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Tick-Borne Encephalitis: Possibly a Fatal Disease in its Acute Stage. 
PCR Amplification of TBE RNA from Postmortem Brain Tissue 

Summary: Tick-borne encephalitis has occurred regularly in Europe since it was first diag- 
nosed in 1931 by Schneider. The mortality rate of patients with this disease is 1-2%. Death 
usually occurs in the acute stage of  illness. A case report of a 28-year-old patient from Slo- 
venia, who died shortly after the onset of tick-borne encephalitis, is described. The clinical 
course of  disease, results of serological tests, neuropathological findings and polymerase 
chain reaction amplification of parts of viral genome from postmortem brain tissues are pre- 
sented. 

Introduction 

Tick-borne encephalitis (TBE) is one of the most  impor-  
tant  human infections of the central nervous system (CNS) 
in Central Europe.  In Central Europe  and Scandinavia, 
T B E  virus (Flaviviridae family) is mainly transmitted by 
the vector Ixodes ricinus [1, 2]. Typically, the disease takes 
a biphasic course (in approximately 75% of the cases). 
After  the first phase (viremia), which is characterised by 
flu-like symptoms and followed by an asymptomatic  inter- 
val, the second phase occurs in the form of CNS disease 
and presents as meningitis, meningoencephalitis,  menin- 
goencephalomyelit is  or meningoencephaloradiculit is  [3]. 
Fifteen to 20% of patients with a more  severe course of ill- 
ness suffer f rom long-lasting or pe rmanen t  neuropsychiat-  
tic sequelae. In 3-11% of survivors significant neurologic 
morbidi ty is present,  but TBE can also be fatal since the 
mortali ty rate is 1-2%. Patients may die in an acute stage 
of illness due to different causes [1, 4]. 
A case report  of a patient  f rom Slovenia, who died short- 
ly after the onset of TBE,  is described. The clinical course 
of  disease, neuropathological  findings, results of serologi- 
cal tests and polymerase  chain reaction (PCR) amplifica- 
tion of parts of viral genome from pos tmor tem brain tis- 
sues are presented. 

Case Report 

A 28-year-old previously healthy man was admitted to the De- 
partment of Infectious Diseases, University Medical Centre 
Ljubljana, Slovenia, on 13 May 1994 with a 3-day history of high 
fever, headache, vomiting, general weakness, myalgia and drow- 
siness. He reported tick-bites in an endemic area 1 month be- 
fore the onset of symptoms. On admission he had malaise and his 
body temperature was 37.6°C. His mental status was normal but 
he was sleepy with positive meningeal signs and severe tremor. 
Later on the day of admission his condition rapidly deteriorated 
and we observed restlessness, speech and mental disorders and 
somnolence. The patient was transmitted to the intensive care 
unit (ICU). The next day the patient's condition deteriorated 
further, he became comatose and respiratory failure developed. 
Controlled mechanical ventilation was needed. The patient had 
continuous high fever with profound sweating. Blood pressure 

oscillated. He was treated symptomatically with antioedema- 
tous, antipyretic, analgetic and sedative drugs (without corticos- 
teroids). On the fifth day of hospitalisation extremely high fever 
(43.2°C) developed, followed by profound hypotension, not re- 
sponding to vasoactive amines. Erythrocyte sedimentation rate 
was 31 ram/h, and the WBC count was slightly raised (11.9 x 
109/1) with normal differential counts. Other routine haemato- 
logical and biochemical tests were normal. Lumbar puncture was 
performed at admission to the hospital. The CSF protein (0.45 g/l) 
and glucose (3.6 mmol/1, serum: 6.1 retool/l) concentrations were 
normal but microscopy showed 192 x 106/1 leukocytes (96 neu- 
trophils and 96 lymphocytes). A serum sample tested by IMMU- 
NOZYM-FSME Test (Behringwerke AG, Marburg, Germany) 
was positive for IgM TBE antibodies (optical density was up to 
2.0; cutoff was 0.298), whereas ELISA IgG TBE antibody test 
and complement fixation test were negative. Serological tests for 
enteroviruses, herpes simplex virus, Epstein-Barr virus and Bor- 
relia burgdorferi were negative. Cranial CT and MR were not 
done. 
The patient died 8 days after the beginning of illness. 
Neuropathologicalfindings: An autopsy was performed and sam- 
ples were taken 12h after death. On gross examination, severe 
brain oedema (brain weight 1,790 g) and tonsillar herniation 
were found. Microscopy showed focal leptomeningeal mononu- 
clear cell infiltrates (Figure 1A), disseminated perivascular mono- 
nuclear cell cuffing in CNS (Figure 1 B) and disseminated neu- 
ronophagia and glial nodules in gray matter, most prominent in 
medulla and anterior horns of spinal cord (Figure ] G and D). Be- 
sides, scattered perivascular microinfarcts in neocortex and dif- 
fuse mild astrogliosis of the white matter were present. 
PCR amplification of TBE virus genome from postmortem brain 
tissue: The virological diagnosis of the TBE was additionally es- 
tablished by nested PCR amplification of the parts of the viral ge- 
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Figure 1A: Moderate mononuclear cell infiltrate and vascular 
congestion are present in the leptomeninges and subarachnoid 
space, respectively. H&E, original magnification 63.5x. 

Figure 1B: Perivascular cuffing of mononuclear cells com- 
posed of activated T-cells and macrophages, H&E, original 
magnification 63.5x. 

