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SPECIAL REPORT OF THE D EPARTM EN T OF 
PUBLIC HEALTH RELATIVE TO THE CAUSE 
AND THE ERADICATION  THEREOF OF 
POLIOM YELITIS IN THE COMM ONW EALTH.

N ovember 27, 1940.

To the General Court of Massachusetts.

In accordance with the authority delegated to it, the 
Department of Public Health has studied and investi
gated the eradication and control of infantile paralysis 
as provided by chapter 93 of the Resolves of 1946. This 
resolve is as follows:

Resolved, That the department of public health is hereby author
ized and directed to investigate and study the causes of the cases of 
poliomyelitis, commonly called infantile paralysis, in the common
wealth and the effective methods of the ending of such causes and the 
eradication of said disease, in order to protect the health of the people 
of the commonwealth. In making such investigation and study said 
department shall have all the powers granted to it by chapter one 
hundred and eleven of the General Laws. For the purpose of carry
ing out the provisions of this resolve, there may be expended by the 
department for expenses and clerical and other assistance such sums, 
not exceeding, in the aggregate, five thousand dollars, as may hereafter 
be appropriated therefor. Said department shall report to the gen
eral court the results of its investigation and study, and its recommen
dations, if any, together with drafts of legislation necessary to cam ' 
such recommendations into effect, by filing the same with the clerk of 
the senate on or before the first day of December in the current year.

This resolve was passed as the result of a bill intro
duced by Senator Michael H. Condron of Pittsfield,
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Massachusetts. A sum of $5,000 was appropriated by 
the Legislature to defray the cost of this study. How
ever, since existing laboratory facilities in Massachusetts 
were not found to be adequate to perform virus isolations 
and other tests required by one project included jin the 
study, it became necessary to enlist the assistance of the 
National Foundation for Infantile Paralysis.

Through the aid of this organization, the laboratory 
facilities of the Department of Preventive Medicine, 
Yale Medical School, were made available for this special 
study. It is estimated that the expense involved in this 
one project, which was borne for the most part by the 
Foundation, exceeded considerably the total appropria
tion made by the State Legislature.

The following persons, who are recognized authorities 
in the general field of communicable disease control and 
in the specific disease, infantile paralysis, contributed a 
great deal to the study by assisting and advising the 
director of the study and other members associated with 
it. These persons are as follows:
Dr. Edwin H. Place, Physician-in-Chief, South Department, Boston 

City Hospital.
Dr. John E. Gordon, Professor of Epidemiology, Harvard School of 

Public Health.
Dr. W. Lloyd Aycock, Associate Professor of Preventive Medicine 

and Hygiene, Harvard Medical School.
Dr. John R. Paul, Head of the Department of Preventive Medicine, 

Yale Medical School.
Dr. Joseph L. Melnick, Department of Preventive Medicine, Yale 

Medical School.
Dr. Hart E. Van Riper, Medical Director, National Foundation for 

Infantile Paralysis.

Although large amounts of money are being expended 
by the National Foundation for Infantile Paralysis and 
many universities and private foundations are engaged 
in the study of this disease, it became evident that a 
State agency, like the State Health Department, could 
make valuable contributions to the investigation of this 
disease. To the Massachusetts Department of Public 
Health come reports of cases which occur both endemi-
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cally and epidemically. For this reason the Health 
Department has an excellent opportunity to make field 
investigations concerning this disease. Unfortunately 
laboratory facilities are not often available to complete 
these studies and to derive the greatest amount of benefit 
from them.

For this purpose it would appear that the availability 
to the Massachusetts Department of Public Health of 
personnel to perform field investigations concerning 
infantile paralysis or for that matter other virus diseases 
would be highly desirable. In addition laboratory aid 
in the investigation of virus infections would be of con
siderable value to the Department in carrying on investi
gations and research on epidemic's. The Department is 
planning, therefore, to apply for a grant from the National 
Foundation for Infantile Paralysis to provide field per
sonnel and additional laboratory technicians for the 
specific purpose of doing further research on infantile 
paralysis and other virus infections. The Department of 
Bacteriology at the Harvard Medical School has just re
ceived a grant from this agency for the purpose of ex
panding existing facilities for research on virus diseases. 
It is anticipated that the proposed project of the Massa
chusetts Department of Public Health would be closely 
co-ordinated with the work being carried on in the Depart
ment of Bacteriology at the Harvard Medical School.

Study of the medical literature was instituted to compile 
as much information as possible concerning the virus of 
infantile paralysis. Particular attention was paid to the 
various types of virus and to the possible methods by 
which infection is transmitted. One project included in 
the study consisted of an attempt to isolate the virus of 
infantile paralysis from the Merrimack River. This 
project was undertaken primarily because residents of 
Lawrence utilize the Merrimack River as a water supply. 
Four samples of water were obtained from the river and 
after concentration to a suitable volume a portion of 
each was injected into monkeys.

Another special project was the investigation of an
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unusual outbreak in a Boy Scout Camp on October 
Mountain in the town of Washington. The investigation 
included a detailed epidemiological investigation, in 
addition to laboratory studies which were carried out in 
conjunction with the Department of Preventive Medicine 
of the Yale Medical School. It is expected that when 
the study is completed, valuable information will be 
acquired concerning the spread of the virus among persons 
in close contact wit h cases of infantile paralysis. Informa
tion was sought concerning the possible transmission of 
the virus to the family contacts of persons exposed to a 
source of infection outside of the home. Because ol 
technical difficulties involved in the passage of the virus 
of infantile paralysis through successive series of monkeys, 
the results of this and the above-mentioned project are 
not yet available.

A detailed statistical summary of the occurrence of 
infantile paralysis in Massachusetts was carried out. 
This part of the work was done in conjunction with the 
Department of Preventive Medicine of the Harvard 
Medical School.

