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Hamsters previously infected with influenza virus A1/FM/1/47 produced serum
hemagglutination inhibition (HI) antibody in response to 1/100 the antigenic
dose of inactivated influenza virus A2/Hong Kong vaccine necessary to induce
antibody in normal animals. This priming effect was believed to be due to the
virus infection which caused an immune response to a virus antigen common to
both the infecting virus and the virus vaccine; this antigen acted as a carrier for
the specific vaccine virus hemagglutinin and potentiated the immune response to
the new antigen. This theory, which has been established in other immune
systems, was tested, and the results obtained did not contradict the conditions
imposed in the above explanation. Thus, the priming effect could be transferred
to normal hamsters by inoculation of spleen cells from virus-infected animals,
and the HI antibody response to the virus vaccine was characteristic of a
secondary response. The theory also required that the new antigen be coupled to
the carrier protein; however, primed hamsters produced serum HI antibody after
inoculation with ether-Tween-split virus vaccine, but there was no proof that this

vaccine was completely dissociated.

Studies have shown that, unless hamsters
were primed by prior infection with an influenza
A virus, the animals would not produce serum
hemagglutination inhibition (HI) antibody in
response to immunization with 150 chick cell
agglutination (CCA) units of inactivated A2/
Hong Kong/68 vaccine (C. W. Potter, R. Jen-
nings, W. M. Marine, and C. McLaren, Mi-
crobios, in press); similar results have been
found for ferrets (McLaren et al., manuscript in
preparation). Prior infection with any influenza
A virus would prime hamsters to respond to
A2/Hong Kong vaccine, but priming could not
be induced by infection with influenza B or C
viruses. Similar results have been found for
other influenza virus vaccines; thus, hamsters
previously infected with any influenza A virus
respond better to subsequent immunization
with inactivated A2/Japan/305/57, A1/FM/1/47,
and A/PR/8/34 virus vaccines than normal ham-
sters (R. Jennings and C. W. Potter, Arch.
Gesamte Virusforsch., in press).

In the present studies, the HI antibody re-
sponse to immunization with inactivated and
ether-Tween-split A2/Aichi/2/68 vaccine was
measured in hamsters previously infected with

heterotypic influenza A viruses. The nature of
the antibody response to both the infecting
virus and to subsequent immunization with
vaccine virus was determined by rate-zonal
centrifugation in linear sucrose gradients. In
addition, the HI antibody response to immuni-
zation with inactivated influenza virus A2/
Aichi/2/68 vaccine was measured in hamsters
previously inoculated with spleen cells, thymus
cells, or serum from influenza virus-infected
donor animals.

MATERIALS AND METHODS

Influenza viruses A/PR/8/34 (HON1), A1/FM/1/47
(H1N1), A2/Singapore/1/57 (H2N2), and A2/Hong
Kong/1/68 (H3N2) were strains of virus maintained in
our laboratory. Virus pools were prepared by allantoic
inoculation of 10-day embryonated hen’s eggs. After
incubation at 35 C for 48 h, the allantoic fluids were
harvested and stored at —80 C. The identity of the
viruses was confirmed by cross-hemagglutination in-
hibition tests by using monospecific ferret antisera.

Virus vaccines. Inactivated influenza virus Al/
FM/1/47 and A2/Aichi/2/68 vaccines were obtained
from W. Marine, Emory University School of Medi-
cine, Atlanta, Ga. Both vaccines were prepared from
virus purified by rate-zonal centrifugation and inacti-
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vated with Formalin (W. M. Marine and J. E.
Thomas, Brit. Postgrad. J., in press); the A2/
Aichi/2/68 vaccine contained 1,714 CCA/ml and had a
total protein content of 165 ug/ml, and the A1/
FM/1/47 vaccine contained 571 CCA/ml and had a
protein concentration of 137 ug/ml. A second influ-
enza A2/Aichi/2/68 vaccine, termed A2/Aichi/2/68
vaccine 2, was obtained from W. Hennesson, Behring-
werke AG, Marburg; this vaccine contained 300
CCA/ml and was obtained as a Formalin-inactivated
virus vaccine and as an ether-Tween-disrupted virus
vaccine.

