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INTRODUCTION 

Asian influenza was truly the Phineas Fogg of 
diseases, spreading around the world in less than 
twice eighty days with a rapidity to delight the 
most sanguine of Jules Verne virologists. This 
global dissemination has been attributed to the 
capacity of Asian virus to infect a highly suscep-
tible population (1, 2). Beyond belaboring the 
obvious, what more needs to be said about how 
Asian influenza spread ? 

Students of past epidemics and pandemics have 
noted that clinical influenza spread rapidly even 
before the advent of fast transportation (3) and 
that dates of maximal incidence did not provide 
good evidence of routes of spread ( 4). Such dis-
crepancies spoiled the case-to-case transfer ex-
planation, and prompted several suggestions as 
to how a new antigenic strain of virus could ap-
pear within a short space of time in widely sepa-
rated countries: (1) mutation on a single occasion 
followed by rapid spread; (2) widespread pre-

of virus in masked form, with its almost 
provocation to infectivity (3); (3) 

stmultaneous mutations in multiple foci (5). The 
abundance of data collected as Asian virus ex-
tended throughout the world in 1957 established 
direct lines of transmission from one focus to 
another, and makes it unnecessary to invoke mul-
tiple mutations to explain pandemic occurrence 
(6). Do the data also disprove the suggestion re-
garding pre-seeding of virus and provocation to 
infectivity? Not necessarily. On the contrary, the 
behavior of Asian influenza lends support to this 
concept. 

How else can we explain the fact that after the 
introduction and multiple seeding of in the 
United States during the summer, outbreaks were 
consistently limited to situations in which large 
numbers of people were crowded together (7) ? 
How else can we explain the almost simultaneous 
outbreaks in the fall in Arizona, Cleveland, Ore-
gon, Florida, and New York? These are some of 

1 From the departments of Preventive Medicine 
and Medicine, School of Medicine University of 
Virginia, Charlottesville, Virginia. ' 
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the questions which merit discussion. What part 
did exposure within the school play in the dis-
semination of virus? In the United States (8), in 
Alaska (9), in Great Britain (10, 11), in Japan 
( 12), and elsewhere, epidemic influenza first ap-
peared among school children and then spread to 
preschool children and adults. The first commu-
nity spread in the United States was associated 
with a July opening of schools in Louisiana (13 
14). In Liverpool, independent schools started 
their terms three weeks later than public schools, 
and their epidemic peak also occurred three weeks 
later (11). The high attack rate consistentlv 
noted in the five- to nineteen-year-aids has 
attributed by some (12) to the high rate of ex-
posure in schools rather than to greater suscepti-
bility. Conversely, it has been suggested that the 
low attack rate among older people may have 
been due to lack of contact with school children 
(10) rather than to greater resistance attribut-
able to specific antibodies (2, 15). 

What part did exposure within the family play 
in the dissemination of virus? In some outbreaks 
(14, 16, 17), attack rates increased with increase 
of family size; in others ( 18), differences in family 
size had no effect. Although the data are not de-
tailed enough for analysis, it is suggested that 
the observed attack rates could have been as 
much a function of the age of the children in 
the family as of the number of individuals. What 
evidence is there for intra-familial spread? After 
studying an earlier epidemic, that due to A1 
virus in 1951, Hope Simpson (4) noted the para-
dox of an "epidemic of a disease with a very high 
attack rate and against which there appears to 
be little immunity in the population, which the 
school child does not bring home from school and 
which does not appear to be transmitted inside 
the home." He made this observation because first 
cases in families and subsequent cases showed no 
special age preference, and because, in an analy-
sis of intervals from the first case, susceptible per-
sons fell rapidly and steadily away from the zero 
day. What did we learn about first cases and in-
tervals during the Asian influenza epidemic? 
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TABLE 1 
EXAMPLES OF SEEDING OF ASIAN INFLUENZA 

VIRUS IN 1957 

Location 

Louisiana (14) * ... . 
Liverpool (11) .... . 
Cleveland (19) .... . 
New York (25) ... . 

First 
Isolation 

Late June 
June 27 
June 24 
August G 

Epidemic Peak 

August 5-11 
September 27-28 
October 13-19 
October 4-11 

*Numbers in parentheses indicate references. 

CLEVELAND FAMILY STUDY 

Answers to this and to the preceding questions 
may be sought by examination of data derived 
from study of a population of families in Cleve-
land (19) ." 

This population had been under observation for 
nine years, with particular emphasis on respiratory 
disease, and mechanisms had been established for 
the reporting and recording of illnesses and for 
the collection of specimens for laboratory diagnosis. 
Serum specimens had been obtained from all fam-
ily members in the spring of 1957. The adults were 
bled again early in September. Beginning on Sep-
tember 22, the staff of the Department of Pre-
ventive Medicine at Western Reserve University 
collected pharyngeal swabs from all of those with 
reported illnesses, and classified each according to 
broad diagnostic categories. After the epidemic, se-
rum specimens were collected from both adults and 
children. 