In conclusion, it is appropriate to point out the various 
programs which the Massachusetts Department of Public 
Health is now carrying on in connection with infantile 
paralysis. Several years ago consultation service for the 
diagnosis of infantile paralysis cases was. made available 
to physicians writhin the Commonwealth. During the last 
two years the fees of these consultants have been paid by 
the County Chapters of the National Foundation for In
fantile Paralysis. Care has been given to many children 
paralyzed as a result of this disease under the Services for 
Crippled Children program of the Department . This care 
is paid for by local chapters of the National Foundation 
for Infantile Paralysis and is under the supervision of 
Department personnel.

In 1936, the Massachusetts Legislature authorized the 
admission of children convalescent from poliomyelitis to 
the Lakeville State Sanatorium for orthopedic treatment, 
supplemented with physiotherapy and occupational ther
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apy. During the past years an average of 63 children per 
year with infantile paralysis have been treated at Lake
ville by the Department of Public Health. During the 
current year, when State funds were not provided, the 
National Foundation for Infantile Paralysis furnished the 
salaries of six members of the Lakeville staff whose time 
is devoted entirely to the care of children with poliomye
litis. At the present time local branches of the National 
Foundation are paying for the care of seventeen of the in
fantile paralysis patients hospitalized at Lakeville.

On account of the vital role of occupational therapy in 
the recovery of muscle function after infantile paralysis, 
the National Foundation has recently offered Lakeville 
Sanatorium the services of three additional occupational 
therapists to conduct a demonstration of the possibilities 
of occupational therapy in recovery from poliomyelitis.

Finally it should be pointed out that several other dis
eases which commonly affect children, such as scarlet fever 
and rheumatic fever, are responsible for a great deal more 
crippling and for as many fatalities as is infantile paralysis. 
Nevertheless, the latter disease has always aroused a great 
deal of panic on the part of the public. The Department 
is attempting to combat this hysteria through its expand
ing program of health education, especially through the 
preparation of material by the Division of Communicable 
Diseases and the Bureau of Health Information of the 
Division of Public Health Administration. Constant at
tention is being given to any new developments which may 
in the future offer a means of preventing this disease or 
making treatment more efficient.

Study of Poliomyelitis Account No. 2001-24.
[December 1, 1946.1

A p p r o p r i a t i o n .................................................................-So,000 00
Less expenditures through November 30, 1946 . . 2,796 84

Cash b a la n ce ................................................................................ 82,203 16
Less encumbrances (see page 6 ) ..................................  450 79

Unencumbered balance................................ ........ . . 81,752 37
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Outstanding Encumbrances, Study of Poliomyelitis, Account So.
2001-24.

[December 1, 1946.1

1)37845 Secretary of the Commonwealth, Archives Divi
sion, for photostatic copies of maps . . $29 50

D37S43 Consultant services:
W. Lloyd A y co ck .....................................$50 00
John E. G o r d o n ................................  50 00
Robert Horton . 70 92
Lewis H. L a r s e n ....................................... 10 00
J. Pervis M i l n o r ..................................... 122 14

303 001
1)19053 Graduate School of Engineering, Harvard Uni

versity, board of monkeys, October and No
vember ................................................................. 108 001

D37844 Alice H. Northrop, miscellaneous supplies . 7 02 1
D37846 E. F. Mahady Company, laboratory supplies . 3 211

# $450 79
Respectfully submitted,

YLADO A. GETTING,
Commissioner.

W ILLIAM  H. GRIFFIN, 
GORDON HUTCHINS, 
FRANCIS H. RALLY, 
RICH ARD  M. SMITH,
JAMES L. TIGHE,
CHARLES F. W ILINSKY,

Members, Public Health Council.

1 Bills received, to be scheduled for payment.
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REPORT OF THE DIRECTOR OF THE POLIO
M YELITIS STUDY RELATIVE TO THE 
CAUSE AND THE ERADICATION  THEREOF 
OF POLIOM YELITIS IN THE COMMON
WEALTH. ____________

N ovember 21, 1946.

To Dr. Ylado A. Getting, Commissioner of Public Health.

Dear Sir : —  Herewith is submitted a report of the 
investigations made by the Director of the Poliomyelitis 
Study and by members of the Division of Communicable 
Diseases at your direction, in co-operation with such 
organizations as the National Foundation for Infantile 
Paralysis, the Harvard Medical School, the Harvard 
School of Public Health, Department of Preventive Medi
cine, Yale University, and with others, as authorized 
under the provisions of chapter 93 of the Resolves of 
1946 relative to the cause and the eradication of polio
myelitis. The study will be reported under the following 
categories:

1. Statistical Studies on Infantile Paralysis in Massa
chusetts.

2. Virus of Infantile Paralysis.
3. The Transmission of Infantile Paralysis.
4. October Mountain Outbreak of Infantile Paralysis.
5. Attempts to Isolate the Virus from the Merrimack 

River.

Statistical Studies on Infantile Paralysis in 
M assachusetts.

Introduction.

Several studies have been made of the reported data 
on poliomyelitis available in the records of the Massa
chusetts State Department of Health. The earlier
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studies made between 1907 and 1912 are included in the 
reports of the Department for those years. In 1930 
Forsbeck and Luther made a comprehensive investiga
tion of the records available at that time. Some of the 
tables and graphs presented in their work were brought 
up to date in 1932 and published in the report of the 
International Commission for the Study of Infantile 
Paralysis. In 1944 a study of the reporting of the disease 
in this State was published by Nelson and Ay cock; this 
work was based on the records of the Harvard Infantile 
Paralysis Commission as well as on those of the Depart
ment of Public Health.

These investigations have furnished adequate studies 
of reporting morbidity, mortality and fatality rates, and 
the relationship of sex and age to infection in this State. 
The present investigation has, accordingly, been devoted 
to those phases of the disease that are less well under
stood.

