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Abstract

Despite evidence that socio-economic factors associated with political transition played a major causal role in the abrupt upsurge in

tick-borne encephalitis (TBE) in the newly independent Baltic States, doubts are still repeatedly expressed about the importance of

these factors relative to changes in public health practices that may have affected merely the registration of cases. In response to these

doubts, evidence of relevant practices of surveillance, registration, diagnosis, awareness and immunization is presented as taken from

archived data and interviews with experienced medical practitioners. There were changes that could have had neutral, negative or posi-

tive impacts on recorded TBE incidence, but the variable timing in these changes at both national and regional levels is not consistent

with their having been responsible for the epidemiological patterns observed in the early 1990s.
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Introduction

One of the first questions provoked by a major discontinuity

in disease incidence is whether it reflects a real epidemiologi-

cal shift or is merely an artefact due to changes in surveil-

lance, registration and diagnosis pratices, and awareness, or

in other aspects of data quality [1]. This is especially applic-

able to the abrupt upsurge of tick-borne encephalitis (TBE)

in many central and eastern European countries in 1993,

because it coincided with newly independent rule at the end

of the Soviet era. At this time, the three Baltic States—Esto-

nia, Latvia and Lithuania—suffered 69%, 182% and 1065%

increases in incidence, respectively, and suddenly became the

region in Europe most affected in terms of both TBE inci-

dence and the absolute number of registered patients [2,3].

Despite evidence that socio-economic factors associated

with the political transition played a major causal role in the

upsurge of TBE [4], doubts are still repeatedly expressed

about the importance of these factors relative to changes in

public health care practices.

TBE is a zoonosis caused by three subtypes of a flavivirus

transmitted by the ticks Ixodes ricinus and Ixodes persulcatus in

many parts of central and eastern Europe, Scandinavia, Rus-

sia, and some parts of northern Asia. With no aetiologically

specific treatment available, it is one of the most severe vec-

tor-borne infections of humans in endemic regions, com-

monly involving a long recovery process, neurological

sequelae, and a decrease in quality of life, and it is fatal in

c. 1% to >10% of cases, depending on the virus subtype

[5,6]. Protection against infection relies on vaccines (inacti-

vated purified virus), which are up to 99% effective [7], on

avoidance of tick bite (e.g. the use of tick repellents, protec-

tive clothing and self-examination), or, currently only in Rus-

sia and Latvia, passive immunization with specific

immunoglobulins within 72 h of a tick bite [6,8]. A change in

any of these practices could also affect incidence.

The first registration of a TBE patient in the Baltic States

was in Latvia in 1946, and this was followed by the first diag-

noses in Estonia in 1950 and in Lithuania in 1953. Latvia was

also the first to include TBE in the list of compulsorily notifi-

able diseases in 1955, followed by Estonia, and finally Lithua-

nia in 1968, after only sporadic cases had been registered

there during the 1950s and 1960s [9]. The USSR Ministry of

Health in Moscow adopted general methodological principles

for clinical and laboratory diagnostics, and for the surveil-

lance, prevention and treatment of TBE from the 1950s, and
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added TBE to its list of occupational diseases in 1970. Each

Soviet Republic followed the same general rules, taking into

account its particular epidemiological circumstances and

developing its own subordinate plans and orders for TBE

control and prevention [10].

The major political changes following the end of Soviet

rule in the Baltic States affected public health practices along-

side a nexus of other abiotic environmental and socio-eco-

nomic factors that appear to be causally linked to the

increase in TBE incidence [4,11]. The changes in reporting

and diagnosis, and the development of awareness of TBE,

that occurred during this time are described; their likely

effect on the recorded number of TBE cases in Latvia,

Lithuania and Estonia is assessed here.

