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Use of the Haemagglutination-Inhibition Test
in the Study of Museum Strains of Neuroviruses*

V. M. ZHDANOV,l A. P. PYRIKOVA2 & L. L. FADEEVA 3

Haemagglutinating antigens for various strains oftick-borne and Japanese B encephalitis
viruses andfor certain mutants of the virus ofAmerican equine encephalomyelitis have been
prepared at the D. L Ivanovski Institute of Virology of the USSR Academy of Medical
Sciences, Moscow, and used in cross haemagglutination-inhibition tests with the correspond-
ing immune sera. The results of these experiments suggest that the haemagglutination-
inhibition test using goose red cells constitutes a simple, rapid and accurate methodfor the
serological diagnosis of diseases caused by the neuroviruses mentioned above and for the
identification of isolated strains of these viruses, and would be of considerable value in
epidemiological surveys.

During the last ten years a great deal of research
has been done on the haemagglutinating properties
of the viruses causing infectious encephalitis and on
the use of the haemagglutination-inhibition test for
the study of the encephalitides.

Sabin and his collaborators (Sabin, 1951; Sabin &
Buescher, 1950) obtained haemagglutinins of the
virus of Japanese B encephalitis by extraction of
infected brain in buffer solutions.
Chanock & Sabin (1953) carried out a detailed

study of the haemagglutinins of the virus of St. Louis
encephalitis. In their report they describe methods
of obtaining suitable haemagglutinins from infected
mouse brain and discuss the physicochemical pro-
perties of the haemagglutinins, the haemagglutina-
tion-inhibition test with specific antisera and the use
of the test for diagnosing St. Louis encephalitis.

Casals & Brown (1954) and Clarke & Casals (1955)
made a detailed study of the haemagglutinins of the
arbor viruses by acetone-ether extraction of infected
brain tissue, a technique used earlier (Casals,
Olitsky & Anslow, 1951) for preparing complement-
fixation antigens of poliovirus.
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Later, on the basis of the serological reactions of
haemagglutination inhibition and complement fixa-
tion and the neutralization test in mice, Casals (1957)
classified the viruses of infectious encephalitis into
three groups: A, B and C.
Chau Pei-an (1958) obtained haemagglutinins of

the Japanese B encephalitis virus by extracting with
benzene a 10% centrifuged suspension of infected
mouse brain prepared in a phosphate buffer of
pH 8.4.
There are also data in the literature on haemagglu-

tination-inhibition tests with the sera of persons who
have suffered from encephalitis (Southam, 1956;
Southam & Greene, 1958) and from yellow fever
(Porterfield, 1954, 1956; Boorman & Porterfield,
1957).
In the USSR the first attempt to utilize the

haemagglutination-test for research on neuroviruses
was made by Shubladze & Vardosanidze (1954), and
recently an investigation was carried out in the
Virology Department of the Institute of Experi-
mental Medicine of the USSR Academy of
Medical Sciences by Salminen (1960), who studied
the haemagglutinating properties of four strains of
tick-borne encephalitis and louping-ill. All this
work has demonstrated that the haemagglutination-
inhibition test can be a valuable aid in the diagnosis
of diseases caused by neuroviruses and is suitable
for use in epidemiological surveys.
The work described in this paper is a continuation

of research carried out by Fadeeva & Pyrikova
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(1959) on the study and identification of strains of
the various groups of neuroviruses preserved in the
Museum of Viruses at the Institute of Virology or
recently received there.
This work has involved ascertaining the conditions

under which stable avirulent haemagglutinating anti-
gens and standard sera for various strains of tick-
borne and Japanese B encephalitis viruses and for
various mutants of the virus of American equine
encephalomyelitis can be obtained, and determining
whether the haemagglutination-inhibition test can
be used for the identification of various neurovirus
strains and for the study of production batches of
sera and gamma-globulins used for therapeutic and
prophylactic purposes.

