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Serological Studies of Influenza in Animals*
R. M. NAKAMURA 1 & B. C. EASTERDAY 2

Reports have been published on the detection of antibodies in animals, including birds,
to human influenza viruses. The work reported in this paper was undertaken in an effort
to establish an effective method for differentiating specific antibody from non-specific
antibody-like substances that occur naturally in serum.

The primary antibody response of experimental animals exposed to influenza virus was
readily differentiable from the secondary response following challenge of the animals with
homologous viral antigen.

Field challenge of cattle and sheep resulted in primary responses only, suggesting the
non-antibody nature of inhibitor substances present in their sera prior to challenge.

Challenge of swine and turkeys that had previously been involved in outbreaks of
influenza resulted in secondary responses differentiable from the response of control swine
and turkeys similarly challenged.

The differentiation of non-specific substances from specific antibody by the challenge
method used may help to clarify the role ofanimals in the epidemiology ofhuman influenza.

The occurrence of influenza infections among pigs
(Shope, 1931) and horses (Tuimova & FiserovA-
Sovinova, 1959; Waddell et al., 1963), and in turkeys
(Wells, 1963; Pereira et al., 1966), chickens (Dinter,
1959; Schiifer, 1955), ducks (Koppel et al., 1956;
Roberts, 1964), and tems (Rowan, 1962; Becker,
1963) under natural conditions, has been established
by the isolation of the respective strains of influenza
virus.

Antibodies to human strains of influenza virus
have been reported to occur in animals and birds.
Bronitki et al. (1965) reported the presence of anti-
bodies to influenza types A and B in domestic and
wild animals including cattle, sheep, swine, horse,
dog, fox, wolf, hare, and duck. Antibodies to type A
and B influenza viruses have been reported to occur
in cattle and sheep by Lippi et al. (1961), MacPherson
et al. (1963), and Homme (1964). Kalter et al. (1966)
reported on the detection of influenzal antibodies in
baboons. None of these reports has been substanti-

* This study was supported in part by a Public Health
Service Fellowship (l-F3-Al-24, 485-01; 5-F3-Al-24, 485-02;
and 5-F3-A1-24, 485-03) from the National Institute of Al-
lergy and Infectious Diseases; by a Public Health Service
Research Grant (A1-04997); and by the World Health Or-
ganization.

1 Instructor, Department of Veterinary Science, University
of Wisconsin, Madison, Wis., USA.

2Professor of Veterinary Science, Department of Veteri-
nary Science, University of Wisconsin, Madison, Wis., USA.

ated by the isolation of the causative viruses. Further-
more, there have been numerous reports describing
the occurrence of non-specific antibody-like sub-
stances and the difficulty of completely removing
these substances from the sera of animals and man
(Ananthanarayan & Paniker, 1960; Rhodes & van
Rooyen, 1962).

In this study, a method was sought to differentiate
the non-specific antibody-like substances from spe-
cific antibody to influenza virus in order to help
clarify the role of animals in the epidemiology of
human influenza.

MATERIALS AND METHODS
Viruses
The influenza viruses used in the experiments were

infectious allantoic fluids from embryonated eggs
inoculated with the respective viruses. The viruses
used were originally obtained from Dr Florence Lief,
The Children's Hospital of Philadelphia, Philadel-
phia, Pa., USA: The viruses and their egg-passage
histories when received were as follows: B/Johannes-
burg/59 (B/J), egg 6; A2/Jap/305/57 (A2), egg 15;
A/Swine/S15/31 (S-15), egg 13; A/PR8/34 (PR8),
egg 21; Ai/FM/47 (FMI), egg 15; and A/Equi/
Prague/56 (A/Equi 1), egg 29. The viruses used in
these experiments were usually less than an additional
5 egg passages from that when received. In addition,
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a strain of avian influenza virus, A/Turkey/Wis/l/
1966 (A/Turkey), egg 2, isolated from turkeys in
Northern Wisconsin (Pereira et al., 1966), was used.

Virus antigens

Preparations of influenza virus haemagglutinin,
partially purified by adsorption and elution with
chicken erythrocytes (Lief & Henle, 1956), were used
as antigens in the haemagglutination-inhibition (HI)
test. The haemagglutinin preparations were also
used as the challenge antigen in animal studies.