Members of the Department of Public Health were 
assisted in this investigation by Dr. W. Lloyd Aycock 
of the Department of Preventive Medicine, Harvard 
Medical School, and Miss Jane Worcester of the Depart
ment of Statistics, Harvard School of Public Health. 
Dr. Aycock also furnished the population projection 
map of the State which was used for the study on geo
graphic behavior.

Seasonal Distribution of Cases.

In 1930 when Forsbeck and Luther made their in
vestigation they noted that there was some evidence that 
poliomyelitis might be occurring later in the year than 
previously. Addition of the data for the years since that 
time shows that this was a temporary phenomenon and 
that there has been no change in the 39 years since 1907. 
On the average the largest number of cases in any one 
month are reported in September. August and October 
occasionally have the largest number, and more rarely 
July.
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Non-paralytic Cases.
No study has previously been made of the nonparalytic 

cases of poliomyelitis in this State. The early reports of 
the Board of Health1 on this disease state or infer that 
less than 1 per cent of the total cases reported were un- 
paralyzed. This apparently was the case until about 
1920. The large eastern epidemic which occurred in 
1916 stimulated much interest in the disease among 
physicians. One of the new facts about the disease 
which gradually became well known, was the large num
ber of illnesses caused by this infection which did not 
result in paralysis. As this knowledge spread it caused 
the reporting of more and more cases without paralysis. 
Unfortunately we have no record of the exact number of 
nonparalytic cases reported during these years in Massa
chusetts. A few figures for New York which are avail
able at the Harvard School of Public Health, indicate 
that 10 per cent of the cases reported in 1922 were non- 
paralytic, and about 35 per cent of the cases in 1931 
were nonparalytic.

Study of incomplete figures for Massachusetts during 
1931 has demonstrated that about 35 per cent of the cases 
are nonparalytic. We have, then, an increase in the 
reporting of such cases from less than 1 per cent in 1916 
to over 35 per cent in 1935; most of this change occurred 
between 1920 and 1930.

Accurate information on nonparalytic cases is available 
for the State from 1935 to 1945, a period of eleven years. 
During this period the average proportion of these cases 
has been about 37 per cent of the total, with small varia
tions above and below this figure from year to year. 
There has been no tendency for this proportion to increase 
in the eleven-year period, and there has probably been 
little increase since 1930. These nonparalyzed cases are 
very similar to the paralyzed cases in their geographic, 
seasonal and sex distribution, but are very different in 
their age distribution. The paralyzed cases are most

1 The Massachusetts Department of Public Health was known as the Hoard of Health at 
the time of these reports.
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frequent in the age group under five years, next most 
frequent between five and nine years and least numerous 
in the age group ten to fourteen. The nonparalyzed 
cases, on the other hand, are most frequent from five to 
nine years, next from ten to fourteen and are most infre
quent under five years of age. These facts have been 
found to be of importance in studying the age distribution 
of the disease, as will be seen in the next section.

Age Distribution.

It has been noted by Forsbeck and Luther for Massa
chusetts, and by other authors for various states and for 
the country as a whole, that the proportion of cases of 
poliomyelitis in children under five years of age has been 
steadily decreasing since about 1920. No explanation 
for this change has been found, and it has consequently 
remained as one of the many unsolved problems associated 
with this disease.

Due to the declining birth rate, the proportion of the 
total population of the State which is under five years of 
age has decreased in recent years; but the decrease in 
poliomyelitis in children under five years has been much 
greater, and can only be partially explained by this 
means. In 1900, 1910 and 1920 children under five 
made up 10 per cent of the population; by 1940 this had 
decreased to 6.5 per cent, a decrease of one third. In 
1910 and 1920 about 57 per cent of the cases of polio- 
rnyolitis were in children under five, whereas in 1940 
only 20 per cent of the cases were in this age group, a 
drop of nearly two thirds. If the change in the popula
tion is related mathematically to that in the poliomyelitis 
it can be seen that the two changes parallel each other 
between 1930 and 1940; but between 1920 and 1930 the 
change in poliomyelitis is much greater than that in the 
population. It is apparent then that the decrease in the 
proportion of poliomyelitis in children under five years is 
partially due to changes in the population in the period 
between 1920 and 1930, and entirely due to this factor 
in the period between 1930 and 1940. There must be
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another factor, or factors, which will explain the remainder 
of the decrease between 1920 and 1930.

In the previous section it was noted that the major 
part of the change in the reporting of nonparalytic cases 
occurred between 1920 and 1930; and that these cases 
were far less frequent under the age of five than were the 
paralyzed cases. The gradual increase in these cases to 
over one third of the total, and the fact that they included 
fewer cases under five years, would tend to decrease 
gradually the proportion of cases under five in the total. 
These two factors, which have apparently caused the 
change in age distribution, can be eliminated mathe
matically by the use of a ratio between the rate of infec
tion of the whole population and that for the population 
under five years, and including only the paralyzed cases. 
If the reasons which we have given for the change are 
correct, the ratios for 1935 and 1940 (after subtracting 
the nonparalyzed cases) should nearly equal the ratios 
for 1910 and 1920, during which years an insignificant 
number of nonparalyzed cases was reported. These 
ratios have been computed and in all four instances it is 
shown that there were five or more cases under the age 
of five years for each case in the total population. This 
effectively demonstrates that there has been no real 
decrease in the proportion of cases under five years of age. 
Instead we have an apparent decrease which has been 
due to a changing concept of the disease, and to a de
clining birth rate.

Urban and Rural Age Distribution.

