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In October 2011, a cluster of four tick-borne encephali-
tis (TBE) cases was identified in Hungary. Initial inves-
tigations revealed a possible link with consumption
of unpasteurised cow milk sold by a farmer without
authorisation. We performed a cohort study including
all regular customers of the farmer. Overall, eleven
cases (seven confirmed and four suspected) were
identified. Customers who had consumed the farmer’s
unpasteurised cow milk had more than a two-fold
increased risk for being a TBE case, although not at
statistically significant level.

Introduction

On 14 October 2011, the Department of Infectious
Disease Epidemiology at the National Center of
Epidemiology (NCE) in Budapest was alerted about a
cluster of four hospitalised tick-borne encephalitis
(TBE) cases that had occurred between 19 September
and 1 October 2011, in the area surrounding K, a small
town in western Hungary close to the Austrian border.
All four patients had already been interviewed by local
public health authorities when NCE was alerted: none
of them could remember having recently been bitten
by a tick, but all of them referred to having consumed
unpasteurised cow milk during the incubation period,
which had been purchased from a farmer who has ten
dairy cows producing about 70 litres milk per day. The
milk of this farmer was sold without being pasteurised
and without authorisation, to regular customers from
approximately 4o families residing in four villages in
the countryside surrounding K. The farmer was forbid-
den to sell milk on 14 October 2011. On 18 October two
epidemiologists from NCE went to K to help local public
health staff with the epidemiological investigation.

The tick-borne encephalitis virus (TBEV) is an RNA virus

belonging to the genus Flavivirus, family Flaviviridae.
Three subtypes are described: European (the most
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common subtype in Europe), Siberian and Far Eastern.
TBEV is transmitted by ticks, Ixodes ricinus being the
most common vector in central Europe [1]. The virus
can be transmitted by bites of infective ticks or, less
frequently (but more successfully and with a shorter
incubation period [2]), by consumption of unpasteur-
ised milk from infected animals. Approximately two
thirds of human TBE virus infections are asymptomatic.
In clinical cases, TBE often has a biphasic course: after
an incubation period of 7-14 days, infected people
develop aspecific symptoms lasting approximately
one week (first phase), followed, after a few days, by
neurological symptoms (second phase) in approxi-
mately one third of those who experience first-phase
symptoms [3]. The case fatality ratio is around 1-3%
for the European and Siberian subtypes and 20% for
the Far Eastern subtype [1]. Vaccine for the prevention
of TBE is available. In Hungary, groups at risk such as
forest workers, geologists and laboratory workers are
advised to get vaccinated [4].

Two surveys were conducted in 2008 and 2011 respec-
tively to collect information on incidence of TBE in the
sixteen European countries where TBE is a notifiable
disease [5,6]. Overall, 17,818 cases were reported from
2007 to 2009, 53% coming from Russia. The highest
annual incidence rates (>10/100,000 population) were
observed in Baltic countries and Slovenia. A few TBE
outbreaks caused by consumption of non-pasteurised
goat and sheep milk and goat cheese were previously
reported from central and northern Europe, including

Hungary [7-13].

In Hungary, TBE is notifiable by law since 1977. Overall,
686 cases of TBE were reported from 2001 to 2010.
According to NCE data, annual incidence rates were
between 0.5-0.8/100,000 inhabitants from 2001 to
2010. Males represented 70% of reported cases, and



the age group with the highest number of reported
cases was the 40-49 year old for both sexes.

The highest TBE incidence rates were observed in the
West Transdanubian region of the country (Figure),
where the present outbreak took place. Usually, in-
depth individual epidemiological investigations are
performed only when a cluster of TBE cases in time
and space is detected. In the last decade, two TBE
outbreaks related to raw goat milk consumption were
reported in 2007 and 2008, with respectively 25 and
two individuals affected [7,14].

We aimed at investigating whether consumption of
unpasteurised cow milk from the suspected farmer
was associated with being a case.

Methods
Considering that the first case was observed on
11 September 2011, that the selling of milk was

FIGURE

discontinued on 14 October 2011, and that the incu-
bation period of TBE is usually 7-14 days, the study
period extended from 28 August to 28 October 2011.
All the members of the families who bought milk from
the suspected farmer during the study period were
considered as a cohort.

On 17 and 18 October face-to-face interviews were
conducted at the houses of all families, using a stand-
ardised questionnaire. Information was obtained on
demographics (age and sex), symptoms of TBE (first
and second phase) during the study period, date of
onset and duration of symptoms, outcome of the dis-
ease, tick bites during the study period, vaccination
status against TBE, weekly quantity of milk bought
during the study period, and type (raw, heat-treated or
both) of cow milk consumed.