Experimental animals
Holstein calves were obtained from herds main-

tained by the Departments of Veterinary Science and
Dairy Science at the University of Wisconsin. The
calves used in the experiments were usually less than
2 weeks old.
Week-old lambs of mixed breeding were procured

from farms in the vicinity of Madison, Wisconsin.
Experimental calves and lambs were housed in

Rockefeller-type isolation buildings (Shope et al.,
1946).

Field challenge animals
In later studies, Holstein cattle with no known

previous exposure to influenza viruses were used in
what shall be called challenge studies. These cattle
were in herds maintained by the Departments of Vet-
erinary Science and Dairy Science, University of
Wisconsin. Similarly, sheep of the Targhee and
Hampshire breeds belonging to the University of
Wisconsin, Department of Meat and Animal Science,
were used in field challenge studies.

Breeder pigs, at least 1 year of age, and feeder pigs
3-5 months old from farms on which clinical swine
influenza had occurred 9 months earlier were used
in field challenge studies.

Breeder turkeys were obtained from 7 different
flocks which were involved in outbreaks of avian
influenza 5-7 months earlier. The avian influenza
strain, A/Turkey/Wis/l/1966, was isolated from one
of these flocks of turkeys during the outbreak (Pereira
et al., 1966). Turkeys with no known exposure to
influenza were also obtained for use as control birds.

Aerosol exposure
The exposure of calves and lambs to influenza

virus was accomplished with the use of the aerosol
apparatus designed and described by Beard &
Easterday (1965). Aerosols were generated from
infectious allantoic fluids (spray suspension). Im-

pingers were used to sample the aerosol for each
group of animals exposed. The impinger fluids were
assayed in embryonated eggs for the presence of
infectious virus.
The approximate dose of virus received by the

animals in aerosols can be calculated by the following
formula:

RV x t x v
2

The respiratory volume (RV) of lambs (5-10 litres
per minute) and calves (20-30 litres per minute) were
determined in this laboratory. The exposure time (t)
was expressed in minutes. The virus concentration
(v) per litre of air in the aerosol was determined by
assay of the impinger fluids, as previously described.
The products were divided by 2 since it is reported
that approximately 50% of the respired aerosol par-
ticles are retained in the respiratory tract (Hatch,
1961).

Treatment ofserum
Serum for the HI test was treated with heat (56°C

for 30 minutes), trypsin, and potassium periodate
(Jensen, 1961) for removal of non-specific inhibitors
(NSI). After treatment, the volume of serum was
adjusted to a dilution of 1/10.

Serological tests

The beta procedure of serum dilution was used in
the HI tests (Jensen, 1961; Committee on Standard
Serological Procedures in Influenza Studies, 1950).
Disposable haemagglutination plates 1 were used for
the test.

Design of experiments
Experimental calves and lambs were exposed to

aerosols of viable influenza virus and the serological
responses were studied in these animals. At about
50 days after the primary exposure, the animals were
challenged parenterally with the partially purified
viral haemagglutinin preparations, and the antibody
responses were studied. Appropriate controls were
included in all experiments.

In the field challenge studies, cattle and sheep with
no known previous exposure to influenza viruses
were challenged with partially purified viral haemag-
glutinin preparation in order to determine whether
these animals had had previous experience with the
antigen.

1 Linbro Chemical Co., New Haven 11, Conn., USA.
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Pigs and turkeys obtained from farms known to
have had outbreaks of swine influenza and avian
influenza, respectively, were challenged with homo-
logous antigens, and the antibody responses were

determined. Pigs and turkeys with no known history
of having had influenza were included as controls.

RESULTS

Experiments in calves and lambs
Calves. A total of 6 calves in 3 separate experi-

ments were exposed to aerosols of B/J influenza virus.
The calculated inhaled doses ranged from 8 x 103
EID50 (50% egg infectious doses) to 1.2 x 105 EID50
of B/J virus. Two calves were inoculated intra-
venously with infectious egg fluids containing approx-
imately 5.0 x 107 EID50 of virus. Four calves, in-
cluded as control animals, were not exposed to
influenza virus experimentally.

All calves were bled to obtain serum prior to and
at various times after the exposure to virus. At ap-

proximately 50 days following the initial exposure,

all calves were challenged with an intravenous injec-
tion of 5 ml of partially purified haemagglutinin of
B/J influenza virus containing 500 haemagglutin-
ating (HA) units per ml. All animals were again bled
prior to and at various times following the challenge.
The sera were treated for removal of NSI, and HI

tests were conducted. A summary of the results is
presented in Table 1.

