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Foreword to the 7th Edition of THE TBE BOOK: A Comprehensive Guide to Tick-Borne Encephalitis
Dear Readers!

It is with great pleasure that we present to you the 7th edition of THE TBE BOOK, a comprehensive guide to Tick-Borne Encephalitis
(TBE). Over the past two years, this book has reached an astonishing milestone of over 1 million readers worldwide, and our TBE
News including newsletter accompanying The TBE BOOK in April 2024 reached more than 20,000 readers in the United States alone
— although not a single autochthonous case of TBE has ever been reported from that country. We are immensely encouraged by
the overwhelming response and continue our commitment to providing the most up-to-date information on TBE with this latest
edition.

Embracing the E-CDC Definition

In this edition, we have fully embraced the European Centre for Disease Prevention and Control (ECDC) definition of “arbovirus
disease risk”, where regions are classified as "predisposed" [climate and territory would allow TBE-virus (TBEV) circulation],
"imperiled" (TBEV detected, but no case in a human), "affected" (single sporadic autochthonous TBE cases reported), or
"endemic" (annual documentation of several human TBE cases). This appears to us to be the currently best scientifically sound
approach to document the risk for TBEV-infections, as to date testing for the disease is largely incomplete, even in endemic
countries and even for patients with symptoms of encephalitis during the active tick season.

Major Updates and New Chapters
The 7th edition of THE TBE BOOK features significant updates to the main chapters, including:

Historical Perspective: We delve into the roots of TBE, exploring the discovery of the TBEV in the Soviet Union in the early 1900s
and the social and political circumstances that precipitated this discovery. Additionally, we provide a general summary of the TBE-
associated work of the six main scientists who unraveled the mysteries surrounding TBE in Europe, including the recently
“rediscovered” ground-breaking epidemiological work by Dr. Hans Schneider, elucidating TBE infections by types of exposures.

Microbial Species Transmitted by Ticks: We have added a comprehensive chapter on the ever-increasing number of pathogens
transmitted by ticks, as they are relevant for differential diagnostic considerations. This chapter will assist physicians in their efforts
to make accurate and timely diagnoses based on clinical findings and microbiological confirmation.

TBE in Children: We have included more comprehensive data on TBE in children, with a focus on long-term adverse outcomes.
Different from the current general belief, TBE is NOT a mild and neglectable disease in the young but frequently results in long-
term cognitive and psychological impairments — even if the initial disease is just a “mild encephalitis”.

Epidemiology and Public Health Aspects

The epidemiology section has been updated to reflect the increase in TBE cases in Northern and Central Europe, as well as the
spreading (or just the “recent detection) of the virus to Africa (Tunisia). We also discuss the concept of “risk areas" — predisposed,
imperiled, affected, and endemic — as proposed by the ECDC, and how "incidence data" may be misleading in judging the risk of
contracting the disease. Additionally, we explore the potential reasons behind the increase in reported cases, despite increasing
vaccine uptake, and whether this is due to increased awareness and testing, increased exposure, or other factors.

Furthermore, we provide detailed information on the public health aspects of TBE, emphasizing that it has been a vaccine-
preventable disease for more than 50 years. Recent studies have documented high and long-lasting vaccine effectiveness, leading
countries like Switzerland and Finland to recommend a simplified (2+1) vaccination schedule with extended 10-year boosters for
the two vaccines licensed in Europe. Information on the Russian and Chinese TBE vaccines has also been updated.

Underdiagnosis and the Way Forward

Despite the availability of vaccines, TBE — even severe cases — remains hugely underdiagnosed in Europe and Asia, and we are far
from systematic testing for this disease. This 7th edition of THE TBE BOOK aims at raising awareness and providing valuable insights
to combat these challenges by further research.

We hope that this comprehensive guide will prove valuable to healthcare professionals, public health officers, travel medicine
colleagues, researchers, travelers and anyone interested in understanding, diagnosing and preventing TBE. Join us on this journey
as we continue to unravel the mysteries surrounding this important disease.

We thank all authors for their valuable time, work and dedication; we thank all members of the publishing team with Global Health
Press in Singapore for their hard and focused work; the language Editor for finding and correcting all the big and small errors in
each manuscript and finally we thank the publisher for her commitment to this work.

Munich, Nierstein, Marburg (Germany), Vienna (Austria), Singapore

June, 2024
The Editors



List of Contents

Introduction
Gerhard Dobler, Wilhelm Erber, Michael Broker, Lidia Chitimia-Dobler, Heinz-Josef Schmitt - Editors

Chapter 1: Tick-borne human diseases around the globe
Tatjana Vilibi¢-Cavlek, Maja Bogdani¢, Vladimir Savié, Ljubo Barbié, Vladimir Stevanovi¢, Bernard Kaié¢

Chapter 2: Tick-borne-flavivirus serocomplex: phylography and bio-geography
Daniel Lang, Teemu Smura, Gerhard Dobler, Olli Vapalahti

Chapter 3a: Early TBE research in the Soviet Union: revisiting the narrative
Anna Mazanik

Chapter 3b: Short history of TBE research and the scientists behind it
Mirko Lange, Lidia Chitimia-Dobler, Gerhard Dobler

Chapter 4: TBE virology
Daniel RGzek, Kentaro Yoshii, Marshall E. Bloom, tErnest A. Gould