Figure 1C: Anterior horn cells are phagocytised by macrophag- 
es giving a picture of neuronophagia. Central chromatolysis is 
obvious in two of them confirming the incipient impairment of 
the pyramidal cells (arrows). H&E, original magnification 125x. 

Figure 1D: Glial nodule in the inferior olivary nucleus is the 
fourth microscopic hall-mark of meningoencephalitis, H&E, 
original magnification 63.5x. 

nome from the three postmortem frozen brain tissue specimens, 
as previously described, with minor modification (digoxigenin- 
l l - d U T P  was added to the reaction mixture in a concentration of 
10 p+M) [5]. Using nested PCR a 227 bp portion of TBE virus ge- 
nome was amplified from all three examined postmortem brain 
samples. The identity of nested PCR products was determined by 
restriction fragment analysis using five restriction endonucleas- 
es, as previously described [5]. The restriction patterns of PCR 
products were compared with those of known TBE virus isolates, 
and found identical in all three cases, and closely related to the 
strain Neudoerfl, prototype of the European TBE virus subtype 
[6]. The identity of PCR products was additionally confirmed by 
enzyme-linked immunosorbent assay using a recently developed 
standardised PCR ELISA kit (Boehringer Mannheim, Germa- 
ny) and biotin-labelled TBE group-specific probe 5'-Bio-AC- 
C A ( A G ) G A G A ( A G ) C C C T G  designed in our laboratory. 
Briefly, 5-10 Ixl of PCR product were mixed with 40 txl of dena- 
turing reagent (50 mM NaOH) and incubated for 10 min at room 

temperature. Hybridization solution containing 100 ng/ml TBE 
probe was then added to the denaturated PCR product to a total 
volume of 500 ~1, gently mixed and briefly centrifuged. Two hun- 
dred microliters were transferred into microtiter wells coated 
with streptavidin and incubated for 3 h at 38°C on a microtiter 
plate shaker. After  extensive washing with saline solution, 200 txl 
of anti-digoxigenin-horseradish peroxidase conjugate was add- 
ed; this was followed by incubation at 37°C for 45 min on a mi- 
crotiter plate shaker. After a second wash, 200 Ixl of substrate so- 
lution (1.9 mM di-ammonium 2.2'azino-di (3-ethyl-benzothiazo- 
line-6-sulfonate) in 10 mM phosphate citrate buffer (ph 4.4) with 
3.2. mM H202) was added. The color was allowed to develop for 
45 min at 37°C and optical density (OD) was measured at a wave- 
length of 422 nm with Behring ELISA Processor II (Marburg, 
Germany). All  three TBE nested PCR products reached OD val- 
ues up to 1.5. In five TBE-negative postmortem brain tissue sam- 
ples obtained from five patients (negative controls) OD values 
ranged from 0.021 to 0.056. 
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D i s c u s s i o n  

T B E  should be considered as a possibility in any patient  
with a clinical diagnosis of  encephalitis who has been  in an 
endemic area for T B E  during May to October  [7]. T B E  
virus as the cause of death is not frequently reported.  A 
pat ient  may die in the acute stage of the disease due to a 
severe course of tlae meningoencephali t ic  form. In severe 
encephalitis the mortal i ty  is due to hypoxic-ischemic 
brain damage and brain oedema  with tonsillar herniation. 
When  the brains tem is affected, bulbar paralysis can be 
expected. The involvement  of vital centres (respiratory, 
vasoactive) also leads to life-threatening disease. Affec- 
tion of the brain s tem can cause ex t reme vegetat ive syn- 
drome with cardiovascular breakdown.  Patients with a 
l ife-threatening course of disease are t reated in the ICU,  
where they are exposed to nosocomial  infections and oth- 
er complications due to artificial ventilation, foreign de- 
vices etc. [4]. 
In our case the patient presented with the typical clinical 
picture, lacking only a biphasic course of the disease. TBE 
was highly suspected on admission and quickly confirmed 
by specific serological testing. Trea tment  with anti-viral 
drugs was therefore omitted. High fever virtually con- 
sumed the patient and irreversible cardiovascular break-  
down appeared.  

As stated by KOrnyey, TBE belongs to the so-called dis- 
seminated polyencephalit ides with predilectional site in 
the brain s tem [8]. C o m m o n  to all of them is the lesion of 
periventricular regions of the brain stem, including the 
central nuclear group of the cerebellum, and of the reticu- 
lar format ion [9]. Autopsy  of our pat ient  revealed several 
causes of death. Ext reme brain oedema with tonsillar her- 
niation and severe inflammation of the brain s tem with in- 
volvement  of vital centres and affection of autonomic ner- 
vous system were found. Clinically the disease presented 
as the meningoencephali t ic  form of TBE,  but neuropath-  
ological findings also revealed an affection of the anterior 
horns of the spinal cord, compatible with a diagnosis of 
meningoencephalomyeli t is .  If  the patient  had survived the 
acute stage, he would most  probably have suffered f rom 
the paralytic form of the disease with life-long sequelae. 
In conclusion, we presented the first human  case in which 
the diagnosis of T B E  was confirmed pos tmor tem by P C R  
amplification of the viral T B E  genome f rom brain tissue 
specimens. However ,  we hope that our P C R  method 
would also be capable of direct and rapid detection of T B E  
R N A  from whole blood samples (obtained during the first 
phase of the disease) or cerebrospinal  fluid samples (ob- 
tained during the second phase of the disease). The testing 
of these possibilities is the subject of our current work. 
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