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halation of tobacco smoke.e In the present study the
use of tobacco, in particular for long periods (more
than 20 years), was found to be significantly more
frequent in patients than in controls, and increased
significantly from clinical group I to group III.
The frequency of vitamin-C deficiency was signi-

ficantly higher in cases of submucous fibrosis than
in control cases. Florey r has reported homogeneous
appearance, increased mucopolysaccharide content
and decreased vascularity of connective tissue during
healing in vitamin-C-deficient animals and humans.
The morphological appearance of the connective
tissue was found to be very much the same in cases
of submucous fibrosis.s

In submucous fibrosis, the overlying epithelium
showed predominantly hyperplasia with or without
cellular atypism; in only a few cases was atrophy
observed. Tobacco extracts and tobacco smoke are
also known to produce hyperplasia of the oral epi-
thelium.t,U Muir & Kirkv have reported develop-
ment of oral carcinoma in mice treated with crude
tobacco extract.

Epithelial hyperplasia, atrophy and excessive
keratinization have been described in vitamin-A
deficiency.w Low serum vitamin-A levels, comparable

q Lupu, N. G. & Velikan, K. (1962) Arkh. Pat., 24, 2.
r Florey, H. (1962) In: General pathology, 3rd ed.,

London, Lloyd-Luke, p. 489.
8 Wahi, P. N., Luthra, U. K., & Kapur, V. L. (1966)

Brit. J. Cancer (in press).
t Roffo, A. H. Quoted by Florey, C. M. (1941) Cancer

Res., 1, 262.
Iu Divekar, V. D., Ambayo, R. K., Rane, T. B. & Khanolkar,

V. R. (1961) Proc. Indian Acad. Sci., 54, Sect. B (No. 2), p. 57.
v Muir, C. S. & Kirk, R. (1960) Brit. J. Cancer, 14, 597.
WWolbach, S. B. & Bessey, 0. A. (1942) Physiol. Rev.,

22, 233.

to those observed in cases of oral cancer,d were
found in our cases of oral submucous fibrosis.
Atrophy of the epithelium has been described as a
feature of deficiency of vitamins of the B complex.w. x

Waravdekar et aLy have described clinical signs
of mild vitamin-B deficiency in cases of oral pre-
cancerous lesions and oral cancer. A significantly
high frequency of clinical manifestations ofvitamin-B
deficiency was found in cases of submucous fibrosis.
No significant difference in the amount and the

duration of the consumption of chillies was found
between patients with submucous fibrosis and the
controls, so that no definite etiological role can be
assigned to this factor. However, the experimental
studies of Sirsat & Khanolkar z suggest that the
mild irritant action of chillies might reinforce other
factors.
On the basis of these observations, it seems pos-

sible that the chemical, thermal and/or mechanical
factors associated with the use of tobacco may act
in conjunction with the vitamin deficiencies to lead
to the development of submucous fibrosis. However,
this hypothesis does not account for those cases
where there was no history of the use of tobacco, or
without manifest hypovitaminosis. In such cases
other unknown irritants or altered tissue responses,
acting in conjunction with one of the above-
mentioned agents or independently, might have led
to the development of the lesion.

Z Abels, J. C., Reckers, P. E., Martin, H. & Rhodas, C. P.
(1942) Cancer Res., 2, 281.

Y Waravdekar, V. S., Mangaonkar, V. G. & Khanolkar,
V. R. (1950) Acta Un. int. Cancr., 6, 1017.

Z Sirsat, S. M. & Khanolkar, V. R. (1960) Arch. Path., 70
180.
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Influenza A viruses of avian origin have been
divided by Pereira, Tumova' & Law b into four

a Work performed while on leave at the College of Agri-
culture, University of Massachussetts, Amherst, Mass., USA.

b' Pereira, H. G., Tuimova, B. & Law, V. G. (1965) Bull.
Wld Hlth Org., 32, 855-860.

antigenic groupings represented by the following
strains: (1) classical fowl plague virus (Dutch strain),
Turkey/England/63 (Langham strain) and virus N;
(2) Duck/England/56; (3) Duck/Czechoslovakia/56
(Kosice) and Duck/England/62, and (4) Chicken/
Scotland/59 (Smith strain) and Tern/South Africa/61.
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The formation of such antigenic groupings was
based on cross-reactions revealed by haemagglutina-
tion-inhibition (HI), strain-specific complement-
fixation (CF) and virus neutralization (VN) tests,
although most of the virus strains investigated could
be clearly distinguished from each other in any of
these tests. Type-specific CF tests, on the other hand,
failed to reveal any differences between the nucleo-
protein (soluble) antigens contained in these viruses.