Chapter 5: TBEV-transmission and natural cycles
Lidia Chitimia-Dobler

Chapter 6: Pathogenesis of TBEV-diseases
Anna K Overby, Saravanan Thangamani

Chapter 7: Immunology of TBEV infection
Kyra D. Zens, Rahel Ackermann-Gaumann

Chapter 8: TBE in children

Malin Veje, Zane Freimane, Dace Zavadska

Chapter 9: TBE in adults

Johann Sellner, Petra Bogovic, Joanna Zajkowska

Chapter 10: TBE in animals
Martin Pfeffer, Michael Leschnik

Chapter 11: Diagnostic of TBEV-infections
Gerhard Dobler

Chapter 12: TBE-epidemiology by country — an overview
Wilhelm Erber, Michael Broeker, Gerhard Dobler, Lidia Chitimia-Dobler, Heinz-Josef Schmitt

14

23

24

34

44

63

82

98

110

116

133

148

156



Chapter 13: TBE by country — country data
e Austria: Karin Stiasny, Simon Raffl, Stephan W. Aberle, Judith H. Aberle

e Belarus: Oksana Hanenko, Natalia Kolomiets, Alla Dashkevich, Vlada Zapolskaya, Igor Stoma
e Belgium: Marjan Van Esbroeck, Tinne Lernout, Steven Van Gucht

e Bosnia and Herzegovina: Wilhelm Erber, Tamara Vukovi¢-Jankovi¢

e Bulgaria: Iva Christova

e China: Yang Junfeng, Heinz-Josef Schmitt

e Croatia: Tatjana Vilibi¢-Cavlek, Maja Bogdani¢, Vladimir Savi¢, Ljubo Barbi¢, Vladimir Stevanovi¢, Bernard Kaié¢
e Czech Republic: Petr Pazdiora

e Denmark: Anders Fomsgaard

e Estonia: Kuulo Kutsar

e Finland: Anu Jaaskeldinen, Heidi Ahman

e France: Yves Hansmann, Aurélie Velay

e Germany: Gerhard Dobler

e Hungary: Anna Nagy, Ferenc Schneider, Eszter Mezei, Andras Lakos

e Italy: Valentina Tagliapietra, Martina Del Manso, Flavia Riccardo, Anna Teresa Palamara

e Japan: Kentaro Yoshii

e Kazakhstan: Andrey Dmitrovskiy

o Kyrgyzstan: Wilhelm Erber

e Latvia: Dace Zavadska, Zane Freimane

e Lithuania: Auksé Mickiené

e Moldova: Olga Sofronie, Olga Burduniuc, Greta Balan

e Mongolia: Tserennorov Damdindorj, Uyanga Baasandagva, Uranshagai Narankhuu, Tsogbadrakh Nyamdorj,
Burmaajav Badrakh, Burmaa Khoroljav

o Netherlands: Johannes H. J. Reimerink, Hein Sprong, Margriet Harms, Chantal B.E.M. Reusken

o Norway: Rose Vikse, Urusha Maharjan, Arnulf Soleng, Heidi E.H. Lindstedt, Rikard Rykkvin, Kristian Alfsnes,
Ashild K. Andreassen

e Poland: Katarzyna Pancer

e Romania: Lidia Chitimia-Dobler, Adriana Hristea, Wilhelm Erber, Tamara Vukovi¢-Jankovi¢
o Russia: Sergey Tkachev, Maria Esyunina, Maria Syrochkina

e Serbia: Pavle Banovi¢

¢ Slovakia: Jana Kerlik

e Slovenia: Zoran Simonovi¢, Veronika U¢akar, Maja Praprotnik
e South Korea: Song Joon Young

e Sweden: Ake Lundkvist

o Switzerland and Liechtenstein: Kyra Zens

e Tunisia: Elyes Zhioua

e Ukraine: Iryna Kolesnikova, Khrysthyna Hrynkevych

e United Kingdom: Maya Holding, Gillian Ellsbury

Chapter 14: Public health aspects of TBE

Phunc Lang, Rahel Ackermann

Chapter 15: TBE vaccines licensed around the globe
Herwig Kollaritsch, Eva Maria Péllabauer

175
180
184
187
189
192
197
202
207
211

216
221
227
232
238
244
249
255
256
264
270
272

278
283

292
299
303
316
320
328
334
338
345
354
355
358

363

383



List of contributing authors

(in alphabetical order)

Prof. Dr. Judith H. Aberle,
Center for Virology, Medical University of Vienna, 1090 Vienna, Austria

Prof. Dr. Stephan W. Aberle,
Center for Virology, Medical University of Vienna, 1090 Vienna, Austria

Dr. Rahel Ackermann-Gaumann,
Microbiologie, ADMED Analyses et Diagnostics Médicaux, La Chaux-de-Fonds, Switzerland.
Swiss National Reference Center for Tick-transmitted Diseases, La Chaux-de-Fonds, Switzerland.

