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SYNOPSIS

The morphology of influenza virus is described, and the pro-
perties of its two components, the elementary body and the soluble
substance, differentiated. The relationship between the filamentous
and spherical structures observed in the infected allantoic fluid is still
obscure, but the filaments are thought to represent either a form of
influenza virus or a stage in its multiplication.

The antigenic constitution of A and B viruses is discussed and
variations in the pattern of individual strains over the past two
decades described. The author outlines his speculations on the
origin and mechanism of these variations. Other differences in
serological behaviour, such as non-specific inhibition and the
avidity effect, are discussed.

The results of experimental investigation, with various ani-
mal hosts, of the kinetics of influenza virus multiplication are
reviewed, and the effects of such factors as incubation temperature
and concentration of the seed virus considered. The bearing of
these studies of enzymatic virus/host-cell interactions on the
chemotherapeutic control of influenza is emphasized.

Morphology of Influenza Virus

Influenza virus consists of at least two distinct components, the elemen-
tary body and the soluble substance.48 52 By high-speed centrifugation
of influenza virus suspensions the former particles are easily sedimented
while the latter remain suspended in the supernatant fluid. The properties
of the two components differ considerably.

The soluble substance consists probably of small particles with an
average diameter of approximately 10 mp 36, 54, 75' 79 These particles are
not infective, they are not adsorbed on red cells, and they do not cause
haemagglutination. The soluble substance can be demonstrated only by
complement-fixation tests in which it acts as a powerful antigen. Antibodies
to soluble substance develop, as a general rule, only after infection, not
after vaccination.79
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The elementaryv bodies are considerably larger than the soluble sub-
stance. On the basis of centrifugation 29, 53, 71 and filtration 21, 29 data
their size has been estimated to vary from 80 m,u to 120 m,u. Studies on
the properties of the elementary bodies have shown that virus infectivity is
intimately associated with these bodies; furthermore, the elementary
bodies react with red cells and cause haemagglutination. Moreover, they
can immunize animals which develop virus-neutralizing and other anti-
bodies, and become resistant to infection. The elementary bodies also
fix complement in the presence of immune serum, but the complement-
fixing antigen is apparently different from that associated with the soluble
substance.52

Because of its small size the soluble substance is not easily seen, even
with the best electron microscope. For this reason almost all studies of
the morphology of influenza virus have been concerned with the elementary
bodies and associated larger forms of the virus.

In electron-micrographs of infected allantoic fluid purified by centri-
fugation or by adsorption of the virus on red-cell ghosts,18' 19 the elementary
bodies are seen as round or slightly ovoid particles measuring 80-120 m,u
in diameter, the average size of influenza B virus (Lee strain) being some-
what larger than that of influenza A virus (PR8 strain).18' 53, 70 In addi-
tion, elongated forms have been observed either as long filaments (1 it or
more in length) or as rods of intermediate length.

The number of filamentous forms in infected allantoic fluid has been
found to vary considerably from one strain to another. Fluid from eggs
infected with old laboratory strains, such as PR8 and Lee, usually contains
only a few filaments; by contrast, in fluids infected with more-recently
isolated A virus (FM1 and related strains) the number of filamentous
forms is often comparable to the number of elementary bodies.'5 How-
ever, recent studies of intracellular virus growth have shown that under
suitable conditions large numbers of virus filaments, together with spherical
elementary bodies, are produced in infected tissues by all strains of influenza
examined.20' 63, 64, 80 The length of the filaments has been found to vary
from strain to strain; in swine influenza, for example, the filaments are
rather short, while recently isolated A strains show very long filaments.64
In the latter strains the prevalence of filamentous forms also appears to
be greater than in the old PR8 and Lee strains, but, as mentioned above,
this difference is not as marked in infected tissues as it is in allantoic fluid.