Following aerosol exposure, low HI antibody
levels (1/10 to 1/40) were detected in 2 of the calves.
On challenge with the homologous antigen, both of
these animals and another calf with no detectable
antibody to the initial exposure to virus responded
with HI titres of greater than 1/160. The remaining
3 calves that did not have detectable antibody to the
initial exposure responded to the antigenic challenge
with low levels of antibody.
Both calves that were inoculated with antigen on

the initial exposure responded with antibody titres
of 1/10-1/40. When a second injection of antigen
was administered 50 days later, an accelerated anti-
body response of high titre (1/160) was detected.
Antibody was not detected in control calves until

after they had received injections of the haemag-
glutin preparation. The antibody response was then
of low titre.
Lambs. Experiments identical in form to those

described for calves were conducted with lambs. The
calculated inhaled dosage ranged from 1 x 103
EID50 to 1.2 x 106 EID50. The challenge dose of
antigen was the same as that for calves-5 ml of B/J
virus antigen containing 500 HA units per ml.
The results of the HI tests are summarized in

Table 1. Although antibody responses of low titre
were detectable in the sera of only 2 lambs follow-
ing aerosol exposure to virus, all 6 lambs had pro-

nounced antibody responses to the challenge dose
of antigen.

TABLE 1
RESULTS OF HI TESTS OF SERA FROM CALVES AND LAMBS EXPOSED TO VIABLE B/J INFLUENZA VIRUS

AND CHALLENGED 50 DAYS LATER WITH HOMOLOGOUS ANTIGEN

Number
HI antibody titres

of initial exposure 14 days after initial exposure 5 days after challenge
animals iiilepsr

<I1/io a 1/10-140 >1/40 <1/10 a 1/10-1/40 L >1/40b

Calves

6 Aerosol 4 2 0 0 3 3

2 Intravenous injection 0 2 0 0 0 2

4 None (controls) 4 0 0 0 4 0

Lambs

6 Aerosol 4 2 0 0 0 6

2 Intravenous injection 0 2 0 0 0 2

6 None (controls) 6 0 0 0 6 0

a 1/10 was lowest dilution tested.
b HI titres in this column ranged from 1/160to 1/640.
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Both animals initially exposed to virus by injection
responded with antibody of low titre, but antibody
responses to a second injection of the homologous
antigen appeared earlier and at higher titres.
Antibody was not detectable in control animals

until after they had received injections of the haemag-
glutinin antigen.
A summary of the responses of the calves and

lambs to the challenge dose of antigen is presented
in the accompanying figure. An antibody titre of
1/10-1/40, which was detectable usually around 9-14
days after exposure, was considered to be a primary-
type antibody response, whereas a secondary anti-
body response was characterized by titres of greater
than 1/160 and was evident by the fifth day after
challenge. The means of the HI titres of the primary
or secondary-type antibody response of the animals
were computed and charted. The difference between
these two types of antibody response was most
marked at the fifth day following the administration
of antigen.

Challenge studies

Challenge of cattle. Fifty-seven dairy cattle from
the farms of the University of Wisconsin that were

not known to have had previous exposure to influenza
virus were used for this study. Serum was obtained
from these animals and treated with heat, trypsin,
and potassium periodate; and HI tests were per-

TABLE 2
RESULTS OF HI TESTS OF SERA FROM COWS WITH

LOW-LEVEL INHIBITOR SUBSTANCES,
CHALLENGED WITH INFLUENZA ANTIGENS

Animal Challenge _ Days after challenge a
No. antigen i0 3 5 1 10 14

75 S-15 0 20 40 40 40 40

76 S-15 0 0 20 20 20 40
(10)

137 S-15 20 20 20 40 40 40

139 S-15 0 0 0 0 0 0

244 S-15 0 0 20 20 20 20
(20)

73157 S-15 20 20 20 20 20 20

109 PR8 0 0 10 10 20 40

119 PR8 40 40 40 40 40 40
(10)

121 PR8 0 0 10 10 10 20
(20)

253 PR8 0 10 10 10 20 20
(10)

259 PR8 10 10 10 20 20 40

310 PR8 20 20 20 20 20 40

a 0 indicates negative results at 1/10, the lowest dilution
tested. Titres are expressed as reciprocals of serum dilution.
Figures in parentheses indicate the serum titres of inhibitor
substances to the heterologous antigen.