The anti-TBEV serology tests were performed by indi-
rect immunofluorescence assay for TBE virus-specific

Empirical Bayesian smoothed indirect standardised incidence ratios of tick-borne encephalitis, by municipality, Hungary,
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A green dot indicates the TBE outbreak area reported in this study, which is related to the consumption of unpasteurised cow milk. A brown
and a blue dot indicate respective locations of previous TBE outbreaks, which were related to consumption of raw goat milk.

Reproduced with permission from Zoldi V, National Center for Epidemiology, Hungary. [Z6ldi V, Juhdsz A, Nagy C, Szilagyi A, Paldy A. Tick-
borne encephalitis and Lyme borreliosis in Hungary — The epidemiological situation between 1998 and 2008. ESCAIDE, Poster Session,

Lisbon, 11-13 November 2010.]*
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IgM and IgG. Paired blood samples and/or cerebro-
spinal fluid (CSF) of patients with TBE clinical criteria
were tested. Paired samples were tested in parallel on
the same antigen slide. Specific slides with the first
Hungarian TBEV isolate strain “Kem I” [15,16] infected
VERO cells were prepared in house. A twofold dilution
series was made of each serum sample with phosphate
buffered saline (PBS) starting at 1:10 and was titrated
to determine the antibody titre end points. CSF sam-
ples were tested without dilution. The testing protocol
was as described earlier [7].

Criteria for laboratory diagnosis of TBE were the pres-
ence of TBE virus-specific immunoglobulin M (IgM) in
CSF or in blood. TBE clinical criteria were defined as
subfebrility (37.0-38.0 °C)/fever (»38.0 °C) and malaise/
headache/dizziness, or encephalitis. Clinical samples
for serology at NCE were obtained from patients who
met at least one of the TBE clinical criteria and gave
consent.

A confirmed case was a cohort member with disease
onset between 28 August and 28 October 2011 includ-
ing at least one TBE clinical criterion and one of the
laboratory criteria. A suspected case was a cohort
member with disease onset between 28 August and
28 October 2011 including at least one TBE clinical cri-
terion and for whom a clinical sample for laboratory
analysis was not available.

Exposure was defined as consumption of milk (only
raw, only heat-treated, both raw and heat-treated) pur-
chased from the suspected farmer during the study
period.

Risk ratios (RRs) and risk differences (RDs) and their
respective 95% confidence intervals (95%Cl) were cal-
culated to compare attack rate among consumers and
non-consumers of milk (@any milk or raw milk only) so as
to investigate the possible association between con-
sumption of unpasteurised cow milk and being a case.

TABLE

Blood samples were taken from each of the farmer’s 10
lactating cows on 17 October but proved to be not suit-
able for analysis. Milk samples were therefore taken
from all 10 cows on 2 November 2011 and tested by
polymerase chain reaction (PCR) for the TBE virus.

Results

The farmer declared to provide 41 families (112 people)
with milk. One person did not wish to participate in
the investigation, two people could not be contacted,
and one person stated not having bought milk from the
farmer in question. We also excluded from the cohort
five people who were partly or fully vaccinated against
TBE. Finally, 103 people (52 females, median age 46
years, range 1—-96) from 36 families were included in
the cohort.

Overall, eleven cases (seven females, median age 44
years, range 1-85) of TBE were reported (seven con-
firmed, including the four cases initially reported, and
four suspected). One of the suspected cases, who was
included in the cohort, had been hospitalised with clin-
ical symptoms on TBE prior to NCE being alerted of the
TBE cluster. This person had eventually died without
having been tested for TBE virus. Of all cases (n=11),
only the four initially reported cases suffered from
encephalitis. The seven confirmed (altogether 11) TBE
cases clustered in six (altogether seven) of the 36 fami-
lies in the cohort.

The table shows results of the analysis. No confirmed
cases and only one suspected case were observed
among those who did not drink any milk, the risk dif-
ference being significantly higher than the null value
for confirmed cases. Those who reported any/raw milk
consumption from the suspected farmer had more than
twice the risk of developing the disease compared to
those who reported not having drunk any/raw milk,
although statistical significance was not reached.

Milk samples taken from the cows tested negative for
the TBE virus.

Attack rates among tick-borne encephalitis cases by exposure to unpasteurised cow milk, risk ratios and differences,

Hungary, September—October 2011
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for cases
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rate

Cases .
cases

Unexposed
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cases?

