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Summary

Subjects aged 3—6, 16—17 and 27—50 years were vacecinated with one dose
of hemagglutinin influenza virus vaccine. Clinical reactions, hemagglutination-
inhibiting (HI) and strain- and type-specific complement-fixing (CF-V and
CF-S) antibodies were determined in sera taken before and four weeks after
vaccine administration. The results indicated that the reactogenicity of the vaccine
"~ was very low. The HI antibody response differed with the age of the vaccinees,
apparently being conditioned by prior exposure to the various influenza virus
subtypes. The results of CF tests using strain-specific V antigens corresponded
in general with HI tests, with two marked exceptions. In the youngest group
nearly half of the subjects developed CF antibody to V-Swine, while all of them
remained without antibody detectable in the HI test. However, when V antigen
was used instead of intact virus as hemagglutinin, the post-vaccination sera of
these subjects also reacted positively in the HI test. Secondly, a number of pre-
vaccination sera from persons aged 27 —50 years possessed CF antibody to A/PR 8
in the, absence of homologous HI antibody. Among these subjects the antibody
response to both A/PR 8 and Swine was more marked in the CF test than in the
HI test. After vaccine administration most of the subjects developed antibody
or responded by an antibody increase to the S antigens of both influenza A and
B. No significant differences were found after intradermal (0.1 ml) and sub-
cutaneous (0.5 ml) administration of one dose of vaccine.

1 Department of Epidemiology; School of Public Health, University of Michigan,
Ann Arbor, Michigan, U.8.A.
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1. Infroduction

In the last several years a new concept of preparing influenza vaccine has been
developed (DAVENPORT et al., 1964). The new type of vaccine only contains a
fraction of the virion, namely the hemagglutinin, which is released after treating
the virion with lipid solvents. The first experiences with this new type of vaccine
have been encouraging. It has been shown by DAVENPORT ef al. (1964) and BrRAN-
DON et al. (1967) that the reactogenicity of ether-treated virus preparations for
human beings is very low, while their antigenicity — as measured by the deve-
lopment of hemagglutination-inhibition (HI) and virus-neutralization antibodies
— is retained.

A number of intriguing questions associated with the use of the hemagglutinin
influenza vaccines remain to be solved. Among these are the reactogenicity of the
preparations in different age groups after single and repeated administration and
the levels and nature of the antibodies induced.

To find an answer to these questions, a collaborative study of a polyvalent
hemagglutinin vaccine has been initiated by the laboratories indicated above.
The first part of the results is summarized in this paper.

2. Materials and Methods

2.1. Vaceine

The experimental vaccine lot was prepared by Parke, Davis and Co., by the pro-
cedure described by BRANDON et al., (1967). The vaccine content (per ml) was: A/Swine/
31: 200 CCA; A/PR 8/34: 200 CCA; A,/AA/1/57: 100 CCA; A,/Taiwan/64: 300 CCA;
B/Lee/40: 100 CCA, and B/Md/59: 300 CCA.

2.2. Selection of Subjects

The vaccine was administered to three groups of subjects. The first were children
aged 3—6 years living in two semi-closed homes; about half of the children in each
community remained unvaccinated. In each institution approximately one half of
the vaccinees received the vaccine intradermally (0.1-ml) and the others were injected
subcutaneously (0.5-ml). The same procedure was applied to secondary-school students
aged 16 — 17 years attending two different schools. The third group comprised laboratory
personnel aged 27— 50 years; all of them were vaccinated intradermally. None of the
subjects had previously been vaccinated with influenza vaccine. Before vaccination
each vaccinee passed a careful physical examination, including measurement of body
temperature.

2.3. Administration of Vaccine

Standard-type hot-air-sterilized 1-ml syrings and needles for subcutaneous and/or
intradermal injections were used to inject one 0.5-ml dose (subcutaneously) or one
0.1-ml dose (intradermally) of vacecine into the deltoid area of the left arm.