A study has also been made of the comparative age 
distributions of cases of poliomyelitis in large urban 
communities and in towns with a population of less than 
2,500. This was limited to five epidemic periods during 
which there were a large number of cases in a year or two. 
In 1910 there was a marked tendency for poliomyelitis to 
occur more often at older ages in the rural areas than in the 
urban areas. This phenomenon is commonly encountered 
in infectious diseases, and is due to the rural character
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of the population, which provides less opportunity for 
contact between people, and hence less opportunity for 
exposure to the disease when the individual is young. 
This contrast between the urban and rural areas has 
gradually lessened since 1916, so that in 1944-1945 there 
was only a slight tendency to infection at older ages 
in the rural areas. This is undoubtedly due to the 
changes which have occurred in transportation and 
social habits which have greatly increased contacts 
between people in the rural areas, and made them more 
similar to the urban population in this respect .

Geographic Behavior.
This part of the investigation was made with the use of 

population projection maps of the State divided into 
counties. This type of map has been used previously 
by Dr. Aycock for studies of poliomyelitis in the United 
States, but has never been published. The map is made 
by adjusting the size of each county to its population 
rather than to its area, but retaining as nearly as possible 
its original shape and position in the State. This allows 
a study of the incidence of infection in the population 
of a given area in comparison with other areas and with 
other years in the same area. Maps have been prepared 
for each year, and also for the total period of thirty-nine 
years.

A study of these maps shows that poliomyelitis does 
not follow any regular cyclic pattern. Epidemic phases 
have been from two to nine years apart, and have lasted 
from one to three years. These epidemic phases tend to 
spread more or less evenly over the entire State. If all 
areas in the State are not covered in one year then the 
epidemic tends to continue through the next year or 
more. Following the epidemic phase there is usually 
a phase of equilibrium for one or two years, during which 
there are few cases evenly distributed over the whole 
State. For example in 1908 there were a large number of 
cases in Franklin County and very few in the remainder 
of the State. In 1909 there were many cases in Berkshire,
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Suffolk, Middlesex and Norfolk counties. In 1910 there 
were a large number in Hampden and Bristol counties. 
From 1909 to 1913 there were moderate numbers of cases 
in other counties; and in 1914 and 1915 there were few 
cases in the State and these were evenly distributed.

In general the more rural, western counties tend to have 
explosive outbreaks at infrequent intervals, whereas the 
remainder of the State has smaller outbreaks more fre
quently. In the total map for the entire period over 
which the State records extend it is apparent that the 
whole State has been equally affected by the disease. Al
though there is a great variation in any locality from year 
to year, no one part of the State has either more or less 
cases in proportion to its population than any other part 
over a period of years.

For purposes of comparison similar maps have been 
made to study the behavior of typhoid fever (which is 
typically transmitted by intestinal discharges), and Ger
man measles (which is transmitted by respiratory dis
charges). Unfortunately there is no insect-transmitted 
disease in the State which is common enough to be used 
in comparison. The behavior pattern of typhoid fever is 
not like that of poliomyelitis. It does not vary widely 
from year to year, but rather it tends to decrease slowly; 
it does not move from one area of the State to another in 
succeeding years, but instead it is somewhat more frequent 
in most years in those counties which have the highest 
proportion of foreign-born population. German measles, 
on the other hand, behaves in a manner very similar to 
that of poliomyelitis. It has the same epidemic phases 
followed by a period of small numbers of cases with even 
distribution over the whole State; during the epidemic 
phase it moves about over the State from one area to 
another in the same manner as poliomyelitis.

These comparisons would suggest that poliomyelitis is 
more similar in its behavior to a typical respiratory dis
ease than it is to a typical intestinal disease, and that it is 
probably usually spread by respiratory contact, rather 
than by water and food as are the intestinal diseases. In
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other words it is similar to such diseases as measles, Ger
man measles, mumps and chicken pox, but is much less 
common than these, at least in a recognizable form.

Virus of Infantile Paralysis.
In 1908 a research worker reported the production of 

poliomyelitis in monkeys by injection of material obtained 
from the spinal cord of human cases. The following year 
two other workers reported the transmission of infantile 
paralysis through three generations of monkeys. Later it 
was shown that material obtained from infected human 
spinal cord could produce infection in monkeys after pas
sage through a Berkefeld filter. These early experiments 
proved that poliomyelitis was an infectious disease pro
duced by an agent belonging to the class of filterable vi
ruses. Various studies have brought to light considerable 
information concerning the physical, chemical property of 
the virus. The following information has been acquired 
over a period of years concerning the virus of infantile 
paralysis.

1. Its size has been estimated at 50 millimicrons or 
smaller.

2. It is quite resistant to most physical and chemical 
agents and resists drying.

(a) It was found that infected cord is still active after 
7 days’ drying over potassium hydroxide.

(b) Ability to causé infection in monkeys was demon
strated after drying in vacuo over sulfuric acid for 15 days.

(c) Ability to infect is retained after drying over 
phosphorus pentoxide for 24 days.

(d) The virus is infectious after 28 days' drying in 
vacuo.

3. It resists cold.
(a) Spinal cords kept 40 days at minus 2-4 degrees 

centigrade still contain live virus.
(■b) It has been found that spinal cords remain in

fectious for 8 years in 50 per cent glycerol at a tempera
ture of 4 degrees centigrade.
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(c) Freezing is the method of choice for preserving 
the virus at the present time.

4. It is more susceptible to heat.
(a) Inactivation of virus contained in moderate 

amounts in tissues occurs after heating to 42.5 degrees 
centigrade for 30 minutes or to 55 degrees centigrade 
when the specimen contains larger quantities of virus.

(b) Virus activity is decreased 90 per cent by heating 
to 49.5 degrees centigrade for 60 to 120 minutes, to 56.5 
degrees centigrade for 2 to 5 minutes, to 63 degrees for 
15 seconds.

