
EPIDEMIC INFLUENZA ', P 

(Reoeivea for  publieation'Febmer~ elst, 1945) 

the autumn 'of 1943 a field trial of given, in the analysis of the data, to the 

. . 

MATEPJALs AND METHODS 

of idnenza A that followed . v i m s  of ~W3nenqt A and B recovered 

tion .during the spring. 

Co'operstion ma d t a n c e  of ~ r .  W m c n  E. 





panics and G in each group were moved 
fore the epidemic began. The 
eekly strengths have been used, 

? same two lots of 
h e  employed by the 
estigators, each pre- 

anufacturers, were 

ulations mere car- 

. A 

, A  

C 
C 

or Dorm. A 

low. The men in each company were 
alphabetieally andalte~att~ 

e men did not know which ma- 
had received. Uninoculated 

dates of inoculation and the 
vaccinated and &ntrol mb- 
ch company are shown in 

mieht be the case if entire oomuanies 

pi& houses and a small 
men in Company Q 

f the total group), were 
ll dormitory and a fra. 
snd 63 (3.5 per cent) 
homes. Divided mcord- 
s at which meals were 
!nt ate in one hall, 34 
;her, and the remaining 
third mess hall. 
of Companies A to G 

he men in each were* 
reater part of the day, 
study hall, dining hall, 
t drill. Consequently 
were largely those of a 
;he course of the investi- 
men were lost t o  the 
control, and 16 in the 

were vaccinated and others kept & con- 

At the time of inoculation, and again 
2 week later, blood for serological study 1 "" 

I waa obtained from approximately 10 
per cent of the vaccinated subjects and. 
20 per cent of the oontrols. Every 
tenth vaccinated person and every B t h  

' control, based upon alphabetical ar- 
rangement, was selected. for the. sample 
group. The same individuak 'were 
again bled at the conclnsiou of the study, 
several weeks after subsidence of the 
epidemic. 
' Rewrds. The two .staudard record 
forms used by each of the groups of in- 
vestigators *ere employed. These were: 
(a) a master card contailliug the identi- 
f ~ i n g  data and vaccination record'of 
each, subject ,and ( b )  an illness record 

PbUENZA VACCINE 

form. On the reverse side of the master 
card provision was made for summa* 
ing the results of the laboratory tests. 

Master' cards were prepared in ad- 
vance and the date of injection and ma- 
terial received were entered at the time 
of inoculation. The master me, coutain- 
iug the record of vaccination, was r e  
moved from the place of attendance a t  
sick caU (Student Health Service) and 
was not consulted until the study was 
completed. Clinical evaluatiohs were 
made without knowledge as to whether 
the patient reporting to sick call 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 "bnck-slips." In the ease of 
hospitali%d patients, more detailed ree- 
ords of history were obtained and pbysi- 
cal examinations were made. This in- 
formation was wpplemented by clinical 
and laboratory data recorded on the 
hospital chart. 

Clink1 observat<ons. Sick call was 
held a t  specified times each morning in 
the Student H d t h  Service. In add& 
tion, individuals who became ill at other 
times of the day ornight either reported 
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en stored in stoppered tubes in and particles present in smpensioa 

eggs in the tenth to twelfth dap of de- 
,. ~h~ usual methods for isolation of velopment were injected intra-allanto- 

. . 

cells. In many instances the presencle 

oeulation with patients' throat wash- Upon snhseqnent passage the hemsgglu- 

mioe was used (a), 
!fie ,agglutination- 

had been stored for 4 months. virus. In '  general 5 serial passages 

717 tissue oulture 

(10). For this purpose the frozen tination wae seen in the first eggs in- 

mouse-passage ma- ture until 2 to 3 ml of liquid appeared. serial transfers since dilution of the in- 
A sflcient quantity for inooulating 4 oculum 100 to 1,000 t h e s  m a l l y  re- 

I by having the pa- 



multiplication. Fluids from dead em- and in 86 per cent after vaccination; 
bryos were passed if the tube agglutina- with the Lee strain of type B vhq 
tion test was positive, except in instances titers of 128 or more were observed .b 
in which decomposition had occurred, 12 per eent before and 89 per 
indicating . early death. Ultimately, after vaccination. The vaccine failed to 
fluids were filtered to remove bacteria evoke any demonstrable increase in titer 
and t o  permit the isolation of virus in to these antigens in 9 per cent, 10 p, 

de6nitt evidence of the presence of 83 per eent, respectively. The failnres 
virus was obtained but the virw was of response were essentially limited to 
not 5 a l l y  established in eggs. These individuals with high titers before in. 
re~ults  are in accord with those obtained oculation: The incresse in moan anti. ' 
by Riekard,~higpen and Crowley (11). body titer of the group for the P& 

stiain was 5.9-fold, for Weiss strain, 5.8. ., 
fold, and for Lee strain 8.7-fold. 

made (12). The present vaccine differs strain. There are anknown factors . 
' in one .respect from the vaccine used which appear to influence the iuhibition ' 

prev io~ ly  in that the type A com- 'reaction and until these areunderstqod 
ponent jncludes two strains, PRB and i t  would be haeardons to accept, with- 
Weiss, rather than PR8 alone. out reservation, the differences in the ". 