MATERIALS AND METHODS

Virus strains

The following viruses were used in the experi-
ments:

1. The virus of tick-borne encephalitis, strains Sof
and Pan, isolated in the USSR in 1937 and 1957,
respectively.

2. The virus of diphasic meningo-encephalitis,
Absetarov strain, isolated in the USSR in 1951.

3. The virus of Kyasanur forest disease, strain
G-11338, isolated in India in 1957.

4. The virus of Malayan encephalitis, strain
TP-21, isolated in Malaya in 1955.

5. The virus of Japanese B encephalitis, strain
Ya-47, isolated by Soviet research workers in
Manchuria in 1945.

6. The virus of American equine encephalo-
myelitis, strain EEE (eastern type) and strain WEE
(western type), sent from the United States of
America in 1944, and strains Cg, 142, and Fch,
isolated in Czechoslovakia in 1953, 1954, and 1956,
respectively.

Antigens
The haemagglutinating antigens of the strains

listed above for use in the haemagglutination and
haemagglutination-inhibition tests were prepared
from mouse brain by the method of Chanock &
Sabin (1953), somewhat modified. Mice weighing
6-8 g were cerebrally infected with 0.02-ml doses of
infected brain suspension in a dilution of 1: 100
and 1: 1000. When signs of the disease appeared
the mice were sacrificed. The brain, after removal
under aseptic conditions, was washed in sterile

physiological salt solution, placed in test-tubes,
frozen and stored at -25'C. The brain was then
minced in a glass vessel containing beads, and a 10%
suspension in sterile borate buffer of pH 9.0 was
prepared and left in the refrigerator overnight at
4°C for extraction of the haemagglutinins. The
following day the suspension was centrifuged for 20
minutes at 2000 revolutions per minute (r.p.m.), the
supernatant fluid was drawn off and subjected to
further centrifuging for 20 minutes at 10 000 r.p.m.
The supernatant fluid obtained after this second
centrifuging, which was transparent or slightly
opalescent, was used as antigen for the haemaggluti-
nation test and the haemagglutination-inhibition
test.
The antigens were rendered non-infective by

lengthy storage at 4°C, different periods of storage
being necessary for the different antigens. Thus the
antigens of the eastern and western strains of
American equine encephalomyelitis virus completely
lost their infectivity in the course of two months'
storage, while the antigen of the Japanese B en-
cephalitis virus became non-infective after three
months' storage and the antigens of the tick-borne
encephalitis viruses after six months' storage. The
haemagglutinating properties of the antigens re-
mained unchanged during this storage at 4°C. The
above procedure being rather time-consuming, we
used the following method for the quick elimination
of infectivity. After the second centrifuging, methy-
lene blue was added to the supernatant fluid con-
taining the antigen, in a concentration of 1: 1 000 000
for the antigens of the American equine encephalo-
myelitis and Japanese B encephalitis viruses and
1: 10000000 for the antigens of the tick-borne
encephalitis viruses, and the solution was irradiated
for 20 minutes, in ordinary centrifuge tubes on ice,
with a 200-watt electric lamp at a distance of 20 cm.

The antigens, when ready for use, were stored
in liquid form at 4°C or were freeze-dried under
vacuum.

Sera

Immune sera were obtained by immunizing
rabbits with a centrifuged 10% suspension of brain
infected with the strain concerned. The rabbits were
first inoculated subcutaneously, and then, seven days
later, intraperitoneally, with 5 ml of the virus
suspension. In some cases a third immunization was
carried out. The blood was taken from the rabbits
by cardiac puncture 10-14 days after the last im-
munization. The serum was tested for sterility,
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lyophilized and stored in a refrigerator at 4°C. The
specificity of the serum was generally checked by a
neutralization test in mice.
To remove non-specific inhibitors and to eliminate

spontaneous haemagglutination the sera were treated
with goose red cells and chemically pure kaolin. For
this purpose 4 ml of a 10% suspension of goose red
cells in a borate buffer of pH 9.0 were added to 1 ml
of whole serum. The mixture was centrifuged for
10 minutes at 2000 r.p.m., and equal volumes of the
supernatant fluid and 25% kaolin were then mixed
in a buffer of pH 9.0. The mixture was shaken for
20 minutes and centrifuged for 15-20 minutes at
2000 r.p.m. As a result, about 9 ml of 10% serum,
free, or almost free, from non-specific inhibitors
were obtained. Twofold serial dilutions of the serum
were made for the haemagglutination-inhibition test.