HI tests. Hemagglutination-inhibition tests were
carried out by using microtiter apparatus (11). Before
testing, sera were treated with cholera filtrate (Bur-
roughs Wellcome Ltd.) for 18 h at 37 C and subse-
quently heated for 1 h at 56 C. Serum dilutions were
incubated for 10 to 15 min with eight hemagglutinat-
ing units of virus (50% end-point) before adding fowl
erythrocytes. The HI titers were read after the cells
had settled at room temperature and were expressed
as the highest serum dilution which caused a 50%
reduction in virus hemagglutination.

Experimental design. All the studies were carried
out in 2- to 3-month-old Syrian hamsters from a single
closed, randomly bred colony at the University of
Sheffield. Prior to tests, a blood sample (0.5-1.0 ml)
was collected from the orbital sinus of each hamster
using a finely drawn Pasteur pipette. Groups of
hamsters were then infected intranasally and under
light ether anesthesia with 0.2 ml of a live influenza
virus preparation; the dose of virus used had been
shown in preliminary studies to induce serum HI
antibody, and contained 10%° to 10%° mean egg
infective dose (EID,o)/ml. Three weeks after virus
infection a further blood sample was obtained from
each hamster, and the animals were immunized by
intramuscular injection of inactivated virus vaccine or
split virus vaccine in an 0.5-ml volume. A third blood
specimen was collected 3 weeks after immunization.
All hamster sera were stored at —20 C.

Rate-zonal centrifugation. Hamster sera were
treated with cholera filtrate for 18 h at 37 C, and then
heated at 56 C for 1 h. Linear sucrose gradients of
approximately 5.0-ml volume were prepared with the
aid of a mixing device from 5 and 20% (wt/vol) sucrose
(Analar) in phosphate-buffered saline (pH 7.4), and
kept for 1 h at 4 C. The sucrose gradients were layered
with 0.2 ml of treated hamster serum mixed with 0.02
ml of human serum; the human serum was included
to provide immunoglobulin yYM and yYG markers of
known sedimentation coefficients. After centrifuga-
tion at 100,000 x g for 5 h in a Spinco L preparative
centrifuge at 4 C, and using an SW50 swinging-bucket
rotor, 14-drop volumes were collected from the gradi-
ents through a needle inserted into the base of the
centrifuge tubes. Each fraction was titrated for HI
antibody and for human immunoglobulins yG and
yM.

The human serum used to supply immunoglobulin
markers for the rate-zonal centrifugation studies was
obtained from a patient with Waldenstrom macro-
globulinemia. The serum contained low levels of HI
antibody to influenza viruses, and these were removed
by absorption. Samples (10 ml) of influenza viruses
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A2/Hong Kong/1/68, A1/FM/1/47, and A/PR/8/34 were
centrifuged at 100,000 x g for 40 min, and the pellets
were resuspended in 2.0 ml of the human serum
sample. After overnight incubation at 4 C, the sample
was centrifuged at 100,000 x g for 40 min and the
pelleted material was discarded. This procedure re-
moved detectable HI antibody to the viruses used for
absorbtion. The sample was further incubated for 4 h
at 4 C with packed fowl cells (final concentration
10%) to remove fowl red cell agglutinins. The serum
contained 550 mg of ¥G per 100 ml and 1,700 mg of YM
per 100 ml; these levels were sufficiently high that
0.02 ml of the serum added to the layered hamster
serum sample gave easily detectable peaks of both
immunoglobulins in the fractions collected after cen-
trifugation. The concentration of YM and yG in the
samples from the sucrose gradients was determined
by single radial immunodiffusion (2) with the specific
antisera prepared against the human immunoglobu-
lins (Burroughs Wellcome Ltd.).