It is now generally assumed that the filamentous structures described
above represent a form of virus. This assumption is substantiated by
several observations. In the first place, they are not normal cell components
for they have never been seen in the normal allantoic fluid of 10- to 13-day-
old eggs.15 Although filaments may be seen in normal cells it is possible
to differentiate them by their structure from virus filaments.63 Next, virus
filaments are not artefacts produced by drying or other handling procedures
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before examination under the electron-microscope, for they may be observed
directly in untreated allantoic fluid with a darkfield microscope.", 45
Furthermore, the filamentous forms react with red cells in the same way
as do the elementary bodies, being adsorbed onto, and eluted from, the
red-cell membrane. After heat-inactivation both forms of virus may be
adsorbed together on the red-cell membrane, but they do not elute spon-
taneously. Addition of homologous antiserum, however, removes both
long and round forms from the membrane, while heterologous serum has
no such effect. Finally, studies using the darkfield microscope have shown
that homologous serum agglutinates the filaments whereas heterologous
serum causes only slight or no agglutination.'5

While the above results strongly suggest that these filaments represent
a form of influenza virus, their exact relationship to the spherical virus
is still incompletely understood. Evidence has been presented which indi-
cates that the elementary body can give rise to the elongated forms when
grown in a suitable medium.'5 Moreover, the ratio of filaments to spheres
has been found to be fairly constant at various stages of the infection,
indicating that filaments and spheres are continuously produced.63

It has been suggested that the filamentous forms may represent a
stage in virus multiplication 15 and that at least some of the spheres may
arise by segmentation of the long forms. This suggestion is based on
micrographs showing gradations between unsegmented filaments, segmented
rods, beaded chains, and spheres.20 6. 63 84 As another possibility it
has been suggested that the filaments consist of masses of aggregated virus
protein linked by tubes of lipoid material derived from the cell wall.45
The evidence concerning both hypotheses is not conclusive, and the question
of the relationship between the elongated and spherical forms of influenza
virus must await further experiment.

Immunology of Influenza Virus

The strains of human influenza virus known at the present time can
be divided into three distinct and immunologically unrelated types, which
are referred to as influenza A, B, and C. In addition, there are the swine
influenza viruses, which are serologically related to the influenza A viruses.
The knowledge of the antigenic structure of influenza C virus is still limited,
whereas there is a wealth of data concerning the antigenic constitution of
influenza A and B viruses.

As described above, it has been shown that influenza virus suspen-
sions contain at least two different virus components, the elementary body
and the soluble substance.48 These two components differ in antigenic
structure. Apparently the soluble substance contains only a single antigen
which is type-specific, i.e., all strains of influenza A virus contain the same
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soluble antigen, which is quite distinct from that present in influenza B
virus strains. 79

In contrast to the soluble substance, the elementary bodies and probably
also the elongated forms of virus contain several distinct antigenic com-
ponents, and it is a well-known fact that individual strains belonging to
the same serological type may differ considerably one from another as
regards antigenic constitution. Thus, although all influenza A strains
are immunologically related, marked differences in the antigenic pattern
of individual strains can be easily demonstrated in cross-tests with different
virus strains and their antisera.

Similar variations have been recognized also among individual strains
of influenza B virus, whereas so far only one serological type of influenza C
is known.25

Comparisons of the antigenic pattern of influenza virus strains can
be carried out by a number of methods such as cross-neutralization tests
in mice,28 73 cross-protection tests in mice,24 3 and haemagglutination-
inhibition 11, 12, 37-41, 65, 68, 69, 78 and complement-fixation tests 27, 31 using
elementary-body suspensions as antigen. In recent years the haemag-
glutination-inhibition test has been preferred by most workers because
this method is technically the simplest, and because it is less expensive
than most of the other tests.

Differences in antigenic pattern between two strains may be due to
quantitative as well as qualitative variations in the antigenic composition.
In the former case both strains contain the same antigenic factors but in
different proportions; in the latter case each strain contains antigenic
components which are not present in the other. A distinction between
quantitative and qualitative antigenic variation is possible in studies of
virus-antibody interaction with specific antisera which have been absorbed
with homologous and heterologous virus strains.28' Results obtained
in such experiments indicate that the antigens associated with the elementary
bodies of influenza A strains may be divided into group-specific antigens
which are responsible for the A-character, and type-specific antigens which
are peculiar to certain groups of strains." So far, however, only a few
strains have been studied by the absorption method, and much more work
must be carried out before it is possible to attempt a classification of
influenza viruses by this method. It seems very probable that tests with
absorbed sera may furnish the best approach to the solution of this problem.