5. It is rather easily destroyed by some chemical 
agents.

The virus is inactivated with less than 0.1 per cent 
concentrations of copper sulfate, mercuric chloride, 
methylene blue and similar antiseptics.

6. Attempts have been made to determine the re
sistance of virus to chlorine.

(a) It was found that slightly turbid and experimen
tally chlorinated water to which poliomyelitis virus is 
added is rendered not infectious after exposure for 24 
hours to 4 p. p. m. of chlorine; clear water to 0.4 p. p. m.

(b) It was found that 1.5 p. p. m. of chlorine inacti
vated virus in tap water after 20 minutes and 0.55 p. p. m. 
of chlorine after 1 hour.

7. The virus has been found to retain its virulence in 
sterile water at room temperature for 114 days, in milk 
at 10 degrees centigrade for 150 days and in butter at 
minus 2 degrees centigrade for 90 days.

8: The virus is quite sensitive to sunlight.
(a) It was found that a 1 per cent virus suspension is 

inactivated by exposure for 75 minutes to a standard 
quartz lamp bulb.

(b) In another specimen it was shown that inactiva
tion occurred after exposure of 1 minute to an ordinary 
ultraviolet lamp.

In general, then, it has been shown that the virus of 
infantile paralysis is an agent which is stable and active 
at ordinary temperatures and in ordinary media, but
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which is inactivated quickly by sunlight or temperatures 
above 60 degrees centigrade.

Strains of the Virus.
As early as 1911 the existence of a variety of strains 

of the virus of poliomyelitis was considered. The sig
nificance of this finding was not established until recently.

In 1931 reports indicated that there were definite 
immunological differences between a recently isolated 
strain from Australia and one which had been studied in 
the United States for many years.

In 1937 several strains were compared. Two eastern 
strains showed marked similarity to one another. Like
wise two strains isolated from California resembled each 
other but there were marked differences when the eastern 
strains were compared with the California strains. This 
experiment offers a possible explanation for the puzzling 
problem of the occurrence of infantile paralysis in persons 
known to be immune on the basis of a previous attack.

Still other possibilities were suggested by the finding of 
strains that were infective for monkeys by intracutaneous 
injection or by injection directly into nerve tissue rather 
than the usual route which consists of inoculation directly 
into the brain. In 1939 one research worker succeeded in 
infecting cotton rats with a strain known as the Lansing 
strain. Prior to that time only monkeys could be used in 
research work in the disease.

However, it is still not possible to isolate the virus from 
patients or water by use of the cotton rat. The first isola
tion can be obtained only in monkeys.

The Transmission of Infantile Paralysis.
The actual route by which the virus of infantile paraly

sis enters the body is not definitely known at the present 
time. Among the theories as to the manner in which the 
infectious agent 'is transmitted to humans are the fol
lowing :

1. Respiratory Transmission. — Some time ago it was 
suggested that poliomyelitis was a “ respiratory”  disease,
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transmitted from the upper respiratory tract of one per
son to another by direct contact. This theory is sup
ported by the repeated isolation of the virus from the 
upper respiratory tract of cases and contacts. Experi
mentally it has been shown that Macacus rhesus monkeys 
regularly develop disease when the virus is instilled intra- 
nasally. From this and other similar experiments, most 
epidemiologists concurred that contact infection with 
transmission from the nose and mouth of cases and car
riers to the nose of the susceptible individual was the most 
likely method of spread. This view was generally held as 
late as 1935. Subsequent research began to cast doubt, 
if not upon the mouth, at least upon the nose as a signifi
cant organ of transmission. Several workers found that 
other species of monkeys were susceptible to infection by 
other routes. This was found to be true also of chim
panzees. One group of workers was successful in infecting 
cynomolgus monkeys by inhalation of virus even after the 
olfactory tracts were eliminated.

The role of the “ healthy carrier” has been an intricate 
problem in the study of infantile paralysis. In 1907 the 
existence of the “ healthy carrier” was postulated. As 
early as 1913 the virus was recovered from the upper re
spiratory tracts of an elderly mother and father 12 days 
after the onset of infantile paralysis in their child. Two 
other workers recovered the virus from the nasopharyngeal 
washings of the healthy wife and three children of a fatal 
case. More recently the virus was recovered from the 
stools of 6 out of 38 “ healthy contacts” during an out
break in Cook County, Illinois, and another worker made 
positive isolations from the stools of 10 out of 14 symp
tomatic contacts in a rural outbreak. In another study, 
virus was recovered from the stools of 5 out of 6 cabin 
mates of a case occurring in a camp; 4 of these cabin mates 
did not become ill, but the fifth developed the disease 
2 weeks later.

Intimate contact has been shown to be an important 
factor in the transmission of infantile paralysis when 
thorough epidemiological studies of small local outbreaks
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are carried out, in which the diagnosis of suspected non
paralytic cases is confirmed by virus isolations. Two 
workers reporting a small outbreak proved direct contact 
with previously recognized paralytic or nonparalytic 
patients in 75 per cent of the cases. Studies in Alabama 
and Chicago revealed that contact with paralytic or 
nonparalytic abortive cases, following a reasonable time 
interval between the date of contact and the date of 
onset of illness, occurred in 80 per cent of affected 
individuals.

2. Transmission by the Intestinal Route. Although 
the virus of infantile paralysis was found in human stools 
in 1912, the possible significance of this fact was largely 
overlooked for some 20 years. Two workers, in 1929, and 
another research worker in 1932 succeeded in producing 
experimental infection in monkeys by the gastrointestinal 
route. This experiment was confirmed by several other 
workers.