Materials and Methods

Information was gathered from meetings during 2004 and

2005 with experts in Latvia, Lithuania and Estonia who had

worked on different aspects of TBE (policy-making, surveil-

lance, diagnosis, treatment and research) during both Soviet

times and post-independence. Interviews were conducted

with eight national public health policy-makers and chief spe-

cialists, and with 19 public health specialists, epidemiologists,

general practitioners and specialists in infectious and neurolo-

gical diseases at five regional Public Health Agencies (PHAs),

and at other general practices and hospitals. Places in the

regions were chosen to represent the full range of Baltic geo-

graphy, TBE incidence levels, and changes in TBE patterns, as

well as both primary vector species (I. ricinus

and I. persulcatus) (Fig. 1). Only experts with extensive experi-

ence in the field of TBE were included in the study; 21 of the

27 experts interviewed had worked in the public health area

for over 15 years, both during communist rule and post-inde-

pendence. All the key experts in TBE surveillance at the

national level were approached and agreed to participate.

A semistructured questionnaire was developed, focusing

on each expert’s specialty, to acquire information concerning

the changes in the TBE surveillance system (including regula-

tions concerning TBE surveillance and immunization policy),

the changes in laboratory diagnostic methods and organiza-

tion of TBE laboratory testing, and the changes in the disse-

mination of information about TBE in the local mass media.

The interviewees were informed that the purpose of the

questionnaire was to investigate the changes over time in

public health practices relevant to TBE in the Baltic States as

part of a larger project to examine the role of different bio-

logical and non-biological factors in the spatio-temporal

changes of TBE incidence in Europe. The interviewees were

asked to provide written documentation, when available, in

the form of regulations, published and unpublished reports,

archived materials, dissertations, and local publications, to

support their claims. This documentation, however, is now

extremely scarce, with only six public documents being

found (four published articles cited below) and very little

surviving historical documentation; hence the need for inter-

views. Information provided about the spatio-temporal differ-

ences in TBE incidence was checked against the national TBE

databases.

Results and Discussion

The factors considered, the changes over time and their

likely contribution to the upsurge of TBE in 1993 are sum-

marized in Table 1. Detailed information to support these

summary statements is presented below.

TBE surveillance and reporting of cases

As the Soviet Union was particularly concerned about infec-

tious diseases, many highly qualified epidemiologists and

entomologists were employed in national and regional Sani-

tary Epidemiological Stations (SESs) (equivalent to the cur-

FIG. 1. Places within Latvia, Estonia and Lithuania where meetings

with experts took place. Capital cities are indicated by larger dots.
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rent PHAs), which were responsible for the registers of

infectious diseases, and provided a high standard of disease

recording and investigation of each case (V. Nesaule,

J. Turka, I. Vingre, personal communication). The principles

of surveillance were consistent among regions, and have

remained so through time (V. Vasilenko, unpublished data;

J. Karašk�evica, B. Mork�unas, J. Turka, personal communica-

tion). The medical practitioner first sends an urgent notifica-

tion of every suspected case of TBE to the local SES/PHA.

The epidemiologist then investigates the case and registers

the epidemiological protocol. Confirmation of the TBE

diagnosis is based on serology (see below), together with

epidemiological, clinical and sometimes also virological

investigations. After laboratory confirmation, the final notifi-

cation is sent to the SES/PHA (A. Bormane, V. Vasilenko,

unpublished data; B. Mork�unas, personal communication).

With respect to active surveillance, in Latvia and Estonia

blood donors and serum samples from healthy individuals

were screened for TBE during Soviet times, but seropositive

samples were not added to the number of registered TBE

cases and thus did not affect the official statistics (V. Vasi-

lenko, unpublished data; V. Nesaule, I. Vingre, personal com-

munication). Thus, based on surveillance practices, the

numbers of TBE cases should be comparable and reflect real

differences among countries and time periods.

The consistent opinion of the Baltic experts was that,

although there was a tendency to misreport the true mor-

bidity of some infectious diseases in the Soviet Union, this

was very unlikely to be true in the case of TBE (V. Vasilenko,

unpublished data; J. Karašk�evica, B. Mork�unas, personal com-

munication), as TBE was not considered a disease to be

ashamed of, and the true incidence did not need to be hid-

den (L. Petruškina, J. Turka, N. Vološčuka, personal commu-

nication). This accords with a statement by the present

Chief of the Laboratory of Vectors of Infections, Gameleya

Institute for Epidemiology and Microbiology in Moscow (E. I.

