
Systematic Review and  
Meta-analysis of Foodborne  

Tick-Borne Encephalitis,  
Europe, 1980–2021 

Meital Elbaz, Avi Gadoth, Daniel Shepshelovich, David Shasha, Nir Rudoler, Yael Paran

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 10, October 2022 1945

SYNOPSIS

Author affiliations: Tel Aviv Sourasky Medical Center, Tel Aviv, Israel (M. Elbaz, A. Godath, D. Shepshelovich, D. Sasha, Y. Paran);  
Tel-Aviv University, Tel Aviv (A. Godath, D. Shepshelovich, D. Sasha, Y. Paran); Hebrew University, Jerusalem, Israel (N. Rudoler); 
Ministry of Health, Tel Aviv (N. Rudoler)

DOI: https://doi.org/10.3201/eid2810.220498

  

Page 1 of 1 

In support of improving patient care, this activity has been planned and implemented by Medscape, LLC and 
Emerging Infectious Diseases. Medscape, LLC is jointly accredited by the Accreditation Council for Continuing 
Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses 
Credentialing Center (ANCC), to provide continuing education for the healthcare team. 

Medscape, LLC designates this Journal-based CME activity for a maximum of 1.00 AMA PRA Category 1 
Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. 

Successful completion of this CME activity, which includes participation in the evaluation component, enables the 
participant to earn up to 1.0 MOC points in the American Board of Internal Medicine's (ABIM) Maintenance of 
Certification (MOC) program. Participants will earn MOC points equivalent to the amount of CME credits claimed for 
the activity. It is the CME activity provider's responsibility to submit participant completion information to ACCME for 
the purpose of granting ABIM MOC credit. 

All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal 
CME activity: (1) review the learning objectives and author disclosures; (2) study the education content; (3) take the 
post-test with a 75% minimum passing score and complete the evaluation at http://www.medscape.org/journal/eid; 
and (4) view/print certificate. For CME questions, see page 1147. 

Release date: September 15, 2022; Expiration date: September 15, 2023 

Learning Objectives 

Upon completion of this activity, participants will be able to: 

• Evaluate the epidemiological characteristics of foodborne tick-borne encephalitis in Europe in the 
last 4 decades, based on a systematic review and meta-analysis 

• Assess the clinical characteristics and estimated attack rate of foodborne tick-borne encephalitis in 
Europe in the last 4 decades, based on a systematic review and meta-analysis 

• Determine the clinical and public health implications of foodborne tick-borne encephalitis in Europe 
in the last 4 decades, based on a systematic review and meta-analysis 

CME Editor 

Amy J. Guinn, BA, MA, Technical Writer/Editor, Emerging Infectious Diseases. Disclosure: Amy J. Guinn, BA, MA, 
has no relevant financial relationships. 

CME Author 

Laurie Barclay, MD, freelance writer and reviewer, Medscape, LLC. Disclosure: Laurie Barclay, MD, has the 
following relevant financial relationships: formerly owned stocks in AbbVie Inc. 

Authors 

Meital Elbaz, MD; Avi Gadoth, MD; Daniel Shepshelovich, MD; David Shasha, MD; Nir Rudoler, DVM, MPH, 
PhD; and Yael Paran, MD. 



SYNOPSIS

Tick-borne encephalitis (TBE) is a viral infection of 
the central nervous system (CNS) caused by tick-

borne encephalitis virus (TBEV). TBE occurs mainly 
in eastern, central, and northern Europe and in north-
ern China, Mongolia, and Russia (1). Although vacci-
nation can effectively prevent TBE, >3,000 cases were 
reported in Europe in 2019, and case-fatality was 0.7% 
(2). However, many mild and subclinical infections 
probably remain undiagnosed.

Humans acquire TBE mainly via tick bites, but 
TBEV can occasionally be transmitted through con-
sumption of unpasteurized milk products from vire-
mic livestock. The largest known outbreak of food-
borne TBE (FB-TBE) occurred in 1954 in what was 
then Czechoslovakia, when TBE developed in >600 
persons infected via TBEV-contaminated milk from 
cows and goats (3). During that period, the disease 
was termed biphasic milk fever. During the past 4 
decades, repeated smaller outbreaks have been re-
ported in association with TBEV transmission via 
contaminated milk in various countries in Europe 
and in Russia (3–10).

