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SYNOPSIS

Two strains of influenza A virus have been identified which show
significant variations in their haemagglutination-inhibition titres
when tested with different types of fowl cell.

The fowl cells studied in relation to these two strains of virus
fall into two distinct groups, arbitrarily labelled type I (low titre)
and type II (high titre).

The type I and type 1I cells seem related to, but not identical
with, the inhibitor-insensitive and inhibitor-sensitive cells described
by previous workers.

When type I cells are treated with trypsin they behave like
type II cells, while the latter are not modified by this treatment.

In the course of systematic serological studies of strains of influenza
A virus received at the World Influenza Centre in London during the years
1952-3, it was observed that some strains showed a variation in their haem-
agglutination-inhibition titres when erythrocytes from different fowls were
used. Two such strains were found, A/Kentucky/302/52 and A/England/2/53,
and the former was studied extensively. Depending on their behaviour
when tested against these two strains of virus, the red cells of 10 fowls could
be classed in either of two distinct groups labelled arbitrarily type I and
type II. Haemagglutination-inhibition titres obtained with type I cells were
usually very low, while those with type II were much higher. Though the
phenomenon was constantly observed in the haemagglutination-inhibition
test, it was never found in the course of haemagglutinin titrations.
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In the present paper the phenomenon is described and experiments
reported that shed some light on its nature.

Materials and Methods

Apart from the standard materials and methods described in the first
report of the WHO Expert Committee on Influenza16 and in a previous
report from this laboratory9 the following were used

Virus

A/Sweden/3/50, A/England/1/51, A/Kentucky/302/52, A/Missouri/303/
52, A/England/2/53, and B/Crawley were the strains studied.

The A strains were made inhibitor-sensitive (indicator virus) by dialysing
against a large volume of 0.0001 M borate buffer 5 for 24-48 hours at
40C, adding Calgon (sodium hexametaphosphate) to a final concentration
of 0.0002 M, adjusting to pH 8.0 with phosphate buffer, and heating at
520C for 60 minutes.3' 6

B/Crawley was made inhibitor-sensitive by heating at 560C for 30 minutes.
In this paper virus thus made inhibitor-sensitive will be referred to as

heated virus.

Sera

In order to destroy non-specific inhibitors of haemagglutination, immune
ferret sera were treated with trypsin according to the technique of Sampaio
& lsaacs,12 or with receptor-destroying enzyme by a modification 8 of the
method of van der Veen & Mulder.15

Normal ferret serum as a source of non-specific inhibitor of haemagglu-
tination was heated at 560C for 30 minutes before use.

Trypsin

Crystallized trypsin (Armour) containing 50% by weight of magnesium
sulfate was used throughout.

Receptor-destroying enzyme (R DE)
Partially purified RDE was prepared and titrated according to the

technique of Burnet & Stone.4

Results

Table I shows results of cross-haemagglutination-inhibition tests com-
paring the behaviour of a few recently isolated strains of influenza virus in
the presence of fowl erythrocytes of types I and II. While A/England//I51,
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A/Sweden/3/50, and A/Missouti/303/52 give identical titres in the presence
of both types of cell, A/Kentucky/302/52 and A/England/2/53 show
striking differences, which are found with heterologous as well as with
homologous immune sera.

TABLE I. CROSS-TITRATION OF RECENTLY ISOLATED STRAINS OF INFLUENZA
VIRUS IN THE PRESENCE OF FOWL ERYTHROCYTES OF TYPES I AND II

Trypsin-treated serum

Tested with A/Sweden/ A/England/! A/Missouri/ A/Kentucky/! A/England/
8 A.D. of 3/50 1/51 303/52 302/52 2/53

1 I11 11 11 11 11

A/Sweden/3/50 80 80 30 30 10 10 20 20 20 20

A/England/l/51 160 160 640 6401 20 20 60 60 40 40

A/Missouri/303/52 240 240 60 60 1480 480 480 480 480 480

A/Kentucky/302/52 20 120 <10 30 <10 60 40 320 1 40 320

A/England/2!53 40 120 <10 20 <10 60 30 320 15 240

All sera had previously been trypsin-treated. The titrations were repeated
with RDE-treated sera and identical results were obtained. Furthermore,
these results were not modified when tests were carried out with heated
virus or virus purified by adsorption to and elution from red cells.

It was also found that the vaccinia sensitivity or insensitivity had no
relation to the type I - type It variation. Some vaccinia-sensitive cells were
of type I, others of type II.

Similar cell differences have been described with influenza B viruses in
the titration of antibodies 14 and of non-specific inhibitors of haemagglu-
tination." 2

Table It shows results obtained in the titration of non-specific inhibitors
of haemagglutination in normal ferret serum and of specific antibodies in
B/Crawley antiserum with heated A/Kentucky/302/52, A/Missouri/303/52,
and B/Crawley. A/Kentucky/302/52 and B/Crawley show considerable
differences with type I and type II cells, whether specific antibody or normal
serum is used as inhibitor. We have found good correspondence between
type I and type II cells and the inhibitor-insensitive and inhibitor-sensitive
cells of Anderson,' but the correspondence is not invariable, since cells
from one fowl were found to be inhibitor-sensitive although of type I.

In the hope that some understanding of the phenomenon might be
gained, the following experiments were carried out.

