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e SR mesthin the autumn of 1943 a field trial of

the efficacy of vaccination against influ-
epza was undertaken at the University
of Michigan as part of a more extensive
program conducted by the Commission
on Influenza, Board for the Investiga-
tion and Control of Influenza and Other
Ppidemic Diseases in the Army A
brief account bas been reported of the
clmmal results pbserved by the various

estigeting -groups- during the epi-
demic of influenza A that' followed
shortly after vaceination (1). The pur-
pose of this report is to present details
of the study at the University of Michi-
gan, including clinical and epidemiolog-
jeal observations as well as laboratory
studies. Full recognition has been

sept of influenza virus vaceineg
1
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A OLINICAL, EPTDEMIOLOGICAL AND IMMUNOLOGICAL
EVALUATION OF VACCINATION AGAINST
BPIDEMIC INFLUENZA -2

(Reeeived for publication February 21st, 1945)A

given, in the analysis of the data, to the
need for a correlated clinical, epidemic-
logical and immunological approach for
a thorough understanding of the com-
plex factors involved in immunity to
influenza and a critical evaluation of the
efficacy of vaccination.

MATERIALS AND METHODS

Vaccine. The vaceine employed (1)

_in_ the present study contained the
.viruses of influenza A and B recovered

and concentrated (2) from the extra-
embryonic fiuids.of infected chick em-

bryos. The type A component included
the. (3) and i strains; for

getion and Control of Influenza and other Epi- -

the type B component the Lee strain
(5) was used. The Weiss strain, iso-
lated from throat garglings of a patient
seen in May, 1943, was included in the
e — s

vacelne since prehminary study indi-
cated distinet antigenic difference, when
compared with the PR8 strain. The
presence of this virus in the population

- at the time suggested the possibility that

57

an outbreak during the winter months
might be caused by a virus closely re-
lated antigenically to the one in circula-
tion during the spring, :

Control material consisted of physio-
logical solution of sodium chloride and
formalin and preservative in the concen- -
trations present in the vaccine.

Subjects. The individuals partieci-
pating in the study numbered 1776
men in 8 companies of the 3651st Service
Unit of the A.S.T.P. at the University
of Michigan. The men ranged in age
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Tasre 1
Distribution of men ar?cordi’ng to companies, places of residence and activities 3
&Jnmpnny Birength * * Location of ‘quarters ' Location of mess University atua ] 15\
A 239 Dormitory A Dorm. A Language r!l
{ |
i B 34 * Fraternity house 1 Union Engineering !
1 : 30 ) 2 ot
i 33 . 8 i
; o
b Cc 112 Dormitory B .
44 Fraternity house 4 T
45 ‘ 5 Unicn Languege [ b
40 6 .
. ¥
D 263 Dormitory A Dorm. A Langusge Q 1d
&
E 328 Dormitory A Dorm, A Engineering in
F 40 Fraternity house 7 3
66 . 8 2
40 9 Upion __Language g e
50 gy o o
80 ' b
G .82 Dormitory C Dorm. C Medicine an
3T Fraternity house 12 Dorm. C Dentistry | z‘:
Sta. Comp. ‘63 " Private rooms and apartments | Union or Dorm. A| None va
T * At start of study. Com
: we
from 18 to 47 years; 56 per cent were uted in 11 fraternity houses and a small try
between the ages of 18 and 22, and 90 dormitory; 319 men in Company G

per cent between the ages of 18 and 82.  (15.9 per cent of the total group), were | 3,
The mean age of the group was 22.7 ‘housed in a small dormitory and a fra- =
years. ternity house; and 63 (8.5 per cent) ' . De
The men in all but one of the com- . lived in private homes. Divided accord- | g
panies were housed together in the uni- ing to the places at which meals were | 5
versity dormitories and fraternity taken,” 48 per cent ate in one hall, 34 e0)
houses. They slept in double-decker per cent in another, and the remaining —
beds and in rooms occupied by 2 to 6 18 per cent in a third mess hall, g
men. The strength of each company, The activities of Companies A to G ag:
K places of residenece and mess hall, and were such that the men in each were fo- ge1
activities are shown in table 1. gether for the greater part of the day, ¢p!
) Divided aeccording to place of resi- either in classes, study hall, dining hall, v
dence, 830 men (46.8 per cent of the  quarters, or at drill. Consequently for
: total group) were quartered in one large their activities were largely those of & ves
§ dormitory, with 3 entrances but with closed unit.- In the course of the investi- (a
%_ common corridors and recreation rooms; gation only 35 men were lost to the i
; 564 men (27.5 per cent) were distrib- study; 19 in the control, and 16 in the eac
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nce and aciivilies

B
v wcmated groups. These removals

e scattered through the various com-

2 . anies and 6 in each group were moved
tion of mess | University stygse, ‘ou’ﬁ pefore the epidemic began, The
o .| Language i con weekly stremgths have been used
T caleulating rates,
Engineering S8MF  7accination. The same two lots of
; jpfluenza virus vaceine employed by the
other groups of investigators, each pre-
pared by different mantfacturers, were
pooled in equal gquantities immediately
Language - pefore use, and inoculations were ecar-
ried out according to the schedule be-
A Langusge 1w, 'The men in_each company were
' alphabetically and_alternate
A Engineering individuals were given subecutanecusly
¥ 1 ml of vaceine or 1 ml of control solu-
tion. The men did not know which ma-
Language terial they had received. Uninoculated
ndividuals were not considered con=—
trols. The dates of inoculation and the
c Medicine number of vaccinated and control sub-
o Dentistry jects in each company are shown in
: 4. table 2. By following this plan, any
or Dorm, A| None <4 erigtions between companies would be

ity houses and & small

men in Company G
£ the total group), were
11 dormitery and a fra-

and 63 (3.5 per cent)

homes. Divided aceord-
's_at which meals were
ent ate in one hall, 34
her, and the remaining
third mess hall, .
of Companies A to G
he men in each were to-
reater part of the day,
study hall, dining hall,
t drill, Consequently
vere largely those of a
:he course of the investi-
men were lost to the
conirel, and 16 in the

_ eliminated from influencing results, as
might be the case if entire companies
ware vaceinated and others kept as eon-
trols. .

At the time of inoculation, and again
2 weeks later, blood for serological study
was obtajned from approximately 10
per cent of the vaccinated subjects and’
20 per eent of the controls. Ivery
tenth vaceinated person and every fifth
1 control, based wupon elphabetical ar-
rangement, was selected for the.sample
group. The same individuals were
again bled at the conclusion of the study,
several weeks after subsidenmce of the
¢pidemie. , ' '

" Records. The two standard record

forms used by each of the groups of in-

vestigators were employed. These were:

(@) a master card eontaining the identi.

fying data and vaccination record “of

| each, subject and (b) an illness record
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form. On the reverse side of the master
card provision was made for summariz-
ing the results of the laboratory tests.

Master cards wers prepared in ad-
vance and the date of injection and ma-
terial received were entered at the time
of inoculation. “The master file, contain-
ing the reeord of vaccination, was re-
moved from the place of attendance at
sick call {Student Health Serviee) and
was not consulted until the study was
completed. Clinieal evaluations were
made without knowledge as to whether
the patient reporting to sick eall was in
the vaccinated or control group.

In the case of patients seen only in the
dispensary, the forms used for recording
the clinical data were completed daily
from the ‘‘buck-slips.’”’ In the case of
hospttalized patients, more detailed ree-
ords of history were obtained and physi-
cal examinations were made. This in-
formation was supplemented by clinieal
and laboratory data recorded on the
hospital chart. :

Cliniasl observations. Sick eall was
held at specified times each morning in
the Student Heslth Service, In addi:
tion, individuals who became il at other
times of the day or-night either reported

Tasrm 2
Schedule of inoculations

Number receiving
Dates Companies '
Virus Control
vRooine solution
102543 | Bta. Comp. | 33 30
10-26-43 A 122 117
B - 48 49
10-27-43 C 120 121
10-28-43 D 132 131
10-29-43 E - 163 165
11- 1-43 F 114 112
11- 2-43 G 156 163
Totals 888 888
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or were visited in quarters. Unless ad-
mitted to hospital, they were referred to
sick call the following day. The great
majority of the patients on sick call as
well as at other times were seen by one
of us (W. J. M, Jr.) in his capacity as
contraet surgeon. In addition all pa-
tients who were hospitalized were closely
observed and followed by at least one
of us., Because of the fact that all in-
dividuals with illness of any kind re-
ported fo the same dispensary, not only
were those cszses of respiratory disease
requiring hospitalization observed, but .
the milder foerms as well.” In this re-:
spect, the cooperation of the officers and
men was extremely good. Couseguently,
an opportunity was -afforded for clin-
ical and laboratory studies upon cases
of respiratory disease that ordimarily—
do not come to the attention of physi-
cians because of the absence of fever
and mildness of symptoms. In the text,
the latter are referred to as the dispen-
sary group, as distinguished from the
more typical cases in the hospjtalized
group.

Records were kept of the daily attend-
ance at sick call, at which time tem-
peratures were taken and brief nota-
tions made of the chief symptoms and
prominent features of the examination.
At the same time the physieian’s clini-
cal impression was recorded, using the
following terminology: influenza; loeal
respiratory infection (nasopharymgitis,
tonsillitis, pharyngitis, sinusitis, ete.);
common ecold (rhinitis); a few cases
as pneumonia unrelated to the epidemie,
{measles, infections mononuclecsis). The
men were requested to return to sick
call daily until symptems improved or
In this
way the duration of illness in the mild
cases eould be followed.

Except in a few instances, all men
who were found to have a temperature of

“

100 or more were hospitalized. Tt i
possible to study the latter group py
more carefully. Histories and phygjo.)
examinations were more detailed; {ep3
peratures were recorded every 4 hoypg3
lencocyte counts were obtained at leag R
once in almost all instances; and voep: 8
genograms of the chest were made whe
ever indicated. The administration
antipyretics, but hot analgesics, w.
withheld to avoid influencing the tem. :
perature response to infeetion. Sulfon:
amides were used only in the presencs
of frank bacterial pneumonia. The pgy'.
tients were visited daily while in the "
hospital and then followed in the dig;
pensary if necessary. AT !
" For laboratory diagnosis, throat wash- - §
ings, taken during the acute phase of . §
illness; and acuté-phase and convalegs:'

cent blood samples were obtained from ,;
all the hospitalized patients and from

i
o

a sampling of those seen only in the dis- |-

pensary.

