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RAPID SEROLOGICAL DIAGNOSIS OF TICK-BORNE
ENCEPHALITIS BY MEANS OF ENZYME
IMMUNOASSAY

L. GRUBHOFFER, K. KRIVANEC, J. KOPECKY and E. TOMKOVA

Institute of Parasitology, Czechoslovak Academy of Sciences. Ceské Budsjovice

Abstract. A system of IgM-capture EIA made up from Czechoslovak immunopreparations (SEVAC)
was developed for a rapid serological diagnosis of tick-borne encephalitis (TBE). The method was
tested on clinical material. The total IgM antibody titres were detected using pig antiserum and the
selection of specific IgM antibodies was made with TBE antigen with following indirect way of
detection. The antibody analysis made by means of this method is sensitive and fully conforms to
the clinical picture of the disease.

A reliable rapid diagnosis of arboviral infections is a prerequisite for chosing the
correct therapy of the patient. In Czechoslovakia, the clinically most important arbo-
virus is the virus of tick-borne encephalitis (TBE). The acute character of the disease
with a distinct onset of the synthesis of specific antibodies of IgM isotype enables to
use the detection of these antibodies for a rapid diagnosis. Various methods for a rapid
antiviral diagnosis have been described (Flewett 1985). However, the methods of
enzyme immunoassay (EJA) based on IgM-capture have been found to be most suitable
in the clinical practice (Gadkari and Shaikh 1984). The technique of IgM-capture
ETA best of all eliminates false negative results due to the excess of specific IgG anti-
hodies and false positive results due to a rheumatoid factor in the sera of patients
(Briantais et al. 1984).

The detection of specific antibodies against TBE virus in sera of patients has been
based particularly on classical serological tests of haemagglutination inhibition (HIT),
complenent-fixation reaction (CFR) and exceptionally also neutralization test (NT)
or indirect immunofluorescence (11F). Kunz and Hofmann (1971) used for the s>mi-
quantitative determination of specific IgM antibodies to TBE virus a modification of
HIT with a reduction of IgM molecules by 2-mercaptoethanol, which had been used
in clinical practice.

The method of indirect ELISA for the detection of specific antibody response to TBE
virus was described for the first time by Hofmann et al. (1979). This procedure, however,
similarly as 11F, gives false negative results (Cohen et al. 1967). Hofmann et al.
(1983) therefore developed and verified a diagnostic system of IgM-capture EIA as
a four-layer EILISA for the determination of specific antibodies of IgM isotype. Specific
animal antiserum immobilized on the surface of a microtitration plate was used for
the determination of total JgM human antibodies. The detection of specific IgM anti-
bodies was performed using virion TBE antigen and rabbit antibody to TBE virus
labelled peroxidase (Px). Hofmann et al. (1985) used the EIA capture system also
for the determination of specific JgG antibodies and modified it for the determination
of both antibody isotypes in the cerebrospinal fluid of patients. Also Bashkirtsev
et al. (1986) have dealt with the use of EIA techniques for the detection of specific
antibodies to TBE virus.
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Individual variants of capture EIA differ in the arrangement of the detection systems.
The haemagglutination activity of TBE virus may be used, in addition to E1A detection,
also for a simplified haemadsorption method. This technique is termed SPIT (solid
phase immunosorbent technique) and has successfully been used for many arboviruses
(Gunasegaran et al. 1986).

In this paper, the first results of our own moditication of IgM-capture EIA test for
semiquantitative determination of specific antibodies to TBE virus are presented and
compared with those obtained by conventional serological methods.

MATERIALS AND METHODS

Antigen. TBE virus, strain 414 (Institute of Parasitology, Czechoslovak Academy of Sciences, Ceské
Budéjovice) was multiplied in CNS newborn mice (strain ICR, Velaz Praha). SA-TBE sucrose-acetone
antigen was prepared from brain tissue after Clarke and Cassals (1958) and lyophilized. Optimum
dilution of antigen was 1 : 100 (protein concontration 0.110 mg . ml-1).

Sera. 1 — Mouse hyperimmune serum against TBE virus (MATBE): The serum was prepared by
a repeated immunization of laboratory mice after Lennette and Schmidt (1969). The titro of
specific Ig antibody response in indireet immunofluorescence (ITF) was 160. Optimum serum dilution
was 1 : 500.

