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a b s t r a c t
Information is scarce regarding the antibody response when TBE-vaccine booster doses are delayed,
which is a common situation in daily life. We have investigated the immune response after a delayed
booster dose compared to a normal booster interval in an every-day setting. Overall, 250/260 (96%) of
the study participants had neutralizing antibodies post-booster, with no signiﬁcant difference between
normal and delayed booster intervals. Based on our ﬁndings we propose that healthy individuals who
have failed adherence to the recommended schedule of TBE-vaccination can be given a delayed dose
without concern of immunogenicity.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

2. Materials and methods

Tick-borne encephalitis (TBE) is a notiﬁable disease according to
the Swedish Communicable Diseases Act. In recent years, a rising
number of TBE-cases have been reported to the Swedish Institute of Communicable Disease Control. This includes cases from
areas in Sweden where TBE has previously not been seen [1] and
has occurred despite an increasing number of distributed doses
for vaccination in exposed areas. Cases have also recently been
reported in patients with documented TBE-vaccinations according to the recommended schedule [2]. The information regarding
the immunogenicity of delayed TBE-vaccine booster is scarce,
although these delays constitute a common situation in daily life.
We have investigated the immune response after a delayed booster
dose compared to a normal booster interval in an every-day setting. Our aim was to evaluate further recommendations regarding
TBE-booster to those individuals who have not been vaccinated
according to the recommended schedule.

2.1. Study population and design
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We conducted an open, uncontrolled, open-label, single
centre study. The study population consisted of previously TBEimmunized (FSME-Immune® or Encepur® ) healthy adults (>18
years), who consecutively and by their own initiative attended a
vaccination clinic for a booster with TBE-vaccine during 2007–2009
in Stockholm, Sweden. The vaccine used was FSME-Immune®
0.5 ml, given intramuscularly in the deltoid region. All subjects gave
informed consent and had documented TBE-immunisations with
at least one dose. Study performance was in accordance with the
International Conference on Harmonisation-Good Clinical Practice
(ICH-GCP) guidelines as well as local regulatory requirements and
was approved by the regional ethics committee in Stockholm.
2.2. Deﬁnitions of intervals between doses
A normal interval (N) to a booster dose was deﬁned as 3 years
after 3 doses within 1 year (0, 1, 5–12 months) and subsequent
doses every 5 years. A delayed interval (D) to a booster dose was
deﬁned as >1 to <2 year after one or two doses, >3 to <10 years
after three doses or >6 to <10 years after ≥4 doses. A very delayed
interval (VD) to a booster dose was deﬁned as >2 years after one or
two doses and ≥10 years after ≥3 doses.
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Table 1
Number of individuals with neutralizing antibodies ≥5 ED50 after a booster dose, in relation to the number of previous doses, age at ﬁrst dose and interval since last dose,
n = 260. For deﬁnitions of intervals see Section 2.2.
Previous doses/interval

Normal interval (N), n = 132

Age at ﬁrst dose

<50 years n = 88

≥50 years n = 44

Delayed interval (D), n = 74
<50 years n = 38

≥50 years n = 36

<50 years n = 43

≥50 years n = 11

1 dose
2 doses
3 doses
≥ 4 doses

NA
NA
21/24
63/64

NA
NA
24/24
19/20

3/4
3/3
20/20
11/11

1/1
1/1
26/27
7/7

6/7
25/25
9/9
2/2

NA
3/5
6/6
NA

2.3. Sample analysis
Blood-samples were drawn immediately before and 1–3 months
after booster vaccination. Tick-borne encephalitis neutralizing
antibodies were assessed by a rapid ﬂuorescent focus inhibition
test, essentially as previously described with minor modiﬁcations
[3]. Sera were analyzed at two dilutions (1:5 and 1:20). ED50 (50%
effective dose) values were calculated. Reciprocal titres of ≥5 were
considered positive.

Very delayed interval (VD), n = 54

and delayed (D) or very delayed (VD) booster interval (n = 128).
In the group with two previous doses of TBE-vaccine, 4/4 with
delayed intervals (D) and 28/30 with very delayed intervals (VD)
were positive for neutralizing antibodies post booster dose. The
corresponding numbers after three doses were 45/48 (N), 46/47
(D) and 15/15 (VD), respectively. After at least 4 doses, ED50 titres
≥5 were present in 82/84 (N), 18/18 (D) and 2/2 (VD). Considering
the waning immune response above the age of 50, the study population was divided into two groups with respect to that age and the
ﬁrst dose of TBE-vaccine. The results are shown in Tables 1 and 2.

2.4. Safety
3.3. Pre- and post booster neutralizing antibodies
All participants were asked to report any kind of adverse event
possibly related to the TBE-vaccination. This was done on a separate form which was distributed to the participant at the time
of vaccination and returned at the time of the second bloodsample.
3. Results

In the group of participants with ≥3 previous TBE-vaccine doses,
we analyzed the pre- and post-booster levels of neutralizing antibodies. The results showed that the pre-booster level was ≥5 ED50
in more than 80% of the participants when ≥4 doses had been given,
irrespective of the interval between doses, compared to 46% (N) and
57% (VD), respectively, when only three doses had been given. This
is graphically illustrated in Figs. 1 and 2.

3.1. Demographics
3.4. Study participants with one previous dose only
We included 313 individuals of which 53 were lost at followup with the second blood-sample 1–3 months after vaccination.
The remaining study population consisted of 260 patients with
a median age of 54 years (range 18–80) whereof 105 (40%)
were males. With respect to the number of previous TBE-vaccine
doses, the study participants were distributed as follows: one
dose n = 12, two doses n = 34, three doses n = 110 and ≥4 doses
n = 104.