Asian influenza virus was first isolated in Cleve-
land in June, and two other sporadic infections 
were documented in July and August. The first 
known case in the family study population oc-
curred on September 2; the next two on Septem-
ber 19 and 20 at the beginning of the epidemic. 
Such a long interval between introduction and 
epidemic was the rule in the temperate zone. Ex-
amples are listed in table 1. What was the virus 
doing all of this time? Epidemics developed rap-
idly when the virus was introduced into equa-
torial countries; introduction into Europe, North 
America, or South America did not, with few ex-
ceptions, result in epidemics until the fall-winter 
season (8, 20). 

Cleveland schools opened on September 4. By 
September 22, the beginning of week 1 in figure 
1, respiratory disease rates were already high. 

2 The Cleveland investigation was conducted un-
der the sponsorship of the Commission on Acute 
Respiratory Diseases, Armed Forces Epidemiologi-
cal Board, and was supported in part by the Office 
of the Surgeon General, Department of the Army. 

Most of these illnesses resembled the common 
cold. Influenza-like illnesses then increased in fre-
quency, reaching a peak during the week of Oc-
tober 13. In eight weeks, the epidemic was over. 
During the ten weeks of clinical observation, the 
distribution of illness by broad diagnostic cate-
gories (table 2) resembled the stable figures for 
this population in past years. Respiratory infec-
tions accounted for two-thirds of all illnesses; 13 
per cent were classified as influenza-like. Seventy-
three per cent of all persons with respiratory ill-
nesses were tested for virus; Asian virus was re-
covered from 43 per cent. Virus was isolated from 
92 per cent of those thought clinically to have in-
fluenza, and from 27 per cent of those with milder 
illnesses classified as common respiratory disease. 

Virus was isolated from fifty-two, or 85 per 
cent, of the sixty families under observation, and 
from 126, or 41 per cent, of the 308 members of 
the families. When the pre- and post-epidemic 
sera were tested simultaneously, 93 per cent of 
persons from whom virus had been isolated 
showed fourfold or greater increases in antibody 
titer. In addition to those from whom virus was 
isolated, the complement-fixation and hemagglu-
tination-inhibition tests detected significant rises 
in 20 persons and in two more families. Thus, the 
laboratory demonstrated that 146 adults and 
children, or 47.4 per cent of the study population, 
were infected during the epidemic. When the 110 
persons given various amounts of vaccine are 
excluded from the analysis, the attack rate shown 
by the serologic procedures is 55 per cent. 

Whether measured by virus isolation or anti-
body increase, the attack rate was highest in the 
ten- to fourteen-year-olds, although all children 
from five through the late teens had generally 
high rates (table 3). The rates in the parents, 
most of whom were in their thirties or early 
forties, were much lower. This is the pattern re-
ported by many studies (2, 6, 10, 12, 14, 17, 20-
23). With few exceptions, such as those reported 
for citizens of Melbourne (24) and Aleutian na-
tives (25), attack rates were highest in the five-
to nineteen-year-olds and decreased thereafter 
with increasing age. Obviously, therefore, the 
more children in a family, the higher the attack 
rate would be. 

The rate pattern within the family resembled 
that for the non-influenza! common respiratory 
diseases (26), suggesting that certain similar un-
known factors, apart from the possession of anti-
bodies, may operate to influence the attack rates 
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Fm. 1. Incidence of illness and virus isolations by week; population of Cleveland families, 
September 22-November 30, 1957. 

of many viral respiratory infections. When ex-
amined by status in the family (table 4), influenza 
attack rates were highest in the school children 
and lowest in the fathers. The importance of the 
school is emphasized further by the family study 
data. Considering the first virus-positive case as 
the index case, school children were responsible 
for introducing virus into the home in 83 per cent 
of the family episodes. Despite their daily con-
tacts, fathers introduced virus only twice. 

TABLE 2 
CLASSIFICATION OF ILLNESSES AND ISOLATION OF 

INFLUENZA VIRus, CLEVELAND FAMILY STUDY 

September 22-November 30, 1957 

Total Isolation of 
Illnesses Virus 

Per Per Per 
Number Cent Cent Cent 

Tested Positive 
------

Common respiratory 
disease ............. 314 55 67 27 

Influenza-like ........ 71 13 100 92 
Specific respiratory 

disease ............. 4 1 75 0 
---------

Total respiratory dis-
ease ................ 389 68 73 43 

Gastroenteritis ....... 100* 18 29 17 
All other ............. 81 14 14 0 

--------
Total .............. 570 100 57 39 

* Ten gastroenteritis illnesses had simultane-
ous onsets with respiratory illnesses. 

TABLE 3 
INFLUENZA ATTACK RATES BY AGE IN MEMBERS 

OF CLEVELAND FAMILIES 

Measure of Infection 
Age Group 

Virus Isolation Antibody Increase* 

years per cent per cent 
Q-4 43 50 
5-9 58 67 

10-14 59 78 
15+ 47 71 

Adults 19 24 
-------

Total 41 55 

* In unvaccinated persons. 

