
was based  on an an a ly s is  of course breakdowns 
subm itted by the field training cen ters and the 
philosophy and ob jectives of these  courses. The 
item s were se lec ted  by the American Public Health 
A ssociation and were reviewed by a committee of 
represen tative training officers. Items not consider
ed applicable were discarded and additional item s 
se lec ted  to conform to the em phasis of the course. 
Upon completion of the item analysis  by APHA, 
the committee of training officers will meet again 
to s e t up the two comparable forms of the te s t.

To d e t e r m i n e  the validity  of the te s t , one 
criterion to be u sed  is  the r a t i n g  by training 
o fficers of tra in e e s ’ knowledge in the various 
s u b j e c t  m atter areas covered by the training 
experience. Use of other c rite ria  such a s  tra in ees’ 
education and experience is  planned.

The te s t  should be ready to accompany courses 
beginning in January 1952. It is  hoped that the te s t 
can be used  to  determine the m ost effective train
ing m ethods employed in regional and S tate field 
training c e n t e r s  and to a s s is t  the S tates in 
m aintaining the level of instruction a t estab lished  
field  training cen ters.

READABILITY OF TRAINING MATERIALS

A program to determine the readability  of various 
training m ateria ls was in itia ted  in Ju ly  1950 with 
the a ss is ta n c e  of the Experim ental and Evaluation

B ranch, D ivision of H e a l t h  Education, U. S. 
Pub lic  Health Service. Although s o m e  of the 
m e t h o d s  used  were fairly  crude and frankly 
experim ental, the re su lts  point up certa in  factors 
which ind icate  the value of p re testing  training 
m ateria ls before they are published. Further study 
and experim ents in cooperation with the Experi
m ental and Evaluation B ranch are planned.

SUMMARY
The evaluation program has been mainly ex

perim ental. As ob jectives become more clearly 
defined, evaluation m e t h o d s  and devices are 
determined and s p e c i a l i s t s  called  upon for 
a ss is ta n c e  in their development. Some m easuring 
devices have proved effective; others are s till  
in the preliminary stage . It has been a slow pro
c e s s  a s  there h as  been little  precedent to follow 
so far as  the evaluation of field t r a i n i n g  is 
concerned. However, the b ases  on which the 
program is  being bu ilt appear to  be sound, and 
i t  is  believed that a usefu l program of evaluation 
w ill resu lt.

<7he 9 mfwtd&mm fí&lpisuatosHf 3>¿¿ea¿e¿ *

ALEXANDER D. LANGMUIB®*

In speaking to you, I propose to examine some 
of the general epidemiological principles that 
have led to our su ccessfu l control of many com
municable d isea ses . I shall attempt to analyze the 
prospects of substantial improvement in the con
trol of the respiratory d isea ses  that s t ill  plague

♦ P r e s e n te d  b e f o r e  j o i n t  M e d ic a l  a n d  P u b l i c  H e a l th  S e c t io n s ,  
A n n u a l  C o n f e r e n c e ,  N a t i o n a l  T u b e r c u l o s i s  A s s o c i a t i o n ,  
M ay 17 , 1 9 5 1 , C in c in n a t i ,  O h io .  P u b l i s h e d  in  t h e  T r a n s 
a c t i o n s ,  N a t i o n a l  T u b e r c u l o s i s  A s s o c i a t i o n ,  1 9 5 1 , a n d  in  
th e  O c to b e r  1951 i s s u e  o f  A m e r ic a n  R e v ie w  o f  T u b e r c u l o s i s .  