Despite the role of food as a transmission route, 
FB-TBE has not been systematically described until 
recently. Two recent published reviews summarized 
published reports (11,12), but those studies did not 
include meta-analysis of published data. We system-
atically describe cases of alimentary TBEV transmis-
sion in Europe during the past 4 decades, estimate the 
attack rate of FB-TBE, and describe the epidemiologic 
and clinical characteristics of FB-TBE.

Methods
We conducted a systematic review and meta-analysis 
according to guidelines of Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA, 
http://www.prisma-statement.org) (13). We searched 
articles published during January 1, 1980–June 1, 2021, 
on PubMed (https://pubmed.ncbi.nlm.nih.gov) and 
Embase (https://www.embase.com) databases using 
the following key terms: (“tick-borne encephalitis” OR 
“TBE”) AND (“food” OR “alimentary” OR “milk” OR 
“cheese” OR “dairy”). We excluded duplicate pub-
lications and articles without available abstracts. We 
screened all publications and selected those that met 
our eligibility criteria. We did not restrict inclusion by 
study type or minimum number of patients.

We only included original studies on human 
data for confirmed and probable cases of FB-TBE 
that were published in English. We reviewed and ex-
tracted data from articles meeting eligibility criteria. 
We collected data on the number of persons exposed 
to contaminated products, number of confirmed FB-
TBE cases, laboratory testing, source of infection, geo-
graphic location, year and season of outbreak, incuba-
tion period, vaccination status, and clinical signs and 
symptoms of invasive central nervous system (CNS) 
disease, when reported.

Definitions
We defined a confirmed FB-TBE case as a positive labo-
ratory test supporting TBEV infection in a person with 
or without symptoms of infection (Appendix Table, 
https://wwwnc.cdc.gov/EID/article/28/10/22-0498-
App1.pdf) who also had a possible link to consump-
tion of raw milk or cheese and did not recall having a 
tick bite. We defined a probable FB-TBE case as a per-
son with symptoms compatible with TBE that was not 
tested for the virus but who was exposed to raw milk 
or cheese and did not recall a tick bite; probable cases 
were included only when a cluster of >2 exposed per-
sons and virologic confirmation for TBE were reported.

We defined confirmed invasive CNS disease 
(meningitis, meningoencephalitis, or myelitis) when 
CNS neurologic symptoms (e.g., headache, vomiting, 
ataxia, altered consciousness, confusion, dysphasia, 
or hemiparesis) were reported and laboratory testing 
confirmed TBEV infection, including TBEV-positive 
cerebrospinal fluid (CSF) serology or CSF pleocytosis 
and other laboratory testing supporting TBEV infec-
tion. We defined probable invasive CNS disease as a 
combination of CNS neurologic symptoms and labo-
ratory-confirmed TBEV infection in a patient who did 
not undergo lumbar puncture and CSF analysis.

Outcomes
For studies recording the number of persons ex-
posed to TBEV-contaminated dairy products, we  
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Tick-borne encephalitis (TBE) is a viral infection of the 
central nervous system that occurs in many parts of Eu-
rope and Asia. Humans mainly acquire TBE through tick 
bites, but TBE occasionally is contracted through consum-
ing unpasteurized milk products from viremic livestock. 
We describe cases of TBE acquired through alimentary 
transmission in Europe during the past 4 decades. We 
conducted a systematic review and meta-analysis of 410 
foodborne TBE cases, mostly from a region in central 
and eastern Europe. Most cases were reported during 
the warmer months (April–August) and were associated 
with ingesting unpasteurized dairy products from goats. 
The median incubation period was short, 3.5 days, and 
neuroinvasive disease was common (38.9%). The clinical 
attack rate was 14% (95% CI 12%–16%), and we noted 
major heterogeneity. Vaccination programs and public 
awareness campaigns could reduce the number of per-
sons affected by this potentially severe disease.
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calculated the FB-TBE clinical attack rate by divid-
ing the number of symptomatic patients with con-
firmed and probable TBE by the number of persons 
exposed to the same dairy products. We also de-
scribe epidemiologic features, including country, 
season, and source of infection, and clinical char-
acteristic including incubation period, vaccination 
status, and whether patients had biphasic disease or 
CNS involvement.