Korenberg, personal communication), who was himself one

of the Russian inspectors of TBE epidemiology in the Baltic

States.

TBE diagnosis

Serological testing for TBE started in the Baltic States during

the 1970s, and was performed centrally in each state [12–

14]. Until then, blood samples were usually tested at the

USSR Institute of Poliomyelitis and Viral Encephalitis in Mos-

cow. In addition to the standard haemagglutination inhibition

test (HAI), the complement-binding reaction and the neutra-

lization reaction were also recommended in diagnostically

unclear cases [9]. A special committee was established in

Latvia at the end of the 1970s to improve TBE diagnosis and

to investigate all unclear cases of serous meningitis (V.

Nesaule, I. Vingre, personal communication). The reported

TBE incidence in Latvia was lower throughout the 1980s

(1980–1989: mean, 6.17; SD, 1.66) than previously (1975–

1979: mean, 11.85; SD, 2.15), although this was not necessa-

rily due to more specific diagnosis and may be attributable

to other factors. In Estonia, from 1976 to 1999, all unclear

cases of meningitis serosa and all patients with unexplained

fever who were hospitalized in Tallinn during the TBE season

were investigated serologically for TBE. All positive results

were registered as TBE cases (V. Vasilenko, I. Golovljova,

unpublished data).

The HAI test is a TBE strain-specific reaction, but the

need to treat serum samples with caoline as part of the pro-

cedure may have given false-negative results when immuno-

globulin levels were low. Therefore, in Estonia, two methods

(HAI and complement fixation tests) were always used. Dur-

ing the 1990s, HAI was gradually replaced by ELISA, as the

latter method is more sensitive, specific and economical.

Furthermore, the use of commercial ELISA kits allows better

TABLE 1. Summary of changes in public health factors based on expert opinion, and their likely impact on the number of

recorded tick-borne encephalitis (TBE) cases in the Baltic States as described in the text

Factor Public health factor changes over time
Impact on upsurge
in registered TBE cases

TBE surveillance No Most likely none
Reporting of TBE cases No Most likely none
Active surveillance Undertaken in Latvia and Estonia during Soviet times Most likely none
Diagnostic laboratory methods From HAI to ELISA Probably some positive
Organization of TBE laboratory testing Decentralization, c. 2000 in Lithuania, 1999 in Estonia, 2000 in Latvia Probably some mixed
Awareness of TBE among medical practitioners Post-independence increase due to activities of professional

medical organizations and vaccine distributors
Probably some positive

Awareness of TBE among the general public; active
immunization and vaccination policies

Post-independence increase due to information in the mass media Most likely some negative

Passive immunization No statistics, but suspected post-independence increase in use
of specific immunoglobulin after tick bite

Probably some negative

HAI, haemagglutination inhibition.
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standardization and yields more comparable results. This

change might be expected to increase the number of TBE

cases diagnosed (V. Vasilenko, unpublished data; A. Duks,

V. Kilčiauskien _e, B. Mork�unas, personal communication), not

because of any inadequacy in the HAI method itself (which,

although complex, was carried out by well-trained staff in

the centralized laboratories), but because of the longer time

and greater number of blood samples required for the HAI

test than for the ELISA test (V. Vasilenko, unpublished obser-

vation; A. Laiškonis, personal communication). The former

test required more attention from a doctor, and the stipu-

lated four-fold increase in the titre of TBE antibodies caused

some borderline cases, which the doctor had to resolve

(A. Laiškonis, personal communication).

The changes in diagnostic methods and TBE epidemiology,

however, were not synchronous at either the national or

the county level. In Lithuania, the HAI test was still the only

diagnostic method in use in 1993, when the number of blood

samples sent for laboratory analysis, and the number of

registered TBE cases, increased by an order of magnitude

relative to the previous decade [15]. A further change was

the decentralization of laboratory services from 2000 in

Lithuania, 1999 in Estonia and 2000 in Latvia (V. Vasilenko,

unpublished data; A. Duks, V. Kilčiauskien _e, personal commu-

nication). This might have had either a positive impact on

TBE diagnosis, with each laboratory being closer to the

affected population, or a negative impact if some new work-

ers initially lacked experience. Yet, among the 85 Baltic

counties, across all three countries, 13 experienced the start

of the abrupt upsurge in TBE incidence between 1990 and

1992, 43 in 1993 or 1994, and 19 between 1995 and 1998,

whereas ten counties experienced no consistent change [11].