Adoptive transfer of serum or lymphocytes.
Twenty-one days after intranasal infection of ham-
sters with influenza virus A2/Hong Kong/1/68 or
A1/FM/1/47, the animals were killed, and the blood,
spleens, and thymuses were removed. The organs
were finely minced, and the tissue was suspended in
medium 199 and further broken down by extrusion of
the fragments through a syringe without a needle. The
suspension was then filtered through sterile cotton
gauze to remove the remaining tissue fragments. The
resulting cell suspension, almost entirely composed of
single cells, was centrifuged at 1,000 x g for 10 min,
and distilled water was added to the deposited cells
for 30 s (3 ml of water per 0.1 ml of sedimented cells)
to lyse the red blood cells; the medium was restored to
isotonic strength by adding an equal volume of double-
strength saline. The cells were washed three times in
medium 199 and resuspended in the same medium to
a concentration of 5 x 10¢ viable cells/ml and used
immediately to inoculate hamsters.

Normal, adult hamsters were each given 100 rads of
X irradiation; this treatment reduced the hamster
peripheral leukocyte count by 10 to 30%, but the
count returned to normal values 7 to 10 days after
treatment. Twenty-four hours after irradiation,
groups of hamsters were inoculated intraperitoneally
with 5 x 10¢ spleen cells or thymus cells. Further
groups of hamsters were inoculated by the in-
traperitoneal route with 0.5 ml of serum collected
from hamsters 21 days after influenza virus infection.
The following day, a blood sample was collected from
each hamster, and the animals were then immunized
intramuscularly with influenza virus vaccine. A fur-
ther blood sample was collected 3 weeks after immu-
nization.

RESULTS

Immunization of hamsters with A2/Aichi/
2/68 vaccine following infection with influ-
enza virus AI/FM/1/47. Hamsters were in-
fected intranasally with influenza virus Al/
FM/1/47; serum specimens collected 3 weeks
after infection showed that all the animals had
developed serum HI antibody to the infecting
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virus. The hamsters were then divided into
groups of three or four and immunized with
different concentrations of inactivated influ-
enza virus A2/Aichi/2/68 vaccine. Similar ex-
tinction titrations of the vaccine were carried
out in normal hamsters. Blood specimens were
collected 3 weeks after immunization, and the
results of HI antibody tests on these sera are
shown in Table 1.

Immunization of normal hamsters with 1,500
CCA of influenza A2/Aichi/2/68 virus vaccine
produced serum HI antibody to A2/Hong
Kong/68 virus in all four animals at titers of
1:15 to 1:60; however, inoculation with doses of
500 CCA or less of vaccine failed to induce
detectable levels of HI antibody (Table 1). In
contrast, for hamsters which had been previ-
ously infected with influenza virus A1/FM/1/47,
immunization with 15 CCA of A2/Aichi/2/68
vaccine produced serum HI antibody at titers of
1:15 to 1:40, but inoculation with 1.5 CCA

TaBLE 1. Antigen extinction titration for inactivated
A2/Aichi/2/68 vaccine in normal hamsters and in
hamsters previously infected with influenza virus

A1/FM/1/47
HI antibody response in hamsters
AB;);?c(;fi/ Not previously Previously infected
2/68 va infected with live with influenza virus
cine ¢ virus A1/FM/1/47
(CCA)
A1/FM/ | A2/Hong .| A2/Hong
1/47°¢ | Kong/1/68° Al/FM/1/47 Kong/1/68
1,500 —° <10-15 NT¢ NT
— <10-30
— <10-60
— <10-60
500 — — NT NT
150 NT — 60-60 <10-15
— 240-120 <10-15
— 60-120 <10-20
— 60-60 <10-30
15 NT NT . 240-320 <10-15
80-240 <10-15
> 320-240 <10-30
> 320-240 <10-40
1.5 NT NT 160- > 320 —
60-60 —
240-240 —
120-240 —

a HI antibody titer to virus.
b—, < 10 - < 10.
¢NT, Not tested.
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failed to induce detectable levels of HI anti-
body. Thus, hamsters previously infected with
influenza virus A1/FM/1/47 produced HI anti-
body in response to immunization with 1/100
the antigenic dose of inactivated influenza virus
A2/Aichi/2/68 vaccine necessary to induce anti-
body in normal hamsters. Immunization with
influenza virus A2/Aichi/2/68 vaccine did not
significantly alter the serum HI antibody titers
to influenza virus A1/FM/1/47.