2.4. Evaluation of Reactions

Local reactions were followed daily during 4 days after vaccination; the indices
recorded comprised erythema, edema, infiltration and lymphatic reaction. Erythema
size was measured with a transparent flexible ruler. Two perpendicular measurements
were made on the largest extension of the reaction, and the arithmetic mean of these
values was recorded in em. Axillary temperature in children aged 3 — 6 years was taken
twice a day; in the secondary school students the temperature were taken only once
daily, but the vaccinees took afternoon temperatures themselves and reported them
the next day. All vaccinees were thereafter regularly examined by the physician of
the respective institution; follow-up by the study team continued once weekly. Reac-
tions in the group of laboratory personnel were not followed.
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2.5. Serum Sampling

Blood samples were taken immediately before and four weeks after the vacecination.
Sera were kept at -30°C. The following sera were selected for serological investigations:
in the age group of 3—6 years 11 serum pairs from subjects inoculated intradermally
and 12 from subjects inoculated subcutaneously; in the age group of 16—17 years
12 serum pairs from subjects inoculated intradermally and the same number from those
inoculated subcutaneously; in the group of laboratory personnel 13 serum pairs were
available.

2.6. Viruses

The A/Swine, A/PR 8, A;/AA, A,/Taiwan, B/Lee and B/Md viruses originated
from the Ann Arbor laboratory. These were the virus lines which had been submitted
for vaccine production. In the Prague laboratory in which the serological investigations
were performed, they were passed in 10-day-old chick embryos. Intra-allantoically
inoculated embryos were incubated for 48 hours at 35° (A viruses) or 33° (B viruses)
and held overnight at 4°C. The allantoic-fluid virus was then used for immunizing
rabbits and as starting material for preparing V and S antigens.

The MK-16 mutant of the A,/Singapore/57 virus, which was used in immuno-
fluorescence tests, had been isolated after some passages in rhesus monkey kidney
cells (VoNKA, 1965).

2.7. Serological Investigations

All sera were inactivated at 56°C for 30 minutes.

2.7.1. Hemagglutination-Inhibition Test (HIT)

Sera were treated with trypsin and M/90 KIO, as recommended by DAVENPORT
and MINUSE (1964). They were diluted 1:10—1:320 in twofold steps. The test was
performed as described previously (TuCkovA et al., 1968). Control immune sera pre-
pared in rabbits were included in each experiment.

2.7.2. Complement Fization Test (CFT)

The microtechnique used in this laboratory and the preparation of 8 and V antigens
and A and V antisera in guinea pigs were described previously (ZAvapov4 et al., 1967).
The S antigens for immunization and serological reactions were prepared from the
A,/Singapore/57 and B/Praha strains. All the control sera reacted specifically except
the V-Swine antiserum (homologous titre 1:320), which reacted with V-PR 8 antigen
in the 1:20 dilution, and the A-S antiserum (homologous titre 1:160), which reacted
with the V-Swine antigen at the 1:5 dilution level. All sera were diluted from 1:5 to
1:160 in twofold steps. When calculating geometric mean titers (GMT), sera negative
in HIT in the dilution 1:10 were considered positive in the dilution 1:5. Sera negative
in CFR in the dilution 1:5 were considered positive in the 1:2.5 dilution.

2.8. Immunofluorescence Tests

The technique was the same as in previous experiments (ZAvADoOVA et al., 1968).
Rhesus monkey-kidney cells grown on cover-slips were infected with the A,/Sin-
gapore MK.16 virus at an input multiplicity of 25 EID;, per cell and incubated at
37°C for 6 hours. They were then fixed, reacted with sera diluted 1:2 and stained
with pig anti-human globulin labelled with FITC.