Erythrocytes
A 0.5% suspension of goose red cells was used in

the tests, as recommended by Porterfield (1957).

Solvent
A borate buffer of pH 9.0 was used as solvent for

the antigens and sera in every case.

Test procedure

Since the various neurovirus antigens show haem-
agglutination with goose red cells at different pH
values and at different temperatures, before we
carried out the main experiment we determined the
optimum conditions for the test for each newly
prepared antigen by making a preliminary titration
of the antigen with a 0.5% suspension of goose red
cells in a buffer of pH varying from 5.7 to 7.5 and
at temperatures of 4°C, 22°C and 37°C.
When we had determined the antigen titre, the

optimum pH of the buffer for the erythrocytes and
the optimum temperature for the test, we prepared
a working dilution of the antigen containing 8 haem-
agglutinating units in 0.2 ml and checked the work-
ing dose in the same way as for the haemagglutina-
tion-inhibition test with influenza virus. Having
determined the working dose of the antigen, we set
up the main experiment. This was done in two
different ways:

1. 0.2 ml of serum of a known dilution (from 1: 10
to 1: 1280 - 1: 2560) and 0.2 ml of the working dose
of the antigen were poured into each of a series of
test-tubes. The test-tubes were left at 4-50C for 16-18
hours, and 0.4 ml of a 0.5% suspension of goose red
cells in a buffer of the optimum pH was then added

to each tube. The test-tubes were kept at 4°C and
the results of the test read after 30-40 minutes, the
stability of the reaction being checked after one hour
or more.

2. For rough determinations, the mixture of the
working dose of the antigen and known dilutions of
the serum was left at room temperature for one hour.
The 0.5% suspension of red cells was then added and
the results of the test read after 30-40 minutes.

RESULTS

By extracting infected mouse brain with a borate
buffer of pH 9.0 and subsequently centrifuging at
10 000 r.p.m., we obtained haemagglutinating anti-
gens of various strains of the viruses of American
equine encephalomyelitis, tick-borne encephalitis,
diphasic meningo-encephalitis, Kyasanur forest dis-
ease and Japanese B encephalitis.

Haemagglutinin titres

Preliminary titration of the antigens (see Table 1)
showed that for haemagglutination with Sof and
Absetarov antigens the optimum pH of the red cell
suspension is 6.8; this agrees with the data of other
research workers in respect of the tick-borne en-
cephalitis viruses. The Pan and Kyasanur forest
disease (G-11338) strains, however, differ somewhat
in this connexion, the haemagglutinins being
demonstrated best at a pH of 7.0.

The optimum temperature for demonstrating the
haemagglutinins of Absetarov, Pan and Sof was 4°C.
At room temperature the haemagglutinin titre de-
creased twofold and at 37°C it decreased fourfold.
The optimum pH for the detection of the haem-

agglutinins of the Japanese B encephalitis virus
(Ya-47) was 6.3-6.5. This strain demonstrated
identical haemagglutinating properties at 4°C, 22°C
and 37°C, but the pH range in which the reaction
occurred at 4°C was somewhat wider.
The haemagglutinating activity of avirulent liquid

antigens prepared in a borate buffer of pH 9.0 is
unaffected by storage at 4°C for a lengthy period.
The antigens in our possession have already main-
tained their initial titres for a whole year. Elimina-
tion of the infectivity of the antigens by the simple
method of lengthy exposure at 4°C or the addition of
methylene blue with subsequent exposure to light
has absolutely no effect on their haemagglutinating
properties.