Response of hamsters to whole or to split
influenza A2/Aichi/2/68 virus vaccines.
Groups of hamsters were infected with influenza
virus A1/FM/1/47 or A/PR/8/34. Twenty-one
days later, when all the hamsters were shown to
have developed specific HI antibody to the
infecting virus, the animals were inoculated
intramuscularly with either 150 CCA of For-
malin-inactivated A2/Aichi/2/68 vaccine 2 or
with 150 CCA of ether-Tween-split A2/
Aichi/2/68 vaccine 2. The same dose of the two
vaccines was also used to inoculate normal
hamsters. Blood specimens were taken 3 weeks
after immunization, and the results of HI tests
are shown in Table 2. Hamsters which had not
been previously infected with either A1/
FM/1/47 or A/PR/8/34 influenza viruses did not
produce detectable levels of serum HI antibody
in response to inoculation with 150 CCA of
either the whole or ether-Tween-treated vac-
cine. In contrast, hamsters previously infected
with live influenza virus A1/FM/1/47 or A/
PR/8/34 produced serum HI antibody to titers of
1:15 to 1:30 in response to infection of 150 CCA
of either whole or split virus vaccine. Immuniza-
tion did not significantly alter the titers of
serum HI antibody to the initial infecting virus.

Adoptive transfer studies: lymphocyte
transfer. Twenty-one days after intranasal in-
fection with influenza virus A1/FM/1/47, ham-
sters were bled and cell suspensions were pre-
pared from pooled spleens or thymuses; thymus
and spleen cells suspensions were also prepared
from normal hamsters. Groups of hamsters,
which had been X irradiated the previous day,
were inoculated intraperitoneally with 5 x 10°
spleen cells or thymus cells from infected ham-
sters or from normal hamsters; serum speci-
mens collected from these animals 24 h after
inoculation did not contain detectable serum HI
antibody to influenza virus A1/FM/1/47. At this
time, some hamsters of each group were inocu-
lated with 150 CCA of inactivated influenza
virus A2/Aichi/2/68 virus vaccine and the others
were not immunized. A further blood sample
was collected from each animal 3 weeks after
immunization. The results of serum HI tests are
shown in Table 3.
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TaBLE 2. HI antibody response of hamsters to whole or ether-Tween-split A2/Aichi/2/68 vaccine after previous
infection with heterotypic influenza viruses

Hamsters previously

Form of A2/Aichi/2/68 vaccine 2

Change in serum HI antibody titer to virus
(before and after immunization with A2/Aichi/2/68 vaccine)

infected with: (150 CCA)
A2/Hong-
Kong/1/68 A1/FM/1/47 A/PR/8/34
A1/FM/1/47 Whole virus <5-30 320-320 —a
<5-30 240-120 —
<5-15 320-320 —
Ether-Tween-split virus <5-15 320-240 —
<5-20 320-240 —
<5-15 120-120 —
A/PR/8/34 Whole virus <5-15 — 240-120
<5-15 — 240-160
<5-20 — 240-240
Ether-Tween-split virus <5-10 — 240-160
<5-15 — 320-240
<5-10 — 240-240
None Whole virus — — —
Ether-Tween-split virus — — —
s —, <10-<10.