Furthermore, in each county, the ratio of the mean TBE inci-

dence for five years post-increase to the mean for ten years

pre-increase ranged from 2.5 to 74 in Estonia, from three to

34 in Latvia, and from eight to 706 in Lithuania, indepen-

dently of the incidence prior to 1980 [11]. Neither new diag-

nostic methods nor decentralized laboratory services can

account for this heterogeneous pattern of epidemiological

changes.

TBE awareness and immunization

Latvia, and to some extent Estonia, were already considered

to be endemic regions for TBE during Soviet times [14]

(V. Nesaule, personal communication). Collaboration between

Russian and Baltic scientists started earlier in Latvia and

Estonia than in Lithuania, which was the last of the Baltic

States to start surveillance and research on TBE and ticks,

which it did particularly intensively during the 1980s

(G. Regalien _e, personal communication). Despite education

to raise awareness of TBE among doctors in all three Baltic

States during Soviet times (V. Vasilenko, unpublished obser-

vation; G. Regalien _e, I. Vingre, personal communication), any

lower level of awareness among medical practitioners in

Lithuania might have led to some degree of underdiagnosis

there [16]. Nevertheless, it seems improbable that the

25-fold increase in TBE case numbers registered in Lithuania

during the period 1993–2002, as compared with the previous

decade, was due entirely to underdiagnosis during Soviet

times. Furthermore, neither the TBE incidence, nor the

degree of upsurge, was consistently higher in the counties

where doctors were believed to be particularly knowledge-

able about TBE, e.g. in Taurag _e and Kupiškis in Lithuania

(G. Regalien _e, personal communication) and Gulbene,

Rezekne and Daugavpils in Latvia (V. Nesaule, personal

communication).

Among the general population, patterns of TBE awareness

and active immunization appear to be an effect, rather than a

cause, of increased incidence. In the second half of the

1990s, information about TBE in the mass media increased in

all three Baltic Republics, distributed both by public health

specialists, because of increasing numbers of TBE cases, and

by vaccine distributors (E. Br�uvere, O. Ivanauskien _e, A. Laiš-

konis, V. Nesaule, L. Spar�ane, personal communication).

Increased awareness of TBE among the general population,

as well as among medical practitioners (L. Spar�ane, personal

communication), thus followed the upsurge in cases.

Official statistics show a marked increase in the initiation

of vaccination from the mid-1990s, with the number of com-

pleted vaccination courses being most strongly correlated

with TBE incidence 2 years earlier [17]. This is as expected,

considering that people seek vaccination (including the 12-

month vaccination regimen) at the start of each tick season

(spring–autumn) in response to press releases about TBE

cases during the previous season [7]. In Latvia, this was evi-

dently reinforced by a campaign, started in 1998, to vaccinate

children free of charge in some rural areas of high risk [18].

Further evidence of vaccination in response to the publicly

perceived risk of TBE is the positive relationship between

initiation of vaccination in each county during the period

2002–2005 and TBE incidence during the period 1993–1998

[17]. In many counties in Latvia, and to a lesser extent in

Lithuania, however, TBE incidence decreased from 1999

onwards to a higher degree than can be accounted for by

vaccination, but in proportion to prior incidence, suggesting

a change in behaviour, i.e. avoidance of exposure to infected

ticks [17]. Thus, empirically, it seems that increased aware-

ness of TBE per se during the past decade is likely to have

resulted in a decrease in incidence and would not explain

the upsurge in 1993.
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There is no indication that larger numbers of mild infec-

tions were correctly diagnosed as a result of increased

awareness of TBE; from 1970 to 2004, c. 20–35% caused

fevers, c. 60–70% caused meningitis, c. 5–12% caused ence-

phalitis, and <2% were fatal, with no change in these figures

over time [19].

