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The peripheral blood lymphocyte response and hemagglutination inhibition anti-
body titers were measured in nine adults before and after immunization with a

killed split influenza virus vaccine. Cord blood lymphocytes were tested with the
influenza antigen to exclude a nonspecific mitogenic effect. All of the subjects
demonstrated preexisting antibody titers and antigen recognition by lymphocytes
prior to immunization. The in vitro lymphocyte response after vaccination parallels
the humoral antibody response to influenza antigen.

The humoral antibody response to influenza
vaccine has been well described, but there is little
information on the cellular response to clinical
influenza or in response to vaccination. This study
examines the in vitro lymphocyte response and
humoral antibody response to influenza vaccine
before and after immunization.

MATERIALS AND METHODS
Subjects. Healthy medical and nursing student

volunteers were screened for allergy to egg or egg
products. They were bled, vaccinated, and finally
rebled 10 days postvaccination. Cord blood sam-
ples were collected during uncomplicated de-
liveries.

Vaccine. A bivalent tri (n) butyl phosphate
split inactivated influenza vaccine containing 400
chick cell-agglutination (CCA) units of influenza
A/Aichi/68/H3N2, and 300 CCA units of influenza
B/Mass/66 were given either intramuscularly or
subcutaneously in the deltoid region of the arm.

Antibody determinations. Hemagglutination
inhibition (HAI) antibody studies were done as
previously described (4).

3H-Thymidine studies. Approximately 30 ml
of venous blood was drawn and mixed in a hepa-
rinized syringe. Plasma gel (Laboratory Roger
Bellon, Neuilly, France) was added (1 ml for each
10 ml of blood) for sedimentation of red blood
cells. The syringe was incubated 1 h at 37 C.
Plasma and leukocytes were removed and cell
count with differential was done. Individual 4-ml
cultures containing 3 X 106 lymphocytes were set
up in minimal essential media (Spinner, Grand
Island Biological Co., Grand Island, N.Y.) with
12.5 to 20% autologous plasma, and penicillin (50
U/ml) and streptomycin (50 Mg/iml; Microbiologi-
cal Associates, Bethesda, Md.). AntigenLs or mito-

1 Present address: Montefioie Hospital, Department
of Medicine, Pittsburgh, Pennsylvania 15213.

gens were added as follows: (i) phytohemagglutinin-
P (PHA, Difco, Detroit, Mich.), 0.05 ml/culture;
(ii) streptolysin-O (Difco), 0.5 ml/culture; (iii)
monovalent tri (n) butyl phosphate split influenza
vaccine (Wyeth Lab., Philadelphia, Pa.) at three
concentrations: 1,920, 640, and 80 CCA of A/Aichi
per ml. (Three different concentrations of influenza
antigen for cultures were chosen, since it is well
known that lymphocyte responsiveness may vary
with the concentration of antigen used.)

Lymphocyte cultures were performed in tripli-
cate and harvested at 72 h for PHA and 120 h for
antigens. The cultures were pulsed with 2.0,uCi of
tritiated 3H-thymidine (New England Nuclear
Corp.) 6 h (for PHA cultures) or 24 h (for cultures
with antigen) before harvesting. The cells were
processed and counted in a liquid scintillation
counter. The counts were corrected for quenching,
averaged, and expressed as counts per minute per
culture or as the ratio of counts per minute with
antigen to counts per minute in controls.

RESULTS
Cord bloods. Lymphocytes from five cord

blood specinmens showed no increase in response
to influenza antigens in the 15 tests performed
(Table 1). The ratio of cultures with antigen to
cultures without antigen ranged from 1.0 to 1.9.
In contrast, PHA responsiveness was demon-
strated ini three cultures, indicatinlg the capa-
bility of the lymphocytes to proliferate in response
to a nonspecific mitogen.
Antibody response in vaccinees. Seven of

the nine studenits had a fourfold or greater rise in
HAI antibody to A/Aichi (Table 2). One of the
two without such a rise had a very high prevac-
ciine anitibody level (studenit 2), anld the other
(student 1) had a falling antibody titer. Unfor-
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tunately, there was insufficient serum to retest
the latter student.
Antibody studies on the cord plasma specimeIns

were not performed, since one would expect to
find maternal transplacental antibody to in-
fluenza.

Streptolysin-O responses (nlot showii) revealed
stimulation ratios of 14.0 to 200.5, with an aver-
age of 66.6. Two of seven with paired results (pre-
and postvaccine) available showed some increases
of postvaccine over prevaccine. The average value

TABLE, 1. 'H-Thymidinte incorporationt in cord
blood lymphocyte cultures stimulated with

influenza A/Aichi antigen and PHA

Control Ratio of tests/
Cord (counts/ control

blood no. min PHA
X 103) 1,920a 640a 80'

1 1.1 1.8 1.5 1.3 5.7
2 1.5 1.2 1.1 1.2 19.3
3 1.5 1.4 1.4 1.3
4 1.3 1.4 1.2 1.4 34.4
5 1.9 1.2 1.3 1.0

a CCA units of A/Aichi antigen per milliliter.

for prevaccine stimulation ratios was 82.0, and
postvaccine was 46.7.
Lymphocyte response in vaccinees. Lym-

phocytes from all of the subjects demonstrated a
response to one or more concentrations of in-
fluenza antigen prior to vaccination by an increase
in 3H-thymidine incorporation (Table 2). Whereas
the lymphocyte response was relatively low in
subject 6 who had a titer of 1:4, the remaining
subjects showed considerable variability in the
magnitude of the response with different concen-

trations of antigen and with respect to the anti-
body titer. After vaccination, increases in thymi-
dine incorporation compared with preimmuniza-
tion values were observed in seven of the nine
subjects. Subject 1 showed no response to in-
fluenza antigen after vaccination. Lymphocytes
from subject 3 were responsive to all concentra-
tions of antigen, but the counts were lower than
those prior to immunization. In part, this is due to
the higher counts in the postvaccination control
cultures. Although the highest postvaccination
counts tend to occur in subjects with greater in-
creases in HAI antibody, the numbers are too
small to draw any conclusions.