♦ ♦ E p id e m io lo g ic  S e r v i c e s ,  C D C .

u s. May I quote from the book, Plague on Us, by 
Mr. Geddes Smith:

“ Great and sm all, the respiratory infections are 
indubitably unfinished b u sin ess. These common 
ailments f orm a nosological jungle in which 
bacteria and viruses roam at w ill, despoiling  
the human race and defying both classification  
and control. Symptoms overlap and no one knows 
how many different d ise a se s  lurk behind them. 
For some of them the doctor can do little . The 
epidem iologist who hacks his way into this mess

13

Courtesy of the David J. Sencer CDC Museum



courts frustration . The s ta tis tic ia n  has to content 
him self w ith omnibus ca lcu la tio n s. The plain 
citizen  ta lk s  glibly of grippe or flu , gulps or 
sn iffs h is favorite panacea, and, without any 
clear notion of what is happening to him, hopes 
for the b e s t .”

Perhaps the title  of th is  paper should have been 
'Courting F rustration  in a N osological Ju n g le ,”  

or as you will hear, a more appropriate title  would 
be, “ The P o ss ib ilitie s  of E rad ica ting  Respiratory 
D ise a se s .”

In considering my broad su b jec t, I would like to 
s ta rt by challenging a w idely held b e lie f that has 
inh ib ited , and even frustrated , those of sis who 
have chosen the public health  profession. I refer 
to the proposition that the communicable d isea se s  
are now conquered and, therefore, need little  
further concerted effort.

Many of my good friends te ll  me I am w asting 
my efforts by working in a dying fie ld . They say  
that the future lie s  in the noninfectious, the met
abolic, and the chronic deb ilita ting  d is e a s e s  of 
older ages.

I challenge th is  proposition. While I wi’l not 
deny the importance of noninfectious d ise a se s ,
I m aintain tha t much rem ains to be done in the 
communicable d ise a se s . We heard from Dr. Dubes 
la s t night that he believes in further research  in 
microbiology. I need not argue to th is  audience 
tha t tubercu losis is  s t i l l  a problem in sp ite  of 
the p r e s e n t  s teep  downward curves of tuber
cu losis  m ortality. I firmly believe tha t in the field 
of the in fectious d is e a se s  there is  a happy hunting 
ground for major d iscoveries and contributions to 
the  welfare of mankind tha t for some time to come 
w ill equal, if not su rp ass , those to be made in the 
field of the degenerative d ise a se s .

“'lost of the infectious d ise a se s  may be c la s s 
ified into three broad groups a s  follow s: (1) the 
en teric  infections, (2) the arthropod-borne infec
tio n s, and (3) the respiratory  infections.

In Western c iv iliza tion , progress in the control 
of the firs t two of these  three groups of d ise a se s  
h a s  been im pressive. Re have practica lly  elimi
nated typhoid fever and the dy sen te rie s . Yellow 
fever and dengue are gone from th is  country and 
Northern Europe. Typhus and plague are now 
triv ia l problem s. Perhaps the most im pressive of 
a ll is  the story  of m alaria. T h is  d ise a se  w as 
heavily  endemic and seem ingly permanent in large 
areas of the South in the mid 1930’s , but now has 
disappeared a s  a naturally  spread d isease .

In contrast, our control of the respiratory  group

is  unim pressive. Smallpox is  our only to ta l suc
c e s s . We can take considerable pride in the record 
of diphtheria. We have only begun to apply our 
knowledge effectively  again st whooping cough. 
The seriousness of the strep tococcal infections, 
bacteria l pneumonia, m eningitis, and the bacterial 
com plications of m easles and influenza has been 
m aterially reduced by the specific  antim icrobial 
therap ies; but the beginning is  yet to be made 
in their effective control or elim ination. P olio
m yelitis, infectious h ep a titis , mumps, chickenpox, 
the common cold, and that group often termed the 
6“undifferentiated respiratory d is e a s e s ”  continue 
amongst us unabated. “ Indubitably ,”  to quote Mr. 
Smith again , “ the respiratory  d ise a se s  are un
fin ished b u s in e ss .”

