne encephalitis virus (TBEV) was performed by an in-house
real-time RT-PCR [11]. In order to verify the sensitivity of as-
says and reproducibility of results, we have participated in
External Quality Assurance programs, namely NEQAS for
CMV, HSV, EBV, VZV, and enteroviruses since 2005, and
QCMD for WNV. No EQA test was available for TBEV and
sensibility has been evaluated with a plasmid containing the
genome of TBEV and resulted in 100 copies/mL. Being a
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retrospective study, the choice of diagnostic tests in every indi-
vidual case of AAMEM was at the clinical discretion of the
attending physician. Real-time PCR on CSF specific for the
aforementioned herpesviruses were tested in all cases (data not
shown). On the other hand, the collection of other diagnostic
tests specific for neurotropic agents resulted to be guided by the
epidemiological and clinical history of the individual patient.

The University Hospital of Trieste is a 840-bed tertiary
referral hospital for the northeastern Italian provinces of
Trieste and Gorizia (320,706 adult residents up to the 2011
ISTAT census) [12]. The Italian provinces of Trieste and
Gorizia are highly urbanized and our hospital is the referral
institution for every suspected CNS infection.

Every single etiological diagnosis was re-evaluated ac-
cording to the 2010 UK Health Protection Agency
Actiology of Encephalitis Study Group etiological case
definitions (UK HPA AoESG) [10], retrospectively clas-
sifying every diagnosis as “confirmed,” “probable,” or
“possible.” We excluded cases affected by bacterial
AAMEM with sterile CSF culture (i.e., borreliosis, syph-
ilis), tuberculosis, subacute/chronic AAMEM (i.e., sub-
acute sclerosing panencephalitis, HIV-associated
neurocognitive disorders), and non-infectious AAMEM
(in a broad sense: autoimmune or metabolic or drug
toxicity-associated or sepsis-associated encephalopathies).
In addition, we excluded cases with incomplete available
data defined as lack of baseline neurological examination
and/or CSF NAATs and/or immunometric assays.
Following exclusion of apparent infectious etiologies of
AAMEM, diagnostic tests for autoimmune etiologies
(e.g., CSF or serum antibodies against N-methyl-D-aspar-
tate receptor) were employed.

In order to identify potential predictors for unknown etio-
logical diagnosis, we used a univariate logistic regression
analysis model including odds ratio with 95% confidence in-
terval using the software SPSS Statistics® V21.0 (IBM,
USA). We selected as predictors the following dichotomic
variables in order to explore “hidden” reservoirs or host char-
acteristics: (1) patient age at the onset of the disease (more or
less than 40 years—in order to assess potential aging correla-
tions with unidentified etiologies); (2) seasonality at AAMEM
onset (every single season versus every other seasons—in
order to identify a potential seasonality related to an unidenti-
fied etiologic agents such as arboviruses or respiratory virus-
es); (3) baseline serum C-reactive protein (CRP; more or less
than 50 mg/L—as potential common biomarker consistent
with a potential bacterial etiology); (4) any antibiotic therapy
within 72 h before the baseline lumbar puncture (to exclude
the presence of culture-negative bacterial infections in our
sample); (5) immunodeficiency conditions (i.e., oncologic,
hematologic, autoimmune disorders, diabetes mellitus, a con-
current immunosuppressive therapy, or HIV infection—in or-
der to assess the presence of unidentified opportunistic
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pathogens); (6) common signs and symptoms of CNS infec-
tion (headache, fever, confusion, nausea or vomiting, and stiff
neck) in order to explore the usefulness of clinical markers to
estimate a priori the potential for an unknown etiological di-
agnosis, leading to a more extensive baseline diagnostic work-
out. A p value <0.05 was considered to indicate statistical
significance.

At admission to our hospital, every patient or their next of
kin included in our study signed an informed consent form to
allow the collection of clinical data for scientific purposes.
Since demographic data remained anonymous, no approval
of the Ethics Committee was requested.