On the basis of results obtained in reciprocal cross-tests between large
numbers of different influenza virus strains and their antisera, attempts
have been made to segregate the virus strains of each serological type
into subtypes. However, the strains of the various subgroups tend to merge
into one another, and a precise subgrouping has not been possible. The
problem is further complicated by the fact that results obtained in different
laboratories have been somewhat conflicting. This may-to some extent
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at least-be ascribed to differences in techniques employed by various
workers. Furthermore, the use of immune sera from different animal
species may also influence the results.'9' 51 Finally, it has been shown
that antigenic variations may be induced by serial passage of influenza
virus strains in the laboratory.25 48 Although this latter fact may be of
less importance than originally assumed," it is now recommended that the
antigenic constitution of strains be studied with virus which has been through
only a few passages in the laboratory.

In spite of the somewhat controversial results obtained in various
laboratories, and in spite of the fact that there is as yet no generally agreed
standard procedure for antigenic analysis of influenza virus strains, there
is nevertheless a satisfactory degree of concordance as regards classifica-
tion of individual strains into broad subgroups. All strains of influenza A
virus so far examined can thus be divided into three main groups according
to their relationship to the following three prototype viruses : WS (1933),
PR8 (1934), and FM1 (1947).78

Similarly, the B strains so far examined can be subdivided into two groups
with the general characteristics of Lee (1940) and Bon (1943) virus.111 12

From a practical point of view the system of classification outlined
above is very useful. It is simple and rapid and, by including more proto-
type strains, it can easily be extended if new antigenic subtypes should
appear. In this connexion it should be mentioned that some workers have
already selected as a fourth influenza A prototype a strain isolated in
1950 (FW-1-50). In addition, they have worked out antigenic formulae
for a number of strains on the basis of the extent of reaction of the virus
under study with the antisera to the prototype strains.38 39

Variations in antigenic pattern of influenza virus isolated since 1933
Studies of virus strains isolated in recent years have indicated that in

most epidemics only one antigenic type was incriminated. Furthermore,
a notable homogeneity has been observed among strains isolated from
widely separated areas of the world during the same year. The impres-
sion is gained that in recent years the antigenic variations among influenza
viruses have been small and continuous.

However, in certain periods major shifts in antigenic constitution
seem to have occurred. Such a happening apparently took place in
1946-7 with the appearance of virus strains of the FM1 (1947) type (the
so-called A-prime group), which had not been encountered before.
Furthermore, it seems possible that from 1933 to 1940 a wide variety
of strains have been prevalent at the same time, even in the same epidemic.
The apparent heterogeneity of strains isolated before 1940 is, however,
not definitely proved, because these strains were all isolated in ferrets
and adapted to mice, and thus have possibly been altered through animal
passage.43' 61 Further studies of freshly isolated strains from future epide-
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mics are therefore required in order to obtain precise information regard-
ing the overall epidemiological picture of influenza.

Studies of the antigenic variations among influenza viruses are of
importance not only for a better understanding of the epidemiology of
the disease, but also for problems associated with the procuring of an
effective vaccine against it. It has been clearly established that a vaccine
made from strains which differed considerably from the epidemic strain
in question did not protect against the disease.26 However, the significance
of minor variations upon vaccine effectiveness has not been clearly proved.
To solve this problem, more studies on the importance of minor strain
differences for the development of immunity are required, and the results
obtained in such in vivo tests should be compared with those obtained
in haemagglutination-inhibition tests. Few attempts of this kind have
been made so far.40

The mechanism responsible for the changes in the antigenic pattern
of influenza virus cannot be satisfactorily explained at present. One pos-
sibility is that influenza viruses are constantly mutating, and that the form
prevalent during a certain period of time disappears to give place to entirely
new antigenic types.5 However, it appears equally possible that the influenza
viruses contain a large but finite number of antigenic components which
may be present in different combinations and in different proportions.66
Changes in antigenic pattern may be the result of selection or rearrange-
ment and recombination processes induced by environmental factors such
as passage in partially immune human hosts. That this latter factor may
be of importance is substantiated by experimental evidence showing that
persistent antigenic variants could be produced in the laboratory by grow-
ing the virus in chick embryos in the presence of heterologous immune
serUm.7' 8

Variations in serological behaviour of strains

Certain variations in the serological behaviour of influenza virus strains
are caused by factors other than differences in antigenic constitution.

Non-specific inhibitor. It is a well-known fact that most animal sera
contain non-specific substances which combine with virus and inhibit
haemagglutination.41, 67, 78 The concentration of inhibitor varies from
one animal species to another, but it is usually high in ferret sera and low
in sera from fowls.67 Furthermore, different virus strains vary as regards
their ability to combine with inhibitor.