Statistical Methods
We pooled attack rates by using meta-analysis for un-
transformed proportion in a DerSimonian and Laird 
fixed-effects model. We assessed the level of hetero-
geneity (I2) by visually examining the forest plot for 
nonoverlapping CIs and using χ2 test. We considered 
p<0.05 statistically significant and I2 >50% substan-
tially heterogenic.

Results
Our search retrieved 61 articles, including 25 report-
ing the same outbreaks. Of the remaining 36 articles, 
10 reported nonhuman outbreaks, 4 were in languag-
es other than English or had no abstract available, 
and 3 overlapped with other studies. Ultimately, we 
included 19 studies meeting eligibility criteria, de-
scribing 410 patients across Europe: 384 (94%) with 
confirmed FB-TBE and 26 (6%) with probable FB-TBE. 
Countries reporting FB-TBE cases during 1980–2021 
included Slovakia (5,14,15), the Czech Republic (3,16), 
Poland (17,18), Hungary (10,19), Estonia (8,20), Ger-
many (21,22), Croatia (23,24), Austria (9,25), Russia 
(6), and Slovenia (26) (Table 1; Figure 1).

Of 273 patients with data regarding the season 
of infection, 243 (89%) were infected during April–
August and 30 (11%) during September–November. 
Patient age distribution was wide, 1–85 years. Of the 
120 FB-TBE patients for whom vaccination status was 
recorded, only 1 was vaccinated (21). The 1 exposed 
and vaccinated person had their last TBEV vaccina-
tion booster >15 years before infection; thus, the 
booster was >10 years overdue.

Among 232 (66%) patients, epidemiologic inves-
tigation revealed consumption of raw goat milk or 
cheese; consumption of raw sheep milk or cheese 
was reported in 88 (25%) cases, consumption of 
unpasteurized cow milk in 23 (7%) cases, and con-
sumption of a mixture of unpasteurized dairy prod-
ucts in 7 cases (2%). For 124/138 (90%) patients for 
whom incubation period was reported, incubation 
was <2 weeks. Among 14 patients who reported the 
exact infection timeline, the median incubation pe-
riod was 3.5 days (IQR 2–14 days).

Biphasic disease was reported in 49/64 (77%) 
patients for whom the disease course was described. 
Common symptoms of the first phase included non-
specific influenza-like symptoms, fever, vomiting, 
loose stools, headache, bilateral orbital pain, vertigo, 
sore throat, chills, bone pain, myalgia, and malaise.

Proven neuroinvasive disease was documented 
in 53/136 (39%) patients in the 13 studies that spe-
cifically reported on CNS disease (Table 2). Prob-
able CNS invasive disease was reported in 24 addi-
tional cases, making the rate of probable and proven 
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Table 1. Foodborne and nonfoodborne TBE cases, Europe, 
1980–2021* 

Country, y (reference) 
Total FB-TBE 

cases 
No. FB-TBE/TBE 

cases (%)† 
Slovakia (5,14,15) 177  
 1993  7/NA  
 2012  15/32 (46.88) 
 2013  5/157 (3.18) 
 2014  11/115 (9.57) 
 2015  14/80 (17.50) 
 2016  65/169 (38.46) 
 2009–2016  60 additional cases  