3. Results

3.1. Clinical Studies

The development of erythema of =1 cm in children aged 3—6 years in the
course of three days following vaccination is shown in Table 1. After subcutaneous
injection no difference in the frequency of these local reaction after 24 and 48
hours was observed; however, an increasing trend in size was noted. Following
intradermal injection, local reactions developed in 48 hours; their frequency



46 H. ZAvapovA et al.:

increased from 199, after 24 hours to 349, after 48 hours. Also the mean size of
the erythema increased somewhat during this period. Local reactions of =4 cm
were found in 289 of subcutaneously and only 6%, of intradermally vaccinated
children, respectively. This difference is significant (P <<0.05).

Table 1. Development of erythema (= 1em) in the Course of Three Days Following
Vaccination of Children Aged 3—6 Years

Time 0.5 ml vaccine subcutaneously 0.1 ml vaccine intradermally

after

vaccina- Number of Occurrence Mean size of Number of Occurrence Mean size of
tion vaccinees of erythema  erythema vacecinees of erythema  erythema
(hours) (cm) (em)

24 33 10 (30) 3.0 32 6 (19) 1.9

48 33 10 (30) 3.7 32 11 (34) 25

72 33 2 (6) 3.0 32 2 (6) 3.0

1 The numbers in parantheses indicate percent of group developing erythema.

Table 2. Increase of Temperature in the First 4 Days Following Vaccination in Children
Aged 3—6 Years

Time after Temperature 0.5 m] vaccine 0.1 ml vaccine
vaccination ) subcutaneously intradermally
(hours)
331 32
morning evening morning evening
24 37.0—37.9 — — — 2
—38.0 — — — —
48 37.0—37.9 4 (12) 2 (6)® — 1 (3
—38.0 — — — -
72 37.0—37.9 1 (3 1 (3) 4 (12) —
—38.0 — — - —
96 37.0—37.9 2 (6) 1 (3) 1 (3 —

I Number of Children in group
2 One child only had repeatedly elevated temperature
3 Numbers in parentheses: mean percent.

Table 3. Development of Erythema (= 1cm) in the Course of Three Days Following
Vaccination of Students Aged 16 —17 Years

Time 0.5 m] vaccine subcutaneously 0.1 m] vaccine intradermally

after

vaccina- Number of Occurrence Mean size of Number of Occurrence Mean size of!
tion vaccinees of erythema  erythema vaccinees of erythema  erythema
(hours) (cm) (cm)

24 42 2 (5)2 1.5 43 17 (39) 1.8

48 42 5 (12) 1.3 43 13 (30) 1.8

72 42 2 (5) 1.3 43 3 (1) 1.7

1 The largest erythema observed: 2.5 and 3.5 cm.
2 Numbers in parentheses: mean percent.

The frequency of axillary temperature elevation in these subjects is presented
in Table 2. The temperatures reached a subfebrile level only. and their incidence
was quite low.
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The development of erythema of =1 em in subjects aged 1617 years in the
course of three days after vaccination is presented in Table 3. The incidence of
erythemas in subcutaneously vaccinated persons was highest after 48 hours and
in intradermally vaccinated persons after 24 hours. The difference in the fre-
quency of erythema in subcutaneously and intradermally vaccinated subjects
is significant (P <<0.05). It should be noted that the local reaction did not reach
the size of =4 cm in any of these subjects.

The frequency of elevated temperature in the same subjects and their non-
vaccinated contacts is shown in Table 4. It can be seen that the incidence of
elevated temperature was almost identical in both groups during the first 48

Table 4. Increase of Temperature in the First 3 Days Following Vaccination in Students
Aged 16 —17 Years

Time after Temperature 0.5 ml vaccine 0.1 m] vaccine non-vacecinated
szgﬁir;?tion subcutaneously  intradermally —— oot
temperature  temperature
43% 42 29 47
37.0—37.9 113 (26)* 13 (31) 15 (52) 9 (19)
24 38.0—38.9 2 (5) — — —
39.0—40.0 — — — —
37.0—37.9 12 (28) 13 (31) 13 (45) 14 (30)
48 38.0—38.9 — — 1 (4) —
39.0—40.0 1 (2) — — —
37.0—37.9 8 (18) 11 (26) 10 (34) 7 (15)
72 38.0—38.9 — 1 (2) 1 (3) —
39.0—-40.0 — — — —

