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SUMMARY

Tick-Borne Encephalitis virus (TBEV) causes dangerous central nervous system diseases in humans.
General infection leads to the development of meningitis or encephalitis, which is characterized by
swelling of the brain due to inflammation. Tetracyclines may act locally to moderate inflammation in the
CNS. In this study, we investigated the potential clinical benefits of administering tetracycline hydro-
chloride to patients hospitalized due to suspected TBEV infection presenting with fever and evidence
of a recent tick bite. We also characterized an acute immune response to TBEV by profiling certain
cytokines and soluble receptors in Tetracycline-treated and untreated patients. Increased serum levels
of TNF-¢, IL-1¢x and IL-6 were found in all patients at admission.

Soluble receptors presented in the serum of patients in a magnitude higher levels than the corre-
sponding cytokines and were increasing during first weak of hospitalization. Levels of IL-10 were also
rising during that period. In our study tetracycline hydrochloride acted as an immunomodulator, which
was able to reduce manifestations of inflammation response during TBE course; this action led to
quicker improvement of symptoms and, consequently, to a faster clinical recovery. The positive result of
tetracycline hydrochloride treatment was accompanied by certain particularities in the dynamics of
studyied cytokines and receptors: the concentrations of IL-6, IL-15, TNF-o dropped quicker and
reached lower levels, and the concentrations of sIL-6R, IL-1RA, sTNFR1 increased faster and reached
higher maximum levels in the tetracycline-treated groups. Children had the highest levels of IL-6, which

were not neurotoxic.
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INTRODUCTION

Tick-Borne Encephalitis virus (TBEV), member of the Flaviviri-
dae family, causes dangerous central nervous system diseases in
humans. Tick-Borne Encephalitis (TBE) is an increasing public
health problem. Circulation of the subtype Siberian of TBEV
(tick-borne encephalitis virus) in the Novosibirsk region of West
Siberia (Russia) had been suggested by Ecker et al. [1] and con-
firmed by Bakhvalova et al. [2]. Lower neuroinvasiveness, espe-
cially for children, and lethality level of the Siberian strains of
TBEV in comparison with Far Eastern Sofyin strain is known [2].
Annually, statistic data reveals more than 300-350 confirmed clin-
ical cases of TBE in that part of West Siberia, with a mortality rate
of no more than 2-3%.

General infection leads to the development of meningitis or
encephalitis, which is characterized by swelling of the brain due to
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inflammation. The pathology observed subsequent to infection
suggests that some components of the immune response contrib-
ute to the disease process [3-5]. Safety and efficacy of postexpo-
sure prophylaxis at any interval is controversial [6-10]. There is no
specific therapy for TBE infection other than supportive mea-
sures. But it is of high importance to minimize the severity of the
encephalitis, incidence of sequelae and case-fatality rate.

Most known data shows that the anti-inflammatory effect of
tetracyclines is connected with the inhibition of synthesis of sev-
eral inflammatory mediators [11-13]. Tetracyclines can rather
easily cross the blood-brain barrier, especially during the inflam-
mation in the CNS (central nervous system). Thus, tetracyclines
may act locally to moderate inflammation in the CNS within the
course of TBE. In our previous experimental studies, we have
found that the administration of tetracycline hydrochloride dur-
ing experimental TBEV infection in mice can significantly
decrease the mortality rate (unpublished data).

In this study, we characterized an acute immune response to
TBEV by profiling certain cytokines and soluble receptors in
tetracycline-treated and untreated patients.

