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ship between the present Hong Kong and A/Equi-2
strains aild those presumed to have been prevalent in
the 1890s.

Little notice seems to have been taken ofTumova's
extraordinary finding of specific HI antibodies to
A/Equi-2 in sera from Mongolian horses. Since in
Mongolia importation of horses is strictly forbidden,
and since the country is relatively isolated geographi-
cally, it seems most unlikely that racehorses from
Florida, where A/Equi-2 was first isolated in 1963,
introduced the disease into Mongolia. Do we, then,
have the surviving prototype of the 1889 pandemic in
Mongolia just as we seem to have the prototype of
the 1918 pandemic in pigs in the USA and other
countries? If so, how did it get to Florida? Are we to
incriminate the birds and the astonishingly wide
range of influenza strains that has been isolated
from them in recent years?
The World Health Organization depends on the

splendid co-operation it receives from collaborating
laboratories in pursuing studies into these problems.

The main lines of investigation are:
(1) Continued attempts to isolate viral strains from

a range of wild animal species, and to characterize
them antigenically.

(2) Experimental studies of swine influenza to
understand better the natural history of this disease.
The results of work in Czechoslovakia and in
Madison, Wis., of great interest in this connexion,
will be published soon.

(3) Experimental inoculation of horses with
Hong Kong and A/Equi-2 strains, similar to the
work reported by Kasel & Couch. c

(4) In vivo recombination experiments in which it
is planned to use different animal and human strains.

(5) Continued surveillance of animal influenza in
different countries, with the provision of diagnostic
kits and the development of screening techniques for
such work.

c See the paper by J. A. Kasel & R. B. Couch on page 447
of this issue.

Discussion on Antigenic Relationships of Animal and Human
Influenza Viruses
by B. C. EASTERDAY a

The foregoing papers have provided further
interesting evidence for certain relationships between
influenza viruses of animal and human origin.
This evidence was concerned with the antigenic and
biological properties of the viruses and suggests that
interspecies transfer takes place. It remains, however,
to isolate identical viruses from animals and human
beings in association during an epidemic or, for that
matter, during an interepidemic period.

Speculation about interspecies transfer goes back
at least to 1918. When the swine influenza and
human influenza viruses were isolated in the 1930s,
many became intrigued and frustrated by the idea
,of an extra-human reservoir for influenza. This
curiosity and frustration was further intensified by
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the pandemic of 1957 and again by the appearance
of the Hong Kong virus in 1968. The curiosity has
been amplified by the isolation and characterization
of many type A influenza viruses from several animal
species between 1957 and 1968.
We now know that several viruses from several

different species have similar antigenic characteristics.
This information may be used to support an hypo-
thesis concerned with interspecies transfer of the
inflenza viruses: that transfer is common, that
transfer is rare, or that certain species are more likely
than others to be a reservoir, etc. However, the
available information does not exclude an hypothesis
that there may be several separate evolutionary lines
for antigenic variation which do not require inter-
species transfer. The evidence accumulated over the
past 40 years suggests that pigs are the reservoir for
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influenza among pigs and over the past 13 years it
appears that horses are the reservoir for influenza
among horses.

For those of us who work with influenza infections
in animals, especially " natural " host-parasite
systems, e.g., swine, birds, and horses, the question
of interspecies transfer is perplexing. Our field
observations and serological studies have failed to
show that human beings become infected when they
are closely associated with animals with influenza
infections. Observations by Czechoslovak workers
indicate that transfer may occur from pigs to human
beings. There is certainly a need to intensify our
efforts to isolate influenza viruses from various
animal species and to learn more about their
natural history.
We are confronted with several problems in

animal influenza systems, both in the laboratory and
in the field, that deserve further definition. Several
times in the foregoing discussions it has been
suggested that new subtypes arise as a result of

recombination in nature. This suggestion has been
based on the success that several workers have had
with recombination of influenza viruses in tissue-
culture systems. Experiments are in progress in our
laboratory to explore whether recombination. of
influenza viruses may take place in animals. To date
we have not accumulated sufficient data to determine
whether recombination has taken place. It is probable
that the time of recombination and the conditions
under which it may take place are extremely critical.
There seems to be an infinite number of possibilities,
but to select the correct one is a problem. We have
been interested in studying persistent infections and
whether recombination is more likely to occur under
those conditions or in an acutely infected animal.
We have also been interested in the effects ofantibody
on the course of infection and the conditions for
recombination.

It is my opinion that many of our perplexing
problems can be solved by more intensive uge of
swine and avian experimental model systems.

Studies of the Structure of the Influenza Virus Envelope
by H. A. BLOUGH a

Studies by J. M. Tiffany and myself, using the
calculated amount of lipid found in the influenza
virus envelope (AO/PR/8/34) have shown that there
is twice as much lipid as can be accounted for by a
bilayer of the Danielli-Davson-Robertson type.
A more acceptable model is the lipoprotein-complex
theory of membrane structure which suggests that
lipids are bound specifically to apolar regions of
the polypeptide by hydrophobic interaction. Models
of the viral envelope were constructed of modelling
clay and expanded polystyrene plastics. Fig. 1
represents a cross-section of several models contain-
ing the coiled internal nucleocapsid (rubber tubing).
Fig. l(a) shows a modified Wallach-Gordon bilayer;
this was rejected since it does not account for all of
the lipid. Fig. l(b) is a modified Benson model with
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the addition of 2 intervening micelles of lipid
between certain protein molecules; this was ruled out
since one would anticipate an altered periodicity
of surface projections. Fig. l(c) shows a toadstool
configuration that was ruled out on energetic
grounds. The favoured configuration is the " inverted
toadstool" shown in Fig. l(d). An expanded model
of this is shown in Fig. 2. The stem of the inverted
toadstool is in contact with, and ionically bound to,
polar groups of lipid in a micellar arrangement. The
latter projects IOA beyond the outer surface of the
envelope and accounts for the spacing seen between
the base of the spike and the envelope. The base of the
toadstool consists of acyl chains (pipe-cleaners)
hydrophobically bound to protein; this calculated
amount of lipid bound hydrophobically is about
20%. Addition of lipid at the base of the toadstool
may take place under conditions of high multiplicity
of infection and could explain, in part, the pleomor-
phism of von Magnus-type virus.
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