Serological tests. For measuring the. 3

‘concentration of influenza antibody in §

serum the erythrocyte agglutinationdn- §-
hibition reaction was employed (6). - §
The procedure followed has been de-
geribed (7). In selected instances the
neutralization test in mice was used (8),

For the erythrocyte -agglutination- -
inhibition tests a single pool of each
antigen was used throughout. The his-
tories of the straine since last ferret
passage are as follows: PR8 (type A),
70 mouse passages, 717 tissue culture
transfers and 43 egg passages; Weiss <
(type A), 32 mouse and 5 egg passages;
Lee (type B), 137 mouse and 38 egg pos- .
sages. In the neutralization test, the
virus used was fresh mouse-passage ma-
terial. 3

Tests for the presence of virus ‘
throot washings. Throat washings were - h
obtained as early as possible during the 4
acute phase of illness by having the p&
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sence of wvirus in
roat washings were -
possible during the

usion broth in 2 or 3 portions. These

'ere then stoved in stoppered tubee in

\, dry-ice box. A variety of methods for

' detectmg the presence of virus was em-

]gye(l
The msual methods for isolation of

virus in mice and ferrets were used.
However, the identification of the in-
fections agent was hastened by subin-
elation of .suspensions of infected
ferret tissue into the' allantoic sac of
chick embryos, and virus in the allan-

« . toic fluid of infected embryos was iden-
" tified by the agglutination:inhibition

regetion using known antisera. In this
mapner influenza A virus was isolated
from throat washings of two patients
before the epidemic became promi»

“. pent (4)
Aftempts were made to detect and’

jdentify virus by testing for the devel-
opment of type-specific immunity in
mice 2 to 3 weeks after intranasal in-
ceulation with patients’ throat wash-
ings. In order to accentuate the effect
of virus that might be present in their
lumgs (9), the mice were again anes-
thetized and given an intranasal instil-

“lation of sterile broth on the third day
following the inoculation of throat wash-
ings. In 5 of 50 trials immunity was

demonstrated in throat washings which
had been stored for 4 months. A

An additional method employed,
which proved to be simpler and more

" rapid, involved the inoculation of um-

treated throat washings directly into the

" chorio-allantoic sac of chick embryos

(10). For this purpose the frozen
specimen of throat washings was al-
lowed to thaw slowly at room tempera-
ture until 2 to 3 m! of liquid appeared.

A sufficient quantity for inoculating 4

to 6 eggs with 0.1 ml was removed.
Since the fluid had been allowed to
freeze slowly and thaw slowly the ma-

represented a concentrate of the solutes
and particles present in suospension.
No effort was made to remove or kill the
bacteria in the inoculum. Embryonated
eges In the tenth to twelfth days of de-
velopment were injeeted intra-allanto-
ically and then incubated for 2 days.
Allantoic fluid without erythrocytes was
aspirated from all eggs, including those
in which the embryo had died as a result
of the bacterial contamination. The
flnids were tested for the presence of
virus by mixing, in a small test-tube,
0.5 ml with an equal volume of a 0.25
per cent suspension of chicken erythro-
eytes, allowing the cells to settle at re-
frigerator temperature and -then ob-
serving the pattern of the sedimented
cells,. In many instances the presence
of Influénza virus hemagglutinin was de-
tected by the latter procedure when the
usual method for observing agglutina-
tion grossly in a Petri dish was negative.
Upon subseguent passage the hemagglu.
tinin titer increased and the agglutina-
tion was promptly demonstrable grossly.
Certain of the more heavily eontami-
nated fluids agglutinated the erythro-
cytes, ag indicated by the pattern
of the cell sediment, but this eould be
distinguished from the agglutination
pattern produced in the presemce of
viros. In' general, 5 serial passages
from a specimen of throat washings
were made in eggs and gross agglutina-
tion became apparent in the majority of

' positives in the third and fourth trans-

fers; in two instances the gross agglu-
tination was seen in the first eggs in-
oculated. DBacteriostatic agents were
not used with any regularity for the
gerial transfers since dilution of the in-
oculum 100 to 1,000 times usually re-
duced the concentration of bacteria
sufficiently to permit survival of the
embryo in the presence of bacterial

¢ by having the ps
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multiplication. Fluids from dead em-
bryos were passed if the tube agglutina-
tion test wag positive, except in instances
in which decomposition had oceurred,
indicating _early death, TUltimately,
fluids were filtered to remove bacteria
and to permit the isolation of virus in
pure culture.

Virus was isolated from 8 of 18 speeci-
mens tested in this manner. In 3 others
definite evidence of the presence of
virng was obtained but the virus was
not finally established in eggs. - These
results are in accord with those obtained
by Rickard, Thigpen and Crowley (11}.

Resvurs

Serological response to vaccination.
The antibody responses of large groups
of individuals to ‘vaceination with a

and in 88 per cent after va.cematmn =

with the Lee strain of type B viry
titers of 128 or more were observeq in
12 per cent before smd 89 per oy
after vaccination. The vaccine faileq to

evoke any demonstrable increase in titop 1

to these antigens in 9 per cent, 10 pe,
cent and 6 per cent of instanees, respe,.

tively; while 4-fold or greater changes !
occurred in 70 per cent, 70 per cent ang

83 per cent, respectively. The failurey

of response were esgentially limited t, -

individuals with high titers before iy.
oculation.-,
body titer of the group for the PRg

sttain was 5.9-fold, for Weiss strain, 5.8. .

fold, and for Liee strain 8.7-fold.
- It should be noted that, numerically,
the mean antibody titers for the Weiss

strain of type A virus, both before ang

preparation similar to the ome-employed——after vatcifiation, were approximately

in this study have previously been

~made (12). The present vaceine differs

in one respect from the vaccine used
previonsly in that the type A com-
ponent includegs two strains, PRS and
Weiss, rather than PRS alone.

For estimating the antipenic activity
of the vaccine, bloed for serological
study was obtained from 82 men repre-
genting 9.2 per cent of the vaccinated
group. The distribution of antibody

titers measured by agglutination-inhibi- .

tion for the 3 separate antigens, before
and 2 weeks after vaceination, are shown
in table 3.

It is readily evident that following
vaeeination antibody titers of the group
were raised fo levele above those of the

majority of individuals befora vageina..

netion. With the PRS strain of type A
virus, antibody titers of 128 or above
were obgerved in 22 per cent before vac-
eination and in 95 per cent after vaceci-
nation; with the Weiss strain of type
A virus, titers of 256 or more were
found in 26 per cent before vaccination

twice those obtained with the PR§ -
There are unknown factors
“which appear to influence the inhibition

strain,

‘Teaction and until these are understqod
it' would be hazardous to accept, with-

out reservation, the differences in the

valoes obtained with the PRS and Weisg
strains as indicative of a difference in
concentration of antibody for the re-
gpective antigens, particularly sinee the
use of different lots of antigen of the

-game strain may vesult in diffsrent

titers. This applies not only to. the pro-
cedure herein employed but is noted in
the method described by Hirst (13).

For this reason a single preparation of

antigen was wused for each strain
throughout the present stady.

In the study conducted in 19421943,
referred to above, in which a similar
vaceine, eontaining only the PRS8 and
Lee strains of ‘influenza virus, was
tested for its capacity to induce a rise in
antibody in human beings, no signifi-
cant difference was apparent in the anti-
body responses to the fype A and type

The incresse in wmean ant;. "
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b after vaccinatioy, § T4BLE 3
1 of type B Virm) Antibody responge Lo taccination
re were observeq n
» and 89 per. cent - 2 weeks , . .
Mhe V&cciue fai]_ed i Prevace. e::tfr Relation of prevaccination titer to degree of antibody change
48 Antibod i
ible increase in titep Antigen | “ELee® :
. 9 per cent, 10 per No. | Fer | No. i;’t None 2X | 4X | 8X | 16X | 82X |64X+
of instances, respes; st 5 3 . " 2 | 2
B Ao 8 PR3 <82 [15|18}) 1| 1 1
ent %O eerrcdlangws (Type A) 82 11620\ 0/ 0 0 0 )y 6 5 -
o0k WD ent ang " § 6 |33 (a0 3| 4 0 10| 13| & 5 o0
ively. The failupey - 128 114 |17 | 21|26 3 7 3 0 1 o ]
isentially limited ¢ 256 | 4| 57| 81|38 3 0 1 0 0 01 0
gh titers before in. {i 512 15 | 18
rease in mean antj.’ ;’gié g 1;
group for the PRg ~Y Totals | 82 [100 | 82 [100 [Number 7 | 17 | 24 | 14 | 14 | 3 | 3
‘or Weiss strain, 5 8. j Per cent 9 21 oz | 1F | aY ) 4
ain 8.7-fold. Geom.
d that, numerically, Mean &8 &
_tmr; il‘irbﬂ;e Welsg' Weis | <32 | 7| o] 1.1 1 0| 1 38| 2| ofo
us, both before and - Type &) 32 |11 |17 0| 0O 0 01.2| ¢ 2 o
were approximately 64 19j28) 1| 17 B 2 5 4 3] 8
ed- with the PR§ - 128 |2 |20 8|10 1 |1 | 4| 1| 1] 0
unknown factors = 256 |12 115 {18 [ 20 2 5 3 1 1 [\] (]
o s 512 1 6 71251 30 T2 3 0 0 1 0 0
e B m;“bm‘m 1024 | 3| & |17 2 2 | ol 1| o] of of o
ese are understqod 2,048 6.] 7
yus to aceept, with- 4,006 7.9
s differenices in the ' 8,192 1] 1
| the PRS and Weisy ¥ Totals | 82 (100 | 82 [100 | Number 8 16 20 17 11 5 5
s of l Effanss i ' Per cent 10 20 24 21 13 6 6
o ‘ Geom, i
xtxl?ody for the re- Mean 100 578
srtienlarly since the ' y
s of antigen of the ' Lee <82 | 2832} 1| 1 1 2_ i 4 8 2 6
result in di (TypeB)| - 32 [156|18] 0 0 0 6| 3 0
) 0';1 mto‘z’fmnt 64 |17 |21 ). 2] 2 0 1| 5] 8) 2] 1}o0
¥ 1o.the pro- 128 |14 |17 | 6| 7 0 3| 5| 4] 2] 0o} 0
wyed but is noted in 256 71 o |24 | 20 2 4 1 0 0 0 ]
ed by Himt (18). 512 1| 1|27 33 1 0 o 0 0 [
ngle preparation of .’ 1024 | 2| 2|16 20 1 0 1 0. o o] o
for each stram 2,048 516
i 4,006 1 1 .
2t study. Totals | 82 (100 | 82 |100 | Number 5 9 | 14 |22 | 15| 11|68
.1_ueted in 1942-1943, Per cent 6 11 | 17 | 27 | 18 | 13 6
in which g similar Geom. :
only the PRS and - Mean 51 440

fluenza virus, was
¥ to induce a rise in

beings, no signifi-
ipparent in the anti-
1e type A and type

* Measured by the sggludination-inhibition reaction,

present study the mean increase in anti-

B components of the vaecine. In the in the vaéeine was significantly lower
than for the type B virus. 'The reason

body titer for the type A viruses present for this difference is suggested by a
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comparison of the potencies of the vae-
cines as determined by immunization
tests in miece which indicated that the
potency of the type A component of one
of the lots included in the pool for vac-
cination was considerably substandard
(14). It may be that the differences in
serological response to type A in the 2
years is related to differences in potency
of vaccine employed in the two studies.

The serclogical observations in the
present experiments, extended for a
period of 3 months, confirm the earlier:
findings (12) that the level of antibodies
resulting from vaccination was essen-
tially sustained over this interval
Since the titers to type A are influenced
by the epidemic oceurrence ounly the
titers to type B can be properly inter-
preted. In this case, among 70 vaeci-
nated individuals, 19 showed a twofold
decrease in titer from that observed 2
weeks after vaccination; the rema.mder
showed no change. ,

Reactions to administration of vac-
cine. Information conecerning reactions
resulting from the injection of vaccine
was obtained from the record of attend-
ance at sick call and from surveys made
in the barracks 24 hours after inoenla-
tion.