not included in 
mentioned outbreaks‡ 

Czech Republic (3,16) 65  
 1994  1/617 (0.16) 
 1997  2/415 (0.48) 
 1998  1/422 (0.24) 
 1999  28/489 (5.73) 
 2002  5/647 (0.77) 
 2003  6/606 (0.99) 
 2004  2/507 (0.39) 
 2005  8/643 (1.24) 
 2007  8/546 (1.47) 
 2008  4/631 (0.63) 
Poland (17,18) 52  
 1995  48/NA 
 2017  4/196 (2.04) 
Hungary (10,19) 42  
 2007  31/69 (44.93) 
 2011  11/43 (25.58) 
Estonia (8,20) 28  
 2005  27/164 (16.46) 
 2019  1/82 (1.22) 
Germany (21,22) 16  
 2016  2/348 (0.57) 
 2017  14/485 (2.89) 
Croatia (23,24) 14  
 2015  9/26 (34.62) 
 2019  5/13 (38.46) 
Austria (9,25) 8  
 1989  2/NA 
 2008  6/86 (6.98) 
Russia (6) 5  
 1991  5/NA 
Slovenia (26) 3  
 2012  3/164 (1.83) 
*FB-TBE, foodborne tick-borne encephalitis; NA not available; TBE,  
tick-borne encephalitis. 
†Number of TBE cases are from European Centre for Disease Prevention 
and Control annual report (2) and other reports (27,28).  
‡From  (14).  
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neuroinvasive disease 56% (77/136 patients). 
Among 23 patients for whom CNS syndrome was 
described, 13 (57%) patients had diagnosed menin-
goencephalitis, 9 (39%) had meningitis, and 1 (4%) 
had meningoencephalomyelitis. Diagnosis of prov-
en CNS disease was made by positive CSF serology 
in 45 (87%) patients, and CSF pleocytosis and posi-
tive serum serology in 7 (13%) patients (Table 2).

We calculated attack rates for 10 outbreaks in 
which the number of exposed persons was reported 
(Table 3), representing a total of 907 exposed per-
sons. We found a wide range of attack rates, from 
6% in Germany in 2016 to 100% in Slovakia in 1993. 
The pooled attack rate was 15% (95% CI 13%–17%). 

Heterogeneity was significant (I2 = 97.4%, 95% CI 
96.5%–98.1%; p<0.01) but yielded inconsistent re-
sults, making I2 an unreliable attack rate estimator 
(Table 3; Figure 2).

We applied an additional meta-analysis that in-
cluded outbreaks with >10 reported cases, represent-
ing 7 outbreaks and a total of 889 exposed persons 
(Table 3). We still found a wide range in attack rates, 
from 6% in Germany in 2016 (22) to 90% in Croatia 
in 2015 (23). The pooled attack rate was 14% (95% CI 
12%−16%) (Figure 2). Heterogeneity was significant 
(I2 = 97.5%, 95% CI 96.3%–98.3%; p<0.01) but again 
yielded inconsistent results and demonstrated I2 is an 
unreliable attack rate estimator.
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Figure 1. Geographic distribution 
of reported foodborne tick-borne 
encephalitis (FB-TBE) cases 
(blue shading), Europe, 1980–
2021. A) The FB-TBE triangle in 
Europe. Russia had 5 cases in 
1991 (not shown). Map  
created by using MapChart 
(https://mapchart.net). B)  
The tick-borne encephalitis belt, 
spanning from western Europe, 
across Russia, China, and 
Mongolia to Japan. Map from the 
Centers for Disease Control and 
Prevention (https://www.cdc.gov/
tick-borne-encephalitis/geographic-
distribution/index.html). 
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For 26 outbreaks, we calculated the rate of FB-TBE 
out of all reported TBE cases in the country each year 
(Table 1; Figure 3). We calculated the median rate of 
FB-TBE only for outbreaks occurring after 2012, when 
TBE became a notifiable disease in the European 
Union (30). The median rate of FB-TBE per TBE cases 
was 6% (IQR 2%–36%).

Discussion
We report 410 cases of FB-TBE, most from a region in 
central and eastern Europe stretching from Croatia in 
the south to Poland and Germany in the north and an 

anecdotal report of 5 cases in Russia (6). This region 
represents an FB-TBE triangle (Figure 1, panel A). 
Most cases were reported during the warmer months 
of April–August and were associated with ingestion 
of unpasteurized dairy products from goats. None of 
the infected patients were vaccinated, except 1 patient 
who had their last TBE vaccination booster >15 years 
before infection. FB-TBE incubation period was short 
(median 3.5 days), and invasive CNS disease was 
common. The clinical attack rate was 14% (95% CI 
12%−16%) for outbreaks with >10 reported cases and 
heterogeneity was significant (I2 = 97.5%).
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Table 2. Neuroinvasive disease reported in cases of foodborne tick-borne encephalitis, Europe, 1980–2021* 