Once introduced into the home, how well did 
the virus spread? As measured by virus isolation, 
the secondary attack rate was 35 per cent. As 
measured by serologic tests, the secondary at-
tack rate in twenty-one unvaccinated families 
was 36.5 per cent. But the length of the intervals 
between the onsets of virus-positive cases sug-
gested that many of the secondary infections were 
not acquired in the home (figure 2). Multiple 
isolations were obtained in thirty-eight families. 
In these, twenty of the thirty-eight intervals be-
tween first and second cases (indicated by the 
shaded blocks) were six days or longer, the long-
est being twenty-six days. The median interval 
between the first and all subsequent cases was 
7.4 days. Similar observations have been recorded 
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TABLE 4 
INFLUENZA ATTACK RATES BY STATUS IN THE 

FAMILY IN MEMBERS OF CLEVELAND FAMILIES 

Status in the Family 

Father ........... . 
Mother ........... . 
School child ...... . 
Preschool child ... . 

Total .......... . 

Measure of Infection 

Virus Isolation Antibody Increase* 

per cent 

13 
24 
57 
44 

41 

per cent 

16 
32 
73 
30 

55 

* In unvaccinated persons. 
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dence of intra-family spread. Although the pre-
ponderance of first cases, and presumably in-
troductions, were in school children, we cannot 
demonstrate clearly that these children infected 
their siblings or parents. Nor do we know why the 
epidemic began in the schools. 

GENERAL CoMMENT 

Are schools more crowded than homes ? Is per-
son-to-person contact more intimate in school? 
There is consistently a sharp rise in common 
respiratory disease rates within two weeks after 
the opening of schools (26). To explain this phe-

SECOND CASE IN EPISODE 

0 2 4 6 8 10 12 14 16 18 "20 22 24 26 
DAYS 

FIG. 2. Intervals between onsets of first and subsequent virus-positive cases of influenza 
in Cleveland families (19). 

TABLE 5 
MEDIAN INTERVAL BETWEEN FIRST AND 

SUBSEQUENT CASES OF ASIAN INFLUENZA 
IN FAMILIES 

Study Area 

"Lavender City, North State" (17)*. 
"Grayville, South State" (17) ...... . 
Cleveland, Ohio (19) ............... . 

Interval 

days 

6.7 
6.9 
7.4 

* Numbers in parentheses indicate references. 

by Drachman, Hochbaum, and Rosenstock ( 17) 
for outbreaks in two cities identified as "Lavender 
City, North State," and "Grayville, South State" 
(table 5). The median intervals were 6.7 and 6.9 
days, respectively. No peak occurred at the ex-
pected incubation period when secondary cases 
in families were plotted by intervals from the in-
dex case. Like the Cleveland investigators, Drach-
man and associates were unable to account for 
intervals so much longer than the demonstrated 
incubation period (27). Like Hope Simpson ( 4), 
they commented on the paradox of greater risk 
of infection in larger families without clear evi-

nomenon, it has been assumed that a number of 
agents were already seeded in the population, 
and that widespread dissemination was favored 
by multiple contacts at school. The behavior of 
Asian virus in the United States in the summer 

TABLE 6 
AsiAN INFLUENZA ATTACK RATES IN 

"CLOSED" POPULATIONS 

Measure of Infection 
Location 

Illness Antibody 
-----------------

per cent per cent 

Sea transport (29) :* 
Crew........................ 6 
Cabin class. . . . . . . . . . . . . . . . . . 16 
Troup class. . . . . . . . . . . . . . . . . 30 

Ship (AVP) (30)............... 50 
Medical ward, N. Y. (31). . . . . . 55 65 
State hospital, Calif. (32).. . . . . 57 70 
Training school, Conn. (33). . . . 66 78 
Naval station, Calif. (34)...... 75 76 
Alaskan Islands (9): 

St. Paul..................... 82 
Gambell..................... 87 

*Numbers in parentheses indicate references. 



MECHANISM OF SPREAD OF ASIAN INFLUENZA 33 

TABLE 7 
ASIAN INFLUENZA ATTACK RATES IN 

VARIOUS CoMMUNITIES 

Measure of Infection 
Location 

Singapore (35) :* 
European ........ . ..... . 
Asian ............ . .... . 

Abadan (36): 
Staff ......... . . .. . ... . . . 
Laborers .. . 

Japan (12) .............. . 
London suburb (22) . .. . . . . 
London (10). . . . . ...... . . . 
Louisiana (14): 

White schools .... .. .... . 
Negro schools ........ .. . 

Cleveland (19) ............ . 
"Lavender City" (17) .... . 
"Grayville" (17) ........ . . 
New York City (25) ..... . . 
Melbourne (24) ........... . 
Sheffield (23) ............. . 
Pittsburgh high school (37). 
New Haven (18) .......... . 

