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TBE in special situations

Gerhard Dobler and Igor Stoma

Key Points

e TBE often takes a severe clinical course in immuno-suppressed patients.

e In transplant patients TBE usually takes a fatal course.

e TBE vaccination in immuno-suppressed patients can be non-effective.

e TBE in pregnancy has rarely been reported; from recent cases there is no evidence of transplacental infection of the

offspring.

e The alimentary route of infection of TBE is still common in some European countries resulting in a high clinical

manifestation index.

e TBEV can be infectious in milk and milk products for up to 14 days under optimal environmental conditions.

e TBE is an important travel-related disease. Increasing numbers of non-endemic countries report imported cases.

e Imported TBE cases in non-endemic areas pose challenges regarding the diagnosis of TBE.

TBE in immuno-suppressed patients

Changes in modern treatment regimens in hematology,
oncology and autoimmune diseases significantly improved
both quality of life as well as survival rates for numerous
diseases. Modern approaches including hematopoietic stem
cell transplantation (HSCT), solid organ transplantation,
mono-clonal antibodies and target therapy are becoming
more accessible, and thus the number of people living with
immune-suppression continues to grow. It is well
documented that there is a higher risk for this population
for (severe) infections and this includes infections with the
TBEV.

Currently, there are only few published cases of TBE in
immunocompromised hosts, how-ever, these show
common patterns. Two fatal cases of patients treated with
the anti-CD20 monoclonal antibody rituximab have been
reported. The disease course in both cases was extremely
fulminant with severe neurological symptoms and damage,
and in both cases delayed antibody formation was
observed." Two additional cases of rituximab-treated
patients developing severe TBE were published by
Steininger et al., indicating that TBE is a previously
unrecognized severe infectious complication of rituximab
therapy.2 In a recent case (Dobler, personal observation), a
22-year-old male patient suffering from non-Hodgkin
lymphoma treated with rituximab developed clinically
severe TBE one year after the end of a successful therapy.
According to the treating physician the clinical course was
life-threatening with fever and severe encephalitis. Finally,
the patient survived with several months of convalescence
and persistent neurological sequelae.

Expectedly, the inability to generate an antibody response
renders rituximab-treated patients susceptible to TBE and it
also impedes laboratory diagnosis. It is reported that in
patients under rituximab therapy the antibody response is
deficient for up to 6 months, making vaccination of these
patients a challenge. The above case of a young patient who
developed life-threatening TBE one year after rituximab
medication was stopped shows that rituximab-induced B-
cell response/antibody-deficiency may even last up to one
year. Therefore, with patients receiving rituximab,
information should be stressed on the importance of
protecting themselves from tick bites and unpasteurized
milk. There are no general recommendations to vaccinate
patients against TBE before rituximab therapy. To obtain a
good level of protection, repeated vaccine doses over time
are needed, and this may not be possible in patients with an
acute diagnosis of cancer. An accelerated schedule, with
three doses on days 0, 7 and 21, has been used in some
centers for patients with rheumatic diseases before
initiating rituximab and can be recommended if the clinical
situation permits.2 Still, the resulting protection rate
remains unknown.

In a recent report an immunosuppressed patient in Italy had
persistent viremia associated to the erythrocyte fraction of
the blood as well as shedding of the virus in the urine for
more than six weeks, while receiving chemotherapy for
relapsing blastic plasmacytoid dendritic cell neoplasm.’
Another dramatic case of TBE in a 12-year-old patient was
published by Chmelik et al., where the immunosuppressive
treatment regimen including dexamethasone and etoposide
resulted in viral replication and fatal outcome.” It has also
been reported that thymectomized patients showed a
delayed humoral immune response to TBE virus.’
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Table 1: Compilation of three patients with TBE after solid organ transplantation

. Immuno-
Patient .
No. Organ suppressive treat-
ment
1 liver steroids, tacrolimus
steroids, tacrolimus,
2 kidney mycophenolate mo-
fetil

steroids, tacrolimus,
3 kidney mycophenolate mo-

fetil

Lipowski et al. recently described three patients who had
received solid organ transplants from a single (undiagnosed
viremic) donor (2 received a kidney, and 1 received a liver)
and all organ recipients developed TBE-encephalitis 17-49
days after transplantation with fatal outcomes.® The
incubation period ranged from 17 to 51 days and thus was
longer than what is seen in natural infections. The
difference of 27 days between the two recipients of kidneys
might result from the amount of virus in the respective
donor organ. The presence of TBE virus was confirmed by
real time PCR in all recipients and their donors, and direct
sequencing of amplification products showed the presence
of the same viral strain.