Country (reference) 

No. 
confirmed 

cases 
No. CNS 

invasive disease 
CNS invasive  
disease type Blood serology CSF serology 

Austria (9) 6 4 4 ME cases  Positive IgG and IgM Borderline IgM, positive 
IgG; borderline IgM, 

borderline IgG; positive 
IgM, positive IgG; positive 

IgM, borderline IgG 
Croatia (23) 7 6 proven, 7 

symptomatic 
5 meningitis cases, 1 
ME case; 1 case with 
fever and headache 
but LP not performed 

Positive IgG and IgM 6 patients had CSF 
pleocytosis but negative 

IgG and IgM 

Czech Republic (16) 1 1 ME, myelitis Positive IgM CSF pleocytosis 
Estonia (20) 1 1 ME Positive IgM and IgG Positive serology 
Germany (22) 2 2 ME in both cases Positive IgG and IgM Positive IgG and IgM 
Hungary (10) 25 2 confirmed; 25 

with neurologic 
symptoms but 

LP only 
performed on 3  

 
Positive IgG and IgM Positive IgG in 2 of  

3 CSF samples 

Hungary (19) 7 4 4 confirmed ME cases In all 7 confirmed cases, 
positive IgM in blood or 

CSF 

 

Poland (18) 35 15 
 

Positive IgM and IgG Positive serology for 15 
patients with neuroinfection 

Poland (29) 4 4 4 meningitis cases  2 had elevated IgG and 
IgM. 1 had only elevated 
IgM. The fourth wasn't 

examined 

All 4 had elevated  
IgG and IgM 

Slovakia (15) 2 1 
 

Positive IgM Positive IgM  
43 12 

 
Positive IgM and IgG 12 patients with IgM  

and IgG in CSF 
Slovenia (26) 3 1 2 cases with 

symptoms of ME  
but LP only  

performed on 1  

Positive IgG and IgM CSF pleocytosis 

*CNS, central nervous system; CSF, cerebrospinal fluid; LP, lumbar puncture; ME, meningoencephalitis.  

 

 
Table 3. Attack rates for foodborne tick-borne encephalitis, Europe, 1980–2021 
Country (reference) Year No. persons exposed Clinical attack rate, % Source of dairy products 
Slovakia (5) 1993 7 100 Goat 
Poland (18) 1995 63 76.2 Goat 
Hungary (10) 2007 154 20.1 Goat 
Austria (9) 2008 7 57.1 Goat and cow 
Hungary (19) 2011 103 10.7 Cow 
Slovenia (26) 2012 4 75 Goat 
Croatia (23) 2015 10 90 Goat 
Germany (22) 2016 32 6.3 Goat 
Slovakia (15) 2016 500 8.8 Sheep 
Germany (21) 2017 27 51.9 Goat 
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Although TBE is a mandatory reportable disease 
in Europe (30,31) and cases of TBE are distributed 
along the southern part of the nontropical Eurasian 
Forest belt (Figure 1, panel B), we noted that nearly all 
FB-TBE cases occurred in a region we termed the FB-
TBE triangle (Figure 1, panel A). This phenomenon 
might be explained by different habits of consumption 
of unpasteurized dairy products in different regions, 
but data on the frequency of unpasteurized dairy 
consumption in various parts of Europe is lacking. Of 
note, geographic distribution of brucellosis, a zoono-
sis caused by ingestion of unpasteurized milk, is not 
concordant with distribution of FB-TBE. One expla-
nation for this discrepancy is that brucellosis is trans-
mitted not only by raw dairy consumption but also 
by consuming undercooked meat and by contact with 
body fluids from farm animals. Moreover, brucello-
sis is a preventable disease by national eradication 

programs and vaccination of cattle in areas with high 
prevalence. For example, the Czech Republic has high 
FB-TBE rates but had no reported brucellosis cases 
during 2013–2017 (0.00 cases/100,000 population), ac-
cording to a European Centre for Disease Prevention 
and Control annual report (32), likely resulting from 
a brucellosis eradication program among livestock, 
which was successfully completed in 1964.