Attempts were made to modify the virus haemagglutinin by treatment
with trypsin by the method of Stone 13 and with ether by the method of

7
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TABLE II. TITRATION OF NON-SPECIFIC INHIBITOR OF HAEMAGGLUTINATION
IN NORMAL FERRET SERUM AND OF ANTIBODY IN B/CRAWLEY ANTISERUM

WITH HEATED A/KENTUCKY/302/52, A/MISSOURI/303/52, AND B/CRAWLEY
IN THE PRESENCE OF TYPE I AND TYPE II CELLS

Untreated normal Trypsi n-treated Trypsi n-treated
Tested with 8 A.D. of ferret serum normal ferret serum Crawley serum

11 11 11

Heated A/Kentucky/302/52 60 640 <10 <10 <10 <10

Heated A/Missouri/303/52 640 960 <10 <10 <10 <10

Heated B/Crawley 1600 9600 <10 10 160 1280

Elford & Chu (unpublished data quoted by Isaacs, Gledhill & Andrewes 9).
In these experiments it was found that the haemagglutination-inhibition
titres were increased, but as the cell difference was not modified these results
will not be discussed any further.

The similarities of behaviour of A/England/2/53 and A/Kentucky/302/52
with B/Crawley led us to think that these influenza A viruses might have
some antigenic relationship with influenza B viruses. We failed, however,
to demonstrate such a relationship by haemagglutination-inhibition tests
and complement-fixation tests with soluble antigen.7

When the red cells were treated with RDE it was found that the same
concentration of enzyme was required to render both type I and type II cells
inagglutinable by A/Kentucky/302/52 and A/Missouri/303/52. However,
treatment of the red cells with trypsin by the method of Pickles 11 produced
striking results. Trypsin-treated type I cells behaved very much like normal
type II cells, while the latter were not modified by this treatment. Table III
shows results of cross haemagglutination-inhibition tests with A/Kentucky/

TABLE IlIl. CROSS HAEMAGGLUTINATION-INHIBITION TESTS WITH
A/KENTUCKY/302/52 AND A/MISSOURI/303/52 IN THE PRESENCE OF NORMAL

TRYPSIN-TREATED TYPE I AND TYPE II CELLS

Trypsin-treated serum

A/Kentucky/302/52 tested A/Missourii303/52 tested
Type of cell with 8 A.D. of with 8 AD. of

A/Kentucky/ A/Missouri/ A/Kentucky/ A/Missouri/
302/52 303/52 302/52 303/52
virus virus virus virus

I-Normal 20 320 <20 640

11-Normal 320 320 120 640

I- Trypsin-treated 240 480 80 1280

II- Trypsin-treated 320 480 120 1280
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302/52 and A/Missouri/303/52 in the presence of normal and trypsin-
treated cells. Similar results were obtained in the titration of non-specific
inhibitors with heated B/Crawley in normal ferret serum (table IV).

TABLE IV. TITRATION OF NON-SPECIFIC INHIBITOR OF HAEMAGGLUTINATION
IN NORMAL FERRET SERUM WITH 8 A.D. OF HEATED B/CRAWLEY IN THE
PRESENCE OF NORMAL AND TRYPSIN-TREATED TYPE I AND TYPE 11 CELLS

Type cells Type 11 cells

Normal cells ....... 320 2560

Trypsin-treated cells .. 2560 2560

Discussion

From the data at present available it would seem that type I cells have
a substance present as part of their surface which is not found in type II cells.
This substance is destroyed by trypsin and appears to be either a receptor
to which certain viruses are firmly bound or an inhibitor capable of reducing
the effectiveness of antibody in immune serum or of non-specific inhibitor
of haemagglutination in normal serum. The masking substance on the
surface of type I cells seems somewhat analogous to that found on the
surface of Rh-positive cells, which are not normally agglutinated by " incom-
plete " anti-D Rh antibody, but become agglutinable after treatment with
trypsin.10

R1-SUMIt
Deux souches de virus grippal A, parvenues au Centre mondial de la Grippe en

1952-53, pr6sentent des variations du pouvoir inhibiteur de l'hemagglutination, suivant
l'oiseau de basse-cour dont proviennent les hematies utilisees pour le test.

Les hematies de dix oiseaux ont pu etre classees en deux groupes (type I et type II)
en fonction des reactions de ces deux souches de virus. Les titres d'inhibition de l'hemag-
glutination obtenus avec le type I sont en general tres bas, ceux obtenus avec le type II
tres eleves. Cette difference ne se manifeste pas dans le titrage des hemagglutinines.
La souche B/Crawley presente, vis-a-vis des types I et II, des reactions analogues a celles
des souches A.

Le traitement des h6maties par la trypsine a donne des resultats frappants: Les
cellules du type I traitees par la trypsine se comporterent comme des cellules normales
du type II, tandis que celles-ci n'etaient pas modifi&es par le traitement. D'apres les don-
nees dont on dispose, il semble que les cellules du type I ont a leur surface une substance
que ne possedent pas celles du type II. Cette substance est detruite par la trypsine et
parait etre soit un recepteur auquel certains virus se fixent solidement, soit un inhibiteur
capable de diminuer l'efficacite des anticorps dans l'immunserum ou celle d'un inhibiteur
non specifique de l'hemagglutination, dans le serum normal. La substance masquante
a la surface des cellules de type I parait etre analogue a celle qui a et trouvee 'a la surface
des cellules Rh-positives qui ne sont pas normalement agglutinees par l'anticorps Rh
anti-D, mais qui deviennent agglutinables apres traitement par la trypsine.
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