. A total of 50 men (1.46 per cent-of
the vaccinated group) reported to sick

TasLs 4

Reactions following vaccination recorded during
surpey in barracks 24 hours after inoculudion

" Systemi Local '
1‘“-“3\”-1‘ ks reactions
Company | vaccinnted
individuals } Per Per
i No. | cent | Mo | cent
C 101 37 37 83 83
F 65 | 22 34 45 | 69
G 146 87 60 | 100 | 68,
Totals 312 146 48 | 228 | T3

They were similar to the reactions noted

call with complaints referable to the ; 111
jeetion. All had received the virus vy,
cine. Headache, generalized achmg andd
chilliness were the most prominent oy,
plaints. Temperatures of 100 or mey,
were observed in 9; the highest temperg.
ture was 101.5. Symptoms generally '
began 6 to 12 hours following the ingey. 43
lation and persisted for not more thay - B .
12 hours. '
In the surveys made in the barrac],;s
694 men were seen. Of these 319 had
received the vaceine and 312 the contrg]
material. No reactions were observeg -
in any of the individuals who had ye. -
ceived the control jnoculation. The tah.
ulation of reactions among the vacei. -
nated group is shown in table 4. |
The systemic symptoms recorded duy.
ing the survey of the barracks were not
“of suﬂiment severity or duration to in. i
duce the men to report to sick call. The j.
local reactions consisted of tender areas :, -
of redness and induration. These varied 3
in size from just visible redness to areas -~
of 40 to 50 millimeters in diameter. -

in the studies of vaccination in 1942- i ;
1948 (12). i T

Epwdemmlagwal ohservations. A study

of the iticidence and nature of respira.
tory .disease oecurring in the A.S.T.P.- ing
unit ‘at the University of Michigan was elin
begun before the groups were vaeci- - disc
nated. The number of afebrile colds | ;i
and other types of localized infections 138
~ was not unosual. The earliest cases of ' den
influénza were diagnosed 10 days after had
completmn of the vaccination program. ' the:
The first patient with symptoms sug- den
gestive of influenza appeared at sick cire
call on November 10th, and another who . |  ¢lin
warranted a definite diagnosis was seen | gro
on November 12th. Not until Novem- 1 fori
ber 15th did several cases appear daily. galt
It Is interesting to mote (figure 1) ! an-

that during the 3-week period end-
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Preonx 1. Weekly ineidence of respiratory disease-in the University of Michigan A.8.T.P. unit,
from OQcteber 25th, 1042, to Januvary lgt, 1044,

ing November 13th, a gradnal de-
cline in total inecidence of respiratory
‘disease was observed, reaching a low
point in the week ending November
«18th although, as was subsequently

" demonstrated, the virus of inflnenza A

had eppeared in the population during

that period. There is serological evi-,

dence to indicate that the virus was in
cirenletion  before it became evident
clinically or epidemiologically. Of the
group of 134 persons who were bled be-

. fore and 2 weeks after inoculation with

salt solution, one individual exhibited
an increase in antibody titer to the type
A virus, but no change in type B anti-

body titer. This individual had not re-

_ported to sick call at any time, suggest-

ing that a subelinieal infection had
oceurred hetween October 28th and No-
vember 4th, Thus, the virus was in cir-
culation for at least 1 week before it

became evident clinieally and about 2
weeks before an epidemic was apparent. .
That influenza was prevalent in other
losations at the same time was suggested

by the clinical diagnosis of influenzs on
November 12th in a man who developed

. symptoms en route to Ann Arbor after
5 days at Fort Sheridan. Confirmation -

of .the diagnosis was subsequently ob-
tained by serological means and by iso-
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lation of virus from hig throat washings.
During the week ending November 20th

an increase in the number of cases of

respiratory disease was noted, but the
total did not exceed the highest weekly
incidence for the preceding 3 weeks.
However, the character of the illness
exhibited certain differences from that
observed earlier in that there were sev-
eral cases of febrile respiratory disease
with marked systemie symptoms. Clini-
cally the syndrome resembled influenza.

The incidence of this disease increased

abruptly, reaching a peak in the third
week following the recognition of the
first few cases, then declined sharply,
only to be followed by a secondary rise
due to its appearance in a company that
had had no signifieant incidence of in-
fluenza during the major prevalence in

the other companies. Afier the week ing of the throat was the complaint, and

ending December 18th, cases appeared
sporadically until early January. The
last case was seen on January 13th in a
man who was exposed while on furlough.
in Wiseonsin.

Coincident with the increase in inci-
dence of influenza there oceurred a rise
in the number of cases diagnosed as
colds. After the onset of influenza the
curve deseribing the incidence of eolds
tended to parallel the curve of incidence
of influenza and reached a peak at the
same time. This suggested that a pro-
portion of the colds were mild forms of
influenza. On the other hand the imei-
dence of -cases diagnosed as local respis
ratory infections was not strikingly in-
fluenced.

Clinical observations
The general clinieal ‘pictores of the

-respiratory diseases prevalent during

the period of study and the diagnostie

criteria employed were as follows:
Infiuensa. As stated earlier, a distine

tion was made between the inore severe,

typical cases of influenza which wer‘
accompanied by fever of 100 F' oy yy,

and the milder forms of the same X

drome with lesser degrees of febrile 4 ‘; |

E'

action. The patients in the fory
group were hospitalized, while thoge in
the latter were treated in the dipey,

sary, The essentiel distinetion betwee,
the two groups was based upon the go 4
- verity of illness, one index of which wag &

the degree of fever.

In general, symptoms began abrupﬂy.. 1
often the exact hour could be Statedj, 1

In many, The sudden onset of symptoms

Wd aching and pros. 4
tration was preceded by a dry, hacking
ICLIINE OF raw. |
ness. The cough was the most constant ‘§
complaint referable to the respiratory -

co OB8TETrIL

tract. In some, drymess or a raw feel

in a small number, nasal symptoms

were present. 'In one istance the il. ]
ness began abruptly with nausea and

vomiting accompanied by slight nasal

irritation but with no other symptoms

of respiratory tract involvement. The
picture was chiefly that of an infection

of the intermediate portions of the

respiratory tract with marked systemic
reaction,

Physical examination af the onset of

illness generally revealed varying de-
grees of prostration, flushed skin and
litile evidence of infection in the respi-
ratory tract other than some enlarge-
ment of the lymphoid foliicles on the
posterior pharyngeal wall, some injec-
tion of the vessels and congestion of the
nasvpharyngeal mucosa. In & few in-
stances examination o6f the chest by
auscultation revéaled inconstsnt clicks
in localized areas.

On the average, the duration of if-
ness among hospifalived patients, 8
measured by the persistence of tempera
ture of 39 or more, was 2 to 4 days.

mor(
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_"- Laimess was present for variable peri-
15 of time and in one instance the pa-

ptient W . .
el asthenia.”’ Cough persisted for

as readmitted for ‘‘post-influ-

‘everal days to several weeks. Pnen.

= - monia WaS Seen as 2 com lication in 4
ll‘easas, The distribution of leuKoeyts

f- < onts baken within a day or two of on-

of illness in B9 hospitalized patients

" was as follows: 12 per cent were less

than 5,000, 52 per cent were betw
5,000 and 8,000, 30 per cent were be-
tween 8,000 and 11,000, and 6 per cent
were between 11,000 and 14,000. There
was no evidence of any difference in
distribution of leukoeyte counts in the
70 controls and 19 vaecinated individ-
uals included in this tabulation.

The clinical picture presented by the

was made, apart from the severity of

symptoms and the degree of febrile re-’
" aetion, resembled the syndrome de-

seribed above. In approximately 60
per cent of this group, temperatures at
sick eall were not above 98.8 F. Most
of the remainder exhibited a tempera-
ture between 98.8 and 100 ¥ on only
1day. In a few, temperatures of 99 F or
more persisted as long as 3 days.
Three vaccinated and 6 control subjects
with temperatures which reached above
100 P were confined- to guarters amnd,
gines less completely studied, have been
considered in the dispensary group, al-
though more properly comparable with
the hospitalized influenza patients.
Local respiratory infection. The diag-
nogis ‘of local respiratory infeetion was
reserved for those cases presenting evi-

- dence of more or less localized infee-

tion, such as sinusitis, pharyngitis,
tonsillitis, etc. Only 4 such patients
were hospitalized because of the pres-
énce of a temperature of 100 F or more;
the majority of patients with this diag-

“elinieal
. vaccingtion against influnenza was in-

patients included in the dispensary
group in whom a diagnosis of iofluenza  the present report the incidence of all
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nosis were seen only in the dispensary.
In general, they did not complain of
systemic symptoms.

Common colds. In this category were
inelnded those eases in which the symp-
toms and signs of infeetion were chiefly
thoge of rhinitis. - Here again, fever and
gystemic symptoms were absent at the
time the diagnosis was made.

Comparison of incidence of respiratory
disease in control and waceinaled
subjecis

In the preliminary report (1) of the
evalnation of subeutaneous

cluded a comparison of the incidence of
hospitalized cases of influenza in eontrol
and vaceinated groups wnder observa-
tion at the University of Michigan, In

forms of respiratory disease is consid-

ered, including the milder cases studied

in the dispensary as well as those hos-
pitalized. The data first to be consid-
ered are baged entirely upon elinieal
diagnosis, without reference to the re-
sults of etiological studies carried out in
the laboratory.

The weekly incidence of all forms of
respiratory disease in control and vacei-
nated groups throughout the period of
cbservation from OQectober 25th, 1943, to
Januvary 1st, 1944, is shown in figure 2

and table 5. During this period, a por-.

tion of which was oecupied by the epi-
demie, the cumuvlative incidence of all
forms of respiratory disease in the un-
vaceinated group was 51.9 per eent,
while in the vaccinated half of the pop-
ulation the incidence was 48.1 per eent.
Considering only the period from No-
vember Tth to January 1st, in which the
virng of influenza was known to be in
operation, the incidence of respiratory
infeetion among confrols and vaceinated
was 43.6 per cent and 35.3 per cent, re-
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—— [NFLUENZA

ALL RESPIRATORY PDISEASES
= LOCAL RESPIRATORY INFECTIGN
---------- COMMON COLDS -

INCIDENCE - PERCENT
n w b i =] -~
| T il 3 L] 1 ] T

1 L 1 |

30 © I3 20 2
OCT. NOW.
1843 WEEKS

7 4 I

ENDING 1o44

a8 25 |
DEC, JAN,

Fieure 2. Weekly incidence of respiratory disease in the population under study.

spectively. When the clinical data are
divided into the several diagnostic cate-
gories it is seen, in figure 3 and table 5,
that the difference between vaceinated
and controls was quite evident in the
groups of cases with the diagnosis of in-
fluenza; whereas no significant differ-
ences were evident between controls and
vaceinated when the diagnosis wés not
influenza, .

It should be noted that in the groups
of cases diagnosed elinically as influenza
the greatest difference in incidence be-
tween the test groups occurred among
those who experienced the most severe
infections; i.e., the hospitalized group.
There were 75 cases in the. control
group, an icidence of 8.58 per cent,

and 20 cases in the vaccinated group,
an incidence of 2.27 per cent. Thus, 79
per cent of the cases occurred in the
control group. A significant but les
striking difference was evident in the

group of 112 patients considered fo .
have influenza but treated in the dispen- -

sary. Of these, 70 (62.5 per cent of the
total) were in the control group, &n in-
cidencé of 8.04 per cent, and 42 in the
vaceinated group, an incidence of 4.78

_pex cent.