All three patients died. It remains unclear whether the
differences in the clinical courses in the three patients were
due to the non-natural transmission, the immune-
suppression or both. Only one of the three patients showed
the typical features of TBE in the cerebrospinal fluid,
pleocytosis and increased protein concentration.

In another case (Dobler, personal observation), a 55-year-
old male patient with a complete primary 3 dose
vaccination against TBE several followed by one booster
dose several years before a liver transplantation, but was
not boosted for 7 years, developed a fatal form of TBE
presenting with fever, encephalitis and tetraplegia. No
information on the incubation period or on the
immunosuppressive therapy was available. The patient died
after 5 days of mechanical ventilation with severe
symptoms of encephalomyelitis. A tick in his garden, which
adjoined a known natural TBEV focus, had infected the
patient. This case gives evidence that the “natural route” of
TBE-infection may result in severe and fatal disease in
transplant recipients.

In a published study including 31 heart-transplant
recipients, seroconversion rates and post-vaccination
antibody titers were markedly reduced in comparison to the
control group, and these findings served as evidence for
recommending other protective measures against TBE virus

17 days

22 days

49 days

m

fever, meningitis,

encephalitis, tetra- 69 days fatal
plegia
fever, meningitis,
encephalitis, brain 36 days fatal
bleeding
fever, meningitis, 83 days fatal

encephalitis

infection (clothing, avoiding high-risk areas for travel) in
these patients.” This study also reported the safety of TBE-
vaccination in the above-mentioned cohort of immune-
suppressed patients.

In summary, based on clinical cases published, TBE appears
to be more severe in immunocompromised patients with
prolonged viral shedding and a higher risk for a fatal
outcome, while standard vaccination and vaccination
schedules appear to be less effective.

Vaccination against TBE for HSCT patients at risk, i.e. those
living in or travelling to endemic areas, can be performed
starting at 6—12 months after transplantation; however, due
to the lack of data this cannot be recommended as a
routine procedure.® The assessment of the immunogenicity
of TBE-vaccine in patients with rheumatoid arthritis treated
with tumor necrosis factor-inhibitors (TNFi) and/or
methotrexate (MTX) was recently carried out by Hertzell et
al. In this study, individuals < 60 years of age were given
three doses of vaccine at month 0, 1, 12; individuals > 60
years old received an additional priming dose at month 3,
i.e. a total of four doses, while TBE neutralizing antibodies
were assessed by a rapid fluorescent focus inhibition test.
The results reveal an insufficient antibody response one
month after a complete schedule of three or four doses,
compared to healthy age- and gender-matched controls.’

In another study 29 HIV-infected patients were vaccinated
against TBE. The vaccination schedule was modified by the
inclusion of a fourth dose according to the schedule 0-1-2-9
months.* The immune response depended on the CD4
counts of the vaccinees at the time of vaccination. With this
schedule 85% of the vaccinated persons achieved protective
antibody titers. The titers persisted at least for one year
after the third vaccine dose.

In summary, based on a few published clinical cases, there
are individual reports of patients with severe immuno-
suppression (solid organ transplantation) who developed
TBE via the infected organ or by tick bite. All known TBE
cases in transplant patients showed a fatal course.



The incubation period in organ-transplant patients was
longer than reported in tick-infected TBE patients with no
underlying disease. The ICH does not show the typical
findings of TBE-infection in cerebrospinal fluid. In one
patient with immuno-suppressive treatment for non-
Hodgkin lymphoma about 1 year earlier, a life-threatening
form of severe TBE was observed. It is, however, unclear
whether the immuno-suppression was the reason for the
severe form.

Therefore, in immunosuppressed patients with a risk of TBE
infection the immunogenicity of TBE vaccination should be
tested by neutralization test. Vaccinated ICH-patients who
had received 3 primary TBE vaccine doses before
immunosuppressive therapy was started and with
continuing risk of TBE infection should be tested after the
immuno-suppression was stopped and they should be re-
vaccinated in case no neutralizing antibodies are detected.

TBE in pregnancy

Pregnancy is another situation with (physiological)
immunosuppression (for review see Koutis et al., 2014%%)
and it may also result in more severe forms of TBE.
Although TBE is endemic throughout most of Europe and
Asia with high incidence rates in some regions, there are
only few data on TBE during pregnancy and its effect on the
human offspring. The only available reference is one report
on the occurrence of three TBE cases during pregnancy in
the former German Democratic Republic.’® Three pregnant
females developed TBE after drinking contaminated milk
and developed a clinically overt TBE.