Dr. Heidi Ahman,
Senior Manager Medical Lead Finland & Baltics, Pfizer Vaccines, Helsinki, Finland

Dr. Kristian Alfsnes,
Norwegian Institute of Public Health

Prof. Dr. Ashild Andreassen,
Norwegian Institute of Public Health, Division for Infection Control and Environmental Health, Oslo, Norway

Dr. Uyanga Baasandagva,
Epidemiologist, National Center for Zoonotic Diseases, Ulaanbaatar, Mongolia

Prof. Dr. Burmaajav Badrakh,
Scientific Secretary of the Mongolian Academy of Medical Sciences and Head of Public Health Department of "Ach" Medical
University, Ulaanbaatar, Mongolia

Prof. Dr. Greta Balan,
MD, PhD, Associate Professor, Nicolae Testemitanu State University of Medicine and Pharmacy of the Republic of Moldova,
Microbiology and Immunology Discipline

Dr. Pavle Banovic,

Assist. Dr. sci. med. Pavle Banovi¢, Department of Microbiology with Parasitology and Immunology, Faculty of Medicine in Novi
Sad, University of Novi Sad, 21000 Novi Sad, Serbia

Diagnostics and Laboratory Research Task Force, Balkan Association for Vector-Borne Diseases, 21000 Novi Sad, Serbia and Pasteur
Institute Novi Sad, 21000 Novi Sad, Serbia

Prof. Dr. Ljubo Barbic,
Department of Microbiology and Infectious Diseases with Clinic, Faculty of Veterinary Medicine University of Zagreb, 10000 Zagreb,
Croatia

Dr. Marshall E. Bloom,
National Institutes of Health, Laboratory of Virology, Rocky Mountain Laboratories, Hamilton, MT, USA

Dr. Maja Bogdanic,
National Reference Laboratory for Arboviruses, Reference Center for Diagnosis and Surveillance of Viral Zoonoses of the Croatian
Ministry of Health, Department of Virology, Croatian Institute of Public Health, 10000 Zagreb, Croatia

Dr. Petra Bogovic,
Department of Infectious Diseases, University Medical Centre Ljubljana, Ljubljana, Slovenia

Dr. Michael Broker,
Editor, Global Health Press, Singapore / Marburg, Germany

Dr. Olga Burduniuc,
MD, PhD, Head of Department of the Laboratory Diagnosis in Public Health, National Agency for Public Health

Dr. Lidia Chitimia-Dobler,
Bundeswehr Institute of Microbiology, Munich, Germany



Prof. Dr. lva Christova,
Department of Microbiology, National Center of Infectious and Parasitic Diseases, Sofia, Bulgaria

Dr. Tserennorov Damdindor;j,
Scientific secretary in National Center for Zoonotic Diseases, Ulaanbaatar, Mongolia

Dr. Alla Dashkevich,
State Institution «Republican Center for Hygiene, Epidemiology and Public Health», Minsk, Belarus

Dr. Martina Del Manso,
Department of Infectious Diseases, Istituto Superiore di Sanita, Roma, Italy

Prof. Andrey Dmitrovskiy,
National Center of Biotechnology, Almaty branch and Kazakh-Russian Medical University, Almaty, Kazakhstan

Prof. Dr. Gerhard Dobler,
Bundeswehr Institute of Microbiology, Munich, Germany

Dr. Gillian Ellsbury,
Medical Director, Vaccines UK & Ireland, Pfizer Vaccines, Tadworth, United Kingdom

Dr. Wilhelm Erber,
Director Medical and Scientific Affairs, Pfizer Vaccines, Vienna, Austria

Dr. Marjan Van Esbroeck,
Department of Clinical Sciences, Institute of Tropical Medicine, Antwerp

Dr. Maria Sergeevna Esyunina,
Medical Advisor, Vaccines, Pfizer, Russia

Dr. Anders Fomsgaard,
Virus R&D Laboratory, Statens Serum institute, Copenhagen, Denmark
Infectious Disease Research Unit, Clinical Institute, University of Southern Denmark

Dr. Zane Freimane,
Riga Stradins University, Riga, Latvia

Dr. Ernest A. Gould,
Aix-Marseille Université, Marseille, France

Dr. Steven Van Gucht,
Belgian institute for health Sciensano, Brussels

Heidi H. Lindstedt,

Senior Adviser, Norwegian Institute of Public Health, Division of Infection Control and Environmental Health, Oslo, Norway

Prof. Dr. Oksana Hanenko,

Institute of Advanced Training and Retraining of Healthcare Personnel of the Belarusian State Medical University, Minsk, Belarus

Dr. Yves Hansmann,
Infectious Disease Department, Strasbourg University Hospital, Strasbourg, France

M.Sc. Margriet Harms,
National Institute for Public Health and the Environment, Bilthoven, the Netherlands

Dr. Maya Holding,

Virology and Pathogenesis Group, National Infection Service, Public Health England, Porton Down, United Kingdom NIHR Health

Protection Research Unit in Emerging and Zoonotic Infections, Liverpool, United Kingdom

Ass. Prof. Adriana Hristea,
National Institute for Infectious Diseases “Prof. Dr. Matei Bals”, Bucharest, Romania



Dr. Khrystyna Hrynkevych,
University Hospital Essen

Dr. Anu Jaaskeldinen,
Department of Virology, Medicum, University of Helsinki, Helsinki, Finland
Helsinki University Hospital, Laboratory Services (HUSLAB), Department of Clinical Microbiology, Helsinki, Finland

Asst. Prof. Bernard Kaic,
Reference Center for Epidemiology of the Croatian Ministry of Health, Department of Communicable Disease Epidemiology,
Croatian Institute of Public Health, 10000 Zagreb, Croatia

Dr. Jana Kerlik,
Department of Epidemiology, Regional Public Health Authority in Banska Bystrica, Slovakia