Roentgenograms of the chests wers

done in 28 of the 75 confrols and 11 of

the 20 vaccinated individuals who were
hospitalized. Clinieally' and roentgeno-
Jlogically, pneumonia was seen as a coll-
plication of influenza in 4 of the con-

|
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FIGURE 3. Weekly ineidence, among controls and vaceinated individuals, of (a) infleenza admitted to hogpital; (b) mild inflnenzs seen in the dispensary;
{0) local respiratory infections; and (d) common colda.
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trols and in none of the vaccinated
patients,

It is clear from figure 3 and table 5,
showing the weekly incidence of local
respiratory infections, that no signifi-
cant inerease in the number of these ail-
ments occurred during the influenza
prevalence. Furthermore, there was no
significant difference between vacei-
nated and confrol groups.
from the shape of the curve deseribing
the incidence of cases diagnosed as com-

mon colds during the period of observa- .

tion, it would appear that a certain pro-
portion of these cases occurring during
the influenza outbreak.were due to in-
fection by the virus of influenza A.
Since there was no significent difference

 in incidence of colds in control and
vaccinated groups, it,is probable: that .

However,

equal proportions of infections so gj
nosed but etiologically due to utﬁuema
virus were present in both groups. |
Although every effort was made L3
setting up the study to reduce the Dum
ber of variables to a minimum, the
fluence of certain factors could not }
estimated until the epidemic was iy
progress. An analysis of the nun’lber
of persons hospitalized for influenza iy
the different companies has revealed con. =
siderable variation and confirms ty,
value of the arrangement of the study, 7§
whereby equal numbers of controls and
vaccinated persons were included in . i}
each company and each place of resi. :if
dence, rather than vaccinating all in -3
one group and using another for con. i
trol, It is seen from the data given in "
figure 4 that the outbreak of influenza

s
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FIGUB.E 4. Number of hosplte.hzed inflnenza patlenﬁs in control and vaccinated groups, in each
company and in relation to the epidemic period.
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TaBLE &

Crumulative incidence of respiratory disease among conirols and saccinaled
in companies grouped according to residence

Group I ¥ Qroup II* Group III 1
1 Disgnosis Contrcl | Vaodinated | Control | Vaccinated | Contrel | Vaccinated
(410) £ (301) {308) (163) (155)
(per cend) (per cent) (per cend) (per cent) (per cent) (per cent)
1n -enin, (Dospital) 13.39 2.66 4.65 1.31 3.70 3.23
¢ Auenza (dispensary) 8.57 6.05 8.96 3.55 4.34 3.24
espiratory infection 20,77 17.21 16.89 17.83 6.16 9.69
£ 11.24 14.30 10.62 11.99 6.77 5.82
" motal respiratory disease 53.97 40.22 40.12 34.78 20.97 21.95

k 1648, at which time group III was given a furlough
4 1 Figures in parentheses denote mean strength.

' was first recognized in Company E,
£ reached a peak at the end of the seeond

= olined at the same rate at which it in-
ereaged, with occaslonal cases ocenrring
in the last 2 weeks of the 5-week preva-
f  lence. The disease appeared in Com-
- 'pany A at approximately the same time
it was recognized in Company E, but
did not reach a peak until a week later
{ (November 28th to December 4th).
. Although cases did not begin to appear
in Companies D, C and F until a week
after they were first noted in Companiss
E and A, the peak coincided in time
with that of Compsny A. The data
thowing the case incidence of influensa
in Company G were somewhat at vari-
snee with the others. Although ocea-
sional cases of influenza oceurred dur.
ing the period of prevalence in the rest
of the population, not until the general
ineidence of disease was sharply de
clining was there a ignificant inerease
‘It incidence in Company G. At this
point the men in this company went on
furlongh. Apart from variations in the
epidemie picture in the Gifferent com-
Panies, figure 4 also revealy the varia-

* Figures include observations during interval of November 7th, 1943 through January 1st, 1944.
1 Figures include observations during interval of November 7th, 1943 through Deceraber 18th,

tions in the attack rates among controls
and vaceinated in the different com-
penies,

It is. readily apparent that the inci-
dence of influenza was significantly
greater in Companies E, A and D.
From the differences in appearance of
the data shown in figure 4, the com-
panies seem to fall into 3 groups
(table 6). -

Group I, with the highest incidence of
iliness, inelndes Companies A, D and BE.
The 830 men in this group were housed
in dormitory A and they fook their
meals in the dining hall in the same
building.

Group II, with a lower incidence in-
cludes Companies B, C, F and station
complement. The 627 men in this group
were guartered in 11 fraternity houses
in groups of 80 to 66 and in dormitory
B housing 112 men; the 68 men in the
station eomplement lived individually in
rooming houses or apartments. All of
the men in this group were served their
meals in the eafeteria of the Union.

Group 111 is one company of 319 men
composed of medical and dental sto-
dents. The 282 medical students were
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quartered in dormitory C at some dis-
tance from the main campus and took
their meals in the same building. The
37 dentsl students lived in a fraternity
house but were served their meals with
the medical students.

A comparison of the 8 groups, shown
in table 6, suggests that housing of
large numbers of men together may have
influenced the incidence of influenza.
In group I it is likely that greater op-
portunity for continuous exposure was
had in a single large building with
ecommon corridors and recreation rooms,
in contrast to group II in which the

'

. opportunity for exposure was reduced

by the distribution of meén in smegller
groups living in widely separated guar-
ters. The course of the epidemic in
group III could not be ascertained since

the men in Company G were piven a -

furlough on Deecember 18th, at the time
"the epidemic was appéarently mounting,
Direct questioning shortly after return
on December 28th elicited no evidence
of additional illness among the men
during the furlough. While this was
somewhat surprising it indicates that
a group on furlough cannot be consid-
ered comparable to groups in residence
under usual conditions and suggests

that dispersion of the group may have .

averted a sharp outbreak.
It is also seen in table 6, that the ef-

feet of vaceination was most marked in

group I in which the total incidence, of
hospitalized cases was greatest. Attack
rates of 184 per cent and 2.7 per cent
were observed among control and vacei-
nated individuals, respectively,

Analysis of the data in terms of the
smaller subdivisions, theréfore, tends to
give a somewhat different view of the
epidemie than when it is considered in
the composite sense, With some groups
the temptation arises fo suggest that
vaccination of half the unit had re-

.'wés obtained from 18, and all but twg 3

- were hospitalized and from a random

effort to establish an etiological disg-

sulted in almost complete Protection
the entire group. The questiog ,
arises whether the incidence obgy ¥
in the total control group is represey:d
tive of that which might be expectsg ;3
an entirely untreated population, 3§

In this connection it is of interest i
note the degree of illness encoungey,3t
in a company of the enlisted reseryid
corps of the A.8B.T.P., none of whon wakd
vaccinated. Nevertheless, careful g\
servations were made, sinece these mé;'
were seen at sick call fogether wj
those in the study and were not Qistin:
guished in any way except at the timg:

interval of November 21st to Decemb
18th, 20 of the 104 men in this company *
were hospitalized with a diagnosis ¢
influenza. Blood for serologieal stng

showed serological evidence of infloenzg::
A infection. Thus, it appears that i
this totally unvaccinated company the
incidence of influenza admitted to ho
pital was considerably higher than in
any of the other companies of compar- .
able size. The disease in this group . §
appeared also to be of greater severity
as evidenced by the occurrence of 5§
cases of pneumonia among them. 4

Clinicéal and serological correlaiions

. Throughout the period of observation
blood for serological study was obtained }
during the. acute . and convalescent
phases’ of illness from all patients who

semple of patients seen in the dispen-
sary. The acute and convalescent sera
were compared with respect to titer of
antibody for both the PRS and Weiss
strains of type A influenza virus in an

nosis. The results of the serological .
studies in the various. clinical groups:
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mplete proteetiy, N
The question
incidence qhyg

. ik
TasLE 7 |‘
|

group is TePresey ' Increase in antibody titer ngor Type A influenza virus
& in convaieacence T
night be expectey v o i
ed lati - Number 5 ; g 2 |
population, Total of Weiss strain PRS strain : .
305 of intor QM pacous | O | T | S g
illness Encounigy : tonte® | sero. | £fold | 2fold | None | dfoid | 2feld | None g :
the enlisted pege . o7 |g. .‘
SETTR P P P B P 3 . g
’,, none of whom Nowf zong |N-| cent [N cent N[ sont [No- fee;t Nou{ gant ;I’ !l by
i
zhemis’ careful g . Control | 75 | 75 65|87 |2| 3 (8|10 |42 56 18| 24 |15 20
K e;]lsmee these g (hospitalized) | Vace. 20 20 (10|50 [5|25|5|25|5|25|2]| 10 13|65 g
e together i . 1 AR
and were not, dists, 8 Infuenza Control | 70 62 (37|60 |3 | 5(22|35 25|40 |11 18 |26 | 42 : li i B
7 except at the tin Sl (dispensary) | Vace. 42 3¢ |5|15{1| 3j28|82|2| 6[3| ol20]ss h ‘ i
ecords. During y: il Looal resp. Control | 146 | 2¢ |6|25|1] aiz|71|2| 8|3|12 19|80 ":;‘ Al
er 2lst to Decembezip@ll: ~ infection Vace. 143 24 |2| slo| oj22|9z|0| 02| 8[22]92 1
men in thig eompanf & (dispensary) 1'1 1
with a diagnosis ¢4 il
or serological stud"‘; Commen cold Control 89 15 6l4a0 (0| o|9l60 4127 |1]| 6 |10 | 67 : :r i
18, and all but typ: digpensary) | Vace, 105 21 4194040 Q7 8L |1} S 2r 10 (18| 85 { ;

* Total number of patients seen between November 7th, 1943, and January 1st, 1944,

_ it appears that in 5 L
nated company’ the; gre presented ‘in table 7 and figure 5. table 7. Except in the hospitalized A
o5 adr.mtted o hos. The findings in control and vaccinated group, no significant differences in the F .
kg hflgher than i subjects are shown separately. No percentage of positive serological reae- Y | 5
mpanies Of_ compar- X positive serological tests to type B in- tors is revealed by the two antigens, : "‘l;,‘ﬂ |
case in this group i fff - . finenza virus were obtained. - when a twofold or greater change in | ‘ '
of greater severity :%.,  Qeveral trends are revealed: () & titer is considered. However, when & ; 'it“ i
le occurrence of 5° ¥ . high proportion of positive serological positive reaction is considered to be a 4- : R
among them. i

reactions in the groups of eases in which fold or greater increase in antibody . S i 1 ‘! o
& clinieal diagnosis of influenza was titer in convalescence, then the Weiss ':‘
made. The proportion of positive sero- antigen appears to be more sensitive. J :
Jogical reactions was highest in 'the Parallel variations in serological re- : Ll
hogpitalized influenza group; (b) ‘& sponse to the respective strains were not | i.il
greater proportion of positive serologi- encountered in a small number of sera ; | ‘
eal reactions in eontrol than in vaccl- studied by the neutralization test in. a1
hated subjeets; (¢) greater sensitivity miece, That the PRS and Weiss straing |
of the Weiss than pf the PRS strain in are different antigenically, althongh |
revealing quantitative changes in the ag- both are strains of type A influenza | g \‘:
#hl

agical correlations:

eriod of observation
study was obtained

and convalescent '
m all patients who
nd from a random
seen in the dislnéﬁt
d convalescent sera

respect fo titer.of glutinin-inhibition titers of acute-phase. virus, has been demonstrated by cross _]‘

he PR8 and Weis and eonvalescent sera. immunization tests in mice and cross | BHEE
fuenza virus in & The relative reactivity of the Weiss serological tests in ferrets and rabbits. R

\n @tiological diag and PRB- sntigens nsed in the agglu- These observations support those of Ma- 1
of Bitie, maralinciod Ination-inhibition test for serological gill and Sugg (15) which indicated a i l‘.