It was found that freeze-drying the antigens re-
duced the haemagglutinin titre twofold. Thus the
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TABLE I
HAEMAGGLUTINATING ACTIVITY OF ANTIGENS PREPARED FROM INFECTED MOUSE BRAIN

Haemagglutinin titre at: pH range in which haemagglutinins can be
Strain ptim um pH

4°C 22°C 37°C 4°C 22°C 37°C

Sof 1: 1 280 1: 640 1: 320 6.8 6.0-7.1 6.3-7.0 6.0-7.0

Absetarov 1: 640 1: 320 1:160 6.8 6.2-7.0 6.2-7.0 6.3-7.0

Pan 1: 320 1: 160 1: 80 7.0 6.5-7.0 6.5-7.0 6.5-7.0

G-1 1338 1: 320 1:160 1: 80 7.0 6.8-7.0 6.8-7.1 7.0-7.1

YA-47 1: 640 1: 640 1: 640 6.3-6.5 6.3-7.2 6.3-7.0 6.3-7.0

EEE 1: 2 560 1: 2 560 NT 6.0 5.8-6.1 5.8-6.1 NT

142 1: 2 560 1: 2 560 NT 6.0 5.8-6.1 5.8-6.1 NT

WEE 1: 2 560 1: 2 560 NT 6.1 6.0-6.3 6.0-6.3 NT

NT = not tested.

haemagglutinin titres of the Sof, Pan and G-1 1338
antigens were 1: 2560, 1: 320 and 1: 320, respec-
tively, before lyophilization and 1: 1280, 1: 160 and
1: 160, respectively, after lyophilization. However,
the haemagglutinin titres of the dried antigens have
remained stable during storage for the period of
three months for which observations are available.

All the immune sera prepared for the haemagglu-
tination-inhibition test were also dried under
vacuum. The titres of these freeze-dried sera have
remained stable over a period of observation of two
years.

Haemagglutination-inhibition tests

To determine whether the haemagglutination-
inhibition test can be used for identifying the viruses
of tick-borne and Japanese B encephalitis and of
American equine encephalomyelitis, we carried out a
series of cross haemagglutination-inhibition tests.
The results obtained in these tests (see Table 2)

show that there are close antigenic links between the
Sof, Pan and Absetarov strains, the TP-21 strain of
the virus of Malayan tick-borne encephalitis and the
G-1 1338 strain of the virus of Kyasanur forest
disease.
The virus of Japanese B encephalitis differs con-

siderably from the viruses of the tick-borne encepha-
litis group. As will be seen from Table 2, the
Japanese B encephalitis (YA-47) serum reacted in
the haemagglutination-inhibition test with its own
antigen in a dilution of 1: 640, but either did not

react at all or reacted only in dilutions of 1 :10 or
1: 20 with the antigens of the tick-borne encepha-
litis viruses. On the other hand, the tick-borne
encephalitis sera, which reacted with their own
antigens in dilutions of from 1: 80 to 1: 1280, either
did not react at all, or reacted only in dilutions of
1: 10 or 1: 20, with the antigen of the Japanese B
encephalitis virus.

It may be noted here that the haemagglutination-
inhibition test with neurovirus antigens is simple,
takes comparatively little time and gives unambigu-
ous and stable results.

In addition to studying diagnostic rabbit sera we
used the haemagglutination-inhibition test and the
neutralization test in mice for assaying various
batches of therapeutic and prophylactic products:
immune horse sera against WEE, EEE and VEE
(Venezuelan equine encephalomyelitis), and horse
gamma-globulins against tick-borne and Japanese B
encephalitis. These investigations showed that the
haemagglutination-inhibition test can be success-
fully used for determining the specificity of the
product concerned, side by side with the neutraliza-
tion test in mice.