For estimating the antigenic activiQ valnes obtained with the PEE and Weirs 
of the vaccine, blood for serological strains as indicative of s merenee in 
study was obtained from 82 men reprk concentration of antibody for the r e  
senting 9.2 per cent of the vaccinated speetive antigens, particularly since the 
group. The distribution of antibody use of different lots of antigen of the 
titers measured by agglutination-inhibi- .same strain may result in different 

i tion for the 3 separate antigens, before titers. This applies not only to. the pra- 
and 2 weelnr after vaccination, are shown cedure herein employed but is noted in 

the method described by' Hirst (13). 
It is readily eviaent that following For this reason a single preparation of ' 

vaccination antibody titers of the group antigen was used, for each strain 
were raised to levels above those of the throughont the present stndy. 
majority of individuals before vaccina- 

' 

I n  the study conducted in 194%1943, 
nation. With the PR8 strain of type A referred t o  above, in which 8 similar 
virus, antibody titers of 128 OF abovs vaccine, containing only the PRB and 
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A*ody rebpmse lo v a c a a c a ~ i a  

------ 
1  0 3 4 9 2 2  pm <32 15 18 1  1 

rypeA) 32 16 20 0  0  0  0 4 5 5 1 1  
64 a3 40 3  4 0  1 0 1 3 6 6 0 0  
128 14 17 21 26 3 7 3 0 1 0 0  

0 1 0 0 0 0  

--- ------ 
0 1 3 2 0 0  

A) 32 11 13 0  0  0 2 4 2 1 2  
64 I$ 23 1 ' 5 4 3 8  

' .T 

128 24 29 8 10 6 1 1  4  1 1 0  
256 12 15 16 20 
512 ' 6 7 25 30 

1,024 3  4 17 21 2 0 1  0  0  0 0  

>us to accept, with- 
! differences in tha ' 
I the PIC8 and Weim 

 tib body for the , r e .  Mean 
IM) , . 678 

erticularly since the ---- 
r of antigen of the Lw <32 26 32 1 I 1 0 . 1 4 8 6 6 '  

result in Merent CPgpoB) * 3 2  1 5 1 8  0  0  . 0 1 1 6 3 4 0 .  

not only to, the prcc 
64 17 21 .2 2 1 5 8 2 1 0  
128 14 17 6  7 3 5 4 2 0 0  

byed but is noted in 256 7 9 '24 29 . 4 1 0 0 0 0  
ea by Hirst (13). 512 1  1 n 33 1  o o o o o o  

1,024 2  2 16 20 1  . O  1 0 . 0  0  0  ngle preparation of .' 
. for eaeh strain 

ueted in 1942-1943, 
in which a nimi1e.r 

Meapured by the zgglutiastio~inhibition reaction. 
. , 

B components of the vaccine. In the in the vadcine was signi6cantly lower . 
present stady the mean ineresse inanti- than for the type B virus. The.reason 
body titer for the type A viruses present for this difierenee is suggested by a 



ekes as dete-ed by immuniaation jection. All had received the v i m s  ,,, 
testa in mice which indicated that the cine. Headache, generalized aching 
potency of the type A component of one chilliness were the moot prominent 
of the lots included in the po.01 for v u  plaints. Temperatures of 100 or 

showed no ehenge. , 

ance a t  sick call and from surveys made , 1943 (12); 
in the barracks 24 home after indcula- Epideniobgical dbsermtiolzr. A s t u d ~  

of thk iiioidep~e and nature of respira- 

. , begun before the groups were vacci- 
nated. The number of afebrile colds 

ber 15th did several cases appear daily. 
It k interesting to note (figure 1) 
that during . the 3-week period end- 



B were ob&+ 
~ a l s  who had r e  

arracks were qot. ,j , , . I duration to b- 
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t o  sielreall. The 
.  , . , , , , , ; , ; , ,; i of tender areas I' 

on. These varied ' 
. ~ 

! redness to areas. : h " 
:rs in diameter.. 30 ' 6  I3 20 27 4 11 18 25 1 

OCT. NOV. nec. JAN. 
1043 W E E K S  E N D I N G  1944 

hation in 1942 
h m x  1. We& intideneeof remiraton. $isease in the Uni~emity of Miahigm A.B.T.P. unit, -. ~~ 

frmn oet& 25t<, 1043, to ~ k n o a q   st, 1944. . . 
lhture of respirs. 
in the A.S.T.P.. ing November 13th, gradual de- body titer: This individual had not re  
of Michigan wea cline in total incidence of respiratory . ported to sick call at any time, suggest- 
ups were vacci- .disease was observed, reachkg a low ing that a subclinical infection had 
tf afebrile colds point in the week ending November occurred between October 28th and No- 
.albed infections h t h  although, as was subsequently vember 4th.. Thus, the virus was in cir- 

demonstrated, the nirus of iniinenza A culation for at liast 1 week'hefore it 
!d 10 days after had appeared in the population during , became evident clinically and about 2 
nation program. that period. There is s'erological evi-, weeks before an spidemie was apparent. 

