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Abstract

Encephalitis is a severe neurological syndrome associated with high morbidity and mor-
tality as well as long-term neurological sequelae. Despite being an important public
health problem, very few extensive population-based studies were conducted so far in
the world and none in Central Europe. Altogether 114 consecutive patients meeting the
initial criteria for encephalitis were enrolled at the Warsaw Hospital for Infectious Dis-
eases between June 2012 and July 2015. Eighteen patients were secondarily excluded
from the analysis due to incomplete data or noinfectious cause. Potential pathogen
sequences were searched for by molecular methods in the cerebrospinal fluid (CSF) and
specific antibodies were detected in CSF and sera. An infectious agent was identified in
41 patients (42.7%). The most frequently diagnosed infections were Human herpesvirus
1 (HHV-1) (22 cases, 24%) followed by Enterovirus (6 cases, 6.3%), Varicella zoster
virus (VZV) (5 cases, 5.2%), Tick-borne encephalitis virus (TBEV) (6 cases, 6.3%) and
Cytomegalovirus (CMV) (2 cases, 2.1%). There were no cases of human adenovirus,
Human herpesvirus 6 (HHV-6) or West Nile virus (WNV) infection identified. In 55 cases
(57.3%) the cause of encephalitis remained unknown. Compared to patients in whom the
diagnosis was determined the latter group contained more women, was less likely to
manifest fever and had lower CSF pleocytosis (p < 0.05) In summary, we identified HHV-
1 followed by Enterovirus, VZV and TBEV as the most common causes of encephalitis
among adult patients in Poland. In a large proportion of patients the cause of encephalitis
remained unknown.
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Introduction

Encephalitis is a severe neurological syndrome associated with high morbidity and mortality
as well as long-term neurological sequelae and imposes therefore a severe burden on the health
care systems [1]. In the US alone the estimated yearly costs of hospitalized encephalitis cases
has been estimated at over half a billion dollars [2,3]. Encephalitis can be caused by a wide vari-
ety of infectious agents, most prominently viruses, although bacteria, fungi and protozoa were
also implicated [1,4]. Clinically indistinguishable encephalitis cases could be also due to auto-
immune factors and paraneoplastic conditions [5,6].

The most common causative agents of encephalitis are Human herpes virus type 1 (HHV-1);
followed by varicella zoster virus (VZV) [1,3-5,7-9], while other herpesviruses like Epstein-Barr
virus (EBV), cytomegalovirus (CMV) and human herpesvirus 6 (HHV-6) are less common and
largely limited to immunocompromised patients [4,5]. Another important cause of encephalitis
are arthropod-borne viruses (arboviruses) from the Flaviviridae family: West Nile virus (WNV)
and Tick-borne encephalitis virus (TBEV) [10]. However, there are large differences between geo-
graphical regions with regard to the etiology of central nervous system (CNS) infections and the
picture can change dynamically as new pathogens emerge and reemerge: for example West Nile
virus (WNV) became prominent in the US but not in Europe, while Tick-borne encephalitis virus
(TBEV) is a common cause of encephalitis in Europe, but not in the US [11,12]. Similarly, novel
developments related to the increased travel and mobility were the spread of Japanese encephalitis
virus (JEV) into India, Nepal and Australia and several outbreaks of Chikungunya virus infection
in the Indian Ocean islands and India [13]. Neurovirulence could be also acquired by spontane-
ous mutations as was in the case of Enterovirus 71, which has gained the ability to invade the CNS
causing meningitis and encephalitis [13,14]. However, nothwithstanding significant progress in
diagnostics, in a large proportion of cases (40%-80%) the etiology remains unknown [5,15].

Despite being an important public health problem, very few extensive population-based
studies have been conducted so far in the world and none in Central Europe. This scarcity of
published data is partly due to the fact that the disease is rare and collecting of a meaningful
number of cases is a long-term endeavor, while diagnostic procedures required are extensive
and expensive.

We present the etiological and clinical results of a prospective single center population
study encompassing 114 consecutive patients with encephalitis in Poland. To our knowledge
this is the only large study from Central Europe and the largest single-center study on adult
population.