3

2
0

1-

0)
0

0
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formed using the following influenza antigens: A2,
FMl, A/Equi 1, PR8, and S-15. It was found that,
despite the treatment of the serum for the removal
of non-specific inhibitors, 21 % of the serum samples
contained substances which inhibited the haemag-
glutination of PR8 virus, and 19.3 % contained sub-
stances inhibiting S-15 virus at low titres (1/10-1/40).
The inhibition of the haemagglutination of the other
viruses was negligible.
Twelve animals from this group were selected for

further study, 9 of which had inhibitors in their serum
against either PR8 or S-15 or both. The animals were
divided into two groups, one of which was given an

intravenous injection with 8 ml of partially purified
haemagglutinins of PR8 virus containing 500 HA
units per ml. The other group received a similar
challenge with S-15 virus antigen. The results of this
study are presented in Table 2. Despite the presence
of inhibitor substances, secondary antibody responses
were not detected in any of the 12 animals. There
was a rise in HI titre in most of the animals but in
no instance did the titre rise above 1/40, even after
14 days.

Ten Holstein cattle in each of three age-groups
were selected from animals belonging to the Univer-
sity of Wisconsin farms. Calves were 4-6 months old,
yearlings were 1-2 years old, and aged cows were

6-11 years old. None of the animals was known to
have had previous exposure to influenza virus. PR8
and B/J virus antigens were injected intravenously
into these cattle and serum was obtained at various
times after exposure. All serum samples were treated
as described, and HI tests were conducted using PR8
and B/J viruses as the test antigens. A primary-type
antibody response was detected in many animals but
no antibody level exceeded a titre of 1/40 (Table 3).

Challenge of sheep. Twenty Hampshire sheep
2 or 4 years old, and 12 Targhee sheep 5-6 years old
belonging to the Department of Meat and Animal
Science of the University of Wisconsin were used in
the " field " challenge studies. These animals were

challenged intravenously with B/J antigen and PR8
antigen. Only low-level, primary-type antibody res-
ponses were detected at 14 days after the challenge
dose of virus (Table 3).

TABLE 3
RESULTS OF Hi TESTS OF SERA FROM " NORMAL " CATTLE AND SHEEP AT 0 AND 14 DAYS

AFTER CHALLENGE WITH B/J AND PR8 ANTIGENS

HI titres

Animal test antigen 0 days 14 days

<1/10 1/10-1/40 >1/40 <1/10 1/10-1/40 >1/40

Cattle

Calves B/J 10 0 0 5 5 0

PR8 9 1 0 5 5 0

Heifers B/J 10 0 0 7 3 0

PR8 8 2 0 3 7 0

Cows B/J 7 3 0 4 6 0

PR8 8 2 0 5 5 0

Sheep
Hampshire

2 years B/J 4 6 0 2 8 0

PR8 10 0 0 9 1 0

4 years B/J 5 5 0 0 10 0

PR8 8 2 0 3 7 0

Targhee B/J 6 6 0 2 10 0

PR8 11 1 0 9 3 0
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Challenge of pigs. Breeder sows, over 1 year old,
from two farms where clinical swine influenza had
occurred 9 months previously, were inoculated intra-
venously with 5 ml of partially purified haemagglu-
tinin of S-15 virus containing 500 HA units per ml.
HI tests were conducted on the treated sera obtained
from these animals. The results are presented in
Table 4.

All 10 sows of farm K had marked antibody res-
ponses by the seventh day after challenge. Four
sows of farm E also had pronounced antibody res-
ponses by the seventh day. Two sows (E-3 and E-5)
had intermediate antibody responses, and 4 sows

TABLE 4
RESULTS OF Hi TESTS OF SERA FROM SWINE

CHALLENGED WITH S-15 ANTIGEN,
ON FARMS WHERE NATURAL CLINICAL INFLUENZA HAD

OCCURRED 9 MONTHS PREVIOUSLY

Reciprocals of HI titre at indicated
Pig No. days after challenge a

0 7 14

Farm E

E-1 - 40 40

E-2 320 20 480 20 480

E-3 - 160 80

E-4 10 80 40

E-5 - 640 640

E-6 >1 280 20 480 20 480

E-9 20 40 80

E-12 20 80 40

E-13 320 20 480 20 480

E-15 160 20 480 20 480

Farm K

K-i 320 20 480 10 240

K-2 160 20 480 20 480

K-3 160 20 480 20 480

K-4 160 20 480 20 480

K-5 320 20 480 20 480

K-6 640 5 120 20 480

K-7 80 20 480 20 480

K-8 40 10 240 10 240

K-9 640 20 480 20 480

K-10 320 20 480 20 480

a 1/20 480 was highest dilution tested; - not done.