denee to indicate that the virni was That iduenza was prevalent in other 
eircdation , before it became evident 'locations at the same timewas suggested 
clinically or epidemiologically. Of the bby the olinical diagnosis of in5uenaa.on 
group of 134 persons who were bled be- ~ ivember  12th in a man who developed 

. fore and 2 weeks afterinoculation with . symptoms en route to h Arbor after 
ies appear daily. salt solution, one individnal exhibited 5 days at Fort Sheridan. Cmf3rm%tion 

an increase in &tibody titer to the type o f .  the diagnosis .was subsequently ob- 
ek period end. A virus, but no change in type B anti- tained by serological means and by iso- 
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exhibited certain differences from that my. The essential distinction bebeen 
observed earlier in that there were sw- the two groups was based upon the aB 

in Wisconsin. 

crime describing the incidace of colds reaction. 
tended to parallel the o w e  of incidence Physical examination at the onset of 
of iduenza and reached a peak at the illne~s, generally revealed varping & 

inflnenzs. On the other hand the inci- ratory tract other than some enlarge- 
deuce of .cases diagnosed as local respi- ment of the lgmphoid follicles on the 

nasopharxngeal mncosa. In a few in- 
stances examination of the chest by 

The general clinical 'pictates of the auscukation revealed ineonstant clicks 
.respiratory diseases prevalent during .jn localized areas. 
the period of study and the diagnostic On the average, &e duration of ill- 
trite* employed were as follows: ness among hospitalied patients, as 

Infiuewea. As stated earlier, a &tin& measured by the persistence of temper* 
tion was made betwsen the more severe, tUre of 99 or more, was 2 to 4 day6. 
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ess was present for variable peri- nosis were seen only in the dispensary. 
f time and in one instance the pa- In general, they did not complain of 
ws readmitted for "post-influ- systemic symptoms. 

thenia." Cough persisted for Conznzon colds. In this category were 
ays to several weeks. Pneu- included those cases in which the symp- 

.moD21 w s  seen as a comolication in 4 toms and signs of infection were chiefly 
.&,, The d~stribution of le;itocyte those of rhinitis. . Rere again, fever and 
-taken within a day or two of on- systemic symptoms were absent at the 

of iUness in 89 hospitalized patients time the diagnosis was made. ,, as follo.m: 12 per cent were less 
CowarGon of incidence of respiratory 

be- disease in co-ntrol a'& ?Jaccinatea - 
0 and 11,000, and 6 per cent sub jects 

were between 11,000 and 14,000. There In the preliminary report ( I )  of the 
ks no evidence of any difference in clinical evaluation of subcutaneous 

of leukocyte counts in the . vaccination against influenza &ae in- 
and 19 vaccinated individ- cluded a comparison of the incidence of 

hospitalized caees of influenza in control 
clinical picture presented by the and vaccinated groups 'under ohserva- 

mess or a raw ts included in the dispensary tion a t  the University of Michigan. In 
in whom a diagnosis of in5nemGThe present report the incidence of all 

art from the severity of forms of respiratory disease is consid- 
spptoms and the degree of febrile re-' ered, including the milder cases studied 

led the syndrome d& in the dispensah as well as those hos- 
pitalized. The data &st to be consid- 
ered are baied entirely upon clinical 
diagnosis, without reference to the re- 

r exhibited a tempera- sults of etiological studies carried out in 
.8 and 1W I? on only the laboratory. 
temperatures of 99 F o r  The weekly incidence of all forms of 

respiratory disease in control and vacci- 
ion at the onset of nated groups throughout the period of 
vealed varging de  with temperatures which reached above observation from October 25th, 1943, to 
, flushed skin and 100 F were confined to quarters and, January lst, 1944, is shown in figure 2 
ection in the respi- since less completely studied, have been and table 5. During this period, a por-. 
:ban some enlarge. considered in the dispensary group, al- tion of which was occupied by thg epi- 

perly comparable with demic, the cumulative incidence of all 
forms of respiratory disease in the uh- 

d congestion of the Localrespwatory infection; Thediag- vaccinated group was 51.9 per cent, 
om. In a few in- nosis of local respiratory infection was while in the vaccinated half of the pop 

ulation the incidence was 43.1 per cent. 
Considering only the period from No- 

tion, such as siliusitis, pharyngitis, vember 7th t~ January Ist, in which the 
he dmtion of ill- t.omillitis, etc. Only 4 such patients virus of S u e n z a  was known to be in 
b e d  patients, as were hospitalized because of the pres- operation, the incidence of respiratory 

infeetion among controls and vaccinated 
was 2 to 4 days. the majority of patients with this diag- was 43.6 per cent and 35.3 per cent, re 
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EVALUATION. OX" INIrLUEN'LA VACCINE. 