Patients and methods

Patients with encephalitis were prospectively enrolled at the Warsaw Hospital for Infectious
Diseases between June 2012 and July 2015. This hospital is the single major center for neuroin-
fections serving central Poland including Warsaw (Mazowsze region).

Reporting of encephalitis cases is mandatory in Poland and in the years 2012-15 92% to
96% of all encephalitis cases reported each year in the Mazowsze Region were hospitalized in
the above mentioned medical center.

The Mazowsze Region could be considered representative of the country: in 2015 the
encephalitis incidence rate per 100,000 inhabitants was 0.49 while in 13 out of the the remain-
ing 15 administrative regions it was between 0.22 and 0.71. The only exception were two
heavily wooded regions in the Northeast, where the incidence was 1.87 and 7.31, respectively
[16]. These latter regions are endemic for TBEV infection.

Encephalitis was defined as an acute onset illness with altered mental status or decreased
level of consciousness or seizures or focal neurological signs together with at least one
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abnormality of the cerebrospinal fluid (CSF) (white blood cell count > 4 cells/mm? or protein
level > 40 mg/dL). Exclusion criteria were noninfectious CNS disease and meningitis without
clinical manifestations of brain involvement. Patients below 18 years were not included in the
study, since children with encephalitis are hospitalized in various other centers.

Written informed consent was obtained from all patients or from close relatives if the
patient was unable to give consent due to his condition. However, this consent had to be con-
firmed once his condition improved. The study was approved by the Internal Review Board of
the Warsaw Medical University.

The CSF and serum samples were collected from all patients at admission and whenever
possible a follow up serum sample was collected after 4-6 weeks. All samples for the study
were aliquotted and kept frozen at -80°C until analysis. Total RNA was extracted with TRIzol
LS (ThermoFisher Scientific, Waltham, Massachusetts, USA) from 400 pl of whole CSF, while
DNA was extracted using QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Extracted
nucleic acids were concentrated when needed and suspended in 20 pl of water, 2 pl of which
were subsequently used for each amplification reaction.

Human herpesvirus 1&2 (HHV-1 and HHV-2); Varicella zoster virus (VZV), Cytomegalo-
virus (CMV), Human herpesvirus 6 (HHV-6), Enteroviruses (Coxsackie A9, A16, B2, B3, B4,
B5; ECHO 5, 6,9, 11, 18, 30 and Entero 71), and Human adenovirus (HAdV) were detected in
CSF samples using ’in house’ real-time quantitative PCR (qPCR) or Reverse-Transcription
real-time quantitative PCR (RT-qPCR) methods. For the detection of Tick-borne encephalitis
virus (TBEV) and West Nile virus (WNV) qualitative Reverse Transcription PCR (RT-PCR)
were used. The limit of detection (LOD) of each assay was determined by analysis of serial
dilutions in the range of 10'~10° viral copies or viral copy equivalents in the case of synthetic
control templates [17-21]. Each dilution was prepared and analyzed in six independent repli-
cations. Probit analysis was used to calculate the LOD concentration [22]. Viral DNA or RNA
copy numbers in clinical samples was quantified on the basis of threshold cycle (Ct) values of
viral template calibrators. As a cut-off values, LODs of qPCR assays were used. The established
LODs were as follows: for HHV-1 50 viral copies/reaction, HHV-2 70 copies/reaction, VZV 15
copies/reaction, Enteroviruses (for Coxsackie A9) 10 copies/reaction, HHV-6 30 copies/reac-
tion, HAdV 20 copies/reaction, CMV 20 copies/reaction. RT-PCR for the detection of TBEV
and WNV were capable of detecting 100 viral copies/reaction and 50 viral copies/reaction,
respectively [23,24].

All the available CSF samples (both intial and follow up) were first tested by the above
amplification assays and only when no pathogen could be detected serological analysis fol-
lowed. Commercial serological tests were used to test CSF and paired sera samples (Serion
ELISA classic HHV-1/2 IgG and IgM, Serion ELISA classic VZV IgG and IgM, Serion ELISA
classic TBEV IgG and IgM, Institut Virion/Serion GmbH, Wiirzburg, Germany), anty-West
Nile Virus IgM/IgG ELISA (Euroimmun, Lubeka, Germany). The tests were performed and
interpreted following manufacturers’ recommendations.