(E-1, E-4, E-9, and E-12) had primary-type antibody
responses. Farm E was known to have had additions
of sows from another farm where swine influenza
had not occurred in the previous year.
Young feeder pigs (3-5 months old) from a farm

(farm R) where swine influenza virus had been iso-
lated 11 months previously were also challenged by
injection of S-15 antigen. As can be seen in Table 5,
the antibody responses to the antigen were only of
the primary type.

TABLE 5
RESULTS OF Hi TESTS OF SERA FROM YOUNG SWINE

NOT KNOWN TO HAVE EXPERIENCED SWINE
INFLUENZA AND INOCULATED INTRAVENOUSLY

WITH SWINE INFLUENZA ANTIGEN

Days after injection of antigen
Hi antibody titres

0 7 14

0 32 7 15

1/10 7 15 18

1/20 1 16 4

1/40 0 2 1

1/80 0 0 2

>1/80 0 0 0

Challenge of turkeys. Turkeys from an area where
outbreaks ofavian influenza had occurred 5-7 months
earlier were challenged intravenously with 1 ml of
viable avian influenza virus (A/Turkey) which had an
HA titre of 1/256 per ml. Control turkeys were ob-
tained from Arlington Turkey Research Farm, Uni-
versity of Wisconsin. All turkeys were housed to-
gether for the duration of the experiment. The results
of the challenge study are presented in Table 6.
With the exception of turkeys 869, 786, and 142,

all the turkeys had marked rises in antibody by the
seventh day after challenge which were readily differ-
entiable from those of the control turkeys.
At 14 days after challenge, even the uninoculated

principals and controls developed antibody titres,
probably owing to the natural spread of the virus
from the inoculated birds.

DISCUSSION

Birds and animals have often been suspected of
playing a role in the natural history of human
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TABLE 6
RESULTS OF HI TESTS OF SERA FROM TURKEYS

FROM FLOCKS NATURALLY INFECTED WITH INFLUENZA
(A/Turkey/Wis/1/1966) 5-7 MONTHS EARLIER
AND CHALLENGED WITH HOMOLOGOUS

INFECTIOUS VIRUS

Reciprocals of HI titre at indicated
Turkey No. days after challenge

0 5 7 14

Naturally exposed, challenged

222 16 64 128 128

930 32 256 1024 256

836 32 128 256 128

637 8 256 512 256

842 16' 128 128 128

450 64 256 512 >2 048

454 128 256 256 256

561 64 256 512 512

869 0 0 0 512

073 512 2 048 2 048 1 024

786 16 32 16 256

896 64 512 512 256

291 64 1 024 4 096 2 048

140 2 048 4 096 4 096 >4 096

142 16 16 64 64

Naturally exposed, not challenged a

918 64 64 64 >2 048

732 0 - 0 128

981 16 16 16 -

Controls,b challenged

515 0 8 16 256

543 0 8 16 128

545 0 16 - -

581 0 8 8 128

385 0 8 16 256

Controls,b not challenged a

457 0 0 2 256

582 0 0 0 32

a These turkeys were not challenged but were housed with
the challenged birds.

b Control birds obtained from University of Wisconsin
turkey farm and not known to have had influenza.

influenza. The confirmation of this suspicion rests
either upon the isolation of the virus or upon the
satisfactory demonstration in birds or animals of
antibodies which are specific for human strains
of influenza virus and which can be clearly distin-
guished from non-specific, antibody-like substances.
To date, all the influenza viruses isolated from

animals and birds have been readily differentiable
from known human strains of influenza virus.

Reports of several serological studies indicate that
antibodies to human influenza virus may occur in the
sera of animals and birds. Non-specific, antibody-
like substances, which are known to be present in the
sera of many animals and birds, make it difficult
properly to evaluate the significance of serological
survey studies.
One approach to this problem has been to attempt

to remove the non-specific substances by various
chemical and physical treatments of sera. It is dif-
ficult, however, to treat serum to a point where all
inhibitor substances have been removed without
destroying any low-level specific antibody which may
have been present in the serum. It seems also that the
sera of different species of animals contain different
types and amounts of inhibitors and the methodology
for their removal has to be established for each
species.
The approach taken in this study has been to ex-

amine the primary and secondary antibody responses
to influenza. If the animal in question has previously
had an antigenic stimulus sufficient to produce detec-
table levels of antibody to influenza, then challenge
with the homologous antigen should result in an
anamnestic antibody response. On the other hand,
if the positive serological tests were due to non-
specific substances, then challenge of these subjects
would result in a primary antibody response.
From experimental studies, it was concluded that

the primary and secondary antibody responses could
be differentiated in calves and lambs. In the case of
the primary response, antibody titres of less than 1/40
were found usually between 7 and 14 days after ex-
posure to antigen. The secondary antibody response
was characterized by HI titres of greater than 1/160
in 5-7 days following the injection of antigen.