Results

During the study period, 181 adult patients had a diagno-
sis of aseptic acute “meningitis,” “encephalitis,” or “me-
ningoencephalitis,” fulfilling the above definitions. The
total annual incidence rate of AAMEMs was 5.6 per
100,000 adults. We excluded 76 cases for incomplete da-
ta, 2 cases of acute disseminated encephalomyelitis, 2
cases of Miller Fisher syndrome, 1 case of neurolupus, 3
cases of neurolisteriosis, 2 cases of neuroborreliosis, 1
case of meningismus in a patient with a staphylococcal
sepsis, 1 case of neurosyphilis, and 1 case of
neurobartonellosis. Therefore, we included the remaining
92 patients in the following analysis. The annual distribu-
tion of AAMEMSs cases was substantially stable, except
for numerical increases in 2009 and 2013 without appar-
ent epidemic events (Fig. 1).

Characteristics of the 92 patients are summarized in
Table 1. The median age was 39 years (range 18-87) with a
male-to-female ratio of 1:0.8. Most of the AAMEM cases
(67.4%) occurred during summer and autumn. In 13 cases,
the first lumbar puncture was preceded in the previous 72 h
by antibiotic therapy. Twelve patients had underlying immu-
nodeficiency conditions. No patient had HIV infection. The
most common diagnosis of AAMEM was meningitis (57

cases), followed by encephalitis and meningoencephalitis
(25 and 10 cases, respectively).

The most commonly reported symptoms at hospital admis-
sion were headache, fever, and nausea or vomiting (72.8, 67.4,
and 35.9%, respectively) while stiff neck, mental confusion,
and positive Laségue sign were the most commonly recorded
signs (40.2, 23.9, and 14.1%, respectively), as summarized in
Table 2. Overall, serum markers of inflammation (CRP, white
blood cells) were mildly elevated. The analysis of CSF
showed mainly clear CSF samples with a mean CSF-to-
serum glucose ratio of 0.57 (SD £0.1; median 0.6; interquar-
tile range [IQR] 0.2), slightly increased CSF proteins (mean
84.8 mg/dL; SD + 39.4; median 77.1 mg/dL; IQR 58.25), and
slight pleocytosis (mean 144.5 cells/uL; SD + 169; median 86
cells/uL; IQR 157.5).

As summarized in Table 3, the AAMEMSs were found to
be of unknown origin in 66.3% of cases. The most com-
monly reported agents were herpes simplex viruses (5
cases of HSV-1, 5 cases of HSV-2, and 2 cases of uniden-
tified HSV), enteroviruses and VZV followed by TBEV,
influenza A virus, EBV, and WNV. A probable parvovirus
B19 (PVB19) meningitis was reported in a 29-year-old
immunocompetent female, whose symptoms at the onset
were fever and headache. No skin rash was seen. The anal-
ysis of her CSF sample showed CSF-to-serum glucose ra-
tio of 0.6, proteins 83.5 mg/dL, and 100 leukocytes/pL
(92% lymphomonocytes). No other pathogen was found,
and only the presence of serum IgM and IgG specific to
PVBI19 was recorded. The patient was discharged with full
clinical recovery after 20 days. Again, agents were defined
as “confirmed,” “probable,” and “possible” accordingly to
the 2010 UK HPA AoESG etiological case definition list
[10]. For instance, the two cases caused by influenza A
were defined as “possible” because the viral RNAs were
amplified from nasopharyngeal swabs but influenza virus
RNA was not tested on CSF.

No potential predictors resulted to be significantly associ-
ated with AAMEM with unknown etiological diagnosis by
the logistic regression analysis (Table 4).