For statistical analysis continuous data were compared with Mann-Whitney U test, while
proportions were analyzed by Fisher’s exact test. Correlations were assessed by Spearman rank

test. P < 0.05 was considered to be statistically significant.

Results

Altogether 114 patients meeting the initial criteria of encephalitis were enrolled between June
2012 and July 2015. Eighteen patients were secondarily excluded from the analysis: in nine

clinical information was incomplete or the amount of biological material was insufficient for
analysis, while in the remaining nine noninfectious causes were diagnosed. The remaining 96
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Table 1. Identified etiologic causes of encephalitis in Polish patients (n = 96).

Etiologic No. (%) of |Diagnosis based on Viral copies/mL Diagnosis based on serological testing
diagnosis patients | molecular testing of CSF | (median; range) Specific IgM | Specific IgM in | > 4 fold antibody increase in
in CSF serum paired sera over 4—6 weeks
Known etiology 41 (42,7)
HHV-1 22 (24,0)2 19 3,450 (1,500— - - 3
3,815,000)
vzv 5(5.2) 2 1,250 and 750 - - 3
CMV 2(2.1) 2 1000 and 10,500 - - -
HHV-6 0(0.0) - - - -
Enteroviruses® 6 (6.3) 6 875 (300-11,450) - - -
TBEV 6 (6.3) - 4 2 -
WNV 0(0.0) - - - -
HAdV 0(0.0) - - - -
Unknown 55 (57.3)
etiology

80ne HHV-1 positive patient was coinfected with Enterovirus.
PThe RT-PCR assay was capable of detecting Coxsackie A9, A16, B2, B3, B4, B5; ECHO 5, 6, 9, 11, 18, 30 and Entero 71.
HHV-1, human herpesvirus 1; HHV-6, human herpesvirus 6; TBEV, Tick-borne encephalitis virus; WNV, West Nile virus; HAdV, human adenovirus.

https://doi.org/10.1371/journal.pone.0178481.t001

patients were analyzed in the study. Follow up serum samples drawn after 4-6 wks were avail-
able in 53 (55%) of patients.

The etiologic investigation identified an infectious cause in 41 patients (42.7%). In 29
patients the pathogen was detected directly in the CSF by PCR or RT-PCR, while in 12 patients
the diagnosis was based on either the presence of IgM antibodies in CSF (4 patients) or serum
(2 patients) or a significant increase in serum antibodies over time (6 patients) (Table 1). The
most frequently diagnosed infections were HHV-1 (22 cases, 24%) followed by Enterovirus (6
cases, 6.3%), TBEV (6 cases, 6.3%), VZV (5 cases, 5.2%), and CMV (2 cases, 2.1%). There were
no cases of adenovirus, HHV-6 or WNYV infection identified. In 55 cases (57.3%) the cause of
encephalitis remained unknown. Only one patient was coinfected with two pathogens as both
HHV-1 and Enterovirus sequences were detected in his CSF.

The major clinical features and the results of CSF analysis according to diagnosis are pre-
sented in Table 2. Among 96 patients only two were HIV-positive, while another 5 were receiv-
ing immunosuppressive drugs and 7 had cancer (Table 2). During the presenting illness the
majority of patients had fever, headache and altered mental state, and a significant minority
had decreased consciousness, focal neurological signs and seizures. Nineteen patients (20%)
presented with stiff neck. The median hospital stay was 12 day (range 5-97). Only one death
occurred—this was a TBEV-infected patient on pharmacological immunosuppression due to a
liver transplant. While viral sequences were not detected in his CSF, they were found in
autopsy brain tissue.

There were not enough patients with different etiologies for a meaningful statistical com-
parison of clinical features and CSF data, but when all patients with identified cause were com-
pared to those with unknown cause the latter group was found to contain more women, was
less likely to manifest fever and had lower CSF pleocytosis (p < 0.05). When HHV-1 infected
patients were compared to those with unknown etiology, the two groups differed only by gen-
der (Table 2). HHV-1 viral load did not correlate with the time that elapsed between the first
symptoms and CSF collection (p = 0.46 by Spearman rank correlation test) nor did it correlate
with sample storage duration (p = 0.64 by Spearman rank correlation test). Furthermore, there
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Table 2. Clinical and CSF data of 96 patients with encephalitis according to etiology.