Why have we been so  successfu l with the enteric 
and arthropod-borne d ise a se s  and yet have so 
largely ailed  with the respiratory  infections? The 
answ er is  clear. The former two groups of infec
tions depend for their survival either on gross 
feca l contamination of the environment, or on the 
close  associa tion  of in sec ts  or ra ts  with the hu
man population. T hese b asic  conditions for sur
v ival have been elim inated both by conscious 
public health  effort and as a beneficient conco- 
comitant of an advancing standard of living.

The reasons for our failure with the respiratory 
d ise a se s  are equally  understandable. T hese infec
tions depend for their survival on d irect person- 
to-person transm ission which cannot read ily  be 
attacked  by the broad community approach of en
vironmental san ita tion . In the few respiratory  d is
e a s e s  which we have su ccessfu lly  controlled, we 
have depended on immunization. While all of us, 
even health officers, have a personal aversion to 
need les, I believe tha t the principle of immuni
zation provides the most promising b as is  for future 
advance.

What are the prospects?  1 believe they are very 
rea l. L et us first apply what we now know. There 
is  little  excuse for m ost of the 9,600 reported 
c a se s  and 634 deaths from diphtheria in 1948, 
(the la s t year for which national m ortality figures 
are available), nor for the 74,000 reported ca se s  
and 1,100 deaths from whooping cough. T hese 
could be m aterially reduced and possib ly  elim i
nated by the effective application of ex isting  
knowledge. his problem is  e ssen tia lly  one of 
health  education of the m edical and public health 
profession and of the general public. The National 
Tuberculosis A ssociation has a long and b rillian t 
record in these  techniques.
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Next, le t us look a t other respiratory  d ise a se s  
for which a generally accepted immunizing agent 
i s  not now availab le . The v iru ses  of influenza 
and mumps can Le grown in the embryonated hen 
egg. T h is means that antigen can be made avail
able in alm ost lim itless q uan tities. T hus, the 
major stumbling block to the preparation of a 
vaccine has been removed. While I do not wish 
to  minimize the s t i l l  su b stan tia l developm ental 
problems rem aining to be solved before a practi
cab le , sa fe , and effective immunising agent for 
generalized  use among the population can be avail“ 
ab le for th ese  two d i s e a s e s ,  it  seem s wholly 
reasonable that th is  objective can be achieved for 
both in the near future. The iso la tio n s of the vir
u se s  of m easles, in fectious h ep a titis , and the 
common cold have been reported® T his means the 
firs t step  toward developm ent of vacc ines has 
been taken, but whether adequate amounts of anti
gen can be produced s t i l l  is problem atic.

A recen t development announced by Dr. Jonas 
Salk in A tlantic City ju s t 2 w eeks ago has d irect 
bearing on our problem of immunization. In tny 
judgment it constitu tes a very major advance in 
th is  fie ld . By sta rting  with the pioneer work o> 
Dr. Ju les  Freund, who opened up the field of the 
use of adjuvants to enhance antibody response, 
Dr. Salk h as  found th a t by se lec tin g  a simple 
mineral oil of low v isco s ity , and the right deter
gent or em ulsifying agent, he can obtain, in both 
monkeys and man, high and susta ined  influenza 
antibody tite rs  with but a single in jection . Further
more, the m aterial is e sse n tia lly  reaction  free 
and the to ta l antigen required is  fractional com
pared with the amount formerly used in influènza 
vaccines.

T h is  discovery means that many other stumbling 
b locks to the control of respiratory  d ise a se s  have 
been removed. One of these  is  tha t the sm all 
amount of antigen required ind ica tes that multi
ple types and substra ins of influenza v iru ses may 
be included in one inoculation, thereby giving 
a much broader antibody response than has been 
atta inable  heretofore. While s t i l l  new and different 
antigenic stra in s of influenza virus may appear in 
the population, it would seem  that we are much 

* nearer to the d e v e l o p m e n t  of a p rac tica l in
fluenza vaccine than we were prior to Dr. Salk s 
development.

A lso, th is  work quite adequately d isposes of 
two commonly accepted fa llac ies .