Fig. 1 Annual distribution of the
AAMEMs included in the

analysis. AAMEM: aseptic acute

meningitis, encephalitis, and

meningoencephalitis; Unknown:

AAMEMs with unknown

etiological diagnosis; Known:
AAMEMs with identified
etiological agents

No AAMEMs
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B Unknown

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Table 1 Patients’ characteristics
n=92)

Characteristic Values

No. (%)
Sex (male/female) 50/42 (54.3/45.7)
Median age (years) 39 (range 18-87)
Seasonality (spring/summer/autumn/winter) 18/36/26/12
Previous antibiotic therapy 13 (14.1)
Immunodeficiency 12 (13.0)
Diagnosis
* Meningitis 57 (62.0)
* Encephalitis 25(27.2)
* Meningoencephalitis 10 (10.9)

Baseline serum markers of inflammation

* Mean CRP (mg/L) + SD [median (IQR)]
* Mean white blood cells (103/p,L) +SD

Baseline CSF analysis

* Appearance (clear/hemorrhagic/mildly hemorrhagic/turbid)

* Mean CSF glucose (mg/dL) + SD [median (IQR)]

* Mean CSF-to-serum glucose ratio + SD [median (IQR)]

* Mean CSF chloride (mEq/L) = SD

* Mean CSF proteins (mg/dL) + SD [median (IQR)]

* Mean CSF leukocytes count (cells/uL) + SD [median (IQR)]

» <5 cells/uL
e >5 cells/uL

* Cell type predominance (lymphomonocytes/polymorphonucleocytes/none)

28.7+59.7 [6.25 (21.69)]
89+39

87/3/1/1

58.9+15.9 [56 (16.25)]
0.57+0.1 [0.6 (0.2)]
119.5+16
84.8£39.4[77.1 (58.25)]
144.5 169 [86 (157.5)]
12 (13)

80 (87)

55/22/15 (59.7/23.9/16.4)

CRP—C-reactive protein (normal values: <5 mg/L); CSF glucose normal values: 50-80 mg/dL; CSF chloride
normal values: 115-130 mEq/L; CSF protein normal values: 20-50 mg/dL; CSF leukocyte normal values: < 5/puL

SD standard deviation, /OR interquartile range

Two patients (2.2%) of the 92 cases included in the analysis
died during hospitalization: 2 females 80- and 64-year-old, the
latter having various comorbidities. Both the deceased pa-
tients did not have an identified etiological agent responsible
for their CNS infection.

Discussion

In this 12-year-period study, the annual incidence rate of
AAMEMs is similar to that reported in other clinical studies
[6]. Regarding the 92 cases included in our analysis, most of
them were of unknown etiology and the annual proportion of
such cases remained approximately stable over time. We ex-
pected that the proportion of unknown etiological diagnosis
should have decreased in more recent years, with the advance-
ment of laboratory techniques. This has not happened since
molecular diagnostic methods in the diagnosis of AAMEM
have been introduced early in the laboratory of our hospital
and only minor modifications in commercial kit supply oc-
curred from 2004 to 2016.

We identified in our series herpesviruses as the main
“confirmed” pathogens causing AAMEMs, followed by
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enteroviruses and VZV. Enterovirus encephalitis is con-
sidered notably rare [13] and, in fact, we did not find
encephalitis or meningoencephalitis due by such viruses.
In our series, the frequency of AAMEMs with unknown
etiological diagnosis and those due by documented etio-
logical agents is similar to what was reported by other
studies regarding aseptic meningitis and encephalitis [9,
13-16]. On the other hand, Koskiniemi et al. showed the
leading role of VZV in both encephalitis and meningitis
(29% of identified etiology). However, the authors as-
cribed the high frequency of VZV findings to the im-
provement in diagnostic methods [17]. In our study,
VZV accounted for only 16.1% of AAMEMSs with identi-
fied etiology including 2 cases of meningitis, 1 case of
encephalitis, and 2 cases of meningoencephalitis.
Numerous areas of northeastern Italy are endemic for
TBEV and WNYV infections. In detail, the annual inci-
dence rate of TBEV encephalitis in our area was 0.1 for
100,000 population from 2000 to 2013 [18]. Moreover,
most of our patients with AAMEMs belonged to geo-
graphical areas sharing borders with Slovenia, which is
considered an endemic country for TBEV infection, with
an annual incidence rate of 13.1 for 100,000 persons in
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Table 2  Signs and symptoms at hospital admission, according to etiological diagnosis of AAMEM