ortions of infecti TABLI 6 

etiologically due to i a  ~,,,,,&iuc i* of rwpirolory dismae amag wnlrols and witlBddd 
in mmpaniw v p e d  mmdi1yl lo r e d d m a  present in both groups, 

i every effort was made 
the study to reduce the 
hbles to a minimum, t 
certain factors could not 
until the epidemic wes 
An analysis of the nw 
hospitalized for influe- 
t companies has revealed 
rariatiou and con&ms 
e arrangement of the stn 
nal numbers of controls aU 
persons were included 

peak at the end of the second and vacoinated in the merent  corn- 
ember20t.h to %th-de;-" Fmfes. 

97 MEN 

6 13ZU274 11 1825 

ST*. COMP. 
63 MEN 

!- clzd'at the same rate at which it in- 
,wed, with occasional cases occurring 

1 the last 2 weeks of the 5-week preva- 
lqee. The disease appeared in Corn- - pany A at approximately the same time 
it was recognized in Company E, but 

: did not reach a peak untiI a week later 
(November 28th to December 4th). 

. Although cases did not begin to appear 
in Companies D, C and F until a week 
&I they were first noted in Companies 
E and A, the peak coincided in time 
with that of Company A. The data 
showing the ease incidence of in6uenza 
in Company G were somewhat at vari- 
ance with the others. Although ocm 
siond cases of iduenza occurred dur- 
ing the period of prevalence in the rest 
of the population, not untiI the general 
incidence of disease was sharply de- 
clining was there a 6iguScmt. increase 
.in incidence in Company G. At thie 
point the men in this company went on 
fnrlough. Apart from variations in the 
epidemic picture in the diiferent com- 
P@-nies, figure 4 also reveals the varia 

. 
It is. readily apparent that the inci- 

dence of influenza was significantly 
greater in Companies E, A and D. 
Frpm the difEerences in appearance of 
the data shown in figure 4, the eom- 
panies seem to fall into 3 groups 
(table 6). 

Group I, with the highest incidence of 
illness, in~udes'Companies A, D and E. 
The 830 men in this group were housed 
in dormitory A and they took their 
meah in the dining hall in  the same 
building. 

Group 11, with a lower incidence in- 
cludes Companies B, C, F and station 
complement. The 627 men in this group 
were quartered in 11 fraternity bouses 
in aoups  of SO to 66 and in dormitory 
B hpusing 112 men; the 63 men in the 
stqtion complement lived individually in 
rooming houses or apartments. All of 
the men in this group were served their 
meals in the cafeteria of the Union. 

Group I11 is one company of 319 men 
composed of medical and dental stu- 
dents. The 282 medical students were 





hospitalized influenza group; (?I) a sponse to the respective strains were not 

nated subjects; (o) greater sensitivity mice. That the PRB and Weiss straina 
of the- Weiss than pf the PItB strain in are different antigenically, dthongh 

d convalescent sera 
respect to titer. of 

and convalescent sera he PR8 and W& 
The relative reactivity of the .Wek serological tests in ferrets and rabbits. 

fluenza virus in an and PR8 antigens used in the agglu- These observations support those of M a  

)us clinical group 





henees among strains of the type A 
-".,, ,f id3uenza viruses in serological 

sis. 
mdings recorded in table 
i, ;ndiaate that amone hl 

and 
>ital- " - .  

FBg?&ients, from of whom blood 

; w- &tained, serological data agreed , ~ & a e  heclinical diagnosis in 90 per cent 
,? the cases in the control group and 75 

, per cent of the cases in the vaccinated 
when a reproducible twofold 

.h.nre in titer is taken to indicate a "--- 
positi~e serological reaction. It is 
~,kely, particularly anlong the vacci- 
.- 
,,,kd mhjects, that many of the cases in 

t ' *hi& serological colzfirmation of the 
agnosis of i d u w z a  was not 
ere due t o  influenza virus in- 

ted out previously (1GlflT 

who exhibited no change in antibody 
titer. The fact that there was no sig- 
&cant change in the m b . e r  of. sero- 

cases at dserent in- 

(figure 5) and the high order of eorre- 
lation between clinical and laboratory 

few, if any, eases 
of other etiology were included in the 
group of patients hospitalized with a 
diagnosis of'influenza.; 

The dispensary group with a diag- 

in antibody titer. Toward the end of the 
epidemie period a slight increase occurred 
in the proportion of serologically nega- 
tive cases. . A  certain number of these 
Patients did not report until symptoms 
had persisted for a week; they may ac- 

FLmm VACOIh'E 77 

count for some of the failures to demon- 
strate serological changes. The proba- 
bility is clear that a number of cases 
called iduenza may have been dile to 
some other agent. If it he assumed that 
a clinical diagnosis of a u e n z a  was 
etiologicalIy correct in the same propor- 
tion of vwcinated subjects and controls, 
then only ~WQ-thirds of the 112 cases 
would be coxsidered influenza and the 
iucidence of mild b u e n z a  among the 
controls and vaccinated subjects would 
be proportionately reduced. If, how- 
ever, it he assumed that the actual num- 
ber of noninfluenzal cases in the vacci- 
nated individuals in the dispensary 
group equalled that noted in the con- 
trols, it would result in a greater pro- 
portionate reduction in incidence of 
influenea among the vaccinated than 
among the controls. 