The first fallacy  is: that we cannot expect to 
achieve by a rtific ia l means a greater immunity

than is  created by naturally  acquired infection.
He has clearly  produced antibody responses 

th a t regularly exceed the natural response in 
influenza. While 1 freely admit tha t the tite r of 
antibody in the c irculating blood may not be a 
d irec t measure of immunity, there is  certainly an 
estab lish ed  relation  in influenza and in a number 
of other infectious d is e a s e s . I believe tha t we 
can look to the future field  tria ls  with the new 
influenza vaccines with considerable enthusiasm .

The second fallacy  is : tha t to  achieve sub
s ta n tia l immunity, two or more properly spaced 
doses of immunizing agent are n e c e ssa ry , the 
first, to condition the virgin suscep tib le  to an 
in itia l r e s p o n s e ,  and the se c o n d ,to  ac t as a 
booster dose to bring out the reca ll phenomenon 
and lead to higher and more susta ined  tite rs .

With Dr. Salk’s  preparation, antibody responses 
to  a single dose  r e g u l a r l y  exceed the tite rs  
achieved after multiple d o ses  of sa lin e  prepared 
vaccine.

Not only does th is  discovery lend solid prospect 
to great sim plification of ex isting  immunizing pro
cedures for a variety  of agen ts , but a lso  offers 
rea l hope of achieving useful and effective vac
c in es for new agents tha t now are in trin sica lly  
weaker antigens or more d ifficu lt to prepare in 
adequate concentrations. It may w ell be possib le  
to give a wide variety  of antigens in one dose. 
We should begin to think seriously  in term s of 
a dozen or more an tigens in one reaction-free 
dose. T h is , veritably , would be a magic bullet.

May I draw the conclusion tha t the prospects 
for major advances in the future control of re sp i
ratory d ise a se s  are bright; but we s t i l l  have a 
long way to  go, both in applying what we now 
know and in making new d iscoveries.

What is  the theore tica l lim it we can shoot for? 
I think th is  lim it is  c lea r but to d is c u s s  th is  I 
must challenge another commonly held belief, even 
a fe tish  in many c irc le s . It is  the proposition that 
eradication  of an infections d isease  is  not an 
a tta inable  or p rac tica l goal. If one w ill accept 
Dr. Ju stin  M. Andrews’ definition of the concept, 
namely area-eradication or the elim ination of the 
natural spread of the d ise a se  in a large contiguous 
a rea , such a s  the United S ta tes, I m aintain tuat 
eradication  is  a reasonable and a tta inab le  ob jec
tive for a number of d is e a se s . It w as achieved 
for yellow  fever and dengue decades ago, and 
within the p ast decade even for m alaria.

In the past 5 years the Communicable D isease  
C enter has made an in tensive search  for evidence
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of the occurrence of m osquito-transm itted m alaria 
in th is country. While a sm all number of single 
verified c a se s  has been uncovered, they have 
alm ost a ll been evident re la p se s , introduced 
c a se s , or transfusion m alarias. A very few are 
unexplained but not a sing le instance of two or 
more c a se s  occurring in epidem iological relation
ship has been discovered. T h is constitu tes area- 
eradication  as Dr. Andrews defines it.

T hese a c h i e v e m e n t s  are not lim ited to the 
arthropod-borne in fec tions. Since 1948, le ss  than 
100 c a se s  of sm allpox have been reported each 
year from the entire Nation. T hese few c a se s  are 
not concentrated along the Mexican border or in 
the port c itie s  where occasional introductions may 
w ell occur; and, therefore, it is  a reasonable ep i
dem iological conclusion that they are erroneous 
d iagnoses. The la s t outbreak of sm allpox in th is  
country, that I have been able to find, occurred 
along the Mexican border in 1949. While to the 
p u ris ts  we cannot claim eradication, we a ll know 
th a t for a ll p r a c t i c a l  purposes th is  has been 
achieved.