Risk difference
(95% Confidence
Interval)

Risk ratio
(95% Confidence
Interval)

Percentage of
cases explained
by exposure

Attack
rate

Confirmed (N=7) | Any milk® 7 78 8% ¢} 18 0% - 8.2% (2.4 to 14.1) 100%
Confirmed and . o o o (. o
suspected (N=11) Any milk 10 75 12% 1 17 6% | 2.12 (0.29 t0 15.52) | 6.2% (-6.3 t0 18.8) 91%
Confirmed (N=7) | Raw milk 5 47 10% 2 49 4% | 2.45(0.49 to 12.07) | 5.7% (-3.9 t0 15.3) 71%
Confirmed and . o o o (. o
suspected (N=11) Raw milk 8 44 15% 3 48 6% 2.62 (0.73t09.31) | 9.5% (-2.2 to 21.2) 73%

2 The number of non-cases is obtained by subtracting the number of cases (N), as defined in the column “inclusion criteria for cases”
from the total number of people in the cohort (n=103) and then subsequently considering how many are in either exposed or unexposed
categories. When only confirmed cases are considered as cases, the rest of the cohort, including suspected cases, constitutes non-cases.

> Any milk includes raw milk and raw milk that has been heat-treated but not pasteurised.
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Discussion

To our knowledge, this is the first report of a TBE out-
break supposedly transmitted by unpasteurised cow
milk in the European Union (EU). Other reports were
published about TBE outbreaks in the EU transmitted
by goat [7-11,13] and sheep [12] milk. A TBE outbreak
transmitted by cow milk [17] was previously described
in eastern Russia (close to the border with North Korea)
where the Siberian and Far Eastern subtypes of TBE
virus are more common than the European subtype.

Our investigation presents some methodological limi-
tations. First, the statistical power of our investigation
was rather low (less than 0.30), despite that all but
three members of the cohort were interviewed. Second,
only symptomatic cohort members were tested, while it
is known that two thirds of people infected with TBE
are completely asymptomatic: some misclassification
of case-status is therefore very likely to have occurred.
If we assumed that the number of infected cases would
be three times the number of symptomatic cases, and
re-calculated RRs according to this assumption, the
point estimates would not change but RRs for con-
suming raw milk would reach statistical significance:
RR:2.45 (1.03-5.82) for confirmed cases and RR:2.62
(1.35-5.07) for confirmed and suspected cases.

Misclassification of exposure may also have occurred
concerning heat-treatment of milk. If we assume that
cases and non-cases were comparably unaware of cor-
rect procedures for boiling milk [18], the misclassifica-
tion of exposure would be non-differential, and the RR
reported would be biased towards one. If, however,
the non-cases were more likely to report that they had
boiled the milk when the boiling was not effective, this
misclassification would be differential, and the RR cal-
culated would be overestimated.

Milk samples taken from the cows tested negative for
TBEV. This is not fully surprising considering that the
milk samples were taken on 2 November, i.e. 15 days
after the last (suspected) case was observed. Balogh
et al [19] showed that experimentally infected goats
can shed TBEV in milk for more than twenty days after
infection, but no data exist about persistence of TBEV
in milk of infected cows.

The potential for the spreading of infectious diseases
by drinking unpasteurised cow milk is well known.
Concerning TBE, the proportion of cases infected via
unpasteurised milk has been estimated to be 0.9%
in Czech Republic from 1997 to 2008 [9] and 9% in
Slovakia [20]. Cisak et al found that more than 20%
of goat and sheep milk samples and 11% of cow milk
samples tested positive for TBEV in a survey in east-
ern Poland [21], an area with high incidence of TBE.
Considering that cow milk is far more frequently con-
sumed than goat and sheep milk, and that the habit of
buying milk from small farmers (that may not fulfil all
requirements for milk safety) is not rare, especially in

the countryside, implication of consuming unpasteur-
ised cow milk as cause of TBE outbreaks should not be
overlooked.

TBE transmitted by unpasteurised milk could be effec-
tively prevented by vaccinating people and/or dairy
animals [19]; although it is not clear yet how long the
immunity against TBEV persists in animals. However,
many other infective agents (Mycobacterium bovis,
Brucella spp., Campylobacter spp., Streptococcus spp.,
etc) may be transmitted by milk for which a vaccine
is not available [1]. Therefore, public health services
should primarily focus their efforts towards prohibiting
the sale of milk by farmers without authorisation and
informing the public about the risks associated with
consumption of unpasteurised milk and the beneficial
effects of boiling such milk before drinking or process-
ing it.
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