Sign/symptom Total no. Unknown  Known Total Total VZV  TBEV EBV Influenza WNV  Parvovirus
(%) no. (%) no. (%) HSV no. enterovirus no. no. no. A no. no. B19 no.
n=92) (n=061) (n=31) (n=12) no.(n=5) (m=5) (m=3) @m=2) (n=2) n=1) @n=1)

Headache 67 (72.8) 42 (68.9) 25(80.6) 9 5 4 2 2 1 1 1
Fever 62 (67.4) 39(63.9) 23(742) 9 4 3 2 2 1 1 1
Stiff neck 37(40.2) 23377 14452 5 3 3 1 1 1 0 0
Nausea/vomiting 33 (35.9) 21(34.4) 12 (38.7) 2 4 2 1 1 1 1 0
Confusion 22(239) 15(24.6) 7(226) 3 0 1 1 1 1 0 0
Arthralgias 20 (21.7) 13(21.3) 7(22.6) 1 2 1 0 1 1 1 0
Photophobia 14 (15.2) 11(18.00 3(9.7) 1 0 1 1 0 0 0 0
Laségue + 13(14.1) 8(13.1) 5(16.1) 1 2 2 0 0 0 0 0
Skin rash 10(10.9) 5(8.2) 5(16.1) 1 1 2 1 0 0 0 0
Diarrhea 8 (8.7) 5(8.2) 309.7) 1 1 1 0 0 0 0 0
Brudzinski + 7 (7.6) 5(8.2) 2 (6.5) 0 1 0 0 1 0 0 0
Aphasia/dysphasia 7 (7.6) 5(8.2) 2 (6.5) 1 0 0 1 0 0 0 0
Focal neurological 6 (6.5) 518.2) 13.2) 1 0 0 0 0 0 0 0
deficit
Kernig + 5(5.4) 4 (6.6) 1(3.2) 0 0 0 0 1 0 0 0
Lymphoadenopathies 5(5.4) 34.9) 2 (6.5) 0 1 0 0 1 0 0 0
Odynophagia 4 (4.3) 2 (3.3) 2 (6.5) 0 0 0 1 0 0 0 1
Vertigo 4 (4.3) 4 (6.6) 0 0 0 0 0 0 0 0 0
Seizures 3(.3) 2(3.3) 1(3.2) 0 0 0 0 0 1 0 0
Cough 3(3.3) 2(3.3) 1(3.2) 0 0 0 0 0 1 0 0
Pharyngodynia 2(2.2) 2(3.3) 0 0 0 0 0 0 0 0 0
Opisthotonus 1(1.1) 1(1.6) 0 0 0 0 0 0 0 0 0
Rhinorrhea 1(1.1) 1(1.6) 0 0 0 0 0 0 0 0 0

Unknown: aseptic acute meningitis, encephalitis, and meningoencephalitis without identified etiological agents; Known: aseptic acute meningitis,
encephalitis, and meningoencephalitis with identified etiological agents; +: positive sign

VZV varicella zoster virus, EBV Epstein-Barr virus, TBEV tick-borne encephalitis virus, WNV West Nile virus

Table 3  Etiological agents and type of AAMEM diagnosis (n =92)