© 2003 Blackwell Publishing Ltd
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MATERIALS AND METHODS

Subjects

Patients (n=29) from the predominantly rural region of
Novosibirsk, Russia were hospitalized between May — June 2001
with suspected TBE. The SRC VB ‘Vector’ Ethical Committee
(IRB00001360) approved the present study. Informed consent
was obtained from all adult participants and from the parents of
hospitalized children. All patients admitted within 5 days after the
onset of fever, with evident symptoms of acute aseptic meningitis
or meningoencephalitis and with the evidence of a recent tick bite
were recruited to the study. No patients had a history of vaccina-
tion against TBE. The specific immunoglobulin against TBE was
administered to all patients during the first two days after the tick
bite (Omsk production facility of Bacterial Preparations, Russia).
At admission adult patients were randomly stratified to one of
two groups: with standard therapy against TBE or with combined
therapy of standard care plus tetracycline hydrochloride. In the
present manuscript, only patients with a confirmed diagnosis of
TBE were included. Group 1 was comprised of 11 adult patients
(5 M, 6 F) age 41-71 years (mean 50-7), who received standard
therapy for the suspected TBEV infection. The standard treat-
ment course of TBE includes only symptomatical and supportive
care. Group 2 contained 14 adult patients (8 M, 6 F), age 41—
65 years (mean 48:3), who received the same therapy as group 1
with the exception of tetracycline hydrochloride (Sumycin, Bris-
tol-Myers Squib, USA). Group 3 was comprised of 4 children (3
M, 1 F), age 8-11 years (mean 9-75), who received standard ther-
apy in addition to the Sumycin course, as antibiotic therapy is rec-
ommended for children until the serological confirmation of acute
TBE is obtained.

Sumycin was given just after admission to the hospital, and
was administered orally to all patients until a clear resolution
of symptoms was observed. Adult patients were administered
250 mg four times a day. Children were administered 25 mg/kg
daily, divided into four doses. All patients from all groups
received neither corticosteroids nor any other immunomodula-
tory drugs, nor plasma transfusion.

Diagnostic

The initial clinical diagnosis of TBE was confirmed by RT-PCR, as
described by Godovikova et al. [14], with specific primers corre-
sponding to the highly conservative protein E, its C-end domain

(496 bp), of the TBE virus (strain Sofyin) kindly provided by N.
Netesova [15]. Additional serological investigation using a com-
mercial PCR test kit was made for the detection of Borrelia Burg-
dorferi (NEARMEDIC PLUS’, Mascow, Russia). The specific
antibodies (IgG) against TBE virus were determined by commer-
cial ELISA test kits (Vector-Best Ltd, Novosi Biesk region,
Russia).

Cytokine assays

Blood samples from all patients were centrifuged to obtain serum
and were stored at —70°C.Cytokine assays were performed blindly
after the samples from all participants had been collected. Serum
cytokine and cytokine receptor levels were determined using
commercial ELISA test kits (R & D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. The limits of
detection for the various assays are as follows: tumour necrosis
factor (TNF)-c, 4-4 pg/ml; soluble TNF receptor I (sTNFRI),
3-0 pg/ml; interleukin (IL)-1f, 1 pg/ml; IL-1 receptor antagonist
(IL-1RA), 14 pg/ml; IL-2, less than 7 pg/ml; IL-6, 0-70 pg/ml; sol-
uble IL-6 receptor (sIL-6R), 1-5 pg/ml; IL-10, 3-9 pg/ml. Results
are expressed as the M + SD.

Statistical analyses

Statistical analysis was performed with the Student t-test for
paired or unpaired data. Spearman’s rank correlation coefficient
and single regression were used to correlate the data of cytokines
and receptors levels. P-values <0-05 were considered statistically
significant.

RESULTS

Clinical data

The initial clinical diagnosis of the TBE infection was confirmed
in all patients. Only patients who appeared to be negative for Bor-
relia burgdorferi were included in the present paper. Antibodies
(IgG) to TBEV were found to significantly increase in all patients
at the time of discharge (group 1, 1:640; group 2, 1:640-1:2560;
group 3, 1:1280) over the baseline levels seen upon initial hospi-
talization (group 1 and 2, 1:80-1:120; group 3, 1:120). Symptoms
commonly associated with aseptic meningitis or meningoenceph-
alitis were classified as mild to moderate in adults but were absent
among children (Table 1). Disease severity was comparable
among patients in groups 1 and 2. Transient leucocytosis (6-9—
20-5 x 10°/1) without neutrophiles shift to the left was noted in all