Three calves (Table 1) which were exposed to
aerosols of influenza virus had only primary-type
antibody responses to the challenge dose of antigen.
This may have been due to the low aerosol dose
administered, which did not provide a sufficient
antigenic stimulus to invoke a primary antibody
response.
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All lambs exposed to aerosols of virus, however,
responded to challenge by a secondary antibody re-
sponse. Furthermore, 4 lambs and 1 calf in which
antibody was not detectable after initial aerosol ex-
posure had anamnestic responses to challenge. Un-
published virus-recovery studies of aerosol-exposed
animals indicate that there may be very little repli-
cation of virus in respiratory tissues of calves and
lambs and that only residual virus was recovered.

Substances inhibiting the haemagglutination of
virus were found in the sera of cattle despite treat-
nient of the sera for their removal. Challenge of these
and other cattle and sheep with viral antigens re-
sulted in only low-level, primary-type antibody re-
sponses, suggesting the non-antibody character of
these inhibitors.
On the other hand, swine previously involved in

outbreaks of swine influenza, when challenged with
the homologous viral antigen, had pronounced anti-
body responses.

Challenge of turkeys known to have had previous
infection with avian influenza resulted in a secondary-

type antibody response clearly differentiable from
previously non-infected control turkeys. The rela-
tively high antibody titres detected in the control
turkeys at 14 days after challenge were probably
due to active infection resulting from inoculation
of viable virus. The antibody response seen in non-
inoculated principal and control turkeys was attri-
buted to the spread of the virus from the inoculated
turkeys.

It is suggested that challenge with purified homo-
logous antigen should be employed whenever pos-
sible in serological survey studies of influenza in
animals and birds. This procedure would help to
differentiate non-specific substances from specific
antibody by the serological response of the challenged
subjects. The importance of animals in the main-
tenance and spread of human influenza could then
be more readily evaluated and much confusion
avoided. Perhaps similar challenge techniques could
be extended to serological surveys of other diseases
of animals and human beings with more meaningful
and credible results.
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RitSUMt

On a signale chez un grand nombre d'especes animales,
sauvages ou domestiques, la presence d'anticorps vis-
a-vis des virus de la grippe humaine. Cependant, si le
r6le des animaux dans l'epidemiologie de l'infection de
l'homme a et6 souvent suspect6, il reste a le demontrer
par l'isolement du virus responsable ou la mise en
evidence de facon indiscutable d'anticorps vraiment
sp6cifiques. Le present travail vise a definir une methode
capable de diff6rencier les anticorps vrais des substances
non specifiques a action similaire normalement presentes
dans le serum.
Deux types d'6tudes ont ete menes chez l'animal.

Chez des veaux et des agneaux exposes experimentale-
ment a un virus grippal, l'examen du serum a montre
l'apparition d'un faible taux d'anticorps signant la
reponse immunitaire primaire. Cinquante jours apres
cette exposition, les animaux ont requ sous forme
d'h6magglutinine une injection de l'antigene correspon-

dant. La reponse immunitaire secondaire s'est manifestee
par la production d'anticorps a des titres beaucoup
plus 6lev6s.
Chez des bovins et des moutons preserves de tout

contact avec le virus grippal, l'injection d'antigene a pro-
voque une reponse immunitaire de type primaire.
Des porcs et des dindons provenant de fermes oiu avaient
sevi des epizooties de grippe porcine ou aviaire ont reagi
a l'administration d'antigene par l'apparition d'un taux
eleve d'anticorps. En revanche, des congeneres non
exposes a l'infection ont fourni une reponse immunitaire
de type primaire.
Pour les auteurs, l'etude des r6actions serologiques

provoquees par l'administration d'un antigene peut
permettre d'identifier les anticorps specifiques et de
proceder avec une rigueur accrue aux recherches sero-
logiques chez les animaux en vue de preciser leur role
dans l'epidemiologie des infections grippales de l'homme.
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