.. diagnosis of influenza A are shown in need for consideration of antigenie dif- - .
yus clinieal groups : : . - ' f
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count for some of the fajlures to demon-
strate serological changes, The proba-
bility is elear that a number of cases

cos among strains of the type A

birences 2 . . .
; influenza viruses in serological

piroup 0F

TERE . b pgmosis.
NE B f_"é’ CR- g 4 ,z[‘g]i: findings recorded in table 7 and called influenza may have been due to
- g 2% “E 5 5 3 : are 5 indicate that among hospital- some other agent. If it be assumed that
>0 5;_5;1 g_‘g ' ged patients, from all of whom blood 4 clinical diagnosis of influenza was
s B § 2§30 a5 obtained; 8‘31:010%10'51_ data agreed etiologieally corxect in the same propor-
02 o ; & & 3.5 ith the clinical diagnosis in 90 per cent  tjon of vacoinated subjects and controls,
S EoA e E N of the cases in the control group and 75 then only two-thirds of the 112 cases
v, 8 § §435x . per cent of the cases in the vaccinated would be considered influenza and the
> h I £ E*E ; ‘gronp, when a reproducible twofold jniidence of mild influenza among the
i 3 ; ;.E 28 change in titer is taken to indicate &  controls and vaecinated subjects would
o N ;'EE B"-E,g‘g positive  serological  reaction. It I8 o propertionately reduced. If, how-
4 §AE288 likely, particularly among the vacel oqor it he assumed that the actusl num-
i %0 fa 857 pated subjects, that many of the cases In o o yopinfluenzal cases in the vacei-
""’go' g33 ﬁgg " which serologieal confirmation of the ;.4 individuals in the dispensary
U“EE “3‘;3 =3 S-Q clinical disgnosis of influenza. was 1}01: group egqualled that noted in the con-
o2z =24 8% s - obtained were due to influenza virus in- trols, it would result in a greater pro-
Y 8Ll [§ - fection without demonstrable serologi- port:':ona;ce reduction in incidence of
. E.8.A g 24 b cal response. This phenomenon has o o o among the vaccinated than
T f .58 " TDeen poir ted cut previously (16-1F)y." g
> Za : ?33 'g g if’_ Moreover, virus was isolated from throat ang)nglth? G(I)I}:;is' a 1
0775 T4 8" MMF weshings of one vaccinated individual el sl S o F e o o ‘
>0 S §EE 3 who exhibited no change in antibedy clive Y Sma fslamjﬁ er:s ir:tsoe m'v;ezziloz
S 2 g o© 1B titer. The fact that there was no sig- BE10RIS O {Lci P a ryT1;1
o E'E &3 ﬁg 4. rificant change in the number of sero- OF COIMIOD €Ol Was made. he over-
%_: 2% £ 2 logically megative cases at different in- a‘;llmcidem‘f oiopat.le?tstzmh diagnosis
s 88 .2x8 . tervals throughout the-epidemic period © 1(;"’9‘ Tespira t'le'ay.llm :}? on or ct?mnic}f;
- E%‘E 2 3 & . (figure 5) and the high order of eorre- ¢0¢ W:»‘sd esse:(:i i ytr 1e same in -
3.38% S” Iation between cliniesl and laboratory Vaeomaie anu.‘l CONLro ??ﬂps' ]i
= c f s g fa &  diegnosis suggest that few, if any, cases serological results obtained ‘in atsmad
g+ Sagc @ of other etiology were ineluded in the sample of tht'ase patients demonstrate
b4 g £af K z .t group of p?.tients hospitalized with a tha%;.at the height of the epu.iemlc a pro-
N 838 i . ::‘n E vg,' i diagnosis of influenza. portion of faach group had mﬂ1.1enza A, :
- ;'E E B3 5.4 The dispensary group with a diag- T.hese findings sugg}as.t that 'mﬂuenza ‘
0o BocE .EE g :§ xosis of influenza comprised 112 indi- VIIUS may appear Jomt}y W?th Offhﬁl' '
Z EBEE3a E 5. viduals in 96 of whom serological tests 2gents which cause localized H}fe""fml%s |
. & %" e g's #f were made. Sixtyfive per cent of the of the respiratory fraef. Whﬂe. 1 Is A
252522 4 control subjects but only 18 per cent of generally considered thet bacterial in- : ¢

feetions arve superimposed upon virus

A
;

- the vaceinated patients exhibited rises

in antibody titer. Toward the end of the
epidemie period a slight increase oceurred
“in the proportion of serologically neza-
tive cases, . A certain number of these
] Patients did not report until symptoms

‘
A
|

infeetions, the avidence suggests, at
least in some cases, that the virus infec-
tion occorred simultaneously with, or
was 8 ‘‘complication’” of, a localized in-
feetion of the type generally aseribed to

had persisted for a week; they may ac- bacterial invasion.
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Relationship between serum -cmtibody
‘level and frequency of infection

The data accumulated in the course
of these studies have been analyzed to
determine whether any relationship ex-
iste between serum antibody titer and
severity and frequeney of infection in
the course of the outbreak.

For this purpose the information .
gathered from the group of patients
hospitalized with a diagnosis of influ-
enza was studied since it represented a
homogeneous group etiologically and
these patients were studied most care-
fully. The patients in this group ex-
hibited a clear-cut and characteristic
illness generally considered typical of -
influenza. Moreover, blood for serolog-'

" ture recorded in the course of illnegy

"analyzed in terms of the two type-A;Z

AND THOMAS FRANCIS, JR.

ical study was obtained from a]| 5%
jects early during the acute phage 8
illness, as opposed fo the Incomp]
sampling at irregular periods after .-
set in the other 3 groups that have bee
considered.

Figure 6 shows the relationship th;
was observed between the titer of gy
body in serum taken at the onset of
symptoms and the maximum temperg ‘3

The symbols indicate the serological pe
action to infection in each subjee
Antibody titers for the PR8 and Weig
strains are shown in separate charts an;
control and vaccinated subjects are gom
paréd. The relationships have beey:
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3 CONTROLS [ T "WACCINATED
se00 .
103+ soee e2s L L] Ll Q
" [ 2388 0 ws|s; STRAIN
xi02] Sees 222 ese ee0 @ A . ®00 °. oo
= e00 *
'— - =
&
Elul ese 080 OEO (1) <) . . o 00
= L -
= .
T100| ege  eo 33 eoo o o ° © oe
' L o iy . 1 L L 1 L j
<32 . 32 64 128 256 512 « 32 64 128 256 512 024
: ANTIBODY TITERS
. CONTROLS : r VACCINATED
1034 :E: eve on 00 . ] ] N o
@ r K
° 1H V) 090 P.R.8 STRAIN g
x a8
Zioz) wze  e3e m’oog 090 . o 22 oo |
= . | !
¢ i I
o ° ° -
wigl1} ooo e0 *00 e0 000 o o .
a . L4 ) ’ ..‘ i
= | L : - J
e ose o ] 4. i
Fioo| o 233 28 o o 00 ® . |
) i L & L i : - 1 I - J : 1 - L — .. :
<32 64 i28 256 . 5i&2 32 64 128 256 512 1024 |
I

32

ANTIBODY TITERS

SEROLOGICAL

O NONE © 2 FOLD

RESPONSE
® 4 FOLD OR MORE

Ficure 6. Relation of acute-phase titers to febrile and serclogical responses in patients
hospitalized with diagnosis of influenza.
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irgins SiNCE the serologieal results ob-
¢d with the two were different.
Among the ecntrol subjects who he-
,me ill, temperatures of 102 F or
gher Were observed in a greater pro-
ortion of those with amébody titers of
9 or less than in those with antibody
siters of 64 or greater: The tendency
joward greater frequency of more se-

gere illnesses in individuals with the
jowest levels of antibody was more.

prominent in determinations made with

the Weiss strain than in those done with’

the PRB strain. The usual level of anti-
bodies in patients from the vaccinated

. group was higher than in those from the

control group, but the numbers of anti-

b pody titers at the different levels among
. patients previously vaceinated were 100

rwto fornish sufficient data for analy-
sis.
In order to determine whether any
relationship between antibody level and
frequeney of infeetion exists it is neces-
sary to relate the distribution of anti-
body titers in the group of individuals
who Deeame ill to the distribution of
antibody titers in the population of
which they are a part.
ships are shown in table 8.

The distributior of antibody titers in
the unvaccinated population was de-

termined from the initial bleedings ob-
tained from 246 individuals 2 to 8 weeks -
‘before onset of the epidemic and before

vaceination was done, These repre-
sented 162 of the control sample group
end 82 of the vaceinated sample group.
The distribution of antibody titers in

‘those taken sick was determined from

the antibody titers in the acute phase
sera of the 75 eontrol subjects who were
hospitalized for influenza; the few
tases In which serologieal confirmation
of the clinical diagnosis was not ob-
fained were not excluded. In g similar
manner, the distribution of antibody

The relation-
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titers in the vaccinated population was
estimated from the bleedings obtained
from 82 individuals 2 weeks following
vacéination, or 1 to 2 weeks before onset
of the epidemic. The distribution of
titers among veccinated individuals who
subsequently developed influenza was
determined from the acute-phase titers
of those who were hospitalized ; ag i the
confrols, serologically negative cages
were not exeluded. Estimates of the
number of controls and vaccinated sub-
jects with antibody titers at the Jiffer-
ent levels were made by applying the
distribution found in the samples to the
respective total populations.