CONCLUSIONS

1. The data obtained from cross haemagglutina-
tion-inhibition tests with antigens of various neuro-
viruses indicate that the simple, rapid and accurate
haemagglutination-inhibition test with goose red
cells can be recommended for wide practical use in
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TABLE 2
CROSS HAEMAGGLUTINATION-INHIBITION REACTIONS

Reciprocal of antibody titre in the following sera:
Antigen NraSof Absetarov Pan G-11338 TP-21 YA-47 WEE EEE 142 Norabbitsrum

Sof 160 640 160 40 80 10 0 0 0 0

Absetarov 160 1280 NT NT 160 20 0 0 0 0

Pan 80 320 160 20 80 10 0 0 0 0

G-11338 20 160 40 80 40 0 0 0 0 0

YA-47 0 20 10 0 0 640 0 0 0 0

WEE 0 0 0 0 0 0 2 560 40 20 0

EEE 0 0 0 0 0 0 20 1280 1280 0

142 0 0 0 0 0 0 20 1280 1280 0

Cg 0 0 0 NT NT 0 20 1280 1280 0

Fch 0 0 0 NT NT 0 20 1280 1280 0

NT = not tested.

the examination of sera and in the identification of
isolated strains of neuroviruses.

2. The results of cross haemagglutination-inhibi-
tion tests show that the various strains of tick-borne
encephalitis, diphasic meningo-encephalitis, Kyasa-
nur forest disease and Malayan encephalitis viruses
can be classified in one related group and differ con-
siderably in their antigenic structure from the virus
of Japanese B encephalitis.

3. Avirulent haemagglutinating antigens for the
various mutants of the virus of American equine
encephalomyelitis and for the viruses of tick-borne
encephalitis, diphasic meningo-encephalitis, Kyasa-
nur forest disease and Japanese B encephalitis can be
prepared from virus-infected mouse brain by ex-
traction with a borate buffer of pH 9.0, centrifuga-

tion and either lengthy storage at 4°C or addition of
methylene blue and subsequent irradiation with
electric light for 20 minutes.

4. Storage of the antigens in liquid form at 40C
for a whole year does not cause any reduction in
haemagglutinin titres.

5. Lyophilization of the antigens leads to a two-
fold reduction in haemagglutinin titres, but storage
of the freeze-dried antigens at 4°C for three months
causes no further reduction in the titres.

6. The haemagglutination-inhibition titres of the
specific freeze-dried rabbit sera for various strains of
neuroviruses remain stable for two years.

7. The possibility of eliminating non-specific in-
hibitors in sera by treating the sera with goose red
cells and chemically pure kaolin has been confirmed.

RtSUMI2

La recherche de methodes permettant de mettre en
evidence et de classer les virus pathogenes se poursuit
activement. Le test d'inhibition de l'hemagglutination
est l'un des plus employes pour l'etude de certains
virus. Sur la base de ce test, ainsi que de 1'epreuve
de neutralisation sur la souris, les encephalites infec-
tieuses ont ete classees en trois groupes (A, B, C). En
URSS, les premiers essais d'application de ce test a
I'etude des neurovirus datent de 1954, et en 1960,
les recherches sur les encephalites transmises par les

tiques, et le louping-ill, ont montr6 son utilite en epide-
miologie.

Cet article rend compte d'6tudes relatives i certaines
souches d'encephalites transmises par les tiques, de
m6ningo-encephalites, de virus de la maladie de la
Kyasanur Forest, de l'encephalite malaise, de l'encepha-
lite japonaise B et de lFencephalomyelite equine (EEE
et WEE). Dans leurs conclusions, les auteurs indiquent
que les tests d'inhibition croisee de l'h6magglutination,
utilisant des erythrocytes d'oie, simples, rapides et precis,
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peuvent etre recommand6s pour 1'examen et la deter-
mination des neurovirus. D'apres les resultats de ces
tests, les encephalites transmises par les tiques, la maladie
de la Kyasanur Forest et 1'encephalite malaise forment
un groupe qui differe considerablement par ses proprietes
antig6niques de 1'encephalite japonaise B. Ils precisent

les conditions dans lesquelles peuvent etre obtenus des
antig6nes h6magglutinants avirulents de ces divers virus,
et les methodes de conservation de ces antigenes durant
des periodes variables. Ils confirment la possibilit6 d'6li-
miner les inhibiteurs non specifiques par traitement des
serums au moyen d'erythrocytes d'oie et de kaolin pur.
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