Serological tests were done on a rela 
tively small sample of those in whom a 
diagnosis of local respiratory infection 
or common cold was made. The over- 
all incidence of patients with diagnosis 
of local respiratory infection or common 
cold was essentially the same in the 
vaccinated and control groups. The 
serological results obtained in a small 
sample of these patients demonstrated 
that at the height of the epidemic a pro- 
portion of each group had influenza A. 
These findings suggest that g n e n z a  
virns may appear jointly with other 
agents which cause localized infections 
of the respiratory tract. While it ir, 
generally considered that bacterial in- 
fections are superimposed upon v i m  
infections, the evidence suggests, at 
least in some cases, that the virus infec- 
tion occurred simultaneously with, or 
was a "complication" of, a localized in- 
fection of the type generally ascribed to 
baoterial invasion. 
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since the serological results ob- titers in the vaccinated population was 
~ t h  the two were different. estimated from the bleedings obtained 

,,g the control subjects who be- from 82 individuals 2 weeks following 
ill, temperatures of 102 F or vaccination, or 1 t o  2 weeks before onset 
were observed in a greater pry- of the epidemic. The distribution of 
of those with antbody titers of titers among vaccinated individuals who 

or less than in those with antibody subsequently developed influenza was 
64 or greater; The tendency determined from the acute-phase titers 

er frequency of more se- of those who were hospitalized; as in the 
iu individuals with the controls, serologically negative, cases 

lovat levels of antibody was more. were not excluded. Estimates of the 
made with number of controls and vaccinated sub- 

in than in those done with' jects with antibody titers at the ditfer- 
. The m l  level of anti- eut le~els were made by applying the 

froin the vacoinated distribution found in the samples to the 
in those from the respective total populations. 
numbers of anti- Considering titers to the Weiss strain , 

rent levels among i t  is readily apparent from the data that 
cinated were too a significantly higher incidence .if in- 

k n i s h  mBcient data for ana lp  feetie-. occurred ameng individuals with 
an- in the lower range. Of 

ne whether any ntrol group, 62 (82 
relationship between antibody level and amona the 48 per 
frequency of infection exists i t  is neces- cent of the population with antibody 
sary to relate the distribution of anti- t 

0 00 body titers in the group of individuals 
who became ill to, the distribution of antibody mcreases, the incidence of 'di- 

o ;o nlation of ease lshes progressively. & a t  
e relation- from the cons~stency or me trend, the 

The distribution of antibody titers in 
the nuvaccinated population was de- 

leedings ob- of 119 persons in the control flour, hav- ' 

t o  3 weeks . i n g w r s  of less than 32, 31 
and before were hospltahed for S u e n z a ;  while of 

;;? vaooination was done. These repre- an estimated 326 controls with antibodz 

0 0 
.? a@& 162 of the oontrol sample group titers of 256, three were hospitaized. I n  

nding size at the dif- 
less than 32 to 512. 

ed from the progressive decline in incidence was 
rved When estimatlom of inoi-' 

in relati611 t o  the &if- 
for influema; the few ferent antibody levels measured against 

cases in which serological confirmation the PRB antigen were made, the trend 
d diagnosis was not ob- was less pronounced. 
ot excluded. In a similar Since only 21 of 886 vaccinated sub- 

d to have titers of less 



<32 $3 13.4 119 ' 31 28.1 
32 SO 12.2 108 16 1C8 Et 2.4t 21t 4t 20,0+ 
64 64 22.0 196 . 15 7.7 
128 7.8 29.3 200 9 3.5 8 9.9 87 3 3.4 
258 $5 14.2 128 3 2.4 16 19.5 173 5 2.9 
512 17 8.9 81 1 . 1.8 $6 30.5 272 6 2.2 

1,024 5 2.0 18 0 0 17 20.7 184 2 1.1 
2,048 63 7.3 . 64 0 0 
4,096 ,7 8.5 76 0 0 . 
8.192 . 1 -1.2 .ll 0 ' 0 -------- - - 
Totals 4 8  1 W  888 75 8.8 BE 1 W  888 20 2.3 
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the intibody titers in the vacu- The data in table 8, showing the vari- 
rnbjects were artificially raised ations in incidence of influenza in rela- 

dividuals with antibody titers b e  

curves sho&ng-theSob% 

64 in vacoinated population we 

!44 of the 246 sers obtained on8 increase in titer to the We& sFain suggwtdbt the beneficial effect ofvac- 
included in the vaccine. in This similarity in tbe re- 

ween level of antibody for These data, together with the f a d  d- a&bodv titers. of the vaccinated indi- 
ready referred' to that the antibody re- viduals from the zone in which the prob- in and incidence Of infee- 
SPonses to the epidemic disease were ability high+to zones in and vaccinated . 
much greater when measured with the , which the . . 

