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Summary 
 

Tick-borne Encephalitis Virus (TBEV) was classified by CDC (Centres for Diseases 
Control) and NIAID (National Institute of Allergy and Infectious Diseases) in category C - 
biological agents used for terrorist purposes, based on the possibility of being bioengineered 
for mass dissemination in the future because of: availability; ease of production and 
dissemination; and potential for high morbidity and mortality rates (in humans and animals) 
and major health impact. TBEV is a RNA zoonotic member of the family Flaviviridae, that 
was initially isolated in 1937, and which naturally circulates primarily between ticks of the 
Ixodes ricinus complex (I. ricinus in Western Europe and I. persulcatus in Central Siberia 
and the Far East) and small rodents and insectivores. Ticks act as both the vector and 
reservoir for TBEV. Based on nucleotide sequence homologies three subtypes of the TBEV 
are known until now: Western subtype (W-TBEV), Far- Eastern subtype (FE-TBEV) and 
Siberian subtype. All known TBEV isolates from Europe belong to the W-TBEV subtype, 
while isolates from eastern Russia, China and Japan belong to the FE-TBEV subtype.  The 
main hosts are small rodents, with humans being accidental hosts. Large animals are 
considered to be amplifying hosts for the tick vectors and feeding hosts for the ticks, without 
playing a role in maintaining the virus. In most of the cases, infected livestock appear to be 
asymptomatic and only produce low viraemia, but TBEV is excreted in the milk and local 
human outbreaks have been associated with consuming raw milk from goats, sheep or 
cows, or milk products such as cheese. The virus can chronically infect ticks and it seems to 
be transmitted both transstadially (from larva to nymph to adult ticks) and transovarially (from 
adult female tick through eggs). TBE cases occur during the highest period of tick activity 
(between April and November), when humans are infected in rural areas through tick bites.  

Investigation methods for TBEV seek to determine its presence in vector 
arthropods, through specific tests performed on host animals which are sensible to TBEV 
infection or cell cultures. Obtaining viral strains from arthropods (Ixodes ricinus) and testing 
their viability through serological and molecular methods provides valuable information 
regarding the presence and spread of TBEV in Romania.  
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Tick-borne encephalitis virus (TBEV) is an arbovirus (virus transmitted by 
arthropods), a distinct zoonotic member of Flaviviridae family; it has monopartite, 
linear, single-stranded RNA genomes of positive polarity. TBEV is the etiologic 
agent of Tick-borne encephalitis, transmitted through the string of contaminated 
ticks (vectors and reservoirs), or through raw milk or milk products prepared from 
raw milk obtained from farm animals parasited by infected vector arthropods. TBEV 
was classified by CDC (Centres for Diseases Control) and NIAID (National Institute 
of Allergy and Infectious Diseases) in category C  in the classification regarding the 
biological agents potentially used in bioterrorism, based on criteria like; their 
transmissibility to humans and animals, infective dose, economic impact, the 
available vaccines. TBEV was first isolated in Russia in 1937, and in other 
European regions, starting with the epidemic recorded in 1948 in Czechoslovakia. 
TBEV is the etiologic agent of Tick-borne encephalitis (TBE), a human viral 
infectious disease involving the central nervous system. Although TBE is most 
commonly recognized as a neurological disease, mild febrile illnesses can also 
occur and long-lasting or permanent neuropsychiatric sequelae are observed in 10-
20% of infected patients. The severity varies depending on the involved antigenic 
subtype. The scientific world observes today an increase in the incidence of TBE in 
Western and Central Europe, Scandinavia and Baltic countries, as a result of the 
global climatic changes which are dramatically influencing the habitat of the vector 
arthropods (Ixodidae family). There is an increasing risk for acquiring the infection 
with TBEV for humans living, working or travelling in endemic areas. Romania has 
geo-climatic and ecological conditions allowing conservation and circulation of 
TBEV in natural foci. This situation was the background for the epidemic which 
evolved in 1999. Serological tests performed in Romania on humans in ′50s 
revealed data about the circulation of TBEV and offered the possibility to draw up 
its natural foci in relation with the presence of the vector and reservoir – the 
arthropods. Although many Romanian researchers conducted studies regarding 
TBEV, only a small part of them were published (nationally or internationally). The 
dramatic climate changes are „moving” now the risks linked with TBEV presence in 
new regions, previously known as free. This situation asks for more studies in order 
to gather more knowledge and better understanding of the real situation about the 
circulation and the involvement of TBEV in human and animal pathology and 
epidemiology, creating the background for surveillance and a better surveillance, 
control and alert systems. It is obvious that a precocious diagnosis is very 
important for the control of the outbreaks, in order to limit the dissemination of the 
virus among the population. In the same time it is very important that Romania 
would have a preparedness plan (surveillance and detection capacity) against the 
bioterrorist activities which could use as biologic agents TBEV, taking into account 
the fact that such cases (terrorist attacks) are different than the „natural” epidemics 
in terms of their epidemiology. 