Dr. Burmaa Khoroljav,
Department of Epidemiology, National Center for Zoonotic Disease, Ulaanbaatar, Mongolia

Prof. Iryna Kolesnikova,
Professor of Epidemiology, Bogomolets National Medical University

Prof. Dr. Herwig Kollaritsch,
Institute for Specific Prophylaxis and Tropical Medicine, Medical University Vienna, Austria

Dr. Natalia Kolomiets,
Institute of Advanced Training and Retraining of Healthcare Personnel of the Belarusian State Medical University, Minsk, Belarus

Dr. Kuulo Kutsar,
Health Board, Tallinn, Estonia

Dr. Andras Lakos,
Centre for Tick-borne Diseases, Outpatient Service, Budapest, Hungary

Dr. Phung Lang,
Epidemiology, Biostatistics and Prevention Institute (formally Institute of Social and Preventive Medicine), University Zurich

Dr. Mirko Lange,
Institut fir Mikrobiologie der Bundeswehr

Dr. Tinne Lernout,
Epidemiology of Infectious Diseases, Epidemiology and Public Health Directorate, Sciensano, Brussels, Belgium

Priv.-Doz.Dr Michael Leschnik,
Clinical Unit of Internal Medicine Small Animals, Department and Clinic of Companion Animals and Horses, University of Veterinary
Medicine Vienna, Austria

Prof. Dr. Ake Lundkvist,
Department of Medical Biochemistry and Microbiology, Uppsala University, Sweden

Urusha Maharjan
Medical Laboratory Technologist Norwegian Institute of Public Health

Dr. Anna Mazanik,
Max Weber Network Eastern Europe, Max Weber Foundation, Bonn, Germany

MScPH Eszter Mezei,
Department of Epidemiological and Vaccination Surveillance, National Center for Public Health and Pharmacy, Budapest, Hungary

Prof. Dr. Auksé Mickiene,
Department of Infectious Diseases, Medical Academy of the Lithuanian University of Health Sciences, Kaunas, Lithuania



Dr. Anna Nagy,
National Reference Laboratory for Viral Zoonoses, National Center for Public Health and Pharmacy, Budapest, Hungary

Dr. Uranshagai Narankhuu,
Department of Epidemiology, National Center for Zoonotic Disease, Ulaanbaatar, Mongolia

Dr. Tsogbadrakh Nyamdorj,
Director, National Center for Zoonotic Diseases, Ulaanbaatar, Mongolia

Assoc. Prof. Dr. Anna K. Overby,
Department of Clinical Microbiology, Virology, Umea University, Sweden
The Laboratory for Molecular Infection Medicine Sweden (MIMS), Umed, Sweden

Prof. Dr. Anna Teresa Palamara,
Istituto Superiore di Sanita, 00161 Rome, Italy

Dr. Katarzyna Pancer,
Department of Virology, National Institute of Public Health-NIH (NIPH-NIH), Warsaw, Poland

Prof. Dr. Petr Pazdiora,
Faculty of Medicine in Pilsen, Charles University, Pilsen, Czech Republic

Dr. Eva Maria Pollabauer,
Institute of Specific Prophylaxis and Tropical Medicine, Medical University Vienna, Austria

Maja Praprotnik,
Nacional Institute of Public Health, Slovenija

Prof. Dr. Martin Pfeffer,
Institute of Animal Hygiene and Veterinary Public Health, Center for Veterinary Public Health, Faculty of Veterinary Medicine,
University of Leipzig, Germany

Simon Raffl,
Center for Virology, Medical University of Vienna, 1090 Vienna, Austria

Bsc. Johannes Hermanus Jozef Reimerink,
National Institute for Public Health and the Environment (RIVM), Bilthoven, the Netherlands

Dr. Chantal B.E.M. Reusken,
National Institute for Public Health and the Environment (RIVM), Bilthoven, the Netherlands

Dr. Flavia Riccardo,
Department of Infectious Diseases, Istituto Superiore di Sanita, Roma, Italy

Prof. Dr. Daniel Ruzek,

Institute of Parasitology, Biology Centre of the Czech Academy of Sciences, Ceské Budéjovice, Czech Republic
Faculty of Science, Masaryk University, Brno, Czech Republic

Veterinary Research Institute, Brno, Czech Republic

Rikard Rykkvin,
Norwegian Institute of Public Health Senior Medical Officer

Prof. Dr. Vladimir Savi¢,
Poultry Center, Croatian Veterinary Institute, 10000 Zagreb, Croatia

Prof. Dr. Heinz-Josef Schmitt,
Editor-in-Chief, Global Health Press, Singapore
Strategic and Scientific Advisor, “Vaccelerate” European Clinical Trial Consortium, Cologne University, Germany

Dr. Hannah M. Schmuck,
Institute of Animal Hygiene and Veterinary Public Health, Center for Veterinary Public Health, Faculty of Veterinary Medicine,



University of Leipzig, Germany

Dr. Ferenc Schneider,
Department of Infectious Diseases, Markusovszky University Teaching Hospital, Szombathely, Hungary

Prof. Dr. Johann Sellner,
Department of Neurology, Landesklinikum Mistelbach-Ganserndorf, Affiliated Department of Karl Landsteiner University of Health
Sciences, Mistelbach, Austria

Prof. Dr. Zhanna Shapiyeva,
Science practical Center for sanitary and epidemiological monitoring and expertise, AlImaty Kazakhstan