developing i particular interest since 
i antibody present in the 
i' the control group pre- 
ts the residual immune r s  
V~OUS. natural exp~sars, 

Weiss antigen, suggest that strain spe  influenza comparable inseveritv to +$st ' , 
I. 

e i f i c i~  within the. type A group of in- seen in the present hospitalized aeries is ! 
flue&% viruses may be of considerable lower. It is of interest to no-e &ect 1 '  

in the problem of humail of the epidemic upon the distribntion of 
vaccination. ' 1  titers in the nnvaocinated group in re- ! 

- 
, . 





the lowest antibody titelg.. 

.s DISTRlBUTION 
OF AHTIBODY. 
TITERS. 

4 INCIDCNCE O F  
I N I L U E N Z A  AT 
CACY 4NTIEODY 
LEVEL. 

ia 4098 8192 

{CCINATLD . ' 

G R O U P  

the distribution of antibody titers in the than with the PRB ,strain of type A 
general population was the same as that *, BU Sera werB testad with the 
of the controls, in which 48 per eent had Weiss antigen, and approxLnately half 
antibody titers in. the lower zone, it is 

were also tested with PRB antigen. of interest that the epidemic extended 
Of the 138 controls, froin whom bleed- into the study gropp although only 25 

'per cent of the total -population be- ings had been obtained before and after 

longed in the low intibody range in the epidemic, 52 showed 4fold inorease 

which ,the .frequency of infection, had or greater, and 4 showed twofold increase 

L6 4096 8192 

titer tb type B in0nenes. virus. 
The records of attendance at sick call . 



No. &g .N. E* 
-- 

N o  illnew t S2 21 25.6 61 74.4 
Influem @asp. 

and disp.1 24 20 E.3 ...% .?K 
L. R I. 11 52.4 10 47.6 
Common cold 4 ,364 7 63.6 --- 
Tot& 1% aS 40.5 82 59.5 
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antibody leveln are obtained when 
k g  amounts of influenza virus 

several groups of injected i subcutaneously in human 
3) in this corn The latter was confirmed (41, 

) by the use of influenza virus vac- ,, Concentrated by a method de- 
bed independently by Hirst, Rick- 

.!ard and Whitman (41) and Rare, Mc- 
cleuand and Morgan (43). 

I indicated the desira minary studies with the vaccine 
&,ployed in the present studies had 

carried out during the winter of 
7.~9-1943 (12). but the absence of an ~~ ~~ 

gainst influem are: permit observation of 
'at influenza virus wa 
disease observed 

3f other etiology, on 
:sl h4ipgs; ( 0 )  low of reactions foEDwing- 

n of the vaccine, and 
o$ the immunizing po- 

x ~ ~~~~ 

' onset of the epidemic The strain ,of 
cing the incidence of in- type A - in 0ircnLation during the 
.progable advanwe of preceding spring appears to have been 
!oncentrated virus prep& closely related, mtigenicay, to the one 
:ination was suggested b7 ., in operation during the epidemic in this 
I in snimak m d  human 
quantitative relationship BY virtue of the basic plan of study 
mmudring dose of influ. bviate certain vs r i s  
i the resultant imm~nit]i at might have obsccured the effect 
mice m demonstratedb7 on. The study was con- 

Hirat, Ricksrd, Whit er closed mi ts  in respect 
Eall (40) have shown that, es, and relative 8eg- 

proportionately hi'gher regation. AXof the individuals pertici- 

m m m ~  VAOOINE , 85 

pated and each unit was equally divided 
into vaccinated and control subjects. 
In this manner, the control individuak 
were in all respects identical with the 
vaccinated subjects except for the fac- 
tor of vaccination. 

The epidemic of influenza A reached 
its peak, in this area, about 4 weeks 
after vaccination was completed. The 
incidence of clinically recognizable dis- 
ease, etiologically identsed, was of SUE- , 

d e n t  magnitude for evaluation of We 
effect of vaccination. The results which 
have been described have revealed that 
the incidence of typical iduenza,  as 
indicated by hospitahed eases, was 8.58 
per cent in the control group of 875 men 
and 2.27 per cent in the 878 vaccinated 
individuals. Seventy-nine per cent of 

- +ha.-cases., occurred in the controls. 
Hence, 3.7 times as many contmls as 
vaccinated perso* were admitted to  hos 
pita1 with influenza. The diagnosis was 
confirmed seroIogically in 90 per cent of 
the co'ntrol and 75 per cent of the vaeci- 
nated eases. Among the milder cases of 
influenza studied in the dispensary an 
incidence of 8.04 per cent was observed 
in the control group and 4.78 per cent - 
d the vaccinated. The diagnosis was 
confirmed serologically in 65 per cent of 
the controls and 18 per cent of the va5  
cinated cases in the dispensary series. 
Even if the attack rates of mild 3 n -  
enea are corrected, on the basis of the 
serological ,lndings, as suggested in the 
text, the proportion of mild disease in . 
the vaccinated group is appreciably 

' greater than in the control group. 
Thus, while vaochation prevented, to a 
considerable degree, the development of 
clinical infection, i t  had also reduced 
the severity of disease. 