TasLE 3. HI antibody response of hamsters to influenza virus vaccine, after adoptive transfer of spleen cells or
serum

Change in serum HI antibody titer to virus

. o . After inoculation of 150 After inoculation of 150
Adoptive transfer (IP® inoculation) CCA of A2/Aichi/2/68 CCA of A1/FM/1/47
A2/Aichi/2/68 A1/FM/1/47 A2/Aichi/2/68 A1/FM/1/47
Hamsters previously infected with A1/FM/1/47
Spleen cells (5 x 10°%) <5-15 -t
<5-15 — NT¢ NT
<5-20 —
Serum (0.5 ml; HI titer 1:320) — 30-<5 — 30-<5
— 15-<5 — 30-<5
— 60- <5 — 15-<5
Normal hamsters
Spleen cells (5 x 10°) — —
— — NT NT
Serum (0.5 ml) — — —_ <5-60
— - — <5-40
— —_ — <5-30

¢ IP, Intraperitoneal.

*—, <10-<10.
¢ NT, Not tested.
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Hamsters which were inoculated with spleen
or thymus cells from normal animals did not
produce serum HI antibody after subsequent
inoculation with 150 CCA of inactivated A2/
Aichi/2/68 vaccine. No detectable HI antibody
was found in sera from hamsters inoculated
with A2/Aichi/2/68 vaccine after adoptive trans-
fer of thymic cells from hamsters previously
infected with influenza virus A1/FM/1/47; how-
ever, hamsters inoculated with spleen cells from
infected animals and subsequently given 150
CCA of A2/Aichi/2/68 vaccine developed serum
HI antibody at titers of 1:15 to 1:20 to A2/Hong
Kong virus (Table 3). Serum from hamsters
inoculated with A2/Aichi/2/68 vaccine after
transfer of spleen cells from A1/FM/1/47 in-
fected animals did not contain HI antibody to
A1/FM/1/47 virus.

Serum transfer. Sera were collected from
hamsters 21 days after intranasal infection with
influenza virus A1/FM/1/47; the HI antibody
titer of the pooled sera was 1:320 for influenza
virus A1/FM/1/47, and no HI antibody was
detectable to other influenza viruses. A pool of
sera was also prepared from normal hamsters.
Groups of hamsters were inoculated in-
traperitoneally with 0.5 ml of either normal or
postinfection sera. The following day, a blood
sample was taken from each hamster, and the
animals were immunized with 150 CCA of
either inactivated influenza virus A2/Aichi/2/68
or A1/FM/1/47 vaccines. A further blood sample
was collected 21 days after immunization. The
results are shown in Table 3. Hamsters inocu-
lated with normal hamster sera did not produce
HI antibody to influenza virus A2/Hong
Kong/1/68 after inoculation with 150 CCA of
A2/Aichi/2/68 vaccine, but did produce anti-
body in response to the same dose of Al/
FM/1/47 vaccine (Table 3). Extinction titra-
tions of the two vaccines in hamsters has shown
that the inactivated A1/FM/1/47 virus vaccine
was a more potent antigen than the A2/
Aichi/2/68 vaccine (R. Jennings and C. W.
Potter, Arch. Gesamte Virusforsch., in press).

Serum specimens collected from hamsters 24
h after intraperitoneal inoculation of serum
containing HI antibody to A1/FM/1/47 virus
possessed demonstrable HI titers of 1:15 to
1:60. Immunization of these hamsters with 150
CCA of A2/Aichi/2/68 vaccine did not produce
demonstrable titers of HI antibody to the vac-
cine virus, and the passively acquired antibody
to influenza virus A1/FM/1/47 was not demon-
strable 3 weeks after immunization. In addition,
hamsters inoculated with serum containing HI
antibody to A1/FM/1/47 virus did not develop
serum HI antibody in response to immunization
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with 150 CCA of inactivated A1/FM/1/47 vac-
cine. This was probably due to the passively
acquired antibody which prevented the HI anti-
body response to the vaccine and which had
disappeared by 21 days after immunization
(Table 3); similar results have been reported for
rabies vaccine (13).

Rate-zonal centrifugation studies of
hamster HI antibody. Groups of hamsters were
infected intranasally and under ether anes-
thesia with influenza virus A1/FM/1/47, A/
PR/8/34, or A2/Hong Kong/1/68; blood samples
were collected 8 days and 21 days after infec-
tion. At this time, the hamsters were inoculated
with 150 CCA of inactivated influenza virus
A2/Aichi/2/68 vaccine, and further blood sam-
ples were taken 8 and 21 days after immuniza-
tion. The serum specimens were tested for HI
antibody and were examined by rate-zonal
centrifugation in 5 to 20% linear sucrose gradi-
ents to determine the sedimentation coefficients
of the antibody.