Parameter?®

Male
Age, median years (range)

Pharmacological
immunosuppression

HIV positive

Cancer

Duration of hospital stay, median
(range)

Symptoms or clinical signs
Fever > 38°C

Headache

Altered mental status
Focal neurologic signs
Seizures

Stiff neck

CSF analysis

WBC count, cells/mm?, median
(range)
Protein level g/L, median (range)

Death

HSV-1 vzv Enterovirus TBEV cmMmv All identified Unknown
(n=22) (n=5) (n=6) (n=6) (n=2) (n=41) (n=55)

16 (73)° 2 (40) 4 (67) 6 (100) 2(100) 30 (73)° 24 (44)

38 (20-80) 57 (34-63) |25 (20-54) 45(19-85) |50 (41-59) |38 (19-85) 38 (20-82)
0 0 0 1(17) 1 (50) 2(5) 3(5)

0 0 0 0 0 0 2(4)
3(14) 3(60) 6(15) 1(2)

12 (5-47) 15 (9-22) 18 (5-97) 10.5(8—23) |6.5(6-7) 12 (5-97) 12 (6-79)
12 (55) 4 (80) 4 (67) 6 (100) 0 26 (63)° 20 (36)

11 (50) 3 (60) 4(67) 5 (83) 1 (50) 22 (54) 27 (49)

20 (91) 4 (80) 4(80) 6 (100) 2(100) 36 (88) 47 (85)
5(23) 1 (20) 0 3(50) 0 9 (22) 11 (20)
5(23) 3(60) 4(67) 12 (29) 17 (31)

5 (23) 0 0 2(33) 0 7(17) 12 (22)

26 (1-1225) | 34(3-203) | 73(1-792) 79 (1-182) | 48 (4-91) 41 (1-1225)° 16 (1-362)
0.54 (0.16— 0.52 (0.23— 0.42 (0.27—- 1.00 (0.45- 0.50 (0.27—- 0.57 (0.16-3.21) 0.58 (0.11—
3.21) 0.86) 1.31) 1.73) 0.73) 3.33)

0 0 0 1(17) 0 1(2.4) 0

@Data are provided as number of patients (%) unless indicated otherwise.

bp < 0.05 when comparing all patients with identified cause to all patients in whom the cause was not identified; when HHV-1 infected patients were
compared to patients with unknown etiology, only the gender remained significantly different; continuous data were compared with Mann-Whitney U test,
while proportions were analyzed by Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0178481.t1002

was no significant difference in time from the onset of first symptoms to CSF collection
between patients with identified cause of encephalitis and patients with unknown etiology
(median 12 vs 14 days, p = 0.79 by Mann-Whitney U test)

Discussion

The most frequent cause of encephalitis among our patients was HHV-1, thus confirming the
results of a number of previous studies [3,7,8]. Similarly, high prevalence of VZV, another
member of herpesviridae family, is also in line with previously published results [3,4,7,8].

High prevalence of Enterovirus infection, second only to HHV-1, was somewhat unex-
pected. While this pathogen dominates among the causes of meningitis, it is also responsible
for encephalitis, but mostly in children. The prevalence of 7.3% found among our patients, all
adults, is much higher than that reported in France [8] and England [3], but still lower than
that found in the California Encephalitis Project [4]. However, the latter contained a signifi-
cant proportion (45%) of children. Enterovirus encephalitis is usually mild with the exception
of Enterovirus 71 infection, which can cause severe disease [25].

TBEV infection was detected in 6 (6.3%) of patients, which is not surprising, as it has
become a major health problem in Europe and Asia and is a common cause of viral brain
infection in many countries [26,27]. Over the last few decades the number of reported TBEV
encephalitis cases has increased due to a variety of factors including global warming, which
extended the length of tick feeding season and its habitat range, as well as to extensive
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reforestation efforts and to the increase in outdoor activities [27,28]. In Poland, the number of
reported cases increased over two-fold [29] and similar upward trends were observed in many
European countries [26].