Twelve individuals (8 males) had only one documented dose of
TBE-vaccine. The time since this dose ranged from 1 to 11 years.
Ten individuals had a pre-booster level of neutralizing antibodies
below detection level, but only 2/12 did not respond adequately
after the booster dose. The two non-responders were both young
males and the time since the TBE-vaccination was 1 year and 9
years, respectively.

3.2. Immunogenicity

3.5. Non-responders

Overall, 250/260 (96%) of the study participants were positive
for neutralizing antibodies post-booster. There was no signiﬁcant
difference (p = 0.96) between the group with normal (N) (n = 132)

Ten individuals (4%) did not have detectable antibodies before
dose and did not elicit detectable immune response after booster
doses. In this group, 7/10 were males and the number of previous

Table 2
Number of individuals with corresponding neutralizing titres (ED50 ) pre- and post booster dose, in relation to interval since last dose, n = 260. For deﬁnitions of intervals see
Section 2.2.
Neutralizing titres (ED50)

Normal n = 132

Delayed n = 74

Very delayed n = 54

<5
5
5–10
20
>20

Preboostera
38
5
57
2
29

Preboostera
26
1
32
1
13

Preboostera
23
2
18
3
7

<5
5
5–10
20
>20

Postbooster
5
0
32
4
90

Postbooster
2
1
21
0
50

Postbooster
3
0
9
1
41

a

Three individuals had missing pre-booster titres.

Neutralizing antibodies 5 ED50 (%)
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Before booster*
After booster

(N) Normal interval
n=48

(D) Delayed interval
n=47

(VD) Very delayed
interval n=15

Fig. 1. Neutralizing antibodies ≥5 ED50 (%) before and after booster doses, with 3 previous doses of TBE-vaccine. N = 110. *Prebooster N vs. D, p = 0.26; N vs. VD, p = 0.005; D
vs. VD, p = 0.04.

doses was distributed as follows: 1 (n = 2), 2 (n = 2), 3 (n = 4) and
4 (n = 2). The median age was 54 years (range 30–68), excluding an outlier of 18 years old, and 4/10 had been given their
ﬁrst dose at age ≥50 years old. Half of the non-responders (5/10)
had a documented normal interval between previous doses, 3/10
had previously received three doses and 2/10 four doses or more,
respectively.
3.6. Age
In the group with VD and age ≥50 at ﬁrst dose, 2/5 (both males)
lacked post-booster antibody responses. On the other hand, in the
group with normal intervals between doses and aged <50 years,
3/24 lacked post-booster antibody responses. With respect to prebooster neutralizing antibodies there was a predominance of study
participants ≥50 years old at ﬁrst dose (17/20) with levels below the
detection limit in the group with delayed intervals. The antibody
response post-booster was, however, adequate. The median age
was the same in the non-responder group and the whole group of
study participants.
3.7. Safety
No serious adverse events were reported. Mild adverse events
were reported in 25/260 (10%) study participants, the most common of which was pain or tenderness at the injections site (22/25).
4. Discussion

Neutralizing antibodies 5 ED50 (%)

This prospective every-day setting study, contributes to the
question on how to deal with individuals who do not follow

the recommended schedule of TBE-vaccination. To our knowledge
there is no similar data published. Overall, 96% of the study participants had adequate levels of neutralizing antibodies post-booster,
independent of the number of previous doses and intervals. Based
on these results, the key-message is that the booster interval is of
minor clinical importance to the protection of TBEV. This ﬁnding is
consistent with yet unpublished data of the long-lasting immunological memory after two or more TBE vaccinations [4], as well
as by the assumption of ﬁeld effectiveness for irregularly vaccinated individuals [5]. In the group of individuals with ≥4 doses all
but two had adequate serological responses, independent of age
at ﬁrst dose and previous intervals. We are not able to draw any
ﬁrm conclusions with the respect to antibody response and age or
gender from the small group of non-responders. The immunological responsiveness to vaccination decreases with age and recent
studies regarding TBE-vaccination of persons aged >50 years have
conﬁrmed this [6–9]. In our study, 87/91 study participants aged
≥50 years at ﬁrst dose had an adequate immune response independent of booster intervals. This ﬁnding highlights the fact that
other individual factors (e.g. weight, smoking), of which we had no
information, may be of importance for immunogenicity. The prebooster antibody results indicate that the longevity of protection
is dependent on the number of previously given doses, rather than
the interval to the last dose given. The fact that the study participants could have been previously vaccinated with either of the two
TBE-vaccines (FSME-Immune® or Encepur® ) demonstrates a well
accepted cross-immunogenicity [10], which can be useful for the
recommendations in an every-day setting. Considering the potential cross-reactions with other ﬂavivirus antibodies (yellow fever,
Japanese encephalitis, dengue fever) we want to point out that
the methodology used [3] is speciﬁc for TBEV. Also, the majority
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Fig. 2. Neutralizing antibodies ≥5 ED50 (%) before and after booster doses, with ≥4 previous doses of TBE-vaccine. N = 104. *Prebooster N vs. D, p = 0.8; N vs. VD, p = 0.2; D vs.
VD, p = 0.3.
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of the patients did not receive any concomitant vaccination nor
did they travel to a dengue endemic area before the post booster
sample.

Baxter Sweden kindly provided vaccine doses but did not have
any input in study design, or collection, analysis and interpretation
of data.

5. Conclusions
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There is an adequate immune response regardless of booster
delay in the majority of the adults irrespective of the number
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results support the Swedish practice to extend the booster interval
to 5 years after the fourth dose. We propose that otherwise healthy
individuals who have failed adherence to the recommended schedule of TBE-vaccination can be given a delayed dose without concern
of immunogenicity.
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