Figure 1 shows the sedimentation pattern of
the HI antibody present in the serum 8 days and
21 days after infection with influenza virus
A1/FM/1/47. For the serum specimen taken 8
days after infection, the HI antibody was de-
tected in two peaks; the position of one peak
coincided with that of human yM, and the
second peak corresponded to human yG (Fig.
1A). The serum HI antibody present at 21 days
after virus infection was detected only in a
single peak which was coincidental with that of
human vG, included in the gradient as a marker
(Fig. 1B). This same hamster, previously in-
fected with influenza virus A1/FM/1/47, was
immunized with 150 CCA of inactivated A2/
Aichi/2/68 vaccine, and serum specimens were
collected 8 and 21 days later. These specimens
were also studied by rate-zonal centrifugation in
linear sucrose gradients, and the results showed
that at both times all the detectable HI anti-
body was present in a single peak corresponding
to that of human vG (Fig. 1C and D). Thus, the
initial infection gave an antibody response typi-
cal of a primary infection, producing both 19S
and 7S HI antibody, while the subsequent
response to immunization was typical of a
secondary response with only 7S HI antibody
detected.

Results similar to those shown in Fig. 1 were
found in sera from hamsters infected with
various heterotypic influenza A viruses and
subsequently immunization with inactivated
A2/Aichi/2/68 vaccine. These results are shown
in Table 4. The serum HI antibody response in
hamster sera 8 days after intranasal infection
with influenza viruses A1/FM/1/47, A/PR/8/34,
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Fic. 1. Rate-zonal centrifugation of hamster serum HI antibody. Linear sucrose gradients (5-20%) were
layered with 0.2 ml of hamster serum together with 0.02 ml of human serum. After centrifugation for 5 h at
100,000 x g, fractions were collected from the base of the gradient through a fraction collector, and tested for HI
antibody (®), immunoglobulin G (O), and immunoglobulin M (A). A, Serum (diluted 1/3) collected 8 days after
infection with influenza virus A1/FM/1/47. B, Serum (diluted 1/3) collected 21 days after infection with
influenza virus A1/FM/1/47. C, Serum collected 8 days after immunization with 150 CCA of influenza
A2/Aichi/2/68 vaccine. D, Serum collected 21 days after immunization with 150 CCA of influenza A2/A ichi/2/68
vaccine. All serum specimens were from the same hamster; sera A and B were titrated for HI antibody to
influenza virus A1/FM/1/47, and sera B and C were titrated for HI antibody to influenza virus A2/Hong

Kong/1/68.

TaBLE 4. HI antibody response to influenza virus infection and subsequent immunization with inactivated

A2/Aichi/2/68 virus vaccine

Change in HI antibody titer after HI antibody response to immunization
Virus i . Hamster infection with 150 CCA of A2/Aichi/2/68 vaccine
irus infection no.
8 days PI* 21 days PI 8 days PIm® 21 days PIm
A1/FM/1/47 1 <5-320 (vG, YM)* 640 (yG) <5-30 (vG) 30(—)
2 <5-320 (YM) 320 (vG) <5-30 (vG) 60 (—)
3 <5-120 (vG, YM) 320 (vG) <5-60 (vG) 60 (vG)
A/PR/8/34 1 <5-240 (vG, YM) 320 (vG) <5-30 (yG) 60 (yG)
2 <5-240 (YM) 640 (YG) <5-120 (yG) 120 (—)
3 <5-320 (YM) 640 (vG) <5-60 (yG) 60 (—)
A2/HK/1/68 1 <5-60 (vG, YM) 240 (vG) 240-480 (vG) 480 (yG)
2 <5-15(—) 60 (yG) 60-1280 (vG) 480 (—)
3 <5-80 (vG, YM) 120 (vG) 120-640 (vG) 640 (—)

2 PI, Postinfection.
* PIm, Postimmunization.

¢ Change in HI antibody titer (immunoglobulin type of antibody).