It has been shown that stools of patients may remain 
positive for the virus during the first two weeks of the 
disease and later as long as the second and third week of 
convalescence. A fair number of patients continue to 
excrete the virus in the seventh and eighth week, and the 
virus has been found in the feces as long as 125 days after 
clinical illness. In 1939 isolation of the virus was reported 
from samples of sewage collected in Charleston, South 
Carolina, during the epidemic of that year. The finding 
was confirmed in Stockholm and during the past few years 
numerous reports of similar experiments have been re
corded here and abroad. Nevertheless the virus has been 
found usually only in times of epidemics and in sewage 
from areas of high case density. Its significance is still 
undetermined.

Clinical studies have not solved the problem, the chief 
difficulty being the long incubation period which prevents 
the testing of specific foods or water supplies and which 
allows numerous contacts to occur between the date of 
infection and the date of onset.

3. Transmission by Flies. The second natural step,
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after the finding of the virus in the feces, was the investiga
tion of flies. Actually in 1911 the possible role of the 
stable fly in the transmission of infantile paralysis was 
considered when the theory was advanced that the disease 
was transferred by the bite of the insect. This hypothesis 
was not confirmed. In 1912 two workers, by feeding 
house flies on infected spinal cords, proved that these 
insects could harbor the virus in a living state for at 
least 48 hours.

It is apparent that no definite conclusion can be drawn 
at this time concerning the route by which the virus of 
infantile paralysis enters the human body. The bulk of 
evidence available at the present time suggests that the 
upper respiratory tract may be the most likely portal of 
entry.

How the virus travels through the body to reach the 
spinal cord after it gains entry to the mouth or nose is 
still an unsettled question. Such details are of much 
more interest to the scientific investigator than to the; 
public.

October M ountain Outbreak of Infantile 
Paralysis.

An outbreak of infantile paralysis, which occurred in 
a Boy Scout Camp on October Mountain in the town of 
Washington, near Pittsfield, Massachusetts, became the 
subject of a detailed investigation. This study was per
formed by the co-operative efforts of the Massachusetts 
Department of Public Health and the National Founda
tion for Infantile Paralysis and the Department of 
Preventive Medicine of the Yale Medical School.

This outbreak was chosen for detailed investigation 
because of several unusual features. In the first place, 
prior to the occurrence of this outbreak, no cases of in
fantile paralysis had been reported for at least a two- 
month period from Berkshire County where the camp is 
located. The situation of the camp, near the summit 
on the October Mountain Reservation, reduced to a 
minimum the contact of persons living in the camp with
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the outside world. All campers and personnel had a 
common food supply. If these patients had become 
infected via the intestinal tract, it is difficult to under
stand why the outbreak should have been confined to a 
single group in the camp.

When this outbreak occurred, the director of the study 
was immediately confronted with a difficult problem; 
namely, should isolation of all exposed campers be main
tained in the camp or should the exposed persons be re
turned to their homes throughout the several communi
ties of the county, and isolation maintained in individual 
dwellings. Unfortunately before a decision was made 
alarmed parents requested that their children should be 
allowed to return home. The clinical course manifested 
by patients, who developed the disease, was quite severe 
in some instances. Four of the patients developed in
fantile paralysis of the bulbar type; one of these was 
placed in a respirator where he remained for a considerable 
period of time, and a second patient died after an illness 
of three days. It was felt, therefore, that the risk of 
acquiring a severe type of infantile paralysis at this Boy 
Scout Camp was great, and the campers were allowed to 
return home.

From a public health point of view, it was important 
to ascertain the number of exposed campers, particularly 
in the group where the cases occurred, who harbored the 
virus of infantile paralysis without showing signs or 
symptoms of illness. It is not known at the present time 
how frequently such carriers will spread the virus to 
other persons with whom they in turn come in contact. 
For this reason, with one or two exceptions, throat and 
stool cultures were obtained three times a week for four 
weeks by local nurses from all members of the exposed 
group of campers. Similar specimens were also taken 
from all children in households to which exposed campers 
returned. Subsequent inoculation of these specimens 
into monkeys will determine, first of all, the number of 
exposed campers who became carriers and secondly the 
number of family contacts who developed the carrier
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state as a result of exposure to a child who came home 
from the camp. Information will also be acquired as to 
whether the virus appears first in the stools or in the 
throat of a person who becomes a carrier.

Blood specimens were taken from as many campers 
and their family contacts as possible. Each contact was 
subjected to three bleedings, one during the initial in
vestigation and two others at intervals of 14 days. The 
assistance of two local practitioners was made available
to obtain these specimens. The cases, with dates of
onset, are shown in the following table :

Patikxt. Date of Onset.
J. M. . ...................................................... July 17
C. It. . ...................................................... July 18
R. L. . ...................................................... July 21
R. M. . ...................................................... July 26
R. V. ...................................................... July 2!)

The Boy Scout Camp, operated by the Berkshire 
Council, is located in an area of several acres of land near 
the summit of October Mountain. The camp in general 
consists of three tent areas about fifty yards in diameter 
and roughly one hundred yards from one another, a 
dining area consisting of screened kitchen cabin and un
screened mess and utility tents, an infirmary cabin and 
several odd cabins and tents occupied by members of the 
staff. Swimming and water sports were carried on in a 
fresh water lake of several acres in extent, located some
what below the level of the rest of the camp.

An examination of the water supply and methods of 
sewage disposal ja,t the Boy Scout Camp was made by the 
Division of Sanitary Engineering of the State Depart
ment of Public Health and the report made to the Board 
of Health of Washington, Massachusetts, is contained in 
the following letter from that Division:

A r.irsT  15, 1940.
Board of Health, Washington, Massachusetts.

Gentlemen : — The Department of Public Health, under the pro
visions of chapter 140 of the General Laws, as amended, has made an 
examination of the water supply and methods of sewage disposal at
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the Boy Scout Camp operated by the Berkshire Council at the October 
Mountain State Forest.