Table 1. Clinical symptoms presented in TBE patients

Group 1-11 Group 2-14 Group 3-4
Data patients (%) patients (%) patients (%)
Headache 100 100 100
Fever (38-40°C) 100 100 100
General malaise 18 28 100
Muscle pains 36 28 0
Weakness of muscles of the upper body 18 14 0
Joints pains 36 28 0
Nausea and vomiting 18 21 0
Dizziness 27 21 0
Nuchal rigidity 27 21 0
Disturbances of concentration and memory 9 0 0
Mild disturbance of balance. 18 21 0

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:148-154
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patients. The blood sedimentation rate was not elevated in all
patients (group 1, 63%; group 2, 56%; group 3, 50%) and
appeared to be no higher than 29 mm/h. The platelet count as well
as liver enzyme levels remained within the normal range. Serum
concentrations of C-reactive protein were not elevated, but
instead tended towards the high end of the normal range in most
patients.

All patients were discharged from the hospital with clinical
improvement. By the term of clinical improvement we mean the
following: absence of subjective symptoms, temperature normal-
ization, normalization of nonspecific laboratory changes in blood,
absence of meningeal irritation signs as well as of focal neurolog-
ical deficits. The differences between group 1 and group 2 in the
clinical outcomes were not statistically significant. Nevertheless
the positive effect of Sumycin (Table 2) in patients from the
‘treated’ group 2 expressed in a quicker resolution of all clinical
symptoms of the disease, and therefore in a significant decrease of
the convalescence phase in comparison with the same data of
group 1. Thus, the period of hospitalization in the Sumycin-
treated group was statistically shorter (Table 2).

Cytokines levels in the serum of Group 1 patients

In general, increased serum levels of TNF-¢, IL-1o¢ and 1L-6
were demonstrated in all patients from group 1 when admitted
to the hospital. This picture indicates that the peak of concentra-
tion of these cytokines may have occurred before admission to
the hospital (Fig.1). The maximum value of TNF-¢, noted on
day 1, was 14-8 + 1.0 pg/ml and of IL-6 was 28-6 +2-8 pg/ml. The
maximum value of IL-15, noted on day 2, was 2-72 + 0-6 pg/ml
(Fig. 1). Minimum values were detected before the patients were
discharged from the hospital. In general, the concentration of
IL-6 decreased during the clinical course of TBE about 6-fold,
TNF-o — about 4-fold, IL-15 — about 2-fold. There was strong
positive correlation between these cytokines (TNF/IL-6, r = 0-95;
P =0-0001; TNF/IL-1, r = 0-93; P = 0-0001; IL-6/IL-1, r = 0-87,
P =0-0001).

The lowest values of the corresponding receptors (STNFRI,
sIL-6R, IL-1RA) were detected at admission (Fig. 1). A gradual
enlargement of the concentrations of these receptors was
observed within the first 9 days of hospitalization. The predomi-
nance of the value of sIL-6R within the clinical course of TBE was
very impressive (Fig. 1).

A peak was reached on day 5 by sSTNFRI (2540 + 214 pg/ml)
and IL-IRA (2158 £126 pg/ml), and on day 9 by sIL-6R
(49060 + 3240 pg/ml). Concentrations of IL-1RA (r=-071, P =
0.0001) and sIL-6R (r=-0-91, P = 0-0001) had strong negative
correlation with the concentrations of the corresponding cytok-

ines. Concentrations of TNF-o and sTNFRI showed weak corre-
lation.

As soluble receptors presented in the serum of patients in a
magnitude higher levels than the corresponding cytokines, the
ratio of cytokine to its soluble receptor was affected (Fig.2). The
highest levels of the calculated ratios were observed at admission
to the hospital. The profile of changes was similar to those of the
corresponding cytokines.