Dr. Zoran Simonovic,
National Institute of Public Health, Maribor, Slovenia

Dr. Olga Sofronie,
MD, Microbiologist, Assistant Professor, Nicolae Testemitanu State University of Medicine and Pharmacy of the Republic of
Moldova, Microbiology and Immunology Discipline

Dr. Arnulf Soleng,
Norwegian Institute of Public Health, Division for Infection Control and Environmental Health, Oslo, Norway

Prof. Song Joon Young,
Korea University College of Medicine, Seoul, South Korea

Dr. Hein Sprong,
National Institute for Public Health and the Environment, Bilthoven, the Netherlands

Prof. Dr. Vladimir Stevanovié¢
Department of Microbiology and Infectious Diseases with Clinic, Faculty of Veterinary Medicine University of Zagreb, 10000
Zagreb, Croatia

Prof. Dr. Karin Stiasny,
Center for Virology, Medical University of Vienna, Austria

Prof. Dr. Igor Stoma,
Gomel state medical university, Gomel, Belarus

Dr. Maria Syrochkina,
Senior Medical Director Vaccines IDM, Pfizer

Dr. Valentina Tagliapietra,
Research and Innovation Centre, Fondazione Edmund Mach, San Michele all’Adige, Italy

Dr. Saravanan Thangamani,
SUNY Empire Innovation Professor in the Department of Microbiology and Immunology at the SUNY Upstate Medical University.

Assoc. Prof. Dr. Sergey E. Tkachev,
Senior Scientist Researcher of Institute of Fundamental Medicine and Biology, Kazan Federal University, Kazan, Russia

Dr. Veronika Ucakar,
Nacional Institute of Public Health, Slovenija

Dr. Malin Veje,
Department of Infectious Diseases, University of Gothenburg , Sweden

Dr. Aurélie Velay,
Institute of Virology, Strasbourg University Hospital, Strasbourg, France

Dr. Rose Vikse,
Norwegian Institute of Public Health, Division for Infection Control and Environmental Health, Oslo, Norway



Prof. Dr. Tatjana Vilibi¢-Cavlek,
National Reference Laboratory for Arboviruses, Reference Center for Diagnosis and Surveillance of Viral Zoonoses of the Croatian
Ministry of Health, Department of Virology, Croatian Institute of Public Health, 10000 Zagreb, Croatia

Dr. Tamara Vukovic-Jankovi¢,
Senior Medical Manager, Medical and Scientific Affairs, International Developed Markets Pfizer, Belgrade, Serbia

Dr. Yang Junfeng,
Medical Affairs, Pfizer Investment Co., Ltd., Beijing, China

Dr. Kentaro Yoshii,
Laboratory of Public Health, Graduate School of Veterinary Medicine, Hokkaido University, Sapporo, Japan

Prof. Dr. Joanna Zajkowska,
Department of Infectious Diseases and Neuroinfections, Medical University in Biatystok, Poland

Dr. Vlada Zapolskaya,
State Institution «Republican Center for Hygiene, Epidemiology and Public Health», Minsk, Belarus

Prof. Dace Zavadska,
Department of Paediatrics, Riga Stradins University, Riga, Latvia. Department of Children Infectious Diseases, Children Clinical
University Hospital, Riga, Latvia

Dr. Kyra D. Zens,
Department of Viral Immunobiology, Institute for Experimental Immunology, University of Zurich, Zurich Switzerland. Department
of Public and Global Health, Epidemiology, Biostatistics and Prevention Institute, University of Zurich, Zurich Switzerland

Prof. Elyes Zhioua,
Department of Parasitology, Institute Pasteur of Tunisia, Tunis, Tunisia



Chapter 13

TBE in Russia

Sergey Tkachev, Maria Esyunina, Maria Syrochkina

E-CDC risk status: endemic (data as of end 2023)

History and current situation

Tick-borne encephalitis (TBE) was first revealed in the Far-
East Taiga Forest in the Soviet Union in the spring-summer
season 1933-1935" and further investigated as of 1937 in a
large multidisciplinary expedition led by Professor Lev
Zilber, the Head of the Moscow Medical Virology
laboratory.”’ The expedition demonstrated that the disease
develops in humans after a tick-bite®, and the “Taiga Tick”
Ixodes persulcatus was established as the virus carrier. The
viral etiology of the disease was confirmed and for the first
time a strain of the TBE virus (TBEV) was isolated. The
natural clinical disease spectrum in humans and the
respective pathology were described and the effectiveness
of “immunoglobulin-therapy” was demonstrated.’ In 1937,
based on morphological studies TBE was assigned to the
group of neuro-infections as an independent nosological
en‘city.s’7

Vaccines against TBE have been available in Russia since
1939. Already in 1938 Kagan et al. developed the first
mouse-brain propagated, formalin-inactivated vaccine from
the Far East TBEV subtype “Sof'in” (1st generation of
vaccines).®*’ Vaccine field effectiveness was established at
the level of 98%, but the vaccine frequently induced
serious adverse events. Another vaccine, a live attenuated
product based on the Elantsev strain had not been licensed
due to severe complications (encephalitis) in the vaccinated
group.10 In 1950-1960 a 2nd generation of TBE vaccine was
introduced which used chicken embryonic cell culture for
virus reproduct'ion.11 Finally, in the 1980s another new type
of TBE vaccine was licensed in Russia which is currently still
in use — a concentrated purified lyophilized 3rd generation
vaccine.””"