TBEV has 3 subtypes: European (TBEV-Eu), Si-
berian (TBEV-Sib), and Far Eastern (TBEV-FE). The 
vector of TBEV-Eu is Ixodes ricinus ticks; I. persulca-
tus ticks are the vectors for the other 2 subtypes (33). 
I. ricinus ticks are seen in most of Europe, and their 
distribution extends to Turkey, northern Iran, and the 
Caucasus in the southeast (34). I. persulcatus ticks are 
found in the belt extending from eastern Europe to 
China and Japan. Both tick species circulate in a re-
stricted area in northeastern Europe; northern areas 
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Figure 2. Analysis of clinical 
attack rate of foodborne  
tick-borne encephalitis, Europe, 
1980–2021. A) Attack rate 
calculated for 10 outbreaks in 
which the number of exposed 
persons was reported. B) 
Attack rate calculated only for 
7 outbreaks with >10 reported 
persons affected. I2, level of 
heterogeneity.
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of the Republic of Karelia in Russia; St. Petersburg, 
Russia; eastern Estonia; and eastern Latvia (35,36). 
Consequently, all 3 TBEV subtypes have been record-
ed in these regions. In all the countries of the FB-TBE 
triangle, the TBEV-Eu subtype dominates, except in 
Estonia. Possible explanations could be underreport-
ing of FB-TBE in the countries where the TBEV-Sib 
and TBEV-FE subtypes dominate due to unaware-
ness of foodborne transmission or different habits of 
raw dairy consumption. Another explanation could 
be different capabilities for the vector or the virus to 
infect livestock or to survive in dairy products.

Recently, an outbreak of encephalitis and menin-
goencephalitis occurred in the Ain department of east-
ern France, where TBEV had not previously been de-
tected (37). Epidemiologic investigation revealed that 
all but 1 of 43 TBE patients with encephalitis, menin-
goencephalitis, or influenza-like symptoms had con-
sumed unpasteurized goat cheese from a single local 
producer. The researchers confirmed the alimentary 
origin of the TBE outbreak, and phylogenetic analy-
ses found that the strain involved, TBEV_Ain_2020, 
belongs to the TBEV-Eu subtype (TBEV-Eu3) and is 
most closely related to TBEV strains recently isolated 
in bordering countries and eastern Europe. This find-
ing emphasizes the role of foodborne transmission in 
TBE, even in areas where TBEV has never been de-
tected. In addition, this finding is compatible with our 
observation of an association between the TBEV-Eu 
subtype and foodborne transmission.

We found that FB-TBE attack rates ranged widely. 
Possible explanations for the wide range could be un-
derdiagnosis, underreporting, variations due to the 
low number of patients involved in some of the re-
ports, and incomplete epidemiologic investigations. 
An alternative explanation might be the variability in 
the viral load in the infected dairy products because 
the exact TBEV dose required for human infection 
via the oral route is unknown and might be differ-
ent from the viral load required for clinical infection 
through tick bites. Outbreaks with low attack rates 
might not have had high portions of milk or cheese 
that contained enough TBEV to cause human infec-
tion. In an analysis of cheese from the manufacturing 
and storage facilities of a dairy farm responsible for 
an outbreak, quantitative reverse transcription PCR 
and isolation results implied that the distribution of 
TBEV loads in infected goat cheese was heterogenous 
(22), which likely contributes to the variability in at-
tack rate we observed.

Although alimentary transmission of TBE is un-
common, this transmission mode has the potential 
to cause outbreaks affecting many persons, making  

FB-TBE a major public health concern. Foodborne 
transmission could easily be eliminated through 
education campaigns that encourage persons to 
consume only pasteurized dairy products and 
through vaccination. Vaccination seems to be ef-
fective in preventing FB-TBE, not only disease 
caused by tick bites. In our cohort, among 120 FB-
TBE patients for whom vaccination status was re-
corded, only 1 was vaccinated but did not receive 
an appropriate booster. Other observations regard-
ing the effectiveness of the vaccine against alimen-
tary transmission were made during a 2017 FB-TBE 
outbreak that included 27 exposed persons (21). 
Among 20 persons for whom medical information 
was available, 13 were infected and reported symp-
tomatic disease. Among 6 exposed persons who 
were vaccinated, only 1 person developed disease, 
but that person was vaccinated >15 years prior to 
exposure. In contrast, among 14 unvaccinated ex-
posed persons, 12 had TBE develop (21). Findings 
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Figure 3. Rates of FB-TBE per country and year from a 
systematic review and meta-analysis, Europe, 1980–2021. Rates 
indicate FB-TBE per all TBE cases reported in the country, per 
year. Data are based on those reported in Table 1. FB-TBE, 
foodborne tick-borne encephalitis; TBE, tick-borne encephalitis.