Table 1. Set of examined sera and their clinical characterization

| | ‘ Blood ‘
} Serum No. | Patient | collection* Course** Clinical picture
| \ (duys)
! i
i 1
105 1 K. M. l 35 1 of medium severeness
121 K. M. ! 27 2 of medium severeness
! 122 K. A. ! 45 1 light
| 128 P.J. i 25 1 gevere -— paresis
131 V. M. j 30—35 2 of medium severeness
136 N.S. i 115 2 severe —- paresis
141 M. F. ' 30 1 of medium severeness
144 K.S. | 30 3 of medium severencss
145 J. K. 21 2 of medium severeness
146 ) K. M. 35 1 of medium severeness
{

* Time after finding the tick on the patient.
** Number of phases of the disease.

2 — Sera of patients: Ten sera of patients (Table 1) from Infection Department of the District
Hospital with Polyclinic at Ceské Budsjovice with the diagnosis of tick-borne meningitis or ence-
phalitis and one control serum (negative) from a healthy donor were used. The sera of patients
were usually obtained, if not otherwise stated, on the admittance of the patient to the hospital and
examined for the presence of specific IgG, IgM or total specific Ig antibodies using the methods of
HIT, CFR, NT (plaque-reducing test on PS cells), ITIF (PS cells), and indirect ELISA. Serologic
tests were performed by conventional procedures or their modifications (Lennette and Schmids
1969). Indirect ELISA of IgG antibodies was performed using a modified method after Hofmann
et al. (1979) with SA-TBE antigen adsorbed in mierotitration plates Dynatech and with SwAHu/IgG,
Px conjugate (SEVAC Praha).

Protein assay. Protein content in SA-TBE antigen and Q-SwAHu/IgM antiserum (SEVAC Praha)
was assayed after Lowry et al. (1951). The absorbance of colour change was measured at the wave
length of 750 nm.

Analytical system of IgM-capture EIA (Fig. 1)

1 — Preparation of Q-SwAHu/IgM plates: Microtitration plates (KOH-I.NOOR “P”, 96 wells)
were aotivated with 150 ul of 2.5 9, glutaraldehyde solution (Serva) in binding solution (0.05 M
carbonate bhuffer, pH 9.5) for 120 min at laboratory temperature (Rozprimova 1987). After removal
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of glutaraldehyde, 150 ul of 0.01 9 solution of Q-SwAHu/IgM antiserum (SEVAC Praha) in bindl:ng
solution (pH 9.5) was placed in the wells without previous washing. Then followed an incubation
for 18 h at laboratory temperature. The plate was then washed twice with washing solution (PBS,
0.2 9% Tween 20, 0.01 9% thiomcrsal) and 150 ul of 0.5 M ethanolamine solution (pH 8.3) was put
in the wells. After 90-min incubation at laboratory temperaturc the plate was washed 2x and im-
mediately used or stored with the washing solution at 4 °C up to four weeks. ] )

2 — Sera: The examined sera were diluted in the ratios of 1 : 400 up to 1 : 5200 with diluting solution
(1 25 BSA in PBS, 0.05 % Twoeen 20), placed in the wells (100 ul each) and incubat'ed at la,l?ora.tory
temperature for 120 min. After incubation, the plate was washed 2x with washing solution. For
the control of nonspecific adsorption, the diluting solution was applied instead of serum samples.
3 — SA.-TBE antigen: Non-purified sucrose-acetone SA-TBE antigen in the dilution of 1:100
(0.110 mg . ml~!) was placed in the wells (100 pl each) and incubated at laboratory temperature for
60 min. The incubation was terminated by repeated washing with washing solution (2x).

Jf) SwAM/[1g P,

MATBE

’ SA-TBE

% specific IgM

Q-SwAHuU/IgM

»

glutaraldehyde
T (L1 Chase)

Fig. 1, The scheme of analytical system
for determination of IgM antibodies.

4 — Detection system: Mouse hyperimmune serum against TBE (MATBE) was applied in the dx‘lu-
tion of 1 : 500 (100 ul/well), incubated at laboratory temperature for 60 min, and vga.sh.ed in washing
solution (2x). SwAM/Ig Px conjugate (SEVAC Praha) was applied in the dilution of 1: 500
(100 pl/well) and incubated at laboratory temperature for 60 min. After a thorough rep_ga.te.d washing
(4 > —5x ) in washing solution, 100 1 of H,0; substrate with chromogen o-;phenylsandmmme (OPD)
was added into each well. Colour rcaction was stopped by 2 M H,80, after 10 min.

5 — Evaluation: Colour change of the reaction was measured by a Dynatech spectrophotometer
at the wave length of 492 nm. The absorbance ratios of positive and negative P/.N sera were use(.l for
semiquatitative evaluation of the levels of IgM specific antibodics, then the titre was determined
as a reciprocal value of the highest serum solution for which holds a eriterion P/N = 2 X supposing
that absorbance N = 0.1.