DISCUSSION
These studies indicate that adult human lym-

phocytes respond to influenza antigen in vitro. In

TABLE 2. HAI antibody response and 3H-thymidine incorporation in lymphocyte
cultures before and after vaccination with influenza vaccine

Antibody response Lymphocyte response

Student no. Specimenk
Reciprocal Fold Control Ratio of antigen/control
of titer increase (counts/minii 190 - 60 0

1 Prevaccine 128 -4 0.4 0.9 68.8 104.2
Postvaccine 32 1.0 0.1 2.5 0.2

2 Prevaccine 512 2 2.2 11.1
Postvaccine 1,024 2.8 21.7 (2)b 15.8

3 Prevaccine 16 8 0.7 8.6 29.0 14.7
Postvaccine 128 2.9 3.0 6.8 6.1

4 Prevaccine 64 8 1.6 23.9
Postvaccine 512 1.4 46.5 (2)

5 Prevaccine 128 8 1.6 20.6 34.5 7.0
Postvaccine 1,024 1.0 39.8 (2) 27.6 86.4 (12)

(5 Prevaccine 4 32 0.8 4.9 2.8 2.9
Postvaccine 128 0.7 19.4 (4) 34.5 (12) 22.7 (7)

7 Prevaccine 16 128 2.5 20.0 4.3
Postvaccine 2,048 1.9 101.7 (5) 102.1 92.5 (21)

8 Prevaccine 16 128 5.0 5.8 6.7 7.7
Postvaccine 2,048 3.2 12.0 (2) 20.0 (3) 27.2 (4)

9 Prevaccine 4 256 1.9 8.5 47.5
Postvaccine 1,024 1.3 125.0 (14) 206.8 (4) 84.2

a CCA units of A/Aichi antigen per milliliter.
b Numbers in parentheses refer to the ratio of postvaccine ratio to prevaccine ratio.
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conitrast, lymplhocytes of the ilewborin do Inot
proliferate in the presenice of iinflueniza anitigein,
indicating that these lymphocytes have niot been
previously sensitized to influenza. Similarly, cord
blood lymphocytes did not respond to streptoly-
sin-O, a specific antigen which requires prior
sensitizationi for an in vitro response. The PHA
respoinses show that these cord lymphocytes are
capable of proliferating in the presence of a mito-
gen. The lack of cord blood responsiveness to
influenza antigen contrasts with the adult pre-
vaccine lymphocyte responsiveness. All of the
subjects demonstrated both an in vitro lympho-
cyte response and humoral antibody, indicatinig
prior sensitization with influenza or a cross-react-
ing antigen. After immunization with killed in-
fluenza vaccine, there is an inicrease in lymphocyte
proliferation, in most cases paralleling a second-
ary antibody response. An in vitro lymphocyte
response was also observed with streptolysin-O,
but, in contrast to the responses to influenza ainti-
gen, there was no measurable increase in the 10-
day specimens.

Cate (2) studied lymphocyte proliferatioii in
adults 9 to 11 months after exposure to an in-
fluenza outbreak. He found a lymphocyte
response only in persons with both a history of
clinical influenza and previous vaccination. In his
tests he used less than one CCA unit of influenza
whole virus and obtained stimulation ratios, when
positive, of 2 to 8. Thus, the low concentration of
antigens may account for the lack of responsive-
ness in the groups receiving vaccinationi or with a
history of clinical influenza.
Other studies were in animal models and meas-

ured other indicators of cell-mediated immunity.
Feinstonie (3) has showni ani inicrease in migration
inhibition factor values in mice after vaccina-
tioin with whole iniflueniza viirus in Freunid com-
plete adjuvant. Waldman (5) has showni that
guinea pigs given local spray or parenteral
influenza vaccines have iniereased responises as
measured by migration inhibition factor testinig.

INFECT. IMMUNITY

Finially, Cate (1) demonistrated that mice r e-
ceivinig trailsfused lymphocytes from infflueniza
A/PR 8-vaccinated mice have inicreased survival
from challenge with the homologous virus.
The increased lymphoproliferative response to

influenza antigens seen after vaccination suggests
anl increased immunie responise. Whereas the iii
vitro lymphocyte responise is considered an anti-
gen-recognition response, both B and T cells circu-
late in l)eripheral blood with the majority of
lymphocytes as T cells. The maginitude of the
in vitro lymphocyte response to influenza antigen
implies some cell-mediated immune component
in the response to inifluenza. The role of cellular
versus humoral immuniity has Inot beeii deter-
mined, but the accumulative evidence suggests
that both may be important and deserve further
study.
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