1 On the day of vaccination

2 Number of Children in group

3 Including temperatures prolonged over 1 day
4 Numbers in parentheses: mean percent

hours. At 24 hours, a temperature increase was more frequent in both sub-
cutaneously and intradermally vaccinated subjects than in their non-vaccinated
healthy schoolmates; none of these differences was significant (P >0.05). Tempera-
ture increase was less frequent in vaccinees than in non-vaccinated subjects having
elevated temperature on the day of vaccination. This difference was significant
(P <0.05).
3.2. Serological Studies
The results obtained in HIT and strain-specific CFT are summarized in
table 5. Because the differences found between the antibody responses after
subcutaneous and intradermal vaccination were not significant (P >0.05), the
data from all subjects in each age group were combined.
It can be seen that in the youngest age group the HI antibody response was
limited to the A,/Taiwan and B/Md viruses, against which the majority of subjects
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possessed antibody prior to vaccine administration. In addition, three subjects
developed antibody reactive with the B/Lee virus. In the group aged 16 —17 years
the pattern of HI antibody response was broader. In most of the subjects the
vaccination resulted in an antibody response not only to the A, and B/Md viruses,
but also the AA and B/Lee viruses, to which some subjects possessed prevaccina-

Table 5. Antibody Response in Subjects Vaccinated with Polyvalent Hemagglutinin
Vaccine as Determined by Hemagglutination Inhibition (HI) and Strain-Specific
Complement Fization (CF) Tests

Age group No. Tests Serum Antigen

(years) jstlelc}i';s Swine A/PR-8 ALAA A/,Taiwan B/Lee B/Md
GMT Rise! GMT Rise GMT Rise GMT Rise GMT Rise GMT Rise
HI Pre -2 — — 35 — 9
3— 6 23 Post — 0 — 0 — 0 195 70 7 13 52 87
Pre — — — 3 — 3
CF Post 5 39 — 0 — 0 16 87 313 8 61
HI Pre — — 7 61 6 37
16—17 24 Post 13 33 8 21 69 92 200 58 26 75 145 62
CF Pre — — 3 3 — 4
Post 11 50 4 16 26 83 12 79 4 33 12 62
27 13 HI Pre 15 7 5 55 7 13
Post 49 69 35 85 30 85 159 46 55 92 110 92
CF  Pre 14 21 - 3 — 3
Post 65 69 83 62 10 77 9 77 6 62 14 85

1 Percent of subjects with seroconversion from negativity to positivity or who
developed fourfold or greater increase of titre
2 Antibodies were not detected in any serum tested

tion antibody. In a few subjects an antibody rise to Swine and A/PR 8 viruses
was also detected. In the group of laboratory personnel (aged 27 years or more),
which had the highest level of prevaccination immunity, a good antibody response
was detested to all six viruses.

The antibody response pattern in CFT was in most instances similar to the
results of HIT. This applies not only to the groups, as it is apparent from the
table, but to individual subjects as well. The GMTs of CF antibodies were lower
than those of HI antibodies, with the exception of the Swine and PR 8 antibodies
in the oldest age group. In this age group prevaccination antibodies to these two
viruses were detected at a higher frequency in CFT than in HIT. It can be seen
that the prevaccination GMT of PR 8 antibody was higher in CFT than in HIT,
and the GMT of Swine antibody was equal in both tests. This was not observed
in either of the other groups with any of the viruses.