Two of the three cases described developed TBE during the
early phase of pregnancy (week 8 to 10 of gestation). The
third woman showed first clinical signs of TBE in week 24 of
gestation. Diagnosis at that time was confirmed using a
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neutralization test; however, no detailed information on the
diagnostic confirmation (e.g. fourfold titer increase etc.) is
given. Two of the three females showed a severe form of
TBE (myelitis, encephalomyelitis). One pregnant female
showed only a febrile course of the disease. All three
women survived without neurological sequelae. The
outcome in the offspring of the two pregnant females with
TBE early during pregnancy was unfortunate (see Table 2).
No serological information is provided from any of the three
neonates.

In a few more cases described in the Czech Republic and in
Austria in the 1950s and early 1960s no specific serological
TBE diagnosis could be made, but the diagnosis was made
on the basis of clinical symptoms and the epidemiological
situation.** However, in all cases the newborns showed
neither any signs of infection nor did they develop any
clinically overt neurological acute or persistent symptoms.

In 2018 two additional cases of TBE during pregnancy were
brought to the attention of the author of this chapter
(manuscript in preparation). One woman was in week 20 of
gestation when she developed a very severe form of TBE
requiring mechanical ventilation for several days. She gave
birth to a healthy child. Serological testing at the time of
birth and 3 and 6 months later as well as virologic testing of
mother and baby showed that antibodies of the mother
were diaplacentally transferred to the baby and could be
detected at birth; however, the infant never developed IgM
as evidence of active infection and IgG antibodies
significantly decreased during the first months of life.

In the case of a twin pregnancy in Sweden reported in 2018
(manuscript in preparation) the mother developed severe
clinical TBE (encephalitis). Symptoms started in week 30 of
gestation. The mother gave birth to twins at term. Both
infants did not show any serological evidence or signs of
active TBE infection.

Table 2: Summary of three TBE cases during pregnancy during a milk-borne outbreak of TBE in the

former German Democratic Republic in 1961

Neutralization

Outcome of newborn

test

Clinical course of Outcome of Age of
mother mother gestation

fever healthy week 8

myelitis healthy week 10

meningoencephalomyelitis healthy week 24

pre-term (gestational week not provided)

positive with intracranial bleeding
ositive birth at week 40 of gestation with intra-

P cranial bleeding

positive birth at week 40 of a healthy newborn



In conclusion there are few reports on TBE in pregnancy.
The two cases of TBE in the late second trimester from 2018
show that a diaplacental infection could not be detected.

This observation is confirmed by a case early in the 1960s
where the infection in week 24 of gestation resulted in a
healthy child with no evidence of TBE or any neurological
symptoms.

There are two early reports from an outbreak in 1961
where two pregnant females were infected early during the
1st trimester. Both gave birth to children (one of them pre-
term) with brain bleeding. The infection in these cases was
via contaminated milk, however, which might modulate the
clinical course of TBE. Further-more, it is unclear whether
the neurological symptoms resulted from TBE infection or
from possible other causes.

Some other less well-documented TBE cases during
pregnancy resulted in healthy neonates with no evidence of
infection or neurological symptoms.

These cases also show that pregnancy may be associated
with a more severe course of TBE, which may result from
the immunological situation during pregnancy, where there
is a kind of physiological immunosuppression.

Alimentary TBE

It has been known for a long time that TBE can be
transmitted by contaminated milk. In fact, the first larger
outbreak of TBE (in 1953) in Europe was milk-borne,
described in Roznov, Czech Republic with more than 600
human cases.™ At that time TBEV-transmission by milk was
more important than transmission by ticks and TBE was
named “Biphasic milk fever”. With increasing industrializa-
tion in milk production and dairy production the alimentary

Chapter 7: TBE in special situations

route of infection of TBE was more and more forgotten in
industrialized European countries.

However, in the more agriculturally-based countries of
eastern Europe this means of transmission was still present,
although only a small proportion of patients became
infected this way. During the last few decades there has
been an increasing trend back to “natural production
methods” of foods. With this tendency, milk-borne TBE
outbreaks now are reported even from industrialized
countries like Austria and Germany.'? However, there have
been numerous milk-borne outbreaks in different European
countries during the last decades.”® In Slovakia it is
estimated that up to 20% of all TBE cases are transmitted by
the alimentary route.™ In many of the milk-borne outbreaks
it was reported that the manifestation index of clinical
disease by the oral route was almost 100%. Experimentally,
it was already shown in the 1960s that ruminants actively
discharged TBEV in their milk when infected with the TBEV.
There is a delay between the occurrence of viremia (first)
and the shedding of TBEV to the milk (second).