I maintain tha t to argue, a s  some do, that no 
infection can be considered a s  eradicated  from 
an area because it may be acciden tally  introduced 
from outside, shrouds the sign ifican t fact that the 
d ise a se  has been su ccessfu lly  elim inated. T h is 
rigid sem antic position  inhibits us from declaring 
our logical ob jectives and m akes us com plaisant 
with partia l su ccess .

L et us examine the epidem iological b as is  for 
the d isappearance of sm allpox. T h is  leads to the 
su b jec t of Epidemic Theory developed firs t by 
Farr, Hamer, Brownlee, and Soper in England and 
extended in th is  country, by F ro st, R eed, and 
Wilson. It is  axiomatic tha t, for the survival of 
any d isease  which is  caused by an obligate para
s ite  of man, one infected individual must give rise  
on the average to  one new infected individual. 
T h is  ratio , of course, may vary. If a t one partic
u lar time the circum stances are such that one case 
g ives rise  to more than one case in the next gen
eration, the incidence r is e s . As the epidemic 
p rogresses, however, recovered c a se s  become 
immune and the su scep tib les  become depleted 
to the point where new cases  no longer give rise  
to an equal n u m b e r  of s u b s e q u e n t  cases . 
Then, the incidence fa lls  and the epidemic sub
s id e s . For respiratory d ise a se s  such as m easles, 
influenza, and many o thers, the epidemic termi
na tes long before the su scep tib les  are exhausted. 
Another epidemic does not recur until the suscep ti-

b les are replenished by the addition of newborn 
individuals a s  in m easles, or by waning immunity 
a s  in influenza.

The agents of th is  group of d ise a se s  may be 
said  to have achieved a su ccessfu l biological 
balance with the human race . Their incidence 
fluctuates over short-tim e in tervals; but, averaged 
over longer time spans, it  has been remarkably 
stab le .

The epidemic th eo ris ts  have written a simple 
equation that accounts for th is  waxing and waning 
of incidence of such d ise a se s  a s  m easles. The 
incidence rate may be expressed as a function of 
only two factors: (1) the proportion of su scep ti
b les  in the population, (2) the contact ra te .

The former is  a simple concept that can be 
measured in a t le a s t approximate terms for several 
d ise a se s . The la tte r is  a composite of many vari
ab les including th e  ease  of transm ission of the 
particular infection from person to person and the 
frequency with which people come in contact with 
each other in a given time period. T hus, the con
ta c t rate is  a s ta tis t ic a l parameter determined by 
the biological ch a rac teris tic s  of the host parasite  
re la tionsh ip  and the standard of living. For d is 
e a se s  such a s  m easles and mumps, in which the 
h o s t-p a ra s ite  re la tionsh ip  has been stab le  for 
cen tu ries, the important factor determ ining the 
incidence rate is  the proportion of su scep tib les 
in the population.

For each contagious d isease  there is  a certain 
threshold of su scep tib les  which, if it is  exceeded, 
leads to the occurrence of a ris in g  incidence, or 
an epidemic; and in converse, if the proportion of 
su scep tib les  is le s s  than the threshold, no epi
dem ics can occur. The characteristic  2- to 3-year 
periodicity of m easles, which occurs so  regularly 
in many of our c itie s , can be adequately accounted 
for essen tia lly  in these  simple terms.

On the basis  of th is  theory, the eradication of 
respiratory d isease  follow s logically . All that is  
necessary  is to maintain the threshold by a rtific ia l 
m eans, such a s  immunization, w ell below that 
which is  n ecessary  for one case  to give rise  to 
one subsequent ca se . If th is reduction in su scep ti
b les is  m aintained effectively  and generally over 
a large area, such as a whole N ation, and partic
ularly in pockets of the population where the con
ta c t ra te  is  e spec ia lly  high, the d isea se  must 
stead ily  and progressively  d isappear. With a 
truly effective program of immunization, th is  d is 
appearance should be rapid, a matter of only a 
few years.
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It should be em phasized that the conditions nec
essary  for the disappearance of such an infection 
do not, by any m eans, require tha t the to ta l pop
ulation be immunized. Probably a 50 percent re
duction in the proportion of su scep tib le s , if w ell 
d istribu ted , would be sufficient.