Etiological agents Values Diagnosis No. of encephalitis  No. of Type of diagnosis®
No. (%) No. of meningitis (%) (%) meningoencephalitis  No. of confirmed/probable/
(n=57) (n=25) (%) (n=10) possible
* HSV (1/2/unknown type) 5/512 8 3 1 8/0/4
(13.0)
* Coxsackieviruses/other 2/3(54) 5 0 0 3/0/2
enteroviruses
*VZV 5(5.4) 2 1 2 5/0/0
* TBEV 3(.3) 2 1 0 0/3/na
* Influenza A 2 1 1 0 0/0/2
* EBV 2 0 1 1 0/2/0
* WNV 1 1 0 0 0/1/0
* Parvovirus B19 1 1 0 0 na
* Unknown 61 (66.3) 37 (64.9%) 18 (72.0%) 6 (60.0%) na

HSV herpes simplex virus, VZV varicella zoster virus, EBV Epstein-Barr virus, TBEV tick-borne encephalitis virus, WNV West Nile virus, na not
applicable

2 Type of diagnosis according to the 2010 UK HPA AoESG etiological case definitions (see “Patients and methods™)
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Table 4 Univariate logistic

regression analysis of risk factors Dichotomic variables Total Unknown Known Odds ratio (95% p
for AAMEM with unknown (n=92) (n=61) (n=31) Ch value
etiological diagnosis No. (%) No. (%) No. (%)
Age of onset <40 years 52 (56.5) 34 (55.7) 18 (58.1) 0.94 (0.33 t0 2.6) 0.9
Season of onset
Winter 12 (13.0) 9(14.8) 3(9.7) 0.62 (0.16 t0 2.5) 0.5
Spring 18 (19.6) 11 (18.0) 7 (22.6) 1.33 (0.46 t0 3.9) 0.6
Summer 36 (39.1) 23 (37.7) 13 (41.9) 1.19 (0.49 t0 2.9) 0.7
Autumn 26 (28.3) 18 (29.5) 8(25.8) 0.83(0.31t02.2) 0.7
Baseline CRP 79 (85.9) 50 (82.0) 29 (93.5) 1.39 (0.44 to 4.4) 0.57
<50 mg/L
Previous antibiotic 13 (14.1) 9 (14.8) 4(12.9) 1.17 (3.1 to 4.4) 0.81
therapy
Immunodeficiency 12 (13.0) 9 (14.8) 3(9.7) 1.65(0.38t0 7.15) 0.5
Symptoms and signs
Headache 67 (72.8) 42 (68.9) 25 (80.6) 0.74 (0.2 t0 2.7) 0.65
Fever 62 (67.4) 39 (63.9) 23 (74.2) 0.45(0.16t0 1.23)  0.11
Confusion 22 (23.9) 15 (24.6) 7 (22.6) 1.11 (0.4 to 4.1) 0.87
Nausea or vomiting 33(35.9) 21 (34.4) 12 (38.7) 2.21(0.77 to 6.4) 0.14
Stiff neck 37 (40.2) 23 (37.7) 14 (45.2) 0.58(0.24t0 1.42) 023

Unknown: aseptic acute meningitis, encephalitis, and meningoencephalitis without identified etiological agents;
Known: aseptic acute meningitis, encephalitis, and meningoencephalitis with identified etiological agents; %

proportions are italicized

p value <0.05 was considered statistically significant

2009 [19]. On the other hand, our area had an annual
incidence rate of 0.7 WNV neuroinvasive diseases for
100,000 population in 2012 [20]. In fact, accordingly to
the 2010 UK HPA AoESG etiological case definitions, in
our study, TBEV and WNV were recorded as “probable”
etiological agents in 3 cases and 1 case of AAMEMs,
respectively. Finally, we found a probable case of
PVB19 meningitis defined by the presence of serum
IgM and IgG antibodies to PVB19 after excluding other
etiologies. Since this pathogen is unusual as a neurotropic
agent, parvovirus B19 is not reported in the 2010 UK
HPA AoESG ctiological case definition list. Indeed, only
129 cases of neurological manifestations due to PVB19
infection are reported from 1970 to 2012. The criteria
for PVB19 diagnosis were based on the detection of
PVB19 DNA or IgM antibodies to PVB19 in CSF or
serum, as reported in our case [21].