1t.k of interest that no signScant dif- 
ferences in incidence were observed be-. 
tween control and vaccinated subjects 
when the diagnosis of common cold or 
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en greater effect 
.at revealed in this to diminishing resistance of the strain in 18, and for the Lee strain in 

kcinstea group, as inferred by Hirst 19;  except for two instances, in which a 
Serological evidence indicates 4fold change in titer was observed in 

hold; o r  that vattin it a ,per cent of the controls, pre- the tests with PR8 and Weiss strains, 
proportion would preve d m t l y  those with low antibody the change was limited in extent to a 
has been demonstrakd tkm, qei-ience& in the course of the twofold decrease. Moreover, since the 
.theria and other epide dutbre&, symptomatic or ~~ymptomatic changes in titer occurred almost entirely 

gfect,ions. Assuming that such infec- among individuals with the higher,lev- 
hens result in immunity, then, by vii- els of antibody, tJ~e proportion of indi- 

of widespread exposure of both viduals with antibody titers in the zone 
uration of immunity f ;9aeinated and control subjects to this of presumably highest susceptibility 
ation. In their anab tural immunizing procedure, it seems was not altered appreciably in the 
he effect of vaccinatioq .obable as a result of the epidemic ex- conrse of 3 months. Although the in- 
luction in attack ? perience that the concentration of sus- tercurrent epidemic could have been in- 
1 group a t  interpa 
tion, assuming the we 
the control group as 

ienca if the vaccin f the epidemic was passed, the B antibody titers. Furthermore, in 
arrived by natural m e a n 6 a B  194%13* (121, at which time there was 

: preliminary repo immunity approximating that no epidemic of influenza A to in5uence 
be Commission on in the vaccinated group prior the results, antibody titers persisted at 
y point out that ' ., to the on'set of the epidemic. To attrib: . a  relatively constant level over a period ' 

! sixth and seventh w 
.tion of the curves des 
I incidence of influeurn 
mcinated groups in relationship between antibody level and them and the resistance represent a per- 
(figare 3) i t  is seen fiequeney of infection, one would ex- sistence of effect over that period of 

emic peak had passed, 
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the hospitalized cases. The of 
serological tests made in the sample oi 
the whtrol population after the epii 
demic had subsided gave evidence thy 
half of those with titers of 64 or less 
one-fourth of those with titers of u8 
or more had been infected during the., 
epidemic period. These' figures repre. : 

sent the incidence of infections .. 

nosed serologically, without reference : 

clinical manifestations. When this epi. 
dence is considered in the light of the : 

observed relationship between level of 

serum antibody and frequency of has. ., 
pitabation, i t  becomes apparent that j, 
the frequency of infections accompanied .: 

by the more severe and typical maui..'.' 
festations of disease was proportioi,: 
ately much less among those with high 
antibody titers, even though a consider. , ' 

abiE Froportion of the latter exhibited 
serological eedence of infection. I 
has been observed ~reviouslv. both in 3 
the field (8, 15, 44-47) and.& studies ! 
on experimentally induced infections 
(1619,  48, 49) that the relationship 
between serum antibody titer and sus- 
ceptibility fo infection is far from a b  

' : 
solute; this is co&med.in the present .., 

study in which it has been observed .I 
that a proportion of those with the low. 
est titers escaped infection, while othern 
with higher titers becape ill. Never- .: 
theless, the present data, as a whole, 
point to the ezistence of an antibody , . 

zone above which antibody titers may 
have to be raised to produce the desired 
effect. S ince  the range of numerical . . 
values expressing antibody titers ?ary 
in different laborabries, the data should 
be interpreted only &S indicating that 
a zone of serum antibody concentration 

a sharp rednotion in the probability of 

I exists above which there appears to be 

developing illness, and that this eone is 
well within the range of titers readily, . I 

I attained by vaccination and includes a 
. I 
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e proportiol~ of unvaccinated ' 48 per cent to 14 per eent. Although a 
complexity of factors is responsible for 

asis of resnlts obtained with the periodic recurrence of epidemics of 
, j s s  strain, i t  is seen in table 8 iduenza, these observations mggest 

that one factor may be the accumulsi 
01s occurred in the 48 per- tion of a su5icient concentration of in- 

of the population with antibody dividuals whose antibody titers have 
Is of 64 or less. Moreover, a greater fallen into the lower range. I£ these 

more severe infections, as ,thoughts gain further confirmation, i t  
febrile reaction and aura- would seem possible to control the epi- 

ti,,, was observed among patients with demic recurrence of influenza by re- 
Ae lowest antibody titers. A compari- vaccination at  intervals shorter than the 

of the incidence of infection at the epidemic periodicity, or a t  intervals de- 
s  ha^ revealed that corre- termined by immunologioal surveys. 