Illness 

per cent 

6 
29 

19 
33 
26 
25 
31 

33-50 
48-58 

23 
32 
26 

Antibody 

per cent 

55 
47 
38 
35 
42 
44 
55 
65 

*Numbers in parentheses indicate references. 
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and fall of 1957 suggests that the same sequence 
preceded the epidemic occurrence of clinical in-
fluenza. The two factors most often considered 
responsible for the fluctuation of respiratory 
disease rates are season and crowding. The differ-
ence in timing in the northern and southern hemi-
spheres seems to be attributable to season. Zhad-
anov (28) believes that summer checked the 
spread of Asian influenza in Russia. As for crowd-
ing, attack rates in "closed" populations (table 
6) were generally higher than in most communi-
ties or even public schools (table 7) . Since in-
fluenza is spread from person to person, it is 
reasonable that more contact should mean more 
spread. Schools mix children from many families. 
Although intimacy of contact may be no greater 
in the school than in the home, multiplicity of 
contact is much greater, and the school must be 
ranked as the more effective "virus exchanger." 
Whether a change in the weather or the opening 
of schools "provokes" influenza virus to infec-
tivity through some mechanism other than crowd-
ing is unknown. 

Theoretic formulations regarding spread and 
provocation are presented in figure 3. At some 

10 

Weeks 
15 20 

FIG. 3. Theoretic mechanisms of the spread of influenza (see text for explanation). 
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interval-often as long as two to three months-
after the introduction of virus into a community 
or nation, an epidemic of Asian influenza oc-
curred. Virus was isolated from patients with 
typical illnesses as well as from individuals with 
milder infections. Prior to the epidemic, only a 
few sporadic infections were demonstrated in the 
community or only scattered focal epidemics were 
recognized in the nation. As more individuals or 
more communities were infected, the foci coa-
lesced and the epidemic threshold was exceeded. 
The epidemic flared and was over in eight weeks. 
Another postulation is that virus was dissemi-
nated after introduction, and existed in a 
"masked" form except for the occurrence of out-
breaks provoked by crowding (3). With virus 
widely seeded, some provocation, such as the 
opening of schools or fall in temperature, then 
triggered the epidemic. The available data sup-
port only the first formulation, but the epidemi-
ologic discrepancies make the second an intriguing 
possibility. 

Why did the spread of virus stop after only 50 
per cent of the population had been infected? 
Less than one-fourth of adults were attacked, 
and surely their daily contacts continued. Most 
likely, the epidemic stopped because three-
fourths of the school children had been infected, 
and the key group as far as both age and expo-
sure are concerned had been so depleted of sus-
ceptible members that effective contact no longer 
occurred. 

SUMMARY 

Asian influenza did, in truth, spread widely in 
a susceptible population. The most susceptible 
group proved to be the five- to nineteen-year-
olds, and the high attack rate in these children 
resulted from the complex interaction of a num-
ber of variables: nonspecific susceptibility, lack 
of protective antibodies, and contact in schools. 
The school appeared to be a much more impor-
tant site of virus dissemination than did the home. 
The long intervals between first and second cases 
in families, and the longer interval between first 
introductions of virus and epidemics in nations 
suggest that the possible seeding of "masked" 
virus prior to the appearance of clinical disease 
should be investigated the next time we have an 
opportunity to anticipate an epidemic. 
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GENERAL DISCUSSION 

DR. JoSEPH A. BELL (Bethesda, Maryland): Dr. 
Jordan has beautifully covered the mechanisms of 
spread of Asian influenza. 

I would like to compare the mechanisms of 
spread of Asian influenza as he described them with 
three previous outbreaks-two of type B and one 
of type A1 influenza-so as to consolidate the pic-
ture. First, it is very obvious that during epidemics 
the virus is spread from person to person and mani-
fests itself as an acute febrile illness. However, we 
find that we can also isolate the virus in type A and 
type B outbreaks from people who have only mild 
so-called common colds without fever. In addition, 
in a small proportion of cases, we have isolated in-
fluenza virus from people who have no illness what-
soever. Therefore, there must be carriers of the dis-
ease, which would help to explain, more or less, the 
data on the chart which Dr. Jordan showed about 
the endemic spread. 

With respect to the period of communicability of 
the case with Type A1 influenza, we have been able 
to isolate the virus two days before the onset of 
illness and for as long as nine days after the onset 
of illness. Thus, the period of communicability is 
much longer than we had previously thought. 

'vVith respect to the household spread, Dr. Jor-
dan showed a very long period of spread with 
Asian influenza. In the epidemics of 1952, 1953, 
and 1955, we found after studying some 400 virus-
positive households that 95 to 98 per cent of all 
subsequent cases from which we could isolate virus 
occurred within ten to twelve days after the first 
case. Of course, that is a long time for a highly 
infectious disease of short incubation period, but 
it is similar to the long period which Dr. Jordan 
describes for Asian influenza. 