Indeed, in a large (n = 1488) serological survey in 2000,

16.6% of the 36 Lithuanians with memory of viral menin-

goencephalitis, but no diagnosis of TBE, were seropositive

for TBE virus [20]. This measure of absence of diagnosis of

symptomatic infections, however, is much lower than the

70–95% of infections thought to remain asymptomatic in

endemic areas in Russia (cited in [21], and the 97% estimated

for the Baltic States (S. Randolph, unpublished data).

Awareness of the risk of TBE might, however, lead to a

greater demand for passive immunization, which can be 98%

efficacious if specific immunoglobulin is administered within

3 days post-bite [6]. This generally applies only to Latvia,

where specific immunoglobulin is recommended after tick

bite, and is available free of charge for children up to the age

of 18 years. During Soviet times, passive immunization was

administered only to occupational high-risk groups. No data

have been routinely collected to estimate how many post-

exposure injections with immunoglobulin have been adminis-

tered in Latvia each year (A. Bormane, unpublished data),

but higher numbers of post-exposure injections would have

decreased rather than increased the number of clinical TBE

cases reported in Latvia.

In conclusion, it is clear from the information reported

here that, among the public health factors thought to have

changed with the political transition of the early 1990s,

only two, improved diagnostic methods and awareness

among medical practitioners, are likely to have had a posi-

tive impact on the reporting of cases of TBE (Table 1).

The timing of the change from HAI to ELISA (1993 in Lat-

via and Estonia, but 1994 in Lithuania), however, did not

coincide consistently with the abrupt upsurges in case num-

bers, which occurred variably between 1990 and 1998 in

each county of the Baltic Republics [11]. It is possible that

in some counties where TBE was especially rare, medical

personnel may have been newly alerted, but there were no

delays in the reported upsurges consistent with low prior

incidence [11]. Others who were highly experienced in the

clinical diagnosis of TBE, including those in Bialystok, north-

east- Poland, have reported being overwhelmed in 1993 by

patients with identical symptoms and diagnoses (M. Kon-

drusik, personal communication). Other changes in public

health practice (e.g. the cessation of active surveillance in

Latvia) evidently had no effect or even decreased TBE inci-

dence (e.g. by increasing awareness among the general pub-

lic, and by making passive immunization for children freely

available in Latvia).

Furthermore, the variable degrees of upsurge in TBE in

eight central and eastern European countries are closely

correlated with specific measures of post-independence

socio-economic conditions [4]. This would be unlikely if

the upsurges were merely artefacts of changing public

health practices, unless the net impact of the latter were

itself correlated with these socio-economic conditions.

Although improvements in public health practices were

among the reforms associated with political independence

and may therefore have contributed decisively to the

degree of increase in TBE incidence, all the evidence points

to a real upsurge in all three Baltic Republics during the

early 1990s.
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11. Šumilo D, Asokliene L, Bormane A, Vasilenko V, Golovljova I, Ran-

dolph SE. Climate change cannot explain the upsurge of tick-borne

encephalitis in the Baltics. PLoS ONE 2007; 2: e500.

12. Laboratory of Virology. Laboratory diagnosis of TBE in 1974 [in Rus-

sian]. National Sanitary Epidemiological Station. Riga, Latvia: Laboratory

of Virology, 1975.

13. Sapranauskaite DB, Motiejunas LI, Regaliene G. Clinical and labora-

tory aspects of TBE diagnosis in the Lithuanian SSR [in Russian]. In:

Motiejunas LI, ed. Infections of natural nidi. Vilnius, 1979; 89–91.

14. Vasilenko V, Golovljova I, Jogiste A. TBE—epidemiology in Estonia.

In: Süss J, Kahl O, eds. Potsdam, Berlin, Germany. Lengerich: Pabst

Science Publishers, 1997; 91–99.

15. Juceviciene A. Epidemiological situation of TBE in Lithuania [in Lithua-

nian]. Kaunas: Kaunas University of Medicine, 2003.

16. Regaliene G. Tick-borne encephalitis in the Lithuanian SSR [in Russian].

Moscow: USSR Academy of Medical Sciences, 1985.
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