The effect of inhibitor on virus resembles that of specific antibody.
Haemagglutination-inhibition tests with sera containing large amounts of
inhibitor may therefore lead to erroneous results. However, the inhibitor
substance may readily be destroyed by Vibrio cholerae filtrate, whereas the
specific antibodies are not seriously affected by such treatment.13' 50, 62
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The difficulties caused by non-specific inhibitor may thus be abolished in
a rather simple way.

Avidity effect. In haemagglutination-inhibition tests some antisera
have been found to inhibit heterologous virus strains to higher titre than
homologous strains. These paradoxical results have been ascribed to differ-
ences in the combining-power or " avidity " of the virus strains for anti-
body. Thus, it has been shown that some virus suspensions needed a
large amount of serum per unit of haemagglutinin for inhibition;
such preparations were said to have a high avidity. Conversely, virus
suspensions requiring only small quantities of serum per unit were said
to have a low avidity.42

In recent years three different types or phases of avidity variations
have been described.51' 78 The characteristics of these three phases (P, Q,
and R) are as follows : P-phase virus is inhibited to high titre by its homo-
logous serum only. Q-phase virus is poorly inhibited by all sera including
the homologous one, even though it stimulates the formation of anti-
bodies which react in high titre with P-phase virus. R-phase virus, finally,
is inhibited to high titre both by homologous and by related antisera.

The avidity differences appear to have the character of an unstable
phase variation. It is possible in the laboratory to convert a P-phase
strain into Q-phase by cultivating the virus in the allantoic cavity in the
presence of heterologous antiserum. Conversely, Q-phase virus can be
altered to P-phase by mouse-lung passage.49 56

Avidity differences may add to the difficulties involved in studies of
the antigenic relationship of influenza virus strains, and may necessitate
the introduction of correction factors.42 On the other hand, avidity differ-
ences have been found useful in recent epidemiological studies of influenza.
In 1950-1 a large number of influenza A strains were collected from various
countries. These strains were studied at the World Influenza Centre and
it was demonstrated that all strains examined belonged to either of two
antigenically slightly different groups, the " L" (Liverpool) and the " S "
(Scandinavian) subgroup. All L forms were found to be in the P phase,
i.e., they were inhibited to high titre by homologous-type serum; whereas
almost all S forms were in the Q phase and were poorly inhibited by homo-
logous serum. By a simple avidity test with homologous-type antiserum
it was thus possible to classify the strains examined as belonging to either
the L or the S subgroup.5'

Knowledge of the mechanisms responsible for the avidity phenomenon
is still incomplete and the problem requires more attention. It should
be mentioned that avidity effects have been observed not only in haem-
agglutination-inhibition tests but also in neutralization tests in mice and
eggs.5' The phenomenon appears to be pronounced only in tests with
sera from ferrets and has not been observed when chicken sera have been
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employed.8' 51 It should also be added that, generally speaking, Q strains
have been found to produce poorer antisera in the ferret than P and R
strains.78 This latter fact may be of importance for the selection of strains
for incorporation in influenza virus vaccines.

Kinetics of Influenza Virus Multiplication

Human influenza virus is capable of multiplying in several different
animal hosts, e.g., ferrets,74 mice,6 and hamsters,76 as well as in a number
of other animal species. Virus may be cultivated also in the developing
chick embryo,72 in de-embryonated eggs,9 and in tissue-cultured chick
embryo.23 Detailed studies of influenza virus multiplication have been
carried out in mice,17' 43, 77 and to an even greater extent in fertile
eggs.33. 45, 47, 55, 57, 59

Virus growth in the mouse lung

After intranasal inoculation of mouse-adapted virus in mice, the virus
content of the lung remains fairly constant for from five to six hours. Then
follows a period of rapid increase of virus, and maximum titres are reached
24-48 hours after inoculation, depending on the amount of virus admi-
nistered. The titre remains high until the sixth day and then decreases,
probably because of antibody formation. In mice which have received
a lethal dose of virus, the titre levels ultimately reached are independent
of the amount of virus inoculated. When sublethal doses are administered,
the virus growth-curve parallels the curve obtained with lethal doses;
the maximum titres are, however, about a hundredfold lower than in
animals treated with a lethal dose of virus.77