In these prior epidemics we found that the sub-
sequent or secondary household attack rates de-
creased with age. Given an equal exposure, the 
preschool children had higher attack rates than the 
school children, which has not been shown (as far 
as I know) for the Asian influenza. This may be 
explained on the basis of lack of prior experience 
with Asian influenza, so that immunity was not 
noted in the older children. 

As reported by Dr. Armstrong for the 1920 out-
break in Kelly's Island and in our studies during 
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the epidemics of 1952, 1953, and 1955, and also 
during the Asian influenza outbreaks, it was found 
that school children were the ones most likely to 
introduce the infection into the household. With 
respect to age distribution, in these epidemics the 
attack rate was also found to be highest among the 
school children. 

With respect to season, the following data might 
clarify or confuse the picture. We observed two 
outbreaks of Asian influenza in an institution of 
about 250 children three to fifteen years of age. 
The first cases of Asian influenza occurred in early 
August, 1957, and the outbreak persisted for 37 
days, ending about the time school started. There 
was about 60 per cent turnover of children when 
the second outbreak of Asian influenza occurred in 
February, 1958, and lasted only one week. The 
children lived in seven separate cottages and dur-
ing the fall outbreaks were frequently mixed to-
gether on recreational field trips, et cetera; 
whereas, during the sharp winter outbreak there 
was far less intermingling between children of dif-
ferent cottages. 

During the fall outbreak, 70 per cent of the 
children were attacked, confirming a high degree 
of susceptibility, and yet Asian influenza spread 
very slowly from one cottage to another. During 
the sharp winter outbreak only 30 per cent were 
attacked. Of the children who were not residents 
in the Junior Village during the first outbreak-we 
don't know what experience they had had with 
influenza-39 per cent were attacked during the 
second outbreak. Only 11 per cent of the children 
who were in the Junior Village during the first out-
break and also during the second outbreak were 
attacked. This demonstrates what we think is 
natural immunity to the Asian strain and which 
lasted over this short period of time--five to six 
months. Why the slow spread of the infection in 
the fall of 1957 and the rapid spread during the 
winter of 1958? It was not due to the proportion 
of persons susceptible or to the opportunity for 
contact spread of infection; it must have been the 
effect of the season. Season might also account for 
slow spread of Asian influenza in households ob-
served during the fall outbreak in 1957. I wonder 
if anyone has data on the speed of household 
spread during the winter outbreak of Asian influ-
enza. 

DR. Ross L. McLEAN: Dr. Langmuir's opening 
remarks concerning the astonishing predictability 
of the epidemic behavior of influenza points up our 
complete inability to modify significantly the be-
havior of such a highly predictable epidemic dis-
ease. Although patterns of spread are well docu-
mented and transmission may be effected by more 
than one route, there is but little concrete evidence 
to say which mechanisms of transmission account 

for the observed patterns of spread during epidemic 
and pandemic periods. This discussion will be uti-
lized to present briefly some data which bear upon 
the question of air-borne transmission of influenza 
or, in other words, spread by means of infected drop-
let nuclei. 

This study was designed1 to demonstrate whether 
the disinfection of droplet nuclei would block the 
transmission of influenza to a susceptible popula-
tion during an epidemic period. The concept of 
"aerial isolation," as described by W. F. Wells, holds 
that the chief mode of transmission of air-borne 
infection is via droplet nuclei derived from the 
evaporation of aerosolized secretions from infected 
persons, and that the transmission of air-borne 
infection may be blocked by the disinfection of 
droplet nuclei." Ultraviolet radiation of the upper 
air of rooms has been shown to be effective in dis-
infecting droplet nuclei, but relatively ineffective 
against surface contaminants at lower levels.•·' 
Thus, if ultraviolet radiation of the upper air of 
rooms is associated with a significantly lower inci-
dence of influenza during an epidemic period, this 
effect may be related to the relative importance of 
air-borne mechanisms in the epidemic transmission 
of influenza. 

At the Veterans Administration Hospital in 
Livermore, California, an entire hospital building 
unit, housing approximately 150 tuberculous pa-
tients and patients with chronic pulmonary disease, 
was totally radiated (figure 4). Facilities for the to-
tal care of patients were provided to obviate any 
need for them to venture outside the radiated area. 
There remained, nonradiated, another 250 pul-
monary tuberculosis patients in various stages of 
disease and treatment. Samples of serum for anti-

1 The Advisory Committee which outlined the 
protocol was composed of Dr. Clifford Bachrach, 
Chief, Research Statistics Division, Veterans Ad-
ministration, Washington, D. C.; Mr. J. L. But-
talph, Consulting Engineer; Dr. Charles Chapple, 
Chief, Clinical Studies Division, Research and Edu-
cation, Veterans Administration, Washington, D. 
C.; Dr. Ross L. McLean, Director, Professional 
Services, Veterans Administration Hospital, Balti-
more, Maryland; Dr. Richard Riley, Consultant, 
Johns Hopkins University; and Dr. Joseph Stokes, 
Consultant, University of Pennsylvania, Philadel-
phia, Pennsylvania. 