Antibody rises were sometimes more frequent in HIT, sometimes in CFT. The
most marked difference in favour of the HI test was observed with the B/Lee
virus; e.g., in the group of subjects aged 16—17 antibody rises to this virus were
detected twice as frequently by HIT as by CFT. On the other hand, antibody
rises to the Swine virus were detected more frequently by CFT than by HIT.
This difference was most striking in the youngest age group, where nearly 409,
of subjects developed antibody detectable by CFT but none developed antibody
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reactive in HIT. To investigate this interesting discrepancy, the sera from these
subjects were examined once more in HIT using both intact Swine virus and the
V-Swine antigen as hemagglutinin. Six serum pairs were available for this
investigation. The results are shown in Table 6. Tt can be seen that in all six
subjects, HI antibodies were detected when using the antigen from disrupted
virus, while the tests with intact virus were negative.

Table 6. Hemagglutination-Inhibition Antibody in
Paired Sera of Subjects Aged 3 — 6 years, Using Intact
Swine Virus and Swine V Antigen as Hemagqlutinin

Subject Serum Antibody Titre!

Intact Swine V-Swine

1 Pre <10 <10
Post <10 40
2 Pre <10 <10
Post <10 20
3 Pre <10 <10
Post <10 40
4 Pre <10 <10
Post <10 40
5 Pre <10 <10
Post <10 40
6 Pre <10 <10
Post <10 80

1 Reciprocal of the highest serum dilution giving
positive reaction.

In addition, sera from all three groups of vaccinees were tested for antibodies
to the S antigens of influenza A and B. The results are presented in Table 7. It
can be seen that antibody rises to both antigens were frequently detected in all
three age groups. With influenza A S-antigen, the frequency of antibody responses

Table 7. Antibody Response in Subjecls Vaccinated with Polyvalent Hemagglutinin
Vaccine as Determined in Type-Specific Complement-Fixation Test

Age group No. subjects Serum Antigen
(years)
S-A 3-B
GMT Rige* GMT Rise
3— 6 23 Pre —2 —
Post 12 86 7 56
16—17 24 Pre 5 5
Post 14 50 9 29
27 13 Pre 11 4
Post 29 38 12 77

1 Percent of subjects who developed fourfold or greater increase of titre.
2 Antibodies were not detected in any serum tested.

Arch. ges. Virusforsch. 36/1—-2 4
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decreased with age. This was not true for the influenza B S-antigen; there anti-
body rises were most frequent in the oldest group of subjects. To confirm that the
substance detected by CFT was really S-antibody, several paired sera were also
examined by the immunofluorescence technique using rhesus monkey-kidney
cells infected with the A,/Singapore MK virus. The results in two serum pairs are

Table 8. Type-Specific Complement-Fixation Test and
Immunofluorescence with Human Sera taken before and
after Vaccine Administration

Subject Serum CF-S Anti- Tntranuclear
body titre fluorescence in A,-
infected RMK cells*

7 Pre < 5 0

Post 80 -+ 4+
8 Pre < 5 0

Post 80 —+ 4+
Control Negative < 5 0
guinea Anti S-A 160 + 4+
pig sera

t All sera diluted 1: 2; + to 4 + 4 -+ refer to the intensity of fluorescence; RMK =
rhesus monkey kidney.

shown in Table 8. Prevaccination sera negative for S-antibody in CFR did not
react with intranuclearly localized S-antigen. Post-vaccination sera possessing
anti-S antibody detectable by CEFT also gave a positive reaction with the S-antigen
in the immunofluorescence test.

4. Discussion

The systematic follow-up of clinical reactions after the administration of the
polyvalent hemagglutinin influenza vaccine revealed a very low reactogenicity
of the vaccine in the two age groups (3—6 and 16—17 years) studied. The differences
in the frequency and severity of local reactions after subcutaneous and intradermal
vaccination found in each group and between the two groups are not well under-
stood. They may be associated with the different amount of vaccine administered,
differences in vaccine resorption and age-dependent differences in skin elasticity.