Several additional strains of avian influenza A
strains have been subsequently compared with the
viruses mentioned above with results presented in
the present report.

Materials and methods
Virus strains. The origin and passage histories of

the strains mentioned in the preceding section have
been described by Pereira, Tumova & Law.b In
addition the following strains were investigated in
the present study:

(1) Turkey/Canada/63 (Wilmot strain) was iso-
lated in January 1963 from a turkey in a flock in the
central Ontario township of Wilmot; c

(2) Turkey/Massachussetts/3740/65 was isolated
in December 1965 during an outbreak of respiratory
disease in turkeys;

(3) Turkey/Wisconsin/66 was isolated from res-
piratory tissues of turkeys by Dr Lois Smithies,
Central Animal Health Laboratory, Wisconsin
Department of Agriculture, Madison, Wis., USA,
in February 1966.

Lyophilized materials from second or third
allantoic passages of each strain were sent to the
World Influenza Centre, where the tests reported
below were carried out after one or two further
allantoic passages.

Antisera. Fowl sera used for HI tests were obtained
from adult chickens or ducks bled two weeks after
intranasal (fowl plague, Chicken/Scotland/59 and
Turkey/England/63) or intramuscular (virus N,
Duck/England/56, Duck/Czechoslovakia/56, Duck/
England/62) inoculation. Fowl antisera to the new
strains included in the present study were from
turkeys that had recovered from natural or experi-
mental infection. Anti-S and anti-V sera used for
CF tests were prepared according to the techniques
described by Lief & Henle.A

c Lang, G., Ferguson, A. E., Connell, M. C. & Wills, C. G.
(1965) Avian Dis., 9, 495.

d Lief, F. S. & Henle, W. (1959) Bull. Wld Hlth Org., 20,
411-420.

Serological methods. HI tests were done in plastic
trays following the technique described by the WHO
Expert Committee on Influenza,' except that serum-
virus mixtures were kept for 1 hour at room tem-
perature before addition of the red-cell suspension.
CF tests were done as described by Pereira,

Pereira & Law.f

Results
All strains under study were shown to contain the

type-specific influenza A nucleoprotein antigen
demonstrable by CF tests performed with anti-S
sera.

Antigenic relationships revealed by HI and strain-
specific CF tests between the three strains isolated
from turkeys in the North American continent
since 1963 and between these and former avian
influenza A viruses are shown in Tables 1 and 2.
It is clear from these results that, although the new
turkey viruses included in this study can be clearly
distinguished from each other and from previously
described strains both by HI tests and by strain-
specific CF tests, they are directly or indirectly
related to each other and to the antigenic grouping
represented by Duck/Czechoslovakia/56 and Duck/
England/62. Furthermore, a possible distant relation-
ship between the latter and the Smith strain (Chicken/
Scotland/59) is suggested by the HI results.
Comments
A classification of avian influenza A viruses into

subtypes having the significance usually given to
those into which human and equine strains are
divided cannot be proposed at the moment. The
combined results of HI, strain-specific CF and VN
tests suggest that all these strains may be related to
each other either directly or indirectly through
antigenic " bridges " exemplified by strains such as
Turkey/Canada/63, which crosses by CF on the
one side with Duck/Czechoslovakia/56 and on the
other with Turkey/Massachusetts/65. More recently,
several avian influenza A strains received from
Professor A. Rinaldi, Pavia, Italy, and still under
investigation have been found to cross-react with
virus N (and therefore indirectly with classical fowl
plague virus), with Duck/England/62 (and therefore
indirectly with the three turkey isolates described
in the present paper) and also with Chicken/Scot-
land/59. These findings suggest that the inclusion of