Similar studies with virus strains which were not adapted for mice
have led to somewhat conflicting results. Some unadapted strains have
been found to multiply readily in the mouse lung and, although they did
not produce any lesions, the virus content of the mouse lung was as high
as that obtained with adapted strains.43 This observation suggested that
adapted and unadapted strains differ in their pathogenicity for the mouse
rather than in their ability to multiply in the mouse lung. In contrast,
other unadapted strains have been found to achieve final titres which
were inferior to those obtained with mouse-adapted virus, indicating
that in this case the adapted virus was a more efficient parasite than the
unadapted one.17

Virus growth in the developing chick embryo

Virus may be propagated by a number of different methods in chick
embryos. A detailed description of these methods may be found in a mono-
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graph by Beveridge & Burnet.10 Among the various chick embryo tech-
niques two have proved of particular value in the study of influenza virus:
(1) the amniotic method for isolation of virus from human throat wash-
ings, and (2) the allantoic method for the production of large amounts
of virus and for titration of influenza virus in eggs. For studies of the
kinetics of influenza virus multiplication, the allantoic method has also
proved of great value, and the bulk of present knowledge concerning
this problem has been procured in studies with chick embryos inoculated
in the allantois.

The growth of influenza virus after intra-allantoic inoculation is at
first localized to the allantoic membrane. Later on, the virus reaches
all parts of the egg-probably through the blood-stream, but this has not
been studied in detail. The susceptibility to infection is practically the
same in eggs from different kinds of hen and in eggs of different ages. For
practical purposes, however, it has been found convenient to use eggs
which have been incubated for 10-11 days before inoculation.

Studies of the virus growth-curve in the allantoic membrane and fluids
have shown that the infective titre remains fairly constant during the first
five or six hours after inoculation of influenza A virus. The constant
period of influenza B virus varies between six and ten hours according
to the amount of virus inoculated.55 In the ensuing hours there is a rapid
increase of virus, and maximum titres are reached at 12-48 hours after
inoculation, depending on the concentration of the seed virus. During the
period of rapid increase of virus the infectivity and haemagglutination
titres usually parallel each other, but later on the infectivity titre decreases,
probably because of heat-inactivation of the virus, whereas the haemag-
glutination titre remains fairly constant for several hours.

The influence of various experimental conditions on influenza-virus
multiplication in the allantois has been studied and two factors have been
found to be of some importance-the temperature of incubation, and the
concentration of seed virus employed.57' 5

Effect of incubation temperature. Influenza A virus (strain PR8) has
been found to attain comparable titres in eggs incubated at temperatures
ranging from 300 to 390 C; however, the rate of increase of virus is con-
siderably higher at 370-390 C than at the lower temperatures.57 The optimum
temperature for influenza B virus appears to be somewhat different. This
virus has been found to grow better at 350 C than at 370 C and it often
fails completely to grow at 390 C.56

Effect of the concentration of the seed virus. As mentioned above, the
rate of increase of virus varies with the amount of virus inoculated. With
large doses of seed virus, maximum titres are reached within 12-15 hours
after inoculation, whereas, with weak inocula, the peak of virus activity
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is not attained until 48 hours after inoculation. Comparison of the titre
levels ultimately reached has shown that the total amount of virus pro-
duced-as measured by haemagglutination titration-is virtually the same,
regardless of the concentration of the seed virus. However, the infectivity
titre in eggs inoculated with large doses of virus tends to be slightly inferior
to the titres attained in eggs infected with dilute virus. This apparent
dissociation between infectivity and haemagglutinating activity has been
found to be even more pronounced in de-embryonated eggs,9 and in
embryonated eggs it became more marked on continued passage of
undiluted allantoic fluid by the allantoic route.58 Under such circum-
stances large amounts of haemagglutinating but non-infective virus (" incom-
plete" virus) was produced, which was found to interfere with and inhibit
multiplication of infective virus. In this connexion it should be mentioned
that similar " incomplete " forms of virus have been obtained in mice
after intracerebral inoculation of large doses of virus.69 So far no satis-
factory explanation of the nature of the incomplete forms of virus has been
presented.