The minimum value of IL-10 was detected on the first day of
hospitalization (less 3-9 pg/ml). The level of IL-10 enlarged about
5-2-fold and reached its maximum of 20-1 + 1-9 pg/ml on day 7 of
hospitalization. It showed a positive correlation with soluble
receptors of TNF-¢ (r=0-66, P = 0-001) and IL-6 (r=0-75, P =
0-001), as well as with IL-1RA (r=0-70, P = 0-0001).

The dynamic of IL-2 serum concentration (Fig. 1) showed a
gradual growth with the maximum level (2-0 £ 0-2 pg/ml) reached
on the day of discharge. This picture indicates that the peak of
concentration of this cytokine may have occurred after discharge
from the hospital. The concentration of IL-2 in the serum of
patients enlarged 2-5-fold during hospitalization. It had a strong
negative correlation with: IL-18 (r=-0-88, P = 0-001), TNF-«
(r=-0-90, P = 0-0001) and IL-6 (r=-0-80, P = 0-0001).

Cytokines’ and receptors’ levels in relation to treatment

We have made statistical comparison of the cytokines’ and recep-
tors’ profile between adult patients from group 1 (standard med-
ical care) and the profile of group 2 (additional Sumycin course of
treatment) for the evaluation of the effect of Sumycin on the
development of TBE infection. Cytokine levels in the serum of
children with TBE have been described here without statistical
comparison with adults, as it would be incorrect. Throughout the
clinical course of TBE infection, patients from the ‘treated’ group
2 had statistically lower levels of IL-18 (P < 0-001), as well as of
TNF-o (P < 0-001) than patients from group 1. Children from
group 3 showed the high levels of IL-1 comparable within the
first three days with those in patients from group 1. TNF-a con-
centrations in the children’s group were rather stable within the
first three days (Fig. 1).

Comparing the concentrations of IL-1RA, patients from
group 2 had statistically higher levels (P < 0-01), and the maxi-
mum level was reached earlier in comparison with patients from
group 1. The highest levels of IL-1RA were found in the group of
children. Considerably higher levels of sSTNFRI were noticed in
the ‘treated’ group of adult patients in comparison to those in
group 1 (P < 0-001). Children from group 3 demonstrated the high
concentrations of sSTNFRI comparable with those of patients
from group 2. Weak correlation between TNF-o and sTNFRI in

Table 2. Comparative data of different groups of patients with TBE

Day of the start of Course of Day of Duration of
medical care, relative to Sumycin symptom hospitalization
Group the onset of temperature (days) improvement (days)
1 1-4 5-23 (14) 9-28 (18-5)
2 1-5 6-10 2-6 (4) 6-12 (9)
3 6-10 4-8 (6) 9-16 (12'5)

minimum-maximum duration (median)

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:148-154
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longer in comparison with that in the groups 2 and 3. Data are mean + SD.

group 1 (r=0-29, P = 0-2) became moderate during the Sumycin
treatment course in group 2 (r =0-59, P = 0-002)

The remarkable difference between the ‘treated’” and
‘untreated’ groups of adults was shown by the ratio of IL-1S/1L-
1RA (P < 0-005) and ratio of TNFa/sTNFRI (P < 0-01) (Fig. 2).
The lowest values of IL-18/IL-1RA ratio were observed in chil-
dren. With regard to the ratio of TNFo/sTNFRI, children had
higher levels than adults from the ‘treated’ group 2, but lower
than adults from the ‘untreated’ group 1.

During the first two days after admission patients from group
2 (P < 0-01), as well as children from group 3, demonstrated
higher values of IL-6 (Fig. 1) in comparison to patients from the
‘untreated’ group 1, but the decline occurred more rapidly in the
‘treated’ groups. Patients from group 2 had higher levels of sIL-
6R (P < 0-001), and the maximum level was reached earlier, in
comparison to the patients from the ‘untreated’ group 1 (Fig. 2).
Children from group 3 had the lowest concentrations of sIL-6R
on day one, but it grew rapidly, and became similar to those in

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:148-154
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ratios of group 1 are shown by day 21, as the hospitalization period in that
group was longer in comparison with that in the groups 2 and 3. Data are
mean + SD.

adults from group 2. From the very beginning, the ratio of IL-6/
sIL-6R was lower in group 2 (P < 0-01) than in group 1 (Fig.2).
Children demonstrated the highest value of that ratio on the day
of admission, but it dropped very rapidly.