The serological data obtained confirm previous findings, indicating that the
administration of the hemagglutinin influenza virus vaccine induces an HI anti-
body response in human beings (DAVENPORT ef al., 1964 ; HENNESSY and DAVEN-
PORT, 1967; BrANDOM el al., 1967). In addition to HIT, the strain-specific and
typespecific CFT were also used in the present study. The CFT with the V antigens
of influenza viruses had been used for studying the antibody response to a mono-
valent inactivated A, vaccine by Hossoxn and Prarsox (1961) and Lirr and
HextE (1960). The former group compared the antibody response in HIT and
strain-specific CFT in individuals who had experienced natural infection with
A, virus with those who had received one dose of inactivated vaccine. In the
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maturally infected subjects they obtained a narrow antibody response in HIT
but a broad antigenic reaction in CF with various V antigens including such distant
strains as Swine or A/WS. In the vaccinated subjects, both ther HI and the CF
antibody responses were narrow. LIEF and HENLE, who studied the V antibody
response after administering a similar vaccine, rarely found antibodies to hetero-
logous strains, unless these antibodies were present in the preimmunization sera;
antibodies to Swine were the exception. Thus far, the strain-specific CF test has
not yet been employed in studying the antibody response to hemagglutinin
influenza vaccinees. The results obtained in the present study with the strain-
specific CFT correspond in principle with the results of HIT. Both the incidence
and titres of CFV antibodies alike in pre-vaccination and post-vaccination sera
were lower than in HIT. These difference may be associated partly with the
lower sensitivity of the CET; the absence of CF antibody in some post-vaccination.
sera may also be due to the timing of the second bleeding.

One exception to this general pattern was seen in the development of Swine
CF-V antibody in nearly forty per cent of subjects aged 3—6 years; none of them
developed HI antibody to Swine virus. However, when ether-extracted V antigen
was used instead of intact virus as hemagglutinin, seroconversion from negative
to positive was observed in all the six subjects investigated. Two explanations might
be proposed: 1) that ether treatment made the hemagglutinin more susceptible for
deter-mining low levels of antibody (BERLIN ef al., 1963); 2) that in the vaccine and
in the V antigen preparation used in the serological tests, an antigen (or antigens)
was present which was absent at the surface of the intact Swine virions, and that
this new antigenic activity was carried by at least a high proportion of the virus
fragments responsible for the hemagglutination (DAVENPORT ef al., 1964). With the
present evidence a decision in favour of one of these possibilities cannot be made.
Another interesting discrepancy between the results of CFT and HIT was found
in the PR 8 antibody status of the oldest group; in both pre- and post-vaccination
sera the incidence and titres of CF antibodies were higher than those of HI anti-
bodies. The nature of this difference is not clear, and may be related to the rather
small number of subjects tested. When interpreting the results of CF test with V
antigen the possibility should be also considered that anti-neuraminidase anti-
body could play some role in the results obtained. It has been shown that neura-
minidase is present in ether split virus preparation (NEURATH and Rusin, 1969)
and that anti-neuraminidase antibody can be detected in CF test (WEBSTER and
PrrErra, 1968; LavER and KILBOURNE, 1966). '

An early experience was that type-specific (S) antibody did not develop after
administering inactivated influenza vaccine (e.g. WIENER et al., 1946), although
its development was reported after the use of highly potent vaccine (McDoxarp
and ANDREWS, 1955). In the present series of experiments, an S antibody response
was obtained in most of the subjects. In spite of the high degree of specificity of
the reagents used (see Materials and Methods), it is possible that at least in some
individuals the highly avid human sera picked up trace amounts of V antigen
present in the S antigen preparations that were not detected with the less avid
guinea-pig anti-V sera. However, the results of immunofluorescence tests indicate
that in other subjects the rise of S antibody really did occur, being most likely
conditioned by the presence of free 8 antigens in the vaccine preparation. These

4%
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results suggest that CF-S tests would scarcely be of decisive value in distinguishing
between vaccine responses and natural influenza virus infection in recently
vaccinated subjects.
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