Only two species of ticks are epidemiologically significant in
Russia: Ixodes persulcatus in the Asian part and some
additional areas in the Urals and European part (Sverdlovsk
and Yaroslavl regions) and [. ricinus in the European part. In
some regions, Dermacentor tick species were found to be
the main TBEV vectors (for example, Dermacentor
reticulatus (previously known as D. pictus) in Udmurtia™*’;
D. silvarum and D. nuttalli in the Altai Republic20 and the
Republic of Tuva’’; D. reticulatus, and D. marginatus in the
Zhiguliovsk Reserve, which is located in the central part of
Russia and inhabited by three species of ticks (/. persulcatus,
D. reticulatus, and D. marginatus), and the abundance and
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TBEV infection rate of Dermacentor ticks were found even
to be higher than those of I. persulcatus (4.3% vs. 1.4%,
respect'ively).22 Moreover, in a number of regions I
pavlovskyi ticks have been described as TBEV vectors.”***

Currently, TBEV is subdivided into three main subtypes- the
European (TBEV-Eu), the Far-Eastern (TBEV-FE), and the
Siberian (TBEV-Sib). The Siberian subtype dominance of the
TBEV (over 60% of endemic areas) in the Russian Federation
has been demonstrated by numerous virological and
molecular-genetic studies.””?’ The Far Eastern subtype is
found predominantly in the Far East, although it has been
found in other territories, including Western Siberia, where
it has been detected also in the blood of patients with tick-
borne encephalitis.”® The European subtype is most
commonly found in the European part of Russia, although
foci of the pathogen have been found in Western and
Eastern Siberia.”** Also, two putative TBEV subtypes
(Baikalian and “178-79-like” subtypes) were described in
East Siberia near Lake Baikal.”>*°It is believed that TBEV-Eu
infection usually results in a rather mild form of TBE with a
case fatality rate of <2%, TBEV-Sib infection is believed to
result in a generally mild illness associated with a non-
paralytic febrile form of encephalitis with the tendency
towards persistent TBE caused by chronic viral infection in
some cases, and TBEV-FE infection causes the most severe
forms of TBE.* Importantly, viral subtype is not the only
factor that may contribute to TBE severity, and both mild
and severe cases of TBE could be associated with the
infection by any of the TBEV subtypes.

Official reporting of TBE cases in the USSR started in 1944.
Fluctuations in TBE incidence had been observed because of
the changes within the natural and anthropogenic focies,
increased exposure to infected ticks, changes in the social
behavior (outdoors activities, extension of the “cultured”
areas, etc.), advances in diagnostics and well-designed
implemented preventive measures.’® Over time, two
disease peaks were observed in Russia (Fig. 1). In the mid-
1950s over 5000 cases were reported followed by a gradual
decrease of the incidence until 1970. This was explained by
human expansion into natural TBE foci as well as by
considerable progress in establishing the diagnosis by
improved laboratory methods. In 1965-1971 morbidity
decreased year by year mainly due to broadly used
acaricides (including DDT). From 1972 to 1991, however,
morbidity increased again to the level recorded in 1964,



perhaps because vector control had been canceled. Since
1992, a number of socioeconomic factors, including large-
scale allotment of land for garden plots and the growing
popularity of outdoor activities, have entailed a high risk of
tick bites for the urban population. As a result, the TBE
incidence reached the highest values ever recorded.'® TBE
peaked in 1996 and 1999 with incidence rates in these years
around 7.0 per 100,000 persons, resulting in more than
10,000 cases per year in the country.

Over the past 10 years, there has been a steady decline in
the incidence of TBE in Russia, for the period 2012-2022,
the average long-term incidence of TBE in the Russian
Federation was 1.3 per 100,000 - a decrease of 9.7%. The
share of children remained constant at 12-14% annually.
Forty-eight Russian regions with a population of about 66
million people are endemic for TBE. The following federal
districts play a decisive role in the formation of the
incidence of TBE in the country: Siberian, Volga Federal
District, Ural Federal District (Figure 1, 2).

The Reference Center for Monitoring TBE ranked the
regions of the Russian Federation by long-term average of
the incidence of TBE in 2012-2021, which made it possible
to distinguish groups of regions: 16 regions with high
epidemiological risk; 14 regions with medium TBE
incidence; 17 regions with low TBE incidence; 18 regions
where TBE cases were not registered. (MAP)™®.

To summarize the current TBE epidemiology data in Russia,
in 2022 there were 502,764 visits to medical centers due to
tick-bites (345,40 per 100,000), an increase of 12.6%
compared to 2021 (446,282 visits) that is also 6.7% above
the long-term average (469,950).>> Approximately 25% of
the cases occurred in children.

In the 2022 epidemic season, from April to October,
331,972 ticks taken from humans after tick bite and 62,706
ticks from environmental objects were examined for the
presence of TBEV markers by ELISA and RT-PCR tests. The
rates of TBEV infected ticks in those removed from humans
was 1.22% (long-term average: 2.12%); and in those from
the environment it was 1.57% (long-term average — 1.42%)/
(Fig. 3)*

In 2022 TBE incidence in Russia almost doubled compared
to the previous year (2021), amounting to 1.34 per 100
thousand population (in 2021 - 0.69 per 100 thousand
population)33, 1957 TBE cases were registered in 48
subjects, including 280 children under 17 years of age (0.92
per 100,000). In the structure of TBE cases, the age group of
50 years and older prevailed (47.2%), the share of children
under 17 years of age was 14.2%, the urban population was
65.5%, and the rural population was 34.5%. The main route
of transmission of TBE is by tick bites, 12 cases of
alimentary route TBEV infection were registered.32
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In the structure of TBE clinical manifestations, as in previous
years, the febrile form prevailed (61.9%), the second most
common form was meningeal (22.2%), and the share of
focal forms was 13.3%.32 In the period 2007-2022 342
deaths from TBE were registered, in 2022 — 60 deaths, in
2021 -17 deaths.