SYNOPSIS

from that outbreak suggest that vaccination also  
protects against alimentary TBEV transmission.

Most reported FB-TBE cases were documented 
in months that parallel tick season in Europe, even 
though transmission was through ingestion of con-
taminated dairy products. This finding probably im-
plies that the infected livestock are most viremic dur-
ing the peak of tick season.

We found the median incubation time for FB-TBE 
was shorter (median 3.5 days) than that for non–FB-
TBE, which was reported to be 8 days (range 4–28) in 
1 study (1). Another study reported a much longer 
incubation period, median 22 days, in 687 patients 
in Poland (29). We suggest that symptoms compat-
ible with TBE in the context of recent exposure to 
raw dairy products should raise suspicion of FB-TBE, 
especially when symptoms develop in >1 patient ex-
posed to the same source. This finding can assist cli-
nicians and help guide epidemiologic investigation.

Although the transmission mode is different 
and the incubation period is shorter, FB-TBE has 
clinical manifestations similar to those for disease 
transmitted by ticks, and most symptomatic pa-
tients experience biphasic disease, as described 
(1,38). Among patients with CNS involvement, 
most had meningitis or meningoencephalitis, and 
myelitis was a rare manifestation, comparable with 
previous reports of TBE (38).

Typically, TBE is biphasic and 70% of patients 
experience neuroinvasive disease (1,39). We found 
lower rates of invasive disease in FB-TBE; only 39% 
of patients had neuroinvasive disease. Actual rates 
of neuroinvasive disease in TBE are challenging to 
assess because patients with mild symptoms and no 
CNS-specific symptoms are less likely to seek medical 
care; even for patients who do seek care, many will 
have diagnoses of nonspecific viral syndrome. FB-
TBE outbreaks can help determine the actual rate of 
neuroinvasive disease because epidemiologic inves-
tigation of patients exposed to a common source can 
actively locate patients with only mild and nonspe-
cific symptoms.

The first limitation of this study is that, although 
TBE is a reportable disease in many countries in Eu-
rope, many cases are not reported or are misdiagnosed 
by clinicians because most infected persons who ex-
perience clinical disease have only mild nonspecific 
symptoms, which could lead to underestimation of 
the true number of TBE cases. Moreover, ≈30%–50% 
of patients with diagnosed TBE do not recall a tick 
bite, but probably few are asked about consumption 
of unpasteurized dairy products, which could lead 
to underestimation of FB-TBE. Even in cases where 

epidemiologic investigations were conducted, many 
exposed persons might remain unidentified and un-
tested for the reasons we mentioned, making the true 
attack rate higher than calculated here. Assessment 
of the attack rate was also limited by high variability 
between studies. Finally, we included only published 
articles and not reports from ProMED (https://
promedmail.org) or other sources, and we almost cer-
tainly missed some FB-TBE cases.

In conclusion, FB-TBE in Europe is reported most-
ly in a well-defined geographic region during tick 
season, with a few reports from Russia and recently 
in France. We found a variable FB-TBE attack rate, 
which might be the result of many factors, including 
variability in the viral load in the infected dairy prod-
ucts, compatible with a previous report (22). Clinical 
features of FB-TBE are similar to those reported for 
TBE acquired through tick bites, and CNS-specific 
symptoms develop in nearly 40% of infected persons. 
Vaccination seems to be effective in preventing FB-
TBE. Our findings could help raise awareness of FB-
TBE among epidemiologists, clinicians, public health 
officials, and the public in endemic areas. Vaccination 
programs and public awareness campaigns could 
greatly reduce the number of patients affected by this 
potentially severe CNS infection.
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