2 WELLS, W. F.: Airborne Contagion and Air 
Hygiene, Harvard University Press, Cambridge, 
Massachvsetts, 1955, p. 321. 

• WELLS, W. F.: Airborne Contagion and Air 
Hygiene, Harvard University Press, Cambridge, 
Massachusetts, 1955, p. 171. 

4 BuTTOLPH, L. J.: Practical applications and 
sources of ultraviolet energy, chapter 2 in Radia-
tion Biology: Volume II. Ultraviolet and Related 
Radiations, McGraw Hill Book Co., New York, 
1955, p. 69. 
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VETERANS ADMINISTRATION HOSPITAL 

LIVERMORE, CALIFORNIA 

INFLUENZA PROJECT 

1957-1958 

FIG. 4. Illustrates the plan of the hospital grounds and depicts the area which was isolated 
from the rest of the hospital by radiant disinfection of the upper air of all rooms and corri-
dors. 

body studies were obtained from all hospital per-
sonnel and all patients at the end of July, 1957, in 
mid-November, 1957, and again in mid-March, 1958. 
Virtually none of the patients or personnel were 
vaccinated. 

That portion of the first phase of the 1957-1958 
epidemic period in which a sharp outbreak of acute 
respiratory illness occurred during the second and 
third weeks of October is outlined in table 8. Re-
sults of the mass serologic analysis, carried out at 
a later date, revealed that this was not Asian-strain 
influenza, although it was equally apparent that the 
A2 strain had appeared sporadically among both 
the radiated and the nonradiated patients. Nor was 
this one of the other recognized influenza viruses. 

In table 9 the events of the second phase of the 
1957-1958 epidemic period are depicted. After the 
October peak subsided, the serologic status of all 
groups under observation was redetermined by a 
second mass bleeding in the event that a "second 
wave" would occur. This "second wave" struck with 
explosive force during the second and third weeks 
of January. This was not only a severe, prostrating 
illness which broke out among the nonradiated pa-
tients, but it was unequivocally shown to be Asian-
strain disease by subsequent serologic analysis. The 
radiated patient population was completely spared. 

In table 10 all the serologic data for the entire 
period of the study are summarized without re-
spect to the presence or absence of clinical symp-
toms. The 2 per cent attack rate for the radiated 

TABLE 8 
NUMBER OF PATIENTS WITH AcUTE 

RESPIRATORY SYMPTOMS 

Phase 1, July 28, 1957-November 15, 1957 

Radiated N onradia ted 
Week of 

Influenza Other Influenza Other 
---

9/29 0 0 0 2 
10/6 1 3 1 8 
10/13 1 1 1 20 
10/20 0 1 0 20 
10/27 0 5 0 5 
11/3 0 0 0 4 
11/10 0 i 0 1 I 1 

patients contrasts sharply with the 19 per cent at-
tack rate for the nonradiated patients and the 18 
per cent attack rate for the hospital personnel. 
There would appear to have been virtually com-
plete protection or sparing of the radiated group. 

In considering the implications of these findings, 
we must admit that our critics are correct in point-
ing out that this study lacks the classical controls of 
identical populations of uniform susceptibility sub-
jected to identical exposure, with a protective in-
fluence being applied to one population as the sole 
variable. A reasonably uniform susceptibility to a 
new and antigenically distinct strain of virus has 
been assumed. The fact of exposure has been dem-
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TABLE 9 
NuMBER OF PATIENTS WITH AcuTE 

RESPIRATORY SYMPTOMS 

Phase 2, November 16, 1957-March 16, 1958 

Radiated N onradia ted 
Week of 

Influenza Other Influenza Other 

12/15 0 0 2 0 
12/22 0 1 1 5 
12/29 0 0 0 8 
1/5 0 2 7 4 
1/12 0 0 18 6 
1/19 0 0 10 4 
1/26 0 1 1 1 

TABLE 10 
SEROLOGIC DATA FOR ENTIRE PERJOD OF STUDY 

Patients: 
Radiated ..... . 
N onradiated .. 

Personnel. ..... . 

Initial 
Negative 

209 
396 
511 

Fourfold 
Rise 

4 
75 
92 

Per Cent 
Positive 

2 
19 
18 

onstrated by the appearance of the A2 strain among 
radiated patients, nonradiated patients, and hospi-
tal personnel. Roughly equal exposure of both 
radiated and nonradiated patients by personnel has 
been demonstrated, and the over-all attack rate for 
the nonradiated patients closely approximated that 
for the hospital personnel. 