Our study showed the high proportion of AAMEMs with
unknown etiological diagnosis, despite the availability of
NAATs and immunometric assays specific to multiple
pathogens.

Therefore, we assessed if such unexplained etiology
was somehow associated with potential predictors, lead-
ing to discover “missing” reservoirs or host characteris-
tics. In order to exclude potential confounding variables,
we chose a priori to exclude confirmed bacterial infec-
tions. In addition, we speculated that a previous antibiotic
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therapy might be a potential risk factor for unknown eti-
ological diagnosis in order to exclude some “hidden” bac-
terial pathogens in our analysis. Our analysis did not
show significant difference between the “unknown” and
“known” etiological diagnosis categories, suggesting that
the high proportion of unknown etiological diagnosis
should not be attributed to an unidentified bacterial path-
ogen. To exclude the presence of opportunistic pathogens
causing AAMEM, we selected the presence of immuno-
deficiency conditions as a potential risk factor for un-
known etiological diagnosis. Again, we did not find out
a significant difference in the two categories, suggesting
that opportunistic pathogens might not be involved in our
series. Then, we focused the analysis on the temporal
distribution of AAMEMs in relation to the season of ill-
ness onset. Once again, the contribution of seasonality as
predictor for unknown etiological diagnosis resulted to be
not significant, suggesting that an unidentified pathogen
with seasonal distribution (i.e., enteroviruses, mosquito,
or ticks-borne agents) should not be responsible for the
cases with unknown etiological diagnosis.

Finally, although the collection of clinical signs and symp-
toms at hospital admission was rather heterogeneous, the anal-
ysis of such variables did not show significant difference be-
tween the “unknown” and “known” etiological diagnosis cat-
egories (Table 2). Consequently, this suggests that clinical
signs and symptoms at hospital admission might not be useful
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as a priori predictors of AAMEM with unknown etiological
diagnosis.

This study had several limitations. Firstly, the retrospec-
tive design of our study forced us to analyze just over half
of our cases of AAMEM referring to our hospital, leading
to a relatively small sample size. However, the inclusion of
clinically ascertained cases and the accuracy in the micro-
biological diagnosis assessed by the participation of our
laboratory to External Quality Assurance programs should
have reduced the selection bias in our series. Secondly, the
choice of algorithm for diagnosis of each case of AAMEM
was at the clinical discretion of the attending physician and
the collection of diagnostic tests specific for neurotropic
agents resulted to be heterogeneous in our series.
However, we applied strict exclusion criteria and disease
definitions using a standardized consensus on every single
etiological diagnosis according to the 2010 UK HPA
AoESG etiological case definition list [10]. Thirdly, data
regarding the outcome of AAMEMs are limited to the in-
hospital lethality. Lastly, despite our hospital as a referral
center for patients with suspected CNS infections belong-
ing to a large geographic area, our data were collected in a
single medical center and cannot be generalized.

Notwithstanding these limitations, we confirmed that
AAMEMs were uncommon diseases and that only one third
of them have been etiologically diagnosed in our series. Next
to herpesviruses and enteroviruses, we found some cases due
to influenza viruses, TBEV, and WNV which should be tested
in epidemic season or endemic areas, respectively. In addition,
we recorded a probable infection by PVB19, a rare neurotrop-
ic agent which should not be neglected in the diagnosis of
AAMEMs. It is hoped that novel molecular tests such as mul-
tiplex PCRs or deep sequencing techniques will allow to ob-
tain the identification of most of the current unknown etiolo-
gies or yet to be discovered new pathogens in the next future
[22]. In-hospital mortality was low and limited to cases due to
unidentified etiological agents. Since etiological diagnosis
should be pursued in any case, our data suggest that potential
infectious agents should be investigated among non-bacterial,
non-opportunistic, and non-seasonal organisms.
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