In 2022, 3.5 million people were vaccinated against TBE
(1,153,697 vaccinated and 2,347,877 revaccinated). At the
same time, 34 cases of the disease were registered in

vaccinated persons (11 of them in children), which
constitutes 1.7% of the total number of cases.*
Nonspecific prevention is common to all tick-borne

infections: acaricidal treatment of endemic territories by
special substances (cipermetrin 25% or analogues) is
regarded to be the main measure nowadays.37 In Russia, in
2012-2022 there was a trend towards an increase in the
area of acaricidal treatments of the most populated and
actively used by people areas (i.e. parks, camps and
recreation zones, hospital, hotels, school and kindergarten
territories) in endemic regions. The minimum coverage was
in 2012 (81,193 hectares), the maximum - in 2022 (246,255
hectares).*

Regional experience

The Middle Ural area is an active natural focus of TBE; TBE
cases have been recorded since the 1930s. The Sverdlovsk
region is a good example of a typical Russian TBE endemic
area. At present, all 94 administrative territories of the
Sverdlovsk Region are endemic for the TBE. In the 1990s in
the Sverdlovsk Region TBE changed from an occupational
disease to an infection connected to the course of human
household activities. TBE incidences in cities began to
exceed the incidence in the rural population. Long-term TBE
incidence dynamics in the Sverdlovsk region can be
separated into 5 periods:

e 1Ist period (1944-1953) — the incidence is recorded
mainly among rural residents; registered only clinical
forms; laboratory diagnostics was absent, there were
100-300 TBE cases annually;

e 2nd period (1953-1986) — TBE incidence increasing;
laboratory diagnostics detection of the subclinical
(inapparent) forms; increased number of TBE cases in
people in the cities; 200-750 TBE cases annually;

e 3rd period (1986-1989) — the period of acaricidal (DDT)
air spraying of the forests, TBE incidence decrease, <200
TBE cases per year;

e 4th period (1990-2000) — new TBE incidence increase
due to the restoration of the ticks population post-
abortion of the acaricidal air spraying. Change in the



immune status (both natural immunity obtained after
the contact with the virus and adaptive immunity due to
vaccination) of the population, change in patients’
characteristics. ldentification of subclinical TBE forms,
immunization of occupational risk group and start of the
routine adult immunization;

e 5th period (2000 to present) - TBE incidence decrease
associated with routine TBE vaccination of the adult
population and universal routine immunization of
children.®

Given the high incidence of TBE, vaccination has become a
leading preventative measure in the Sverdlovsk region. Four
tactics of vaccination were implemented in the Regional
Immunization Program (Fig 4):

- 1990-1996 - Selective specific TBE vaccination -
immunization of the occupational risk groups;

- 1997-2001 - Adult population routine TBE vaccination;

- 2001-2008 - Routine children > 7 years of age
vaccination and mass immunization of adults;

- 2008 to present - Universal routine vaccination of
children from 15 months of age and mass
immunization of adults.*
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The tactics of universal routine immunization of the
population over the age of 15 months in combination with
“catch-up” immunization of adults provided an increase in
the level of vaccination against TBE from 35 to 87% (Fig. 5)
and led to an TBE incidence decrease. 98% TBE vaccination
field effectiveness in 2016 (Fig 6).>%%>*
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Overview of TBE in Russia

Viral subtypes, distribution
Reservoir animals

Infected tick species (%)

Dairy product transmission

Mandatory TBE reporting

Other TBE surveillance

Special clinical features®

European, Siberian, and Far Eastern TBEV subtypes
Vertebrate reservoir animals assumed

2,1% infected tick from people after tick bite

1,6% infected tick from natural foci*

Rare (goat, cow milk)

TBE case definition:

The diagnosis of tick-borne encephalitis is made based on information about tick bite, outdoor
activities in the TBE season (potential contact with natural foci), clinical course and the results of
laboratory tests confirming the etiology of the disease.

Laboratory criteria for case confirmation:
The clinical diagnosis of TBE is considered confirmed in the following cases:

- detection of IgM to the TBEV in blood serum in the acute period of the disease in conjunction
with the detection of I1gG in paired serum;

- detection of a 4-fold or more increase in the IgG titer to the TBEV in paired serums, or
seroconversion;

- detection of a specific fragment of TBEV RNA in the blood and/or cerebrospinal fluid samples;
- isolation of the TBEV.