In addition to these considerations, however, 
there was a unique form of control in effect--a form 
of control particularly applicable to the study of 
air-borne infection-namely, the disinfection of 
droplet nuclei in the air breathed by the radiated 
patients. This control was in continuous effect 
throughout the several months of the study, during 
which time these patients resided constantly within 
the radiated area. By contrast, the air breathed by 
the hospital personnel was not controlled, nor was 
that of the nonradiated patients. 

Hence, only one of the possible routes of infec-
tion to the radiated patients was intentionally 
blocked, namely, that of the infected droplet nu-
cleus, which is air-borne. All other usual routes 
remained open during the epidemic period of a pan-
demic due to a new virus. The surrounding com-
munity, the hospital personnel, and the nonradiated 
patients all suffered the usual epidemic experience. 
The radiated patient group alone remained vir-
tually free of infection, suggesting that an impor-
tant mechanism of transmission had been signifi-
cantly blocked during an epidemic period by the 
radiant disinfection of droplet nuclei. 

DR. ALTO E. FELLER (Charlottesville, Virginia): 
The problem of the mechanisms of spread of Asian 
influenza has been very lucidly presented by Dr. 
Jordan. It seems reasonable to accept as a basis for 
discussion that the Asian strain of virus appeared 
in one area of the world, presumably by a process 
of mutation from pre-existing strains. It then spread 
by established means of communication and ap-
parently by person-to-person contact to many areas 
of the world. As usual, the really perplexing prob-
lems arise when studies are focused on smaller units 
of the population, such as families, and when, in 
addition, laboratory data are available to follow 
the trail of the virus as it spreads about. 

Three problems emerge.for comment: 
(1) During the pre-seeding period, do we need 

to think in terms of "masked" virus? The data from 
the Cleveland family study show that more than 
half of the infections with Asian virus were buried 
in the mass of illnesses classified clinically as com-
mon respiratory disease, or were inapparent. In 
the absence of a large number of influenza-like ill-
nesses to attract our attention, the virus could well 
be buried in the morass of common respiratory dis-
eases and not masked at all. An: important problem 
for the future is an intensive search for infections in 
manageable populations during the pre-epidemic 
period. This will not be easy and will require real 
dedication. 

(2) The median interval of six or seven days be-
tween the index and all subsequent cases within 
the family is surprising. It may only mean, however, 
that we must accept what happens in nature. The 
concept of "effective exposure" may be a good one 
even though based largely on ignorance. Perhaps 
we have relied too much on the results of volunteer 
experiments which do not necessarily reflect what 
occurs in nature. 

(3) Finally, we must return to a study of innate 
or natural resistance in the host, since nearly half 
of the persons presumed susceptible did not become 
infected. Studies of circulating specific antibody 
have disclosed only part of the answer. Should we 
not return to studies of nasal secretions, respiratory 
mucosa, et cetera? In this area there is plenty of 
room for new ideas. 

DR. CLAYTON G. LooSLI: Dr. C. H. Andrewes and 
his associates have concerned themselves for many 
years with problems of epidemic influenza. I am 
going to ask him if he will please come forward and 
give us briefly his views concerning the mechanism 
of spread of this disease. Dr. Andrewes has had no 
previous warning of this request. 

DR. C. H. ANDREWES (London, England): Since 
Dr. Loosli, as he confesses, has rather sprung this 
on me, I have only two things I want to say. First 
of all, I think that the evidence that has been 
presented today supports what we have gathered 
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from all sources. This is that the experience with 
Asian influenza suggests very strongly that the 
epidemic showed a mixture of two things: a spread 
from person to person, plus an activation of seeded 
virus. 

Now, as regards the direct spread, I am not 
terribly impressed by the droplet nuclei. I have 
been wanting for a long while to try to find a good 
experimental model for studying the epidemiology 
of respiratory infections. For some time past, I 
have been studying with my colleague, Allison, 
Newcastle disease in day-old chicks. This particular 
strain is very lethii1 and very contagious and, in 
the circumstances in which we are working, it seems 
to produce a very definite respiratory infection. 
We find that Newcastle disease spreads very freely 
across or through a wire grid. If, however, you 
interpose between your infected and your normal 
chicks a solid barrier even five inches high, the in-
fection does not get across, suggesting to us that 
the infection is due to rather coarse air-borne par-
ticles. 

Furthermore when, instead of normal chicks, we 
place Petri dishes to collect virus on the other side 
of the grid from the infected chicks-we put anti-
microbials and things in these-we get an abundance 
of new virus in spite of the fact that a little saw-
dust is scattered into the dishes. We found that 
a few inches make a tremendous difference in the 
amount of virus which would settle out. Therefore, 
the fact remains that, in the spread of the actual 
infection which goes all the way around the world 
in no time, the question of a few inches may make 
a tremendous amount of difference. 