4—_ Not tested for immunoglobulin type.

or A2/Hong Kong/1/68 was in each case found to
be either 19S or 19S and 7S antibody. In every
case, only 7S antibody was found in sera col-
lected 21 days after infection. Rate-zonal cen-

A2/Aichi/2/68 vaccine indicated only 7S anti-
body in both serum specimens (Table 4).

DISCUSSION

trifugation studies on serum specimens col-
lected from the above hamsters 8 and 21 days
after subsequent immunization with 150 CCA

The present studies show that hamsters
primed by prior infection with influenza virus
A1/FM/1/47 produced detectable levels of
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serum HI antibody in response to 1/100 the
antigenic dose of inactivated influenza virus
A2/Aichi/2/68 vaccine required to induce HI
antibody in normal hamsters. This priming
effect is not limited to influenza virus Al/
FM/1/47 infection or to A2/Hong Kong vaccine,
since infection with a range of influenza A
viruses can prime hamsters to respond to a
variety of influenza A virus vaccines (R. Jen-
nings and C. W. Potter, Arch. Gesamte Virus-
forsch., in press; C. W. Potter, R. Jennings, W.
M. Marine, and C. McLaren, Microbios, in
press). In addition, similar reults have been
obtained in ferrets (McLaren et al., manuscript
in preparation). The mechanism for the in-
creased responsiveness of primed animals to
influenza virus vaccines is not known. However,
it is suggested that the exaggerated response to
the new virus hemagglutinin was due to the
virus hemagglutinin being complexed with car-
rier antigen of either the whole virus particle or
to a portion of the virus hemagglutinin to which
the hamster has already responded; thus, the
infecting virus and the vaccine virus both con-
tain ribonuclear protein and matrix antigens
which are common to all influenza A viruses (9).

The suggested mechanism underlying the
increased responsiveness of primed hamsters to
inactivated influenza virus vaccines is the same
as that proposed to account for observations of
other antigen-carrier or hapten-carrier systems.
Thus, rabbits or guinea pigs previously immu-
nized with bovine YG show a markedly aug-
mented response to subsequent inoculation of
2, 4-dinitrophenol when coupled with bovine YG
(1). Similar results have been reported by other
workers using other carrier systems (3, 7, 8, 10,
12). From these studies, a number of features of
the proposed mechanism have been shown.
Thus, the new antigenic determinant must be
coupled to the carrier virus particle (8, 12), and
secondly the mechanism for the exaggerated
response is based on observations which show
that the antibody response to immunization of
primed animals is a secondary response (8).
These two features were tested in the present
study.

In the present study, hamsters primed by
infection with influenza virus A1/FM/1/47 were
able to produce serum HI antibody in response
to immunization with either whole virus or
ether-Tween-split virus. This result suggested
that the response of primed hamsters to influ-
enza vaccine was not dependent on the new
hemagglutinin being complexed with carrier
antigens. However, it is not known to what
extent the split virus vaccine was disrupted;
some portion of the virus may remain intact or
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some reaggregation may take place after ether-
Tween treatment. The response of primed ham-
sters to purified, heterotypic hemagglutinins is
now being studied. Rate-zonal centrifugation
studies in linear sucrose gradients showed that
the antibody response to inactivated influenza
virus A2/Aichi/2/68 vaccine in serum collected 8
days after inoculation of primed hamsters was
entirely 7S. The result was strongly suggestive
of a secondary response, since sera collected
eight days after primary virus infection con-
tained either 19S or 7S and 19S antibody.