Considering titers to the Weiss strain

it is readily spparent from the data that
a significantly higher incidence of in-
fection oueurred ameng individuals with

antibody tifers in the lower range. Of
the 75 cages in the eontrol grou (82
) P S e L6 per
cent of the population with antibody
twm'
over,that as the concentration of serum
antig&Mreases, The mncidence of dis-

easq (UMINISHes progressively. Apart
from fhe condlitency of the frend, the

significance of the observation is height-
volved. of an estimated mumber

el

of 119 persons in the control group hav- °

ing antihody Titers of Jess than 82, 31

were hospitalized for infinenza ; while of

4R estimated 126 controls witk antibody
titers of 256, three were hospitalized. In
groups of corresponding size at the dif-
ferent levels from less than 32 1o 512
?the progressive decline in incidence was

observed. When estimations of inei--

dence of infection in relatidn to the dif-
ferent antibody levels measured against
the PR8 antigen were made, the trend
wes less pronounced,

Since only 21 of 888 vaccinated sub-
jects were estimated o have titers of less
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Controls Vaoeinatod
Antibody | Dmmmple. | Batimated | o it | Duimatnd | b
titers groups numbers hospi- Case groups numbers hospi- Case
in control talized incidence in ineidang,
popula- caBes {per cent) vaccinated crBes (Per e s
No. Per tion * Amon, No. Per |population*] among )
cent contro cent |- vaccinated
& ‘_-—‘—-—b
A. As measured with the Weiss strain of type A influenza virus
T o ——
<32 ss 184 119 | 81 28.1
a2 30 | 122 108 16 148 2| 24% 21t 41 20.0
64 64 § 220 158 15 7.7 !
128 78 | 20.3 260 9 35 -3 0.9 87 3 34
256 35 | 142 126 3 2.4 16 | 195 173 5 2.9
512 17 8.9 61 1. 1.6 25 | 30.56 272 8 29
1,024 ) 20 18 ] 4] 17 | 207 184 2 11
2,048 . [ 7.3 64 0 0
4,096 7 8.5 % 0 0.
8,102 A e {2 {12 11 [V 0
Totals | 246 |100 888 75 ‘8.6 82 100 888 20 2.3
B. As measured with the PR8 strain of type A influenza virus
<32 29 | 20.1 179 10 10.6
32 21 14.6 120 12 9.3 41 4.91 441 3t 6.81
64 67 | 89.6 352 26 74 .
128 | 28 | 194 | 172 15 8.7 21 | 2586 | 227 4 18
256 '3 49 44 1 2.3 31 37.8 336 8 24
512 2 14 12 0 0 15 | 18.3 163 4 2.4
1,024 s | 1.0 .98 1 1.0
2,048 2 24 21 0 0
Totals | 144% |100 888 - 75 8.6 &2 1100 838 20 2.3
* Based upon population of 888.

t Because of small numbers, data from antibody titers of <32 to 64 in vaccinated population are

grouped: fogether.,

} Antibody titers were determined with the PR8 strain in only 144 of the 246 sera obtained.

than 128 to the Weiss strain, the data
below this level were insufficient for
analysis. However, in the range of
titers of 128 or greater, not only was
the inverse relation between antibody

level gnd_frequency of infiuenza ob-
seryed, but the frequencies of infection
at the diffe ‘of aniibody were

simi 1 L the vacecinated and con-

trol subjects. This similarity in the re-
hmmntibody for

the Weiss strain and ineidence of infee-

tion, in both comirol and vaccinated

subjects, is of particalar Interest since
tm present in the
individuals of the control group pre-
sumably reflects the residual immune re-

action to previous natural exposures,
e
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evels of serum antibody

e

aocinated

numbera hospi..

talizeg | ; Gase- -

¢ [population®| among (@ex cent);
& |- vaccingted | -
- . ‘—‘_—_—
influenza virus
-‘.—'—‘——_

) 214 4 1 2004
a8 3 34
3 173 5 2.0
3 272 f 29
7| 18 2 11
3] . 64 0 0
3 76 0 <O
! e | 0

888 20 23

nfluenza virus

o 44t 3t 6.8
227 4 1.8
336 8 24
163 4 24
.08 1 1.0

21 0 0

888 20 23

64 in vaccinated population are

‘44 of the 246 sera obtained.

This similarity in the re-
ween level of antibody for
in and incidence of infec-

control and vaccinated

! partienlar interest since
. antibody present in the
" the control group pre-
ts the residual immume e
vious natural exposures,

n N B :
Estimated “Z,‘}“’ o

— in e
vaceinated Onges, Meidengy ' +

o evel was €T

il the antibody titers in the vaeei-
_ gabjects were artificially raised
gnbeutaneous vaceination. From
these data it appears that, i terms of

, qerum _antibody concentration, subeu-

taneous vaccination confer: essen-

. ally the same benefit as previous ex-

infection.

0,
: F When the frequeney of infection in
- yaceinated individuals is considered in

relation to the levels of antibody for the

' 'PRS strain, the same uniform trend noted

in relation to the levels of antibody for

" the Weiss strain was not observed. A

titer of 128 is the only level at which
there are large enough numbers of con-
{rol and vaceinated subjects for proper
comparigon. The frequency of infection
an estimated 172 contrels at this
: TR 297 "
vaceimated subjects was 1.8 per cenf.
This suggests that the level of antibody
for type A virus, as measured by the
PR8 strain, does not have the same sig-
nificance in both groups. - The results
might be interpreted to mean that vac-
cination oconfers some benefit beyond
that reflected in the antibody. How-
ever, in view of the clear-cut relation-
ship between incidence and antibody
titer measured with the Weiss strain, it
is NggeSted—thmt—te dierence In indi-
dencé betweerr—centrols—and—vaccinated
subjects with titers 0 128 to the PRS
strain oceurred because the vaccinated
subjects are benefited by the simultane-
0us increase in titer to the Weiss strain
included in the vaccine. '
These data, together with the fact al-
ready referred to that the antibedy re-
sponses to the epidemic disease were
much greater when measured with the
Weiss antigen, suggest that strain spe-
cificity within the.type A group of in-
fuenga viruses may be of eonsiderable
mportsnes in the problem of humehn
vaceination, Lo

vaeelna
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The data in table 8, showing the vari-
ations in incidence of influenza in rela-

- tion to the different levels of antibody

for the Weiss strain, are illustrated
graphically in figure 7. It is seen that
in the contrel group the incidence of
influenza drops sharply from 26 per
cent at antibody titers of less than 82
to 3.5 per cent at Tifers o ——1In the
group, T, the number
of individuals with antibody titers be-

low 128 were too few for interpretation.

Ag the concentrations of serum antibody
inerease from 128 to 1,024 in both con-
trol and vaccinated groups the curves
describing the frequeney of infection
slope gradually to approximately 1 per
eenMHﬁlgh none of the con“t'rolsr,
had antibody titers above 1,024, among
151 Vaccinated persons with antibody
titers of 2,048 or greater the incidenca
of influenza was zero. These observa
tions suggest the existence of critical
antibody zones, above which the proba-
bility of an individual developing influ
enza during an epidemic is reduced
significantly. . _

‘Whemsthe curves showing the proba-
bility of contracting influenza are con-
sidered in relation to the antibody dis-
tribution curves of the control and
vaccinated populations, estimated from
the respective sample groups, certain
practical implications of these interpre-
tations become evident. The  observa-
tions shown in figure 7 and table.9 .
suggest.that the heneficial effect of vae-
gination wos—assesisted vrth—a—shifi in
angibody titers of the vasccinated indi-
vidualg from the zone in ihieh the prob-
ability of infeetion s high to zones in

~which th ili f developing

influenza eomparable in severity to that
seen in the pregent hospitalized series is

Jower. It ig of interest to moie the effect
of the epidemic upon the distribution of

titers in the unvaccinatéd group in re-
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lation to 8 diferent antibody zonmes. It  to be greatest, was reduced from 48 pe, ‘;1-.
is seen in table 9 _that in the course of cent to 25 per eent. Vaccination, how, §
the epidemic the proportion of individ- ever, reduced the proportion of-ing; - %
uals with antibody titers in the lowest viduals with the lowest antibody titepg -
gone, in which susceptibility appeared to only 2 per cent, and in the course gf
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F1aure 7. Curves showing.the distribution of hospitalized inflenza patients in relation to-
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TasrLa 8

{P,ﬂw niage distribution of individuals, before and after the epidemdc, in relation to zones of serum aniibody

conceniraiion associated with different frequencies of illness

A Control Vaccinated Cont. and vace.
y population T population ¥ combined
?E'!:ggdu{rﬁ Frequenoy of illness
Before After Before After Before After
<32t0 G4 2.1t07.7 | 476 | 254 2.4 28 | 250 | 141
128 to 1,024 3510 1.0 524 70.1 80.6 85.8 66.5 77.8
2,048 or above _ 0 0 4.5 17.0 114 7.5 8.0

+ Hospitalized influenza.

t Estimated from bleedings of sample groups before and after epidemic. Postepidemic bleedings

vaccination bleeding,

the epidemie the serological status of the
vaccinated group did not change ap-
preciably. Comparatively, vaccination

", was more efficient in decreasing the con-
wsntration of individuals with low anti=

body titers than was exposure of the
population to the epidemie itself.

When the eontrol and vaccinated
groups are considered together as a

gingle population, it is seen that the 25°

per ecent of individuals in the antibody
zone with presumably highest suscepti-
bility at the start of the epidemic was
reduced to approximately 14 per cent
at the termination of the outbreak. If
the distribution of antibody titers in the
general population. was the same as that
of the controls, in which 48 per cant had
antibody titers in-the lower zone, it is
of interest that the epidemie¢ extended
into the study gropp although only 25

‘per cent of the total -population be-

longed in the low antibody range in
which -the frequency of infection.had
been the highest. At the end of the epi-
demic only 14 per cent of the total pop-
vlation had antibody titers in the lowest
Zone, ’ i

Incidence of subclinical infection

In order to obtain some estimate of
the incidence of asymptomatic infection

" were obtained on January 26th, 1944; in the vaccinated group this represented the 3-month post-

in the course of the epidemie, bleedings
were obtained, after the outbreak was
over, from the same individuals inecluded
in the sample groups which have been
degeribed. Of 162 in the control sample
group who were bled before the omnset
of the epidemic, 138 were again bled
after the subsidence of the outbreak.
Similarly, bleedings were obtained from
70 of the 82 persons in the vaccinated
sample group. The paired sera were
tested for change in titer to type A and

« type B influenza viruses. Since the de-

gree of ‘serological change was more
marked when measured with the Weiss
than with the PR8 strain of type A
virns, all sera were tested with the
Weiss antigen, and approximately half
were also tested with PRB antigen,

Of the 138 eontrols, from whom bleed-
ings had been obtained before and after
the epidemie, 52 showed 4-fold increase
or greater, and 4 showed twofold increase
in antibody titer with the Weiss antigen,
indicating that 41 per cent had experi-

. enced infection with the type A virus.
There were no instances of change in
titer to type B influenza viros.

The records of attendance at sick call
for each individual were reviewed and
the findings correlated with the resulis
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of serological tests. These are shown in
table 10. g

It would appear from these data that
asymptomatic infection had oceurred in
21 of 138 (16 per cent) of individuals
in the control sample group. An addi-

Tasre 10

Correlalion of serological evidence of infection in
control sample group with records of aitendance
at sick call

Berological reaction

Neo. E
Disgnosis m?-l‘)- , Positive * Negative
jects T T
P,
No.| o |we | 3%
No illness t | 82 l 21 | 25.6 | 61 | 74.4
Influensza (hosp. . .
anddisp.) | 24 |20 ]833]| 4167
LRI 21 | 11| 524 | 10 | 47.6
Common eold 11 41364 | 7636
Totals 1138 | 561 40.51) 82 | 50.5

1 1 1} | 1

* Twofold or greater change in antibody titer
for Weiss strain of type A influenza virus by
agglutinin-inhibition test. -

1 Did not report to sick call.

tional 35 (25 per cent) had experienced
infection associated with clinical mani-
festations. Of the group of 82 who did
not report to sick call, 25.6 per cent

- ghowed serological evidence of infection;

while of the group of 56 who reported
to sick eall, 60 per cent had reacted sero-
logieally. 1t is of interest that the
highest proportion of positive serological
reactions oeceurred in the group in which
a clinieal diagnosis of influenza had been
made. . :

The ineidence of subelinical infections
in the vacecinated population eowld not
be evaluated because of the influence of
the previous inoeulation and the unre-
Liability of serological diagnosis of in-

feetion in vaccinated individuals with -

high antibody titers.