DR. JoNAS E. SALK( Pittsburgh, Pa.): Dr. Feller 
raised a question concerning the searches for epi-
demic viruses in inter-epidemic periods. I would 
like to say that in 1948 and 1949 we were somewhat 
rewarded in a search for such viruses in patients 
with pneumonia in spite of the fact that influenza 
was not occurring in the general population, as 
indicated by a lack of rise in the incidence of re-
spiratory disease. Patients with bacterial pneu-
monias not infrequently provided us with strains of 
virus of antigenic composition similar to those that 
occurred in the previous influenza season. 

I suggest this as a possible source of material. We 
wondered whether the coincidence of influenza 
virus and bacterial pneumonia was not the result 
of activation of influenza virus rather than of the 
bacterial pneumonia being a complication of the 
virus infection. The occurrence of antigenic varia-
tion resulting from mutation is, of course, an 
attractive hypothesis. At the time of the study to 
which I just referred, the possibility was considered 
but never proved that variants exist in a given 
population of influenza virus which occurs in the 
pharynx of an infected individual. 

As a result of the appearance of neutralizing anti-
bodies to the major antigenic component, the virus 
would be neutralized except for those variants that 
might possibly then exist for a period .of time in 
a "masked phase." I use this term with quotations 
in that the provocative influence of either a bac-
terial infection or some of the other influences that 
have been suggested might, in part, help explain 
the pattern of antigenic variation and provocation 
and also the possibility of simultaneous occurrence 
of influenza in different parts of the world due to 
somewhat similar antigenic varieties. 

DR. THOMAS FRANCis, JR.: I would like to point 
out that Dr. Salk's experience of being able to find 
influenza in cases of pneumonia in inter-epidemic 
periods has not been a uniform one. In fact, in 1940, 
Dr. Brightman, on the third medical division at 
Bellevue, tried for an entire year to find strains of 
viruses in patients with pneumonia who were being 
admitted, and failed till mid-December when an 
epidemic began in New York City. The same 
thing, I think, was largely true in Dr. Ward's ex-
perience at Johns Hopkins on the failure to find 
virus in the periods when influenza virus was not 
present; at least, he failed to find virus in pneu-
monia patients. I believe Stuart-Harris had certain 
observations that tended to agree with us, so that 
Dr. Salk's experience has not been a general one. 

DR. LoosLI: We were evaluating an adenovirus 
vaccine at the San Diego Naval Base when Asian 
influenza struck the recruit population. It spread 
most rapidly through the group. Within a period of 
three days the daily admissions from a population 
of 4,400 went from 35 to 220. Within three weeks ap-
proximately 80 per cent of the recruit population 
became infected. With the introduction of new 
recruits the admission rate for Asian influenza re-
mained elevated through the summer and fall 
months until the first of December. 

DR. BENJAMIN F. GuNDELFINGER (Washington, 
D. C.): We observed at Great Lakes-the Naval 
Training Center at Great Lakes-a somewhat dif-
ferent behavior of Asian influenza from that Dr. 
Loosli described at San Diego. We were able to 
isolate the Asian virus in early August, 1957, and 
were able to continue isolating it at regular inter-
vals thereafter. However, it was not until early 
October that the disease became epidemic, man-
ifestated by a sharp increase in admission rates 
similar to what Dr. Loosli just showed. 

During these several summer months the popu-
lation was continuously changing with respect to 
composition. The seventeen- to twenty-year-old 
male recruits were living under the same crowded 
conditions in barracks and classrooms, working 
together on the drill fields, and using swimming 
pools. As far as we could tell there was no differ-
ence in their environment and their activities be-
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tween the summer months of August and the fall 
of October. Nor was there any change in the sus-
ceptibility of the population as measured by cir-
culating antibody patterns on arrival into the pop-
ulation. However, during the epidemic period of 
October, the recruits were affected regardless of 
the length of time after entry into the population. 

Influenza is believed to be a highly communica-
ble disease with a short incubation period. Popu-
lations whose members live in close contact with 
each other are usually considered to present an 
ideal environment for epidemic influenza. The 
apparent failure of the disease to become epidemic 
shortly after its introduction into a susceptible 
crowded population suggests the existence of other 
factors affecting survival of the virus, its transmis-
sibility, or host susceptibility. 

DR. JosEPH W. CoacH (Washington, D. C.): 
With respect to our experience with Asian influenza 

at Fort Dix, particular emphasis was placed on the 
company as an epidemiologic unit. During the ex-
tensive outbreak of respiratory disease at this Army 
post, a large proportion of which was demonstrated 
to be caused by influenza A (Asian strain), epi-
demics occurred predominantly within training 
companies. It is believed that close association 
within companies favors the spread of the disease. 
When influenza was less extensive, epidemics of 
other respiratory disease became more apparent. 
Epidemics in cadre and support companies did not 
tend to aggregate sufficiently to become apparent 
as epidemics. Within any company, attack rates 
ranged from 5.1 to 35.9 per cent. The intense period 
of any one company epidemic lasted from one to six 
clays, except in outbreaks with more than one 
mode; then the entire epidemic within any com-
pany lasted from five to forty-two days. 