Influenza-virus/host-cell interaction

The entodermal cells lining the allantoic cavity are arranged in a
single layer, and the number of cells present can be estimated with some
accuracy.14' 16, 34 This comparatively simple host-cell system has been
found of particular value for analyses of influenza virus/host-cell inter-
actions. Results obtained in such studies 14, 35 indicate that the virus
growth occurs in one or more successive cycles of reproduction, and that
the processes involved in each of these cycles may be divided into at
least four major steps, comprising (1) the adsorption of the virus onto the
host cells; (2) the entrance of the virus into the cells; (3) the multiplica-
tion of the virus within the cells; and (4) the liberation of the newly
formed virus from the host cells. After release into the allantoic fluid,
the virus may then attack other susceptible cells of the allantoic sac and
thus initiate a new growth cycle.

The various attempts to analyse further the individual steps of the
infective process 14, 22, 30, 33, 35, 46, 47 will not be considered here. How-
ever, it seems of interest to discuss briefly some experiments which support
the general assumption that some host-cell metabolic systems are required
as the energy source for the reproduction of virus. As regards influenza
virus, this concept is to some extent supported by observations on the effect
of large doses of irradiated virus in the allantoic cavity. After the inocula-
tion of such virus the growth of the allantoic cells is inhibited,34 and they
become resistant to infective influenza virus. Both these observations can
be explained if it is assumed that the irradiated virus interacts with enzyme
systems within the host cells which are essential for the reproduction of

656



INFLUENZA VIRUS: MORPHOLOGY, IMMUNOLOGY, KINETICS

virus as well as for the proper functioning of the cells.32 Interference
between two active viruses may be explained in a similar way, i.e., as
competition between the opposing agents for certain intracellular enzyme
systems of the host cells.

More indirect information concerning the significance and nature of
the metabolic systems of the host cells which are necessary for influenza
virus multiplication has been obtained in recent years, in studies with
virus grown in tissue cultures and in de-embryonated eggs. Evidence
has been presented which indicates that under these conditions the oxidative
processes of the citric-acid cycle are essential for the synthesis of the virus."' 16
This observation has been confirmed in infection experiments in mice in
which the citric-acid cycle was partially blocked by the administration
of sublethal doses of sodium fluoracetate.3 In such animals the growth of
influenza A virus was significantly inhibited. Other studies have shown
that methionine 2 and certain other amino-acid metabolites normally
present in the susceptible host cell are also involved in the biosynthesis
of influenza virus.4

The recent advances in knowledge of the enzymatic virus/host-cell
interactions appear very promising, and it seems likely that further studies
of this kind may not only provide a better understanding of the kinetics
of intracellular virus growth but also lead to results of the greatest
value as regards the control of influenza by chemotherapy.

RIeSUMIt

Le virus grippal est constitue de deux fractions au moins: le corpuscule elementaire
et la substance soluble.

La substance soluble est composee de particules de 10 m,u environ, non visibles au
microscope electronique et insensibles a l'ultracentrifugation. Elles ne sont pas infec-
tantes, ne sont pas adsorbees par les helmaties et ne provoquent pas l'agglutination,
mais agissent comme puissants antigenes dans la reaction de fixation du compl6ment.
Les anticorps correspondants se forment generalement a la suite de l'infection seulement
et non de la vaccination.

Les corpuscules elementaires, de 80-120 mju, possedent un pouvoir infectant, pro-
voquent l'hemagglutination et peuvent immuniser les animaux en suscitant divers
anticorps. Leurs antigenes fixateurs du complement sont differents de celui de la sub-
stance soluble. Ils apparaissent au microscope sous forme spherique ou ovolde ou sous
forme de filaments atteignant 1 IL et visibles aussi par examen sur fond noir du liquide
allantolque infect6. II est admis que ces formes elles aussi sont infectantes.

Les groupes A, B et C de la grippe sont immunologiquement distincts. La substance
soluble ne parait contenir qu'un antigene specifique de groupe. Les corpuscules ele-
mentaires, au contraire, comme les formes filamenteuses, contiennent divers composants
antigeniques. On sait qu'au sein d'un mdme groupe, les souches peuvent differer beaucoup
par leurs proprietes antigeniques, qualitatives et quantitatives. L'6tude des serums
absorbes par les virus homologues et heterologues ont montre que les antigenes des
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corpuscules elementaires sont d'une part des antigenes de groupe, responsables du
caractere A, B ou C, et d'autre part des antigenes de type, caracteristiques d'un certain
nombre de souches. Malgre la difficulte de definir des sous-groupes serologiques, du fait
que differentes techniques sont employ6es et que des variations des virus peuvent se
produire en laboratoire, un accord s'est fait pour diviser les virus A en trois sous-groupes,
d'apres trois souches prototypes: WS (1933), PR8 (1934) et FMI (1947). Certains
auteurs ajoutent le sous-groupe FW-1-50.