WNYV was not detected in any of our patients despite reports of WNV infection in several
European countries including Poland’s direct neighbors [30]. These findings are in agreement
with results of a large study searching for viral sequences in brain tissue from over 2000 wild
birds, and suggest that WNV did not get a foothold in Poland as yet [31]. However, the situa-
tion could change fast as the mosquito vectors capable of transmitting WNV infection are
locally present and the infection is already well established in Europe.

The above results are unlikely to be influenced by our selection of the panel of viral patho-
gens tested, as it was similar to that used in other large studies with the exception of endemic
infections like Toscana virus in the French and Spanish studies [7,8] or St. Louis encephalitis
in the California study [4]. Furthermore some, but not all, of these studies searched for Influ-
enza A, measles, JC virus, LCMV and EBV, but the number of identified infections was negli-
gible or even null [3,4,7,8].

While the most frequent causes of encephalitis were similar to those reported in other stud-
ies, the mortality was very low as only one death was recorded among our patients (mortality
of 1%). This patient was a liver transplant recipient, who died due to severe TBEV encephalitis.
In comparison, the mortality was 10% in the French study [8] 12% in the English analysis [3]
and 11% in the California Encephalitis Project study [4]. Risk of fatal outcome was previously
associated with immunosuppression and concomitant cancer as well as older age [8]. The rea-
sons for such a low mortality among our patients are unclear and could not be explained by a
difference in the proportion of immunosuppressed patients: among our patients 7.3% were
either HIV-positive or received immunosuppressive drugs and further 7.3% had cancer, while
in the English report 15% were immunocompromised [3], in the French study 6.3% were
immunosuppressed and 5.5% had cancer [8] and the California study specifically excluded
immunocompromised patients altogether [4]. Older age, which was previously associated with
poor prognosis [8] was also unlikely to play a role as our patients were older as a group than
patients in the above studies. However, an important role could have been played by the
absence of bacterial infections among our patients. In the French study [8] both mycobacte-

rium tuberculosis and listeriosis were prominent and characterized by high fatality rates and
high mortality was also associated with mycobacterial infection in the English study [3]. While
secondary tuberculosis is not uncommon in Poland, all patients with this infection had menin-
gitis only and therefore did not meet the criteria for inclusion into the study. However, it
should be mentioned that there were no deaths among our 22 patients with HHV-1 encephali-
tis. Whether this low mortality is the effect of early and rigorous commencement of Acyclovir
therapy or is just an aberration related to small number of cases is unclear.

In 57.3% of our patients the etiology was unclear as neither pathogen sequences nor specific
antibodies could be found. This proportion is similar to that reported in other studies where it
ranged from 40% to 80% [5,15] although in a recent recent English study it was as low as 37%
[3]. This group is likely to be polymorphic as encephalitis could be caused by a plethora of
pathogens many of which are rare and therefore rarely tested for or by as yet unknown agents.
In addition, viral pathogens are typically present in CSF only transiently and this positivity
window could be easily missed, particularly when the spinal tap is done too late in the course
of illness [32]. Furthermore, some encephalitis cases could be immune-mediated, such as the
acute disseminated encephalomyelitis (ADEM) [33] and encephalitis associated with voltage-
gated potassium channel antibodies [34] and NMDA receptor antibodies [35]. While ADEM
in our patients was excluded by MRI scans, NMDA receptor and voltage-gated potassium anti-
bodies were not tested. Patients with antibody-associated encephalitis were reported to have
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absence of fever and only mild CSF pleocytosis and these characteristics were shared by our
patients. However, these patients also have poor outcome and prominent seizures [3], which
was not the case in our patients. Despite absence of immunomodulatory treatment the clinical
outcome was good and no deaths were recorded while in the extensive English study the mor-
tality in the antibody-associated hepatitis was as high as 56% [3]. This absence of seizures and
good outcome among our patients suggest a different etiology. Interestingly, while among
patients with identified cause the majority were men, in the unknown cause group the majority
were women. Further research is needed to elucidate causality in these patients.

In summary, we identified HHV-1 followed by Enterovirus, VZV and TBEV as the most
common causes of encephalitis among adult patients in Poland. Importantly, WNV infection
was not detected among our patients. In a large proportion of patients the cause of encephalitis
was unknown.
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