T his is  exactly  what has happened with sm all
pox. Although 150 years have now passed  since 
Jenner’s discovery , we substan tia lly  achieved 
th is  goal many years ago. We have reached the 
goal in sp ite  of the fact that vaccination is  by 
no means universal and the immunity conferred 
by vaccination is  neither absolute nor permanent. 
V accination is  a sufficien tly  w idespread p ractice , 
particu larly  as a requirem ent for adm ission to 
sch o o ls , to  maintain the threshold of su scep ti
bility  to the d isea se  a t the leve l where the d is
ease  was forced to d i s a p p e a r  as an endemic 
infection.

Two additional factors are important in th is  
achievem ent. The firs t is the rigidly enforced 
requirem ent th a t a ll travelers, both immigrants 
and to u ris ts , must have a recen t successfu l vacci
nation before entering the country. T his m aterially 
reduces the chance of introduction of the d isea se . 
The second factor is  the popular clamor and de
mand for vaccination whenever a case of smallpox 
is  reported. The primary factor, however, is  the 
routine vaccination of our school children which 
keeps the threshold a t a sa fe , low level. If we 
fail to maintain th is p rac tice , we expose ourselves 
to danger.

I believe these  p rincip les are epidem iologically 
sound and generally applicable to any acute infec
tious d isea se  caused by an obligate parasite  of 
the human race , and for which acquired immunity 
is  the factor controlling incidence. They certainly 
apply to m easles, mumps, and chickenpox, where 
a high proportion of the to ta l infections are c lin i
cal c ases  and immunity is  long lasting . I can see 
no theoretical reason  why they should not apply 
to d ise a se s  such a s  diphtheria, whooping cough,

and poliom yelitis where a higher proportion of in
fections are ¡»apparent. The strep tococcal, pneu- 
m onococcal, and m eningococcal in fections, and 
influenza, p resen t sp ec ia l problems because of 
the m ultiplicity of i m m u n o l o g i c a l l y  d is tin c t 
types. T hese may ra ise  p rac tica l problems in 
the development of specific  vaccines but not 
basic  theore tica l objections of an epidem iological 
nature. The basic  requirem ent is  an effective im
munizing agent.

¿n summary, then, the necessary  conditions for 
the area-eradication of the common respiratory  
contagious d ise a se s  are:

(1) The reduction of the threshold of su scep ti
b le s  to a level where one case  gives r is e , on 
the average, to le s s  than one case  in the next 
generation. T h is im plies rather w idespread and 
continuing p rac tice  of immunization and the 
availab ility  of a sa fe , effective, and p rac tica l 
immunizing agent. It does not imply universal 
immunity.
(2) The m aintenance of effective requirem ents 
of immunization of immigrants and to u ris ts  
entering the country to prevent introduction of 
the d isea se .
(3) A constan t and v ig ilan t epidem iological 
su rveillance, supported by an informed and 
cooperative public to stam p out by intensified  
immunization any acciden tal introduction that 
may occur.
The respiratory d ise a se s  are unfinished busi

n ess . E tio log ica l d isco v erie s , particularly  the 
cultivation of specific  agents in the chick embryo, 
and the sim plification and enhancem ent of immu
nizing procedures, give promise of new achieve
ments in the near future. The area-eradication 
of respiratory d ise a se s  is  the ultim ate goal which 
should be theoretically  a tta inab le  for a number 
of respiratory  in fections. When th is  is  achieved 
the noninfectious, chronic, deb ilita ting  d ise a se s  
w ill ju stly  command the primary atten tion  of the 
epidem iologists.
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