Adoptive transfer experiments showed that
inoculation of normal hamsters with lym-
phocytes from hamsters previously infected
with influenza virus A1/FM/1/47 transferred the
property of increased responsiveness to A2/
Aichi/2/68 vaccine; similar results were ob-
tained for guinea pigs inoculated with hapten-
bovine v-globulin complex following inocula-
tion of lymphoid cells from animals immunized
with bovine y-globulin (6). Passive immuniza-
tion with serum from primed hamsters did not
potentiate the later response to virus vaccine;
thus, the presence of humoral antibody to the
carrier virus particle was not sufficient to prime
animals. The suggested mechanism of the prim-
ing effect requires the mutual cooperation of
lymphocytes in the response (8, 12); our results
further indicate the importance of lymphocytes
in the mechanism of primed response.

Although normal hamsters and ferrets do not
produce serum HI antibody in response to
inoculation with 300 CCA of inactivated influ-
enza virus A2/Aichi/2-68 vaccine, this dose
produces a good antibody response in volunteers
(4, 5). It remains possible that the response in
man is due to prior infection by homotypic or
heterotypic influenza A virus and that the
response to vaccine is dependent to some degree
on a priming infection.

ACKNOWLEDGMENTS

We wish to thank Sir Charles Stuart-Harris and M. G.
McEntegart for their advice and criticism, and L. Shepherd
and G. Ellis for their excellent technical assistance. These
studies were supported by a grant from the Medical Research
Council.

LITERATURE CITED

1. Katz, D. H., W. E. Paul, E. A. Goidl, and B. Benacerraf.
1970. Carrier function in anti-hapten immune re-
sponses. 1. Enhancement of primary and secondary
anti-hapten antibody responses in carrier preimmuni-
zation. J. Exp. Med. 132:261-282.

2. Mancini, G., A. O. Carbonara, and J. F. Heremans. 1965.
Immunochemical quantitation of antigens by single
radial immunodiffusion. Immunochemistry 25:235-254.

3. Mitchison, N. A., K. Rajewsky, and R. B. Taylor. 1970. In
J. Sterzl (ed.), Developmental aspects of antibody



144

formation and structure. Academic Press Inc., New
York.

4. Mogabgab, W. J. 1969. Immunogenicity of purified and
convential inactivated influenza virus vaccines. Bull.
WHO 41:557-561.

5. Mostow, S. R., S. C. Schoenbaum, W. R. Dowdle, M. T.
Coleman, and H. S. Kaye. 1969. Studies with inactiva-
ted influenza vaccines purified by zonal centrifugation.
Bull. WHO 41:525-530.

6. Paul, W. E,, D. H. Katz, E. A. Goidl, and B. Benacerraf.
1970. Carrier function in anti-hapten immune re-
sponses. II. Specific properties of carrier cells capable
of enhancing anti-hapten antibody responses. J. Exp.
Med. 132:283-299.

7. Paul, W. E., G. W. Siskind, and B. Benacerraf. 1966.
Studies on the effect of the carrier molecule on an-
tihapten antibody synthesis. II. Carrier specificity of
anti 2, 4-dinitrophenyl-poly-L-lysine antibodies. J.
Exp. Med. 123:689-705.

POTTER ET AL.

INFECT. IMMUNITY

8. Rajewsky, K. 1971. The carrier effect and cellular co-
operation in the induction of antibodies. Proc. Roy.
Soc. London 176:385-392.

9. Schild, G. C. 1972. Evidence for a new type-specific
antigen of the influenza virus particle. J. Gen. Virol.
15:99-103.

10. Schirrmacher, V., and K. Rajewsky. 1970. Determination
of antibody class in a system of cooperating antigenic
determinants. J. Exp. Med. 132:1019-1034.

11. Sever, J. L. 1962. Application of a microtechnique to
viral serological investigations. J. Immunol. 88:
320-339.

12. Taylor, R. B., and G. M. Iverson. 1971. Hapten competi-
tion and the nature of cell-co-operation in the antibody
response. Proc. Roy. Soc. London 176:393-418.

13. Wiktor, T. J., R. A. Lerner, and H. Koprowski. 1971.
Inhibitory effect of passive antibody on active im-
munity induced against rabies by vaccination. Bull.
WHO 45:747-753.