  This study presents a synthesis of the results achieved until 2008 by the 
team of researchers from the Virology department of the Centre for Scientific 
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Medico Military Research, on detecting of TBEV in vector arthropods, and obtaining 
viral isolates. We realized during 1985-1993 an extended sero-epidemiological 
study in order to identify areas of circulation of arboviruses in Romania; one of the 
main objectives of this study was that of obtaining viral isolates from vector 
arthropods. The epidemiological investigation conducted by the local Public Health 
Authority in 1999, in the outbreak of TBE in Sibiu County, with 38 serologically 
confirmed acute neurological cases, established as etiology the TBEV. Raw got 
milk and raw milk goat products were the source of contamination. After this 
outbreak, (5) the Laboratory of Microbiology of the Centre for Scientific Medico 
Military Research performed passages on newborn mice’s’ brains, and obtained 
viral isolates from the ticks collected from animals in the endemic region for TBEV. 
Since 2006 we checked if the viruses isolated by the previous team were viable, in 
order to further perform other researches, using confirmation serological methods.  

 
Materials and methods 

 
The virological tests performed in order to investigate the presence of the 

arboviruses in vector arthropods, between 1985-1993, used 2739 ticks collected from 
farm animals (sheep, goats, horses and cattle) from different regions of Romania (Mures, 
Maramures, Alba, Caras-Severin, Hunedoara, Valcea, Olt, Suceava, Tulcea, Constanta, 
Dolj, Cluj-Napoca, Buzau). Attempts to isolate the arboviral agents were made on 
families of newborn mice aged 1-3 days, using the method of inoculating intracerebral 
suspensions obtained through centrifugal action on grinded ticks. We made 3 successive 
passages, at 14 days for each lot under study, according the methodology developed in 
this laboratory. The inoculated animals were checked up, and in the case those 
presenting specific pathological signs (hiperexcitability, paresis, paralysis, convulsion) 
samples were taken / or processed in order to make supplementary passages to realize 
viral multiplication.  

 The team of virologists obtained viral isolates from the ticks, after the TBE 
outbreak in 1999 (Brateiu, Sibiu), inoculating the grinded ticks on families of newborn 
mice. The ascertainment of the viability of the viruses isolated in 1999 was fulfilled since 
2006, after developing serological methods for the investigation of the presence of TBEV 
in vector arthropods. For achieving this purpose 6 different lots of viral isolates from the 
collection of the laboratory have been selected: 1/4; 1/3; 2/5; 2/4; 5/3; 5/5. Viral 
suspensions had been done in PBS using seric bovine albumin 0, 5% (stock suspension 
1/1) for each lot under study. The suspensions were inoculated on newborn mouse 
families, in following dilutions: 1/10 and 1/50. We selected the lots 2/4, 2/5, 5/3, 5/5 
because they produced pathological effects and a high mortality among the animals used 
for the research, and we performed 5 series of passages, in order to achieve a greater 
number of viral particles. We drowns out antigen (possible viral) from the brains of the 
mice using the extraction technique with sucrose-acetone (Clarke&Casals).  