All TBE cases with laboratory confirmation are reported to the Rospotrebnadzor

Virology is performed in ticks only — ELISA or multiplex PCR for TBEV, Borrelia burgdorferi sl,

Anaplasma phagocytophilum, Ehrlichia chaffeensis / Ehrlichia muris

(Source: Sanitary regulations “Prevention of tick-borne encephalitis” 3.3686-21)
Endemicity definition:

An administrative territory shall be considered endemic for TBE if the features provided for in one
of the following subparagraphs of this paragraph are present together:

1) the presence of vectors of the TBEV (in natural and anthropourgic foci); laboratory-confirmed
circulation of the TBEV or detection of TBEV antigen/RNA in ticks from natural foci and
removed from humans; immunity to the TBEV in the unvaccinated population; immunity to the
TBEV among animals, provided that ixodes ticks have been distributed in the territory for at
least a 5-year period;

2) registration of laboratory-confirmed TBE cases in humans during active examination of febrile
patients with undetermined diagnosis, patients with meningeal conditions and with symptoms
of focal lesions of the brain and spinal cord of unknown etiology; the presence ixodes ticks in
the territory; laboratory-confirmed presence of TBEV or TBEV antigen/RNA in ticks collected in
natural foci and removed from humans; immunity to the TBEV in the unvaccinated population;

3) registration of confirmed TBE cases; the presence of ixodes ticks in the territory, the presence
of the TBEV or TBEV antigen/RNA in ticks selected in natural foci and removed from humans;
the presence of immunity to the TBE virus in the unvaccinated population.

(Source: Sanitary regulations “Prevention of tick-borne encephalitis” 3.3686-21)
13.3% - TBEV meningoencephalitis or meningoencephalomyelitis,
22.2% - TBEV meningitis

61.9% - fever + anti-TBEV IgM or IgG increase

Case fatality rate is 1-2%
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Registered vaccines

Vaccination
recommendations and
reimbursement

Name, address/
website of TBE NRC

Russian TBE vaccines (available in the market):
e Klesch-E-Vac for children 0.25 ml and for adults 0.5 ml; (Source: http://chumakovs.ru/en/products)

o TBE vaccine concentrated purified inactivated adsorbed culture dry 0.5ml (Chumakov’s Polio
Institude);

e EnceVir®Neo for children 0.25 ml, EnceVir® for adults 0.5 ml (Microgen)
European vaccines (not available in the market):

e Encepur adult 0.5ml ;

e Encepur baby 0.25ml (GSK);

e FSME-IMMUN 0.5ml;

o FSME-IMMUN junior 0.25ml (Pfizer) (Source: http://www.microgen.ru/en/)

National immunization Calendar for epidemic indications (Order of the Ministry of Health of
Russian Federation dated 06.12.2021 No. 1122n, part 2): endemic regions have the right to
implement local immunization program (ReglIP) with vaccination rates determined by financial
conditions in the region (universal vaccination or vaccination of risk groups only —i.e. infants and
elderly)

Vaccination is indicated for:

e persons living in endemic areas (all ages)

e persons with occupational risk (forest workers, etc.)
e persons traveling to endemic areas

(Source: Sanitary regulations “Prevention of tick-borne encephalitis” 3.1.3.2352-08; Ministry of
Health Order #125-n part 2 “National Immunization Calendar for epidemic indications”)

Vaccinations against TBE is recommended for:

1. Persons under 18 years of age living in administrative territories endemic for TBE, with
coverage of at least 95%;

2. Adult population living in administrative territories with a high risk of the disease, taking into
account the differentiation of administrative territories according to the risk of infection of
the population with the TBEV, with coverage of at least 95%;

3. Adult population, by type of activity or occupation associated with staying in natural stations,
as well as in horticultures located in administrative areas endemic for TBE;

4. Populations travelling to administrative areas where TBE is endemic;

5. Persons associated with labor activities in administrative areas endemic for TBE (occupational
risk groups), in particular, carrying out: agricultural, logging, irrigation and reclamation,
construction, harvesting, fishing, geological, surveying, expeditionary, deratization,
disinfestation works; excavation and relocation of soil, clearing and improvement of forests;

6. Persons whose activities are related to the use of the TBEV;

7. Persons carrying out other types of work associated with the threat of TBE contamination.
A person who has received a completed course of vaccination and 1 (or more) revaccination is
considered to be vaccinated against TBE.

(Source: Sanitary regulations “Prevention of tick-borne encephalitis” 3.3686-21)

Irkutsk Anti-Plague Research Institute of Rospotrebnadzor, Irkutsk, Russian Federation
(Source: http://irknipchi.ru)
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Figure 3: Dynamics of ticks infection rate (%), removed from people (A) and environmental objects (B);
studied by ELISA and RT-PCR methods in 2015-2022: the left axis of ordinates, as studied by
ELISA, corresponds to the red line; the right one, as studied by the PCR method, corresponds
to the blue line
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Figure 4: TBE Incidence in Sverdlovsk region by preventive tactics period in 1990-2018
(per 100,000 population, children under 14 years old)
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Figure 5: Annual TBE vaccine uptake by the number of doses in Sverdlovsk region, Russia (%)
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Appendix

Source data: Figure 1

n/a 0.2
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1944 1985
1945 n/a 0.2 1986
1946 n/a 0.2 1987
1947 n/a 0.2 1988
1948 n/a 0.5 1989
1949 n/a 0.6 1990
1950 n/a 0.7 1991
1951 n/a 0.6 1992
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1954 n/a 2.1 1995
1955 n/a 3.2
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1958 n/a 2.7 1998
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1960 n/a 3.1 2000
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1968 n/a 1.6 2008
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1970 1169 0.9 2010
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1972 1707 1.3 2012
1973 1189 0.9 2013
1974 1062 0.8 2014
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2017*
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