ng antibody titers in control and This would appear to be a more practi- 
cable method of administering vaccine 
for prophylaxis than to vaccinate in the 

raeting d u e m a  compar- face of an outbreak, after its identifiea- 
to that observed i n  the tion, particularly since s n e n z a  spreads 
, even though antibody with such rapidity ' that the epidemic 

ccinated subjects were rajae*. , might--underwaybefore it would 
and in unvaccinated individ- ' be possible to vaccinate'. a signifcant 

proportion of the popnlation. 
Certain epidemiological observations 

deserve emphasis. It is of interest tJmt 
dy titer and evidence was obtained of the presence 

of infiuenza virus in the population 
about 2 weeke before any clinical cases 
were recognized and about 4 v e e h  be- 

has been observed fore the epidemic peak was reached. 
of the general population, as indicated Together with the isolation and identi- 

fication of type A i d u e m a  vim from 
a case occurring in this area less than 6 

est sus- mouths pior to onset of the epidemic, the 
of the evidence points to the circulation of in- 

esti- fluenea vim6 in the population in the 
had interepidemic intervals. A f u r  t h e r 
If point of interest is the fact that the 

the single instance of influenza infection 2 
ies, the data sboula weeks before onset of the epidemia ap- 

pears to have been asymptomatic, sng- 
g e s h g  that such individuals may serve 
as interepidemic carriers. 

The effect of dispersal of a popda- 
tion upon the. course of localized out- 
breaks is suggested by the observation 
in Company 0 in which no further ill- 



ness oeourred after the company went 2. Vaccinated and control indiviau: 
on furlough the week following a sharp were equally divided within 

(1, 38),  at the University of California 875, respectively. Among the con 
were dispersed shortly after appearance 75 persons suffering from typical 

reason for their results, which appear 8.58 per eent; amollg the vaccinated, 
to be at variance with the remlts of such cases occurred, an incidence of 2. 
other investigators participating in the per cent. Thus, 79 per cent of  

the importance, in interpreting the re- of the vaccinated cases. 
sulk, of considering the vsrions factors 3. Mild 'iduenza generally unaccom 
as of a complex dynamic system. . panied by fever, diagnosed in pati 
Moreover, with regard. to the qu~fftita-.-'seen in the  dispensary but not admi 
live immunological principles that ap- to hospital, occurred in .8.04 per cent of 
pcar to apply in immunity to influenza, the control and 4.78 per cent of the vat. 
there are striking similarities when oom- cinated subjects. Diagnosis was em. 
pared to those that prevail in other firmed serologically in 65 per cent of . 
i&unological aqd epidemiologicalphe- control cases and 18 per oent of vacci.., 
nomena. By virtne of these considem nated cases in the dispensary series. 
tions, analysis of the observations 4. No s i d e a n t  diilerence between '. 
gathered has indicated some of the areas . wntrol and vaccinated subjects was ob- 
for further applica'tion and experimen- served when the incidence of cases diag. 

of iduenza. 
as indicated by serological tats, a small 
proportion was due to influema virus' 

1. During the epidi&ic of influema A infection. 

sity of Michigan, as part of tbemore,ex- subclinical infections ocgurred. No evi-. 
tensive program wnduetedby the Corn- dence for the presence of iduenza B 
mission on Iduenza, Board- for the infection was obtained, 

Diseases in the Army. 
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diF of snsceptibles in both c o n h l  and vac- 
cinated groups tended to approach the 
same level. , 1% is believed that dilution of the 

,eels with an  eqnal number of vaoci- 7. A striking relationship was ob- 
individuals in the study popula- served between 1evel.of senmantibody 

bn may have reduced the incidence of a d  frequency =severity of illness,,iu 
ratures of 100 2 . ease among the controls, and that a both control -aud vaccinates groups, 

comparison of attack rates in completely, when titers for the Weiss strain of tgpe 
,,c&ated populations with those in un- A virua were analyzed, while the trend 
,,&inated groups, if all other condi- was only suggestive in terms of the titers 
hens were eqnal, would demonstrate a for the PR8 strain. The Weiss strain, 

was ' isolated 6 months prior'to onset of the 
. , epidemio, appears to have been closely 

b. The observation that the merences related, antigenieslly, to the strain 
$ incidence between control and vacci-. , prevalent during the outbrellk in this 
na&d subjects were greatest at the area The data indicate the existence of 

:ases. height of the epidemic m d  diminished an antibody zone above which titers 
as the epidemic p r o p w e d  is interpreted may have to be raised to produce the d e  

that thb difference in concec- sired effect. Certain practical implica 

.ed in 8.04 per cen 

concentration vaoeinstion, have been disoussed. 

-Emma 
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