The maximum levels of IL-10 (Fig. 1) were reached earlier in
the ‘treated’ groups 2 and 3 in comparison to the levels reached
later in group 1. The maximum value of IL-10 was statistically
higher in the ‘treated’ group 2, than in the ‘untreated’ group 1

(P < 0-001). The correlation between TNF- ¢ and IL-10 was weak
in group 1, but was moderate in group 2 during the Sumycin
course of treatment (r = 0-64, P = 0-001). The correlation between
IL-6 and IL-10 was moderate in groupl (r=0-49, P < 0-02), but
was strong in group 2 (r=0-76, P = 0-001).

There was a quicker increase of IL-2 (Fig. 1) in the ‘treated’
groups, especially in the children’s group, and higher concentra-
tions were reached earlier in the ‘treated’ groups.

DISCUSSION

IL-1a and TNF-« acting synergistically initiate the cascade of
inflammatory mediators by targeting endothelium. Patients with
TBE showed the highest levels of TNF-¢, IL-1o and IL-6 right at
the admission to the hospital. Concentrations of TNF-¢, IL-1f3
and IL-6 were changing in parallel with strong positive correla-
tion. Increased levels of these cytokines gradually dropped dur-
ing the clinical course with a positive outcome, as it was found in
our study. The most consistent correlations of clinical severity in
inflammatory, autoimmune, or infectious diseases [16] and lethal-
ity in patients with sepsis [17-19] with plasma cytokine levels are
clearly those with IL-6, not IL-1¢ or TNF-¢. and of great interest
was to study the role of IL-6 in the TBE patients, especially tak-
ing into consideration recent reports about the participation of
cytokines of the IL-6 family in regulatory and inflammatory pro-
cesses within the nervous system [20]. In patients with TBE,
concentrations of IL-6 were dominant within the first week of
hospitalization. Earlier was found that high concentrations of I1L-
6 could be neurotoxic [21], and elevated levels of IL-6 were asso-
ciated with many neurological disorders and diseases [22-24]. It
was an unexpected finding: children had the highest levels of IL-
6 at admission, but did not have manifested symptoms of menin-
gitis or meningoencephalitis as adults had. Adults from the
Sumycin-treated group also had higher levels of IL-6 in compar-
ison to the ‘untreated’ group. Like many other cytokines, IL-6
has both proinflammatory and anti-inflammatory properties. The
covalent complex of IL6 + sIL-6R inhibited significantly the pro-
duction of TNF-« in a gp130-dependent manner, whereas 1L-6
and sIL-6R alone were not effective [25,26]. Thus, IL-6 requires
the soluble IL-6R to stimulate cells response and neuronal sur-
vival as well as regeneration [27-29]. Also the stability of the IL-
6/sIL-6R or IL-6/sIL-6R/gp130 complex determines whether
gp130 on cells will be stimulated, and depending on the nature of
the target cells, this may lead to neurotoxic or neuroprotective
effects [20]. In the light of the data mentioned above, we have
calculated the ratio of IL-6/sIL-6R, and have used it as a surro-
gate marker of the complex of IL-6/sIL-6R. Adults from the
Sumycin-treated group had lower levels of the ratio of IL-6/sIL-
6R when compared to the Sumycin-untreated patients. Concern-
ing the highest levels of the ratio of IL-6/sIL-6R, found in
children at admission, one could suppose children have other
target cells in the CNS and action of the IL-6/sIL-6R complex
was not neurotoxic. Another possibility is that the effect of such
high levels of the IL-6/sIL-6R complex in children could be neu-
roprotective. Future studies of levels of IL-6 and sIL-6R and cor-
relation of their levels in the CSF with those in the serum will
help in the elucidation of not only the exact roles of IL-6 and its
soluble receptor in the CNS, but also it’s role in the pathogenesis
of TBE.