The Department is informed that this is the first season that the 
camp has been operated and that no license has as yet been issued 
by your Board as required under the provisions of chapter 140 of the 
General Laws as amended. The examination of this camp was made 
at the request of Dr. Gill, District Health Officer of the Berkshire 
Health District, as there were two cases of poliomyelitis at the camp.

The examination showed that the water supply is obtained from a 
deep drilled well. There were no sources of pollution in the vicinity 
of the well and the analyses show that the water was safe for drinking 
at the time the samples were collected. Water is pumped from this 
well to a storage tank and thence flows by gravity to the camp. The 
tank is provided with a wooden cover with a steel roof but it does 
not entirely cover the tank and is not adequate protection against the 
entrance of foreign matter. The examination showed that one of the 
sinks used in connection with dish washing was so constructed that 
hot and cold water enters at the bottom. Under such an arrangement 
a danger of back-siphonage and pollution of the water supply exists.

The.sewage facilities consist of pit latrines covered with wooden 
boxes provided with toilet seats. These latrines are enclosed in tents 
but no provision is made to prevent the entrance of flies and at the 
time of the examination two of the seat covers were found open. 
Urinals have been provided which consist of 8-inch vitrified tile pipe 
installed over dry wells. These urinals are in the open and accessible 
to flies and other insects.

The Department recommends that the pump on the well be en
closed in a wooden building with a concrete base and that the storage 
tank be adequately covered to prevent the entrance of foreign matter. 
The Department also recommends that sanitary toilet facilities be 
installed. If privies and urinals are provided they should be located 
in a properly constructed building with suitable ventilation and of 
fly-proof construction. The Department further recommends that 
the sink in the dish washing shed be replaced or so connected as to 
prevent any danger of back-siphonage.

The Department cannot determine that the source of water supply 
or the works for the disposition of sewage at this camp are satisfac
tory until the above recommendations have been complied with.

At the request of the camp officials samples of water were collected 
from Felton Pond at the bathing beach and the analyses show that j 
bacteriologically the water was not inferior to that at many other 
outdoor bathing places.

By direction of the Commissioner of Public Health,
A r t h u r  D. W e s t o n ,
Chief Sanitary Engineer.
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The personnel of the camp were divided generally into 
four groups: three of campers —  Rangers, Pioneers and 
Blue Moccasins (all cases occurred among the Blue M oc
casin group), and one staff group. Activities were car
ried on usually by groups; however, on occasion by the 
campers as a whole. Therefore, although most intimate 
contact was between members of the same group, there 
was some contact with members of other groups. There 
was no sharp division as to home town or date of arrival 
at camp, although there was a tendency for boys from the 
same town to arrive on the same date and to be assigned 
to the same group. Meals were eaten by all campers and 
staff simultaneously from a common food source, but each 
of the groups ate at a separate table.

The campers of the Ranger and Pioneer groups were 
housed in four eight-man tents, the leaders and junior 
councillors for each of these groups in two-man tents. The 
campers and councillors of the Blue Moccasin group were 
all housed in seventeen two-man tents.

Washing was done with water which fell from pipes into 
galvanized iron containers. These containers, however, 
had open drains and it was impossible for the boys to scoop 
up water out of the containers to wash themselves. Hu
man dejecta were eliminated in pipe and pit urinals, and 
in pit latrines covered with unscreened boxes. Garbage 
was disposed of by contract, being hauled away in the 
original cans. Milk was obtained from an excellent pas
teurized milk source and arrived in 40-gallon cans. At 
the time of consumption the milk was poured into pitchers 
for individual tables. The food was obtained from recog
nized food sources and all perishable foods were kept on 
ice at the camp.

The first group of about twenty individuals arrived at 
camp on June 23, 1946. This consisted of staff members, 
councillors and junior leaders, who came early to set up 
the camp. The first campers, comprising some 50 odd 
boys, arrived on June 30. A second group of 50 campers 
arrived on July 7, at which time 25 of the first group re
turned home. A third group of approximately 25 campers
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arrived on July 14, at which time 30 of the original 
campers went home. The camp was officially closed fol
lowing the appearance and diagnosis of the first three 
cases of poliomyelitis, and with the exception of some 20 
members of the staff, all personnel returned home be
tween the twentieth and twenty-third of July.

In retrospect there were some six cases of illnesses of 
an unexplained type, but compatible with a diagnosis of 
abortive poliomyelitis, between the twelfth and sixteenth 
of July, but none prior to that date. There were, however, I 
two small epidemics of diarrhea involving some 15 per 
cent of the personnel (primarily the Pioneer group) in the 
first and second weeks of camp and there were a number of 
upper respiratory infections involving some 30 per cent of 
the camp throughout its period of operation. The onset 
of the first definite case of poliomyelitis occurred on July 
17 in a camper who arrived on July 7, but the patient 
remained at camp and in intimate contact with the other 
campers until July 20, since the diagnosis was not made 
until July 21. The onset of the second case, also in a 
camper who arrived on July 7, occurred on July 18. 
This patient also remained with the other campers until 
July 20. The onset of the third case in a leader who 
arrived on June 23 occurred on July 21, the diagnosis 
being made on that date. The onset of the fourth case 
occurred on July 26, and the fifth case on July 29. In 
cases 1, 2 and 5 the boys had arrived in camp on July 7, 
but had had no intimate contact with one another prior 
to that date. Cases 3 and 4, however, were in boys who 
had come to camp on June 23 and June 30 respectively.
All five cases were from some 31 boys who were members 
of the Blue Moccasin group between July 7 and 14, 
cases 1 and 5 being tent mates. Cases 1 and 5 were in 
boys from homes in Great Barrington; cases 2, 3 and 4 (
in boys with homes in Pittsfield. Since occurrence of the 
fifth case, there have been no others but there have been 
several cases of low-grade fever and one brief illness com
patible with a diagnosis of abortive poliomyelitis.