So as to have a positive control for the serological tests, we subsequently realized 
the multiplication of the Central European viral strain (TBE Hypr), acquired from the 
Reference Centre in Bratislava, by inoculating it in 1/100 dilution on newborn mice brains, 
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intracerebrally. The mice that developed pathological signs or died were preserved at -
80ºC, for preserving them. Furthermore, we obtained TBEV positive antigen, using the 
same extraction method as the method used in the immune enzymatic assays. 

We developed a common testing scheme for testing the obtained antigens, 
using as controls human negative and positive serum, by ELISA technique for catching 
IgM antibodies. The antigen obtained from the reference strain was tested using the next 
dilutions; 1/20 and 1/50, and the antigen obtained from the possible viral isolates (lots 
5/3, 5/5) in dilutions of 1/5 and 1/10, because of the smaller quantity of virus.  

 

Results and discussions   
 

As a result of the researches performed during the ´80s, there have been 
obtained 9 viral isolates in lots of ticks collected from farm animals in Hunedoara (2) 
Tulcea (2), Mures (1), and Alba/Caras-Severin counties (4). We want to specify that the 4 
isolates obtained from Alba and Caras-Severin counties originated from arthropods 
collected from sheep, and were identified in the laboratory as being antigenically likewise 
the Bhanja virus. The identification was confirmed by the Reference Centre in Bratislava, 
in January 1990. The other isolates were not identified; even they have been delivered to 
the Pasteur Institute, in Paris, which never remitted an answer.  

 After performing the tests for the viability of the viral isolates obtained from 
the ticks collected during the outbreak of TBE registered in 1999 (Brateiu, Sibiu) we 
find out that they are behaving in a similar way like the reference strain TBE Hypr.     

 Analysing the results it can be seen that a yellow color (positive) appears 
in the buckets inoculated with the antigen obtained from the viral isolates, similarly 
in the case of the buckets inoculated with antigen obtained from the reference 
strain (Fig. 1).  

Antigen TBE  Antigen TBE   Isolated Antigen 
  
 

 
 
 
 
 
 
 
 
 
 

Fig. 1 Comparative testing by  ELISA IgM Method of the Antigen isolated and the 
Antigen TBE Hypr, and highlighting the presence (yellow) , or the absence 

(colourless) of the TBEV antibodies in human sera (positive/negative) and the 
controls (positive/negative) 
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The analysis of the results obtained shows the perfect correlation between 
the image of the testing plate and the result provided by spectrophotomethric 
image. Based on the interpreting scheme, a serum is suspected to be positive if the 
value for the positive antigen is greater than 2, compared to the value for the 
normal antigen. The value of 2.55 obtained for the positive control using the 
antigen extracted from the isolate led to the idea that the viral isolates could be 
TBEV. The comparative analysis with the values obtained by testing the viral 
antigen TBE Hypr (13.67 at dilution 1/20; 10.72 at dilution 1/50), demonstrates this 
fact (Fig. 2).  

 

 

Fig. 2  The values of the optic density obtained through ELISA IgM test of the 
isolated antigen, in parallel with the TBE Hypr antigen, for testing the presence of 

the TBEV antibodies; human sera samples (sera 1-negative; sera 2-positive);  
controls (M(+): positive; M (-): negative) 
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Conclusions 

The performed investigations demonstrated that among the viral isolates 
obtained from the ticks collected from goats owned by the persons who were 
diagnosed as having TBE during the epidemic in 1999 there is TBEV, because the 
lab animals used for the tests developed the characteristic pathological signs, 
following the intracerebral inoculation.  

Testing by ELISA IgM technique evidenced the presence of neutralizing 
antibodies in positive sera on both antigens: the positive antigen (obtained from the 
reference strain) and the positive antigen obtained from the viral isolate. 

By reason of the fact that it was demonstrated the presence of TBEV in 
vector ticks, and cases of human of acute infection were recorded (TBE), we can 
conclude that in Romania there are favorable environmental conditions for hosting 
and circulation of the TBEV. 
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