In experimentally-infected goats the concentration of shed
TBEV is higher than the concentration of the virus during
viremia in the animal, which implies an active replication
and shedding of TBE virus in the mammary glands.™ Goats
discharge the highest amount of TBEV, followed by sheep
and then cows.’®" Nevertheless, single cases and small
outbreaks caused by cow milk have been observed.*®

So far, it is unclear whether the milk of a breast-feeding
woman can also transmit the TBEV to the infant. There is
one such case, where there is a high suspicion that milk of
the mother might have infected the infant': the infant
developed TBE on the 10th day of life. Two days later the
mother also suffered from TBE. The infant had only been
fed with the milk of the mother. Although it is possible in
principle that the child had been infected transplacentally,

Figure 1: TBEV titers in milk and blood in a goat after subcutaneous experimental infection
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the course of the disease more likely suggests a milk-
transmitted infection with a short incubation period, while
the mother had been infected by a tick bite. Therefore,
breast-feeding females should be cautious when being
exposed to ticks in TBE-endemic regions.

There is evidence that TBEV is stable in milk and cheese for
up to 14 days, depending on environmental conditions.?®*!
At 4°C TBEV might remain viable up to 14 days, while at
room temperature virus titers decrease after some days.”
There is evidence that the adsorption of TBEV in the human
gut takes place in the duodenum,®* and moreover, TBEV
seems to be protected by milk proteins during the stomach
passage with its acid conditions, finally infecting duodenal
cells.
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TBE as travel risk

TBE is endemic in some of the most popular holiday
destinations in Europe. In six of the 10 most visited
countries TBE is endemic at least in some areas (Fig. 2),
including Austria and Scandinavia. In Germany about 2 to
6% of the annual TBE cases are acquired abroad (Robert
Koch Institut Jahrbuch 2006 - 2017) (Fig. 3). Countries
where Germans acquire TBE outside their own territory are
ranked by frequency in Fig. 4.

According to Siiss”” the risk of infection with TBE after a tick
bite in endemic areas varies according to the respective
human activity from 1:200 to < 1:1000. Estimating the
number of reported TBE cases proportional to the number

Figure 2: Travel targets/100 travelers in German travelers for 2017
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Figure 3: Percentage of travel-associated TBE cases in German patients
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Figure 4: Origin of travel-imported TBE cases in
German patients
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(according to the Epidemiologische Bulletin 2007 to 2017; RKI)

of visitors to TBE endemic areas in Europe, there is an
estimated risk of infection of 1:77,000 to 1:200,000 travels
in TBE endemic areas.”® In an Austrian study the risk of TBE
infection was calculated at 1:10,000 for a four week stay in
Austria.”® The risk depends on the time of travel (e.g.
summer vs. winter), the duration of the travel and the risk
activities during traveling.”* The real number of travel-
associated TBE infections is underreported for many
different reasons, most importantly lack of awareness and
under-diagnosing in non-endemic areas.””

Travel-related cases in non-endemic countries have been
reported during recent years from lIsrael, the Netherlands,
Australia, United States and England. The Australian patient
travelled by car from Moscow to Novosibirsk with ample
opportunities for exposure in nature although it was
unclear whether he was infected by a tick bite or by the
alimentary route. He developed a generalized infection with
drowsiness, fatigue and lower limb myalgia.27 Two Germans
from Baden-Wirttemberg, father and son, acquired their
TBE infections during a travel rest by drinking goat milk and
eating goat cheese in Zwiefalten, southwestern Germany.™
The infection of the son was diagnosed several days later
when back again in London, UK, where he was employed.
The infection of the father was only diagnosed in Germany
after the diagnosis of the son was available. French
physicians reported a number of TBE cases acquired outside
of the country, mainly on the other side of the Rhine River
in the Black Forest in Germany. Single travel-related TBE
cases have also been reported from Austria, Russia, Czech
Republic and Sweden.?®

While recently the first autochthonous TBE cases were
reported from the Netherlands,” the greater proportion of
TBE cases diagnosed in the Netherlands are still imported
cases in travellers. TBE infections are imported to the
Netherlands mainly from Germany and from Austria.’**!
In2019 the first autochthonous cases of TBE in the United
Kingdom were reported in travelers coming back from the
UK to Germany.36

These examples show the importance of endemic holiday
areas for the importation of TBE into non-endemic areas
and the importance of the travel history in patients with
encephalitis in order not to miss TBE in patients with CNS-
infection.

Contact: gerharddobler@bundeswehr.org
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