It should be mentioned that many of the campers
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were visited by their parents, some of whom brought 
food which was usually distributed only to other members 
of the group to which that camper belonged.

The subject of the present study may be divided into 
(1) close contacts, consisting of members of the Blue 
Moccasin group, (2) remote contacts, consisting of siblings 
of the above and a few children of members of the staff, 
and (3) miscellaneous group, consisting of campers, not 
in the Blue Moccasin group, and their siblings. There 
are 25 close contacts, 25 remote contacts and 11 mis
cellaneous individuals being followed. The 25 remote 
contacts are from 12 different families, the 11 miscellane
ous are in 4 different families. Of the 23 close contacts, 
14 are from Pittsfield and 7 from Great Barrington; of 
the remote contacts ten are from Pittsfield and 11 from 
Great Barrington; of the miscellaneous group all are 
from Pittsfield.

Results of Laboratory Investigation. It is anticipated 
that the laboratory investigation will require a consider
able period of time. After identification of the virus by 
inoculation of infectious material into a series of monkeys 
an attempt will be made to “ establish”  the agent in 
mice. This will facilitate considerably this research 
problem. A final report will be submitted from Yale in 
about a year. The following positive findings have been 
reported thus far:

1. The virus of infantile paralysis has been isolated 
from a combined stool specimen from 3 patients.

2. Virus has been isolated from the stools of two mem
bers of the Blue Moccasin group who did not become ill 
with infantile paralysis.

Attempts to isolate the Virus prom the M erri
mack River.

For this portion of the study, the assistance and co
operation of the following agencies were granted to the 
Department: Graduate School of Engineering, Harvard 
University, under the direction of Dr. Gordon M. Fair 
and Dr. Shih Lu Chang; Department of Physical Chem-
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istry of the Harvard Medical School under the direction 
of Dr. Edwin J. Cohn and Dr. John L. Oncley.

During the infantile paralysis season of 1946, there 
was a high incidence of infantile paralysis in many com
munities in New Hampshire, an outbreak of considerable 
proportion occurring in Manchester, New Hampshire. 
The sewage from this community and others in New 
Hampshire empties into the Merrimack River. During 
this same season 14 cases were reported from Lowell and 
Methuen. These communities also discharge sewage 
into the Merrimack River. The city of Lawrence derives 
its water supply from this river. During the infantile 
paralysis season of 1946, no cases occurred in Lawrence.

Considerable research has been done on the inactiva
tion of the virus of infantile paralysis by chlorine and 
chlorine compounds. The results obtained using tap 
water and duplicating conditions ordinarily encountered 
in water works practice; namely, contact period of 20 
minutes and a residual chlorine of 0.2 p. p. m., or less, 
indicate that the virus is not inactivated under these 
conditions. Chlorination of water containing extraneous 
organic matter or stool suspension possibly similar to 
sewage indicates that a chlorine residual after 10 minutes’ 
contact period of from 3.5 to 15 p. p. m. is required to 
inactivate the virus. However, it must be borne in mind 
that the reliability of these conclusions, which were 
derived from various sources in the literature, is limited 
by the extremely small number of experiments conducted 
and by the fact that conditions varied in the several 
experiments. No reference could be found concerning 
the effect of slow-sand filtration or iron removal plants 
on the inactivation or mechanical removal of the polio
myelitis virus from drinking water or on the removal of 
virus from sewage by the usual methods of sewage treat
ment.

From a practical viewpoint, it is desirable to ascertain 
whether the virus of infantile paralysis is present in the 
water of the Merrimack River at the point where it 
enters the Lawrence Treatment Plant. If it, were de-
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termined that the virus is present at the point of intake 
but not in the treated water, definite conclusions could 
be drawn concerning the efficacy of the methods employed 
at the Lawrence Water Purification Plant (chemical treat
ment with alum and lime, rapid sand filtration combined 
with pre-chlorination and post-chlorination) in inacti
vating the virus of infantile paralysis. On the other 
hand, if the virus were demonstrable both at the intake 
and in the treated water, general conclusions could be 
drawn concerning transmission of infantile paralysis by 
drinking water. In other words, if virus were found in 
Lawrence water as it is distributed to the community 
without an increased incidence of infantile paralysis, a 
valuable contribution would be made to existing knowl
edge of this disease.

An attempt was therefore made to recover the virus of 
infantile paralysis from water of the Merrimack River. 
Two gallon samples of water were taken at each of three 
points; the first in Lowell where a battery of sewers 
empties its contents into the river; a second sample from 
a point near the intake pipe of the Lawrence Treatment 
Plant; and a third from a tap delivering treated water. 
Samples of river water for bacteriological examination 
were collected at the same points.

The samples for virus examination were refrigerated anti 
transported to the Department of Physical Chemistry at 
t.he Harvard Medical School, where the volume of each 
sample was reduced to about 20 cc. by drying m vacuo. 
A portion of each sample was injected into each of three 
monkeys to determine the presence of the virus of infan
tile paralysis. It is possible that an initial sample of two 
gallons of water may not be sufficient to demonstrate 
virus by this method.

It is hoped that the Legislature will enable the Depart
ment to continue this type of experiment during the 
infantile paralysis season of 1947, since a great deal of 
valuable information may be obtained from this and 
similar studies.

The Director of the study wishes to acknowledge the
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co-operation and assistance of the following members of 
the Department and others: Dr. J. Pervis Milnor, Dr. 
Robert J. M. Horton, Mr. Arthur D. Weston, Mr. Joseph 
C. Knox, Mr. Walter E. Merrill, Mr. John Casazza, Mr. 
Solomon’ Goldfield, Miss Ann M. Thomson and Dr. 
Charles E. Gill.

Respectfully submitted,

A. DANIEL RUBENSTEIN, M.D.,
Director, Infantile Paralysis Study.