_ fluenza.

" Francis - (39).

Disoussion

Since 1936, several groups of invegt;. 4
gators (20-33) in this country &ndi'-
abroad have attempted to d"-termine, by’

clinical trial, the effectiveness of gy} 3

cutaneous vaccination for the preve, #

tion of influenza. While many of thes, B

studies were inconclusive, others wers 1
suggestive and indicated the desirability

of further investigation. Some of {22
reasons suggested for the failure fo o).
tain conclusive evidence as to the valye
of vaccines against influenza are; (a)
uncertainty that influenza virus was the |
cause- of the disease observed in the
groups under study; (b) diffieulty in -
distinguishing influenza from respira. *
tory disease of other etiology, on the

.basis_of climical findings; (¢) low inci.,..8. -

dence of infections of proven etiology;
(@) use of vaccines of low poteney; (e) i
the possibility that the strain of virug
in the vaccine may have been distantly §
related, antigenieally, to the strain -§
prevalent during the outbresk; and (f)
administration  of vaceine either too -
long before onset of the epidemic or too
late after its inception.

The results of the study by the Com-
mission on Influenza (1, 34-38) during
the winter of 1943-1944, of which this is
a part, have demonstrated conclusively
the distinet effect of subentaneous vae-

. cination with concentrated, inaetive

virus in reducing the ineidence of in-
The . pro};able advantage of
employing a conecentrated virus prepa-
ration for vaccination was suggested by
earlier studies in animals and human
beings. The -quantitative relationship
between the immunizing dose of influ-
enza virus and the resultant immunity
in ferrets and mice was demonstrated by
Hirst, Rickard, Whit-
man and Horsfall (40) have shown that,
within limits, proportionately higher
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Hirst, Rickard, Whit-  §

fall (40) have shown that, .,
proportionately higher

“of vaceination.

ean antibody levels are obiained when
i reasing amommts of influenza virus
injeeted ‘subentaneously in human
| ings. The latter was confirmed (41,
42 py the use of influenza virns vae-
aintes econcentrated by a method de-
cribed independently by Hirst, Rick-
grd and Whitman (41) and Hare, Me-

|3 (lelland and Morgan (43).

| Bh

Preliminary stndies with the vaccine
employed in the present studies had

. peen carried cut during the winter of

1942-1943 (12), but the absence of an
outbreak did not permit observation of
any effect against the natural disease
mtil the following winter. Nevertheless,
studies were made of (a) the antibody
-response to vaccination, (b) the persist-

ence of this effect over a period of 1
—gear—{¢) degree of reactions folowing—

the administration of the vaccine, and

-(d) the stability of the immunizing po-

tency. Moreover, (e) the protective
effect of vaceination employing the dos-
age used in the present field study had

- been demonstrated against experimen-

tally induced infection (18, 19).

Apart from the greater concentration
of virus, the composition of the vaceine
employed in the present study differed
in one other respect from those used
heretofore in that it contained a strain
of virus (Weiss) isolated from a case oe-
curring less than 6 months prior to the
onset of the epidemic, The strain of
type A virus in eirenlation during the
preceding spring appears to have been
closely related, antigenically, to the one
in operation during the epidemie in this
area,

By virtue of the basic plan of study
it was possible to obviate certain varia-
tions that might have obseured the effect
The study was con-
ducted in rather elosed units in respect
%0 housing, activities, and relative seg-
regation. All of the individunals partiei-
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pated and each unit was equally divided
into vaccinated and control subjeets.
In this manner, the control individuals
were in all respects identical with the
vaceinated subjecis except for the fae.
tor of vaccination,

The epidemic of influenza A reached
its peak, in this aren, about 4 weeks
after vaccination was completed. The
incidence of clinieally recognizable dis-
ease, etiologically identified, was of suffi-

«cient magnitude for evalnation of the

effect of vaecimation. The results which
have been described have revealed that
the incidence of typiesl influenza, ag
indicated by hospitalized eases, was 8.58
per cent in the contrel group of 875 men
and 2.27 per cent in the 878 vaceinated
individuals. Seventy-nine per cenf of
the—cases' oceurred “in the controls.
Hence, 3.7 times as many controls as
vaccinated persons wers admitted to hos-
pital with influenza. The diagnosis was

~ confirmed serologically in 80 per cent of

the control and 75 per cent of the vaeci-
nated eazes. Among the milder ecases of

-influenza stndied in the dispensary an

incidence of 8.04 per cent was ohserved
in the control group and 4.78 per eent
in the vaccinated. The disgnosis was
confirmed serclogically in 65 per cent of
the controls and 18 per eent of the vac-
cinated cagses in the dispensary series.
Even if the aftack rates of mild influ-
enza are corrected, on the basis of the
serological findings, as suggested in the
text, the proportion of mild disease in
the vaccinated group is appreciably

' greater than in the control group.

Thus, while vaccination prevented, to &
considerable degree, the development of
clinical infeetion, it had also reduced
the severity of disease.

It is of interest that no significant dif-
ferences in incidence were observed be--
tween econtrol and vaccinated subjects
when the diagnosiz of eommon cold or
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local respiratory infection were ana-
lyzed, even though a small proportion
of the cases was due to the virus of in-
fluenza. Moreover, the incidence of
local respiratory infections in either
group did not vary significantly from
the pre-epidemic level. These facts sug-
gest the specificity of action of the vae-
cine.

In view of the impression obtained in
previous studies that the effect of vacci-
nation was obscured by the difficulty in
distinguishing influenza from other re-
spiratory disease, it is noteworthy, in the -
present instance, that even when the
results are charted in terms of the over-
all attack rate of all forms of respiratory
disease, the incidence was considerably
lower in the vaccinated half of the pop-
ulation, due, obviously, to the reduced -

" incidence of influenza.

As has been pointed out above, the
control and vaccinated subjects were
equally divided within each company,
thus obviating any selection on the basis
of residence, activity or opportunity for
exposure.- A comparison of the ineci-
dence of illness in control and vacei-
nated groups, set up in this manner,
does not necessarily give a true picturs
of the effect of vaccination since the ob-
served incidence in the control half of
the population is assumed to be the ex-
pected incidence in an entitely un-
treated population. That the latter .
may not be the case is suggested by the.
observation of a 20 per cent incidence of .
hospitalized illness In a company of un-
vaceinated men, Thus, the incidence of
illness in the control half of the popula-
tion may well be influenced by mixing
the controls with an equal number of
vaceinated persons. It is not unlikely
that a comparison of attack rates in
completely vaccinated populations with
those in wunvaccinated groups, if all
other conditions were equal, would dem-

" percentage reduction in attack rate in

. and seventh weeks when the reduetion. § i
. (in 94 cases) due to vaceination féll fo

-Upon examination of the curves deserib-
. present study (figure 3) it is seen that

" incidence of influenza in the contrel

‘nated groups at the end of the influens
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onstrate an even greater effect of va
nation than that revealed in thig study3
It may be that vaceination of an entiy;
population would not permit the vi"'
to gain a foothold; or that vaccinat,
of a sufficient proportion would preye;
epidemics, as has been demonstrateg i
smallpox, diphtheria and other epidep;s
diseases. i

In a recent paper,. Hirst, Rickard apg’ .
Friedewald (33) have discussed 1y
question of duration of immunity #o)"
lowing vaccination. In their analyye
they express the effect of vaccination g

the vaceinated group at intervals fol-
lowing inoeulation, assuming the weekly
attack rate in the control group as the
expected incidence if the vaceine had.
had no effect. In commenting upon thy
results in the preliminary report by
members of the Commission on Infip-
enza (1), they point out that ‘“when
the total of all reported cases is con- . @
sidered in terms of the length of time :
between vaccination and onset, it is -
found that the effect of vaceination was:
greatest in the second week following
inoculation (approximately 85 per cent -
reduction) and was poorest in the sixth

about 40 per cent.”” They conclude
that ‘this evidence indicates a maximum
effect in the second week with marked §
decline by the sixth and seventh weeks. - § -

ing the weekly incidence of influenza in
control and vaceinated groups in the &

after the epidemic peak had passed, the §

group descended to the level of the ind-+ }
dence in the vaccinated group., This
suggests that the approximation of
weekly attack rates in control and vacei-
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"idemic is due fo ‘an increase in degree
o :
esistance of the control group, rather

[
v,

iin 1o diminishing resistence of the
i onated group, as inferred by Hirst
'f Qerological evidenee indicates
8at 41 per eent of the controls, pre-
minantly those with low antibody
1%, experienced, in the course of the
utbreak, symptomatic or asymptomatic
snfections. Assuming that smeh infec-
¥ sons result in immunity, then, by vir-
of widespread exposure of both
b pscinated and eontrol subjects to this
paturel immunizing procedure, it seems
.rsbable as a Tesult of the epidemie ex-
srience that the coneentration of sus-

ey P
. ceptibles in the two groups would tend

" 'to approximate the same level as the
" gpidemic progressed. Thus, after the
eight of the epidemic was passed, the
bontrols arrived by ndatural means st 8

xX state of ilmmunity approximating that

present in the vaepinated group prior
- to the onset of the epidemie, To attrib-

i ute the decreased difference in incidénce

of infection in vaccinated and control
individuals at the end of the outbreak
to waning immunity, resulting from the
increased interval between vaccination.
and infection, without regard for the
epidemiological  dynmamies  involved,
seems to ignore important factors.
Contrary to the conclusions reached
by Hirst et al (33), evidence obtained
in the present studies suggests the like-
lihood that the degree of persistence of
Immunity to influenza, following vae-
~ cination, is rather prolonged. If, as
has'been indicated, there is an inverse
Telationghip hetween antibody level and
irequency of infection, one would ex-
Pect the degree of persistence of anti-

[ body to furnish some index of the de-

. gree of persistence of immunity. A

+ comparison of serum antibody titers, in

70 vaceinated individuals in the pres-
_ent series, 2 weeks and.3 months after
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inoculation has revealed a fall in titer
for the PR8 strain in 14, for the Weiss
strain in 18, and for the Lee strain in
19; except for two instances, in which a
4-fold change in titer was observed in
the tests with PR8 and Weiss strains,
the change was limited in extent fo &
twofold decrease. Moreover, sinee the
changes in titer cceurred almost entirely
among individuals with the higher lev-
els of antibody, the proportion of indi-
viduals with antibody titers in the zone
of presumably highest susceptibility
wag not altered appreciably in the
course of 3 months., Although the in-
tercurrent epidemic could have been in-
strumental in maintaining the type A
antibody titers during the interval, this

would not apply in the case of the type..

B antibody titers. Furthermore, in
1942-1943 (12), at which time there was
no epidemie of influenza A to infinence
the results, antibody titers persisted at

"a relatively constant level over a period

of 3 months following the use of a simi-
lar vaceine.