RESULTS

Serum solutions (Table 1) were tested with Q-SwAHu/IgM using various batches
of titration plates. The results are the mean of three assays with the resulting value of
variance coefficients (CV) 6—8 9 in the ‘“intra-assay” and 10—13 9, in the “‘inter-
assay”’. Individual assays are illustrated by dilution curves of the sera (Fig. 2). Table 2
summarizes in individual sera characteristic values for IgM assays of maximum index
(P/N)max in the whole interval of serum dilution, (P/N); values in the terminal titration
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Table 2. Parameters for the detection of titres of IgM antibodies to TBE virus

Patient (P/N)max (P/N) Negative control IgM titre
Aoz
I
105 K. M. 3.4 2.2 0.146 3,200
121 K. M. 5.0 2.8 0.143 6,400
122 K. A. 3.9 2.5 0.143 6,400
128 P. J. 1.9 — — 400
131 V. M. 4.4 2.8 0.143 | 6,400
136 N. S. 2.9 2.0 0.187 ‘ 800
141 M. F. 4.6 2.2 0.143 6,400
144 X. 8. 4.1 | 2.6 0.146 3,200
145 J. K. 4.1 ' 2.6 0.143 ! 6,400
146 K. M. 4.5 | 3.4 0.143 3,200

point (see criterion of positivity), values of negative control and semiquantitatively
determined levels of specific IgM antibodies. The value of negative control is the absorb-
ance at the wave length of 492 nm of pegative serum in the terminal titration point.
The terminal titration point is the highest dilution of the examined serum which still
does not answer the criterion of positivity. The mean value of nonspecific adsorption
(A492) was 0.290 under conditions of this test.

07~ 492
121
0.5
131
122
0.5
105
(X Y5
03
'‘Q.2 -
0.4
1 1 i 1 e | ] 1 1
2 3 4 5 6 7 8 9
100x Iog.2 v;

Fig. 2. The example of dilutive curves of sera 105—131.
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The sera 105—146 were examined by a whole set of serologic methods. A comparison
of the results obtained in the determination of total specific antibodies, IgG, and IgM
with the results obtained by our capture EIA method is shown in Table 3.

Table 3. Serological examination of specific antibodies to TBE virus

e ] o
. 2 . : |
g | "; ‘ o * : i g
a 2 2. & e % ‘ 4
RS R A = 2 E
| = 235 % = 0= o ‘ & =55
[ | RS | = = = ! - Z | us | e | =
i ! i
105 K. M. 35 ‘ 3,200 s , 64 | 128 | 160 4 |
121 K. M. 27 6,400 32 256 512 80 | 32 | 12,800
122 K. A 15 6,400 8 256 1,024 320 64 3,200
128 P. J. 25 400 ¢ | 18 128 80 4 6,400
| 131 V.M. | 30—35 | 6,400 32 128 2,048 640 ND | 25,600
13BN, 115 800 8 512 4,096 840 8 | 25600
[ 141 M. F. 30 6,400 18 256 512 320 64 12,800
P 144 K. S 30 3,200 16 64 32 80 4 6,400
145 J. K. 21 6,400 16 128 258 320 4 | 12,800
146 K. M. 35 3,200 8 128 1,024 320 4 3,200 |
|

* Time after finding the tick on the patient.
** Tndirect immunofluorescence of specific Igh antibodies or total antibodies to TBE virus.

DISCUSSION

The detection of specific IgM antibodies to TBE virus is the most suitable way of
a rapid diagnosis of this arboviral infection. The method of indirect immunofluorescence
(ITF-IgM), which has been used most widely, involves similar misleading factors as
the direct ELISA. Moreover, negative effects may be produced by another factors,
associated with the quality of the tissue culture of sensitive cells, or quality and quantity
of synthetized viral antigens. According to the literary data, the method EIA is at least
30 % more sensitive than IIF (Meruman et al. 1982).

The capture-EIA method appears to be a very sensitive and reliable method for the
detection of specific antibodies. The analytical system is universal and by a simple
replacement of the antiisotype serum it enables to detect also the specific antibodies
of IgQ isotype. Similar analytical systems for the detection of specific IgM antibodies
to some arboviruses have been described, but most of them use a shortened detection
svstem and the viral antigen is demonstrated directly by a specific Px conjugate.
For practical reasons we used an indirect system of the detection of viral antigen by
mouse MATBE antiserum which enabled us to utilize the available conjugate SwAM/
Ig Px (SEVAC Praha). A similar method for indirect detection of specific IgM antibodies
to La Crosse virus has recently been described by Calisher ct al. (1986).