Decreasing levels of IL-1f, TNF-o and IL-6 within the first
week of hospitalization of patients with TBE were accompanied
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by the growth of IL-10, known as a cytokines’ synthesis inhibition
factor [30]. It has been determined that patients, who preferen-
tially express high levels of IL-10 and reduced levels of TNF-o
were more likely to die from meningococcemia and a variety of
other infections [31,32]. The concentrations of IL-10 in the serum
of TBE patients from all groups were not detected as much
greater than those of proinflammatory TNF-o and IL-18. The pic-
ture of the dynamic of IL-10 found in patients with TBE also con-
cords with suggestions [33] that for maintaining a normal balance
between TH1 and TH2 cells, the effect of IL-10 on TH polariza-
tion must be short-lived, in order not to be harmful. In the
Sumycin-treated group 2, the concentration of IL-10 decreased
quicker than in patients from the group taking only standard med-
ical care. At the same time, earlier and higher peaks of IL-10 in
the Sumycin-treated groups of patients may explain the higher
levels of the specific antibodies (IgG), which were reached earlier
in comparison to the ‘untreated’ patients.

IL-2 cytokine did not show demonstrable activity in the serum
of patients with TBE within the first week of hospitalization,
probably under the inhibition of growing concentrations of IL-10
[34]. The highest levels of IL-2 in the serum of TBE patients, prob-
ably, occurring after discharge from the hospital restored the
balance TH1/TH2 through IFNc.

The concentrations of circulating IL-1RA and sTNFRI in the
serum of TBE patients were at a 100-fold molar excess to the
corresponding IL-1f and TNF-¢, but sIL-6R was at a 1000-fold
in comparison to IL-6. Our data have been concurred with pre-
viously described [20,35]. It is known that the ratio of IL-1 to IL-
1RA is more significant for the outcome of the infection, than
the concentration of IL-1 itself [36,37]. and it was showed earlier
in several bacterial [37,38] and viral [39,40] infections. Just like
the ratio of IL-1 to IL-1RA, the ratio of TNF to its soluble recep-
tor could be a prognostic marker of the outcome of infectious
diseases [40,41]. The increase of these ratios was the negative
prognostic characteristic. In our study, the dropping dynamics of
all calculated ratios characterized a positive clinical outcome of
TBE. In our opinion, the ratio of a cytokine to its receptor gives
a clearer impression of the balance between cytokine and its
receptor. For example, levels of IL-18 in children looked more
prevalent within first three days in comparison with those in the
‘treated’ group of adults. But at the same, time children had
higher concentrations of the corresponding receptor antagonist.
Also calculated ratios of IL-1o/IL-1RA showed that children
had a better balance between the cytokine and its receptor. With
regard to TNF-¢, children on day 1 had lower levels of TNF-o
and lower levels of sTNFRI, but the corresponding ratio was
considerably higher in the children’s group than in the adults
from group 2. The ratio of IL-6/sIL6R also shows the state of the
system cytokine- soluble receptor more efficiently than their
concentrations alone. Patients from the Sumycin-treated group
had higher levels of IL-6 than patients untreated with Sumycin,
but the ratio of IL-6/sIL-6R was higher in the last group of
patients.

In our study, Sumycin showed itself as an immunomodulator,
which has been able to reduce manifestations of inflammation
response during TBE viral infection; this action led to an earlier
symptoms improvement and, consequently, a quicker clinical
recovery. The positive result of Sumycin treatment was accompa-
nied by certain particularities in the dynamic of studied cytokines
and receptors, which expressed in the specific dynamic of the cal-
culated ratios. The results of our study let us surmise that Sumycin

might be effectively added to the treatment protocol of not only
mild and moderate cases, but also of the more severe clinical
course of TBE.
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