Les etudes des dernieres annees ont montre qu'un seul type antigenique est, en general,
responsable d'une epidemie. Une homogeneite remarquable a et observee entre les
souches isolees au cours d'une meme annee dans diverses parties du monde. I1 semble
que, durant ces dernieres annees, les variations antigeniques aient ete faibles et continues.
Cependant, A certaines epoques, des changements importants paraissent s'etre produits:
l'apparition en 1947 de la souche FM1 en serait un exemple. Le mecanisme de la varia-
tion des virus n'est pas encore explique de fa9on satisfaisante. It est possible que le virus
soit en mutation constante et que la forme dominante dure un certain temps, pour faire
place A un type antigenique nouveau. Ou bien il peut s'agir de rearrangements et de
recombinaisons de caracteres, sous l'influence de conditions externes, en particulier
le passage sur desetres humains partiellement immunises. Cette derniere theorie trouve
quelque appui dans le fait que des variations antigeniques durables peuvent etre obtenues
en laboratoire par culture du virus sur embryon de poulet en presence d'un serum
heterologue.

Des facteurs independants des caracteres antig6niques peuvent influencer le compor-
tement serologique des virus: l'inhibiteur non specifique (dont l'action peut etre sup-
prim6e par le filtrat de culture de vibrion cholerique) et F'avidite. Dans les tests d'inhibition
de l'hemagglutination, certains serums inhibent les souches de virus heterologues A un
titre plus eleve que les serums homologues. Ces differences sont consider&es comme
l'expression d'une eavidite )) differente des souches de virus pour l'antiserum. On a
decrit recemment trois phases d'avidite chez certains virus (P, Q, R). Ce caractere de
phase parait instable. I1 est possible, en laboratoire, de faire passer un virus de phase
P en phase Q par culture dans la cavite allantoique, en presence de serum heterologue,
et d'obtenir la phase P a partir de la phase Q par passage sur poumon de souris.

La multiplication experimentale du virus grippal peut etre obtenue sur furet, souris,
hamster, sur embryon de poulet, ceufs desembryonnes et culture tissulaire d'embryon
de poulet. Les etudes ontete faites sur la souris et sur les ceufs fertilises. La quantit6
de virus introduite chez la souris par voie intranasale reste constante dans le poumon
durant 5-6 heures, puis le virus se multiplie intensement, le titre maximum etant atteint
au bout de 24-48 heures. I1 persiste jusqu'au sixieme jour puis d6croit, probablement
A la suite de la formation d'anticorps.

Deux facteurs influent sur la multiplication experimentale: la temperature d'incu-
bation et la concentration en virus de l'inoculat. La temperature optimum de develop-
pement du virus A est de 35-370C, celle du virus B de 35-370; il arrive que ce dernier
ne se multiplie pas A 390. La quantite de virus ensemencee influelegerement sur le pouvoi-
infectant du virus, mais non sur le titre del'hemagglutination. Il semble que, dans cerr
taines conditions de culture, il se produise de grandes quantites de virus hemagglutinants
mais non infectants (virus incomplets) qui inhibent la multiplication des virus infectieux.

La rang6e de cellules endodermiques qui bordent la cavite allantoique se prete bien
a l'etude del'action du virus sur la cellule-h6te et de sa reproduction dans ce milieu.
Les diversesetapes de la multiplication y ontet6 6tudiees. L'id&e que certains processus
du metabolisme cellulaire sont une source d'6nergie necessaire A la multiplication du
virus aete confirmee par les essais d'inoculation de fortes doses de virus irradie, dans
la cavit6 allantoique. La croissance des cellules est inhibee et ces dernires deviennent
resistantesa des virus grippaux infectieux. Ces observations s'expliquent si l'on suppose
que les virus irradies interferent avec des systemes enzymatiques de la cellule-hote,
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necessaires tant A la multiplication de cette derniere qu'A celle du virus. Les etudes du
virus en culture tissulaire suggerent que ce sont les phenomenes oxydatifs du cycle tri-
carboxylique qui sont essentiels pour la synthese du virus. Ces recherches sont pro-
metteuses et pourraient, a l'avenir, permettre de fonder sur des connaissances pr6cises
la chimiotherapie de la grippe.
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