In the construction of the IgM-capture EIA analytical system for the diagnosis of
TBE virus infection we utilized our experience obtained in the analysis of the antibody
response to the mumps virus (Grubhoffer et al. 1986). Most of the described IgM-
capture EXA systems use the goat hyperimmune serum or its y-globulin fraction for
the detection of human IgM antibodies. The goat antisera seem to possess optimum
properties for a hydrophobic adsorption to the surface of wells of the polystyrene plate.
Since the goat antiisotype sera were not available to us, we used the Q-SwAHu/IgM
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pig antiserum (SEVAC Praha). The pig antibody was found to be suitable as a capture
antiisotype antibody only on the condition that it was immobilized on the surface
of wells of KOH-I-NOOR “P” plates by means of glutaraldehvde (Grubhoffer et al.
1986, Grubhotfer 1987). The effectivity of a spontaneous adsorption of pig sera to
the polystyrene plate is very low and the determination is very little sensitive. The
described method of covalent immobilization of the pig serum affects favourably the
homogeneity of the binding properties and decreases the coefficients of variation.

The verified analytical system sensitively differentiates the negative and positive
sera and the values of IgM levels specific for TBE virus are in a good correlation with
the individual character of sera, with the time profile of the disease, and with the general
clinical picture (Table 1, 3; Fig. 2). Some of the sera (122, 136) in higher dilutions exhibit
anomalies in the course of dilution curves. The serum 128 is most siniilar to the charac-
teristic of a negative serum (Fig. 2). Its low level of IgM antibodies, together with a low
total antibody response, indicates that the patient with the diagnosis of tick-borne
encephalitis was strongly immunosuppressed due to a tumour disease and its therapy.
Table 3 shows that the detection of specific IgM antibodies by the IgM-capture EIA
method is 100—2003¢ more sensitive than the detection by means of ITF-1gM, in spite
of the fact that only a non-purified SA-TBE antigen was used. In the clinical practice,
early specific antibodies (IgM) are usually detected by CFR. As it is evident from Table 3,
this method, similarly as 1IF-IGM, is less sensitive than IgM-capture EIA.

"The results obtained indicate that the levels of IgM antibodies are very high (3,200 to
6,400) already 20 days after infection of the patient by the tick. Asit is evident from
the example of serum 136, our test showed the decrease in IgM antibody titre with
simultaneous increase in the response of specific IgG antibodies or total specific anti-
bodies. This serum illustrates well the structure of antibody response at the phase of
convalescence. Specific IgM antibodies were detected still 3 months after the beginning
of the disease. Hofmann et al. (1983) demonstrated specific IgM antibodies still
8 months after the beginning of the disease using their modification of the test, while
the period of detection reached by indirect ELISA was only 6 months. The same authors
used the highly sensitive IgM-capture EIA method also for the detection of specific
IgM antibodies after vaccination against TBE. However, they note that the high sen-
sitivity of detection is associated with a risk of false interpretation of the assay.

The IgM-capture EIA method for the detection of specific antibodies of the isotvpe
IgM is a significant solution of the problem of an early clinical diagnosis. If we consider
that the plates with the antiisotype serum in our modification can be stored without
any loss of activity for 3—4 weeks, the time necessary for performing the test proper
is reduced to 5 hours. 1t will certainly be possible to make this time still shorter and to
use this test for an exact interpretation of the number of specific IgM antibodies.
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BLICTPBIII CEPOJJOTHYECKHN MUATHO3 RAEIEBOTO
SHIUE®AJHTA ITPH MOMOII OEPMEHNTATHBIIOTO
HMMYHOOAHAJIHSA

Jl. I'pyoxogdep, K. Kpxusanen, J. Koneuxu u E. ToMkoBa

Pesione. ABTopet paspaGotaiy OplcTpBIE epOJOTIMECKMET MCTOX i3t AHATHO3A K:CHICBOIO
PHEE(AINTA ¢ HOMONBI0 (EPMCHTATHBHOTO HMMYHOAHAIN3A, s KOTOPOI'0  HCIIOIB30BAM
YCXOCTOBAURMI nMMyHoupenapaT SEVAC. Mcrojl mpoBepmIu Ha 1IHHIUC KOM MaTepnae.
AT onpegestennst THTpoB IgM aHTHTC1 HpIMeHAIn CBHHYI0O OQUTHCLIBOPOTRY If [Is 0TGOpa
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cnerpigudceknX IgM aRTHTCT - - aUTIVeH KICIICBOIO HHICATHTA ¢ HOCTCIYIONUIM HEeN PAMDIM
CTIOC000M OGHAPYFKCHNA. JTOT MCTOJ [l0CTATOUHO YYBCTBHTE[LCH ;[ 15l OOHAPYMKEHMH aHTHTCT
U ¥X AHAIH3 BIOOJIHE OTBEUACT K.IMHHYECKOH KapTitie 3adoseBiHits.
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