That the level of antibody furnishes
some index of the .degree of immunity,
even long after the original antigenie
stimulus, is indicated by the progressive
reduction in attack rate among unvacei-
nated subjects with increasing concen-
trations of antibody for the Weiss
strain. In view of the likelihood that
the majority of these individuals had
not been in contact with type A influ-
enza. virus more recently than 3 years
prior to the present outbreak, it appears
that the antibody titers exhibited by
them and the resistance represent a per-
sistence of effect over that period of
time at least. Sincé the frequency of
infections severe enough to necessitate
hospitalization of the patient was the
same in vaccinated and unvaceinated
individuals having the same concentra-
tions of antibody for the Weiss strain,
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it is probable that the degree of im-
munity resulting from vaceination per-
sists in proportion to the level of anti-
body maintained. A study of antibody
titers for 1 year following wvaccination
(12) has revealed that while antibody
levels gradually decline in the course of
a year, this tendeney is most marked in
those with the highest titers. Although,
as might be expected, the decrease in
mean antibody titer of a group over a
period of time would be sharply influ-
enced by the titers falling from the high-
est levels, it is perhaps of greater
significance that even 1 year after vacei-
nation the majority of individuals still
possess antibody titers above the levels
that appear to be associated with the
highest degree of suseeptibility.

It was of interest that the relation-

ship between serum antibody level and ™

the frequeney of hospitalized influenza
was prominent when antibody titers for
the Weiss strain of type A virus were
measured buf the correlation was not
more than suggestive when the clinical
results were analyzed in terms of titer
for the PR8 strain. This is in accord
with the observation that serologieal re-
actions of convalescent sera were more
marked with the Weiss antigen than
with the PRB in the agglutination-in-
hibition test. This indicates a closer
antigenic relationship between the Weiss
strain and the strain of virus prevalent
during the epidemic than between the

latter and the PR8 strain. These find-

ings are in accord with the suggestion

. that strain specificity within the type A

group of influenza viruses is a factor of
practical importance in immunity to the
natural- disease. :

It should be pointed out that the cor-
relation observed between antibody
levels to the Weiss strain and incidence
of infection applies only to infections of
the degree of severity observed among

the hospitalized eases. The resujtg of]
serological tests mads in the samp), ot
the eontrol population after the Bpiz-
demic had subsided gave evidence thy,!
half of those with titers of 64 or less aypg:§
one-fourth of those with titers of 1%
or more had been infected during ty, %
epidemic period. These figures repyg. 3
sent the ineidence of infections diag.
nosed serologically, without reference 44 -}
clinical manifestations. When this ey §
dence is considered in the light of th, |
observed relationship between level of 2
serum antibody and frequency of hey 3
pitalization, it becomes apparent that
the frequency of infections accompanied .4l
by the more severe and typical mani. ]
festations of disease was proportion. 7
ately much less among those with high -8
antibody titers, even though a consider. J
‘able proporfion of the latter exhibited
gerological evidence of infection. It
has been observed previously, both in W)
the fleld (8, 15, 44-47) and in studies
on experimentally induced infections
(16-19, 48, 49) that the relationship : B
between seram antibody titer and sus §1
ceptibility to infection is far from ab-
solute; this is confirmed in the present
study in which it has been observed
that & proportion of those with the low-
est titers eseaped infection, while others

_ with higher titers became ill. Never-
theless, the present dafa, as a whole,

point to the existence of an antibody
zone sbove which antibody titers may
have to be raised to produce the desired
effect. Since the range of numerical
velues expressing antibody titers vary =
in different laborafories, the data should
be interpreted only es indicating that
a zone of serum antibody concentration
exists shove which there appears to be
a sharp reduction in the probability of
developing illness, and that thig zone is
well within the range of titers readily -
attained by vaccination and includes 8
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quency of more severe infections, as
dicated by febrile reaction and dura-
:om, Was observed among patients with
the lowest antibody titers. A compari-

g

 on of the incidence of infection at the
- various levels has revealed that eorre-

gponding antibody titers in control and
sccinated individuals appear to have
he same significance, as regards proba-
bility of contracting influenza compar-

. able in severity to that observed in the
__hospitalized cases, even though antibody
mevitpre-in vaceinated subjects were raised |
v grtificially and in unvaccinated individ-
" uals represent the residual reaction to

previous natural exposure.
A further implication of the observed

. relationship between antibody titer and

frequency of infection was suggested
by the data shown in figure 7 and table
8 which has indicated that just prior to
the outbreak of influenza 48 per cemt
of the genéral population, as indieated
by serological study of unvaccinated
individuals, had antibody titers within'

- the zone of presumably highest sus-

teptibility, and that at the end of the
outbreak in the study group an esti-
mated 14 per cent of this population had
anttbody titers in this lower zone. If
the serological status of the group at the
termination of the epidemic indicates
the reduetion in concentration of sus-
ceptibles required to limit the spread

‘of influenza, it would be necessary, in

the absence of some simple method of
selection, to vaccinate at least 70 per
eent of the population in order to reduce
the proportion of such individyals from
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" 48 per cent to 14 per cent. Although 2

complexity of factors is responsible for
the periodie recurrence of epidemies of
influenza, these observations suggest
that one factor may be the acenmula-
tion of a sufficlent concentration of in-
dividuals whose antibody titers have
fallen into the lower range. If these

thoughte gain further confirmation, it

would seem possible 10 confrol the epi-
demic recurrence of influenza by re
vaceination at intervals shorter than the
epidemic periodicity, or at intervals de-
termined by immunological surveys.
This would appear to be a more practi-
cable method of administering wvaeccine
for prophylaxis than to vaceinate in the
face of an outhreak, after its identifica-
tion, particularly since influenza spreads
with such rapidity thet the epidemic
might-be-well-under-way before it wounld

" be possible to vaceinate s significant

proportion of the population.

Certain epidemiological observations
deserve emphagis. It iz of interest that
evidence was obtajued of the presence
of influenza viris in the population
about 2 weeks before any clinical eases
were recognized and about 4 weeks be-
fore the epidemic peak was reached.
Together with the' isolation and identi-
fcation of type A influenza virus from
a case occurring in this area less than 6
months pior to onset of the epidemie, the
evidence points to the eirculation of in-
fluenza virms in the population in the
interepidemic intervals. A further
point of interest is the fact that the
single instance of influenza infection 2
weeks before onset of the epidemic ap-
pears {0 have been asymptomatie, ang-
gesting that sueh individuals may serve
as interepidemic carriers.

The effect of dispersal of a popula-
tion uwpon the course of localized out-
breaks is suggested by the observation
in Company G in which no further ill-
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ness ocourred after the company went
on furlough the week following a sharp
inerease in the number of cases of influ-
enza. The fact that the groups under
observation by Eaton and Meiklejohn
(1, 38), at the University of California
were dispersed shortly after appearanece
of the first few cases and that the epi-
demic peak was less marked may be one
reason, for their results, which appear
to be at variance with the results of
other irnvestigators participating in the
study by the Commission on Influenza.
This discussion has attempted to em-
phasize the interrelationship of  the
numercus variables that operate in im-
munity to influenza and to emphasize
the importance, in interpreting the re-
sults, of eonsidering the various factors
as parts of a complex dynamic system. -

Moreover, with regard. to the quanfafe~—

tive immunological prineciples that ap-
pear to apply in immunity to influenza,
there are striking similarities when corm-
pared to those that prevail in other
immunclogical and epidemiological phe-
nomena. By virtue of these considera-
tions, analysis of the observations
gathered has indicated some of the areas
for further application dnd experimen-
tation toward achieving eﬁectlve conn'ol
of influenza.

SUMMARY

1. During the epidemic of inflnenza A
that occurred in November and Decem-
ber, 1943, a controlied study was made
of the effectiveness of subcutaneous vac-
cination with a concentrated, formal-
inized preparation of influenza viruses,
types A and B. The study was carried
out in the A.S.T.P. unit' at the Univer-
gity of Michigan, as part of the-more ex-
tensive program conducted by the Com-
mission on Influenza, Board- for the
Conirol of Influenza and cther Epidemic

Diseases in the Army, 2 =

.3.7 times as many cases among controlg

. eontrol and vaceinated subjects was ob--
' served when the incidence of cages diag. -

- common cold was considered, elthough, -

‘bear on the interpretation of the clinical

2. Vaccinated and control mdlvldu‘
were equally divided within each
and throughout the observation peg;
the mean strengths of the vaceinatgl
and control populations were 878 g2
875, respectively. Among the eontrolcy
75 persons suffering ffom typieal 1nﬂn
enza with temperatures of 100 p 4§
more were hospitalized, an ineidenee ot
8.38 per cent; among the vaceinated, o8
such cases occurred, an incidence of 2,97
per cent. Thus, 7% per cent of ty
cases developed in the control group, o

as among vaccinated individuals, Diag. 1
nosis was confirmed serclogically in gp: §
per cent of the controls and 75 per con
of the vaccinated cases,

3. Mild inflnenza menerally unaccom
panied by fever, diagnosed in pat1em-,g~ ‘
seen jn the dispensary but not admitted- i 1
to hospital, occurred in .04 per cent of %
the control and 4.78 per cent of the vae.
cinated subjects. Diagnosis was con- ;
firmed serologically in 65 per cent of | |
control cases and 18 per ¢ent of vacei. .
nated cases in the dispensary series. A

4, No significant difference between ™

nosed as local respiratory infectign or-

a8 indicated by serological fests, a small
proportion was due to influenza wvirus
infection.

5. Antibody studies on sera obtamed
from a sampling of the control group
before and after the epidemic Tevealed '
serological evidence of influenza A in- {
fection in 41 per cent. There was no '
record of attendance at sick call in 16 :
per eent, suggesting the extent to which
subclinical infections ocgurred. No evi-.
dence for the presence of influenza B
infection was obtained,

8. Certain epidemiological factors thet ‘
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, lis have been considered and dis- of susceptibles in both control and vae-
¢inated groups tended to spproach the

,’a. 1t is believed that dilution of the same level.

optrols with an equal number of vacei- 7. A striking relationship was ob-

individusls in the study popula- served between 1eve1 of serum antibody
mey have reduced the incidemce of and frequeney and severity of illness, in
case among the .conirols, and that & both eonmtrol "and vaceinated groups,

Bedis
. ;omparison of attack rates in complstely when titers for the Weiss strain of type

secinated populations with those in mn- A virus were anaiyzed, while the trend
aocinated groups, if all other condi- was only snggestive in terms of the titars
ony were equal, would demonstrate 2 for the PRS strain. The Weiss strain,
greater effect of vaccination than wes  isolated 6 months prior to onset of the
epidemic, appears to have heen closely
%. The observation thai thé d:.ﬁerences related, antigenically, to the strain
in incidence between control and vacei-. prevalent during the outbreak in sthis
pated enbjects were greatest at the ares. The data indicate the existence of

* peight of the epidemie and diminished an antibody zome above which titers

25 the epidemie progressed is interpreted may have {o be raised to produce the de-

" t) mean that thé difference in concen- sired effect. Certain practical implica-

retion of susceptibles was most marked tions of these observations, with respect

- . at the onset and peak of the influenza to the use of antibody level as an index

prevelence and as the epidemic ad- of depree of immunity, as well as an in-
vanced, as a result of the natural im- dex of persistence of immunity following
munizing’ procedure, the coricentration vaccination, have been diseussed.
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