6 WHO Expert Committee on Influenza (1953) Wld Hlth
Org. techn. Rep. Ser., 64, 32.

f Pereira, H. G., Pereira, M. S. & Law, V. G. (1964) Bull.
Wld Hlth Org., 31, 129-132.
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further strains in studies of this kind may lead to the
conclusion that antigenic variation among these
viruses is a continuous process without sharp dis-
tinctions allowing the separation of subtypes.
However, for practical purposes, an arbitrary

distinction of antigenic groupings may be of some
use in the routine identification of isolates. Of
particular value in this respect would be a system
based on procedures kept as simple as possible.
For this purpose a classification based exclusively
on the results of haemagglutination inhibition,
which is undoubtedly the test most commonly used
in the study of influenza viruses, would divide the
strains investigated so far into the following anti-
genic groupings:

(1) fowl plague and Turkey/England/63;
(2) virus N (and some isolates from Italy still under

study);
(3) Duck/England/56;
(4) Duck/Czechoslovakia/56 and Duck/England/

62;
(5) Chicken/Scotland/59, Tern/South Africa/61

(and some isolates from Canada still under study);

(6) Turkey/Canada/63, Turkey/Massachussetts/65
and Turkey/Wisconsin/65.

It must be pointed out, however, that this scheme
applies only when post-infection avian sera are used.
With hyperimmune sera prepared in rabbits or
other mammals, a number of additional cross-
reactions become apparent.
The isolation of the three turkey strains of group 6

from turkey flocks distant in time and location
points to a wide dissemination of the infection by
this particular serotype of influenza A viruses. The
infection has been, so far, diagnosed only in tur-
keys, where it is responsible essentially for a mild
upper respiratory disease. Information received
(C.C. Wannop, personal communication) indicates
that the infection is not restricted to the North
American continent but exists also in Europe. The
fact that none of the isolates was clearly identifiable
with any of the other strains makes it unlikely that
the outbreaks result from the direct transmission of
the virus originating from a common enzootic focus.
It seems rather that this is a newly recognized infec-
tion which has been, and still is, circulating in the
turkey population.

Immunoelectrophoretic Analysis of Water-soluble Antigens Extracted from
Parasitic Bodies of Plasmodium berghei Separated from the Blood

by A. CORRADETTI, F. VEROLINI, A. ILARDI and A. Bucci, Istituto Superiore di Sanita, Rome, Ital}

The antigenic analysis of Plasmodium berghei was
recently investigated by immunoelectrophoretic
methods.a-e The extracts of parasites employed in
all these experiments were obtained by saponin hae-
molysis, centrifugation and removal of the layer con-
taining the leucocytes. This method does not elimi-
nate contamination with proteins from the host cells.

a Spira, D. & Zuckerman, A. (1962) Science, 137, 536.
b Zuckerman, A. (1964) Amer. J. trop. Med. Hyg. 13,

Suppl., p. 209.
c Banki, G. & Bucci, A. (1964) Parassitologia, 6, 251.
d Diggs, C. L. (1964) J. Parasit., 50, Suppl., p. 17.
e Zuckerman, A. & Spira, D. (1964) Immunoelectro-

phoretic comparison of plasmodial antigens. In: Proceedings
of the First International Congress of Parasitology, Rome,
London and Milan, Pergamon and Tamburini, vol. 1, p. 130.

The centrifugation alone does not produce complete
separation of the leucocytes in the supernatant layer:
a certain percentage of white cells are found also in
the lower layers after centrifugation. Moreover, the
mechanical removal of the supematant layer con-
taining the leucocytes very often produces movements
in the liquid which give rise to leucocyte contamina-
tion in the layers immediately below.
We have recently developed and fully described a

method by which the parasitic bodies are obtained
entirely free from any contaminating material.f The
method consists of saponin haemolysis and filtration
through Millipore SM membranes (5-p mesh). It has

f Corradetti, A., Verolini, F. & Ilardi, A. (1964) Paras-
sitologia, 6, 279.
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