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The use of certain new methods in field investigations in the last
five years has made possible important additions to our knowledge of
the epidemiology of human ascariasis. Iarlier field studies have usually
consisted of surveys to determine the incidence of this parasite in some
particular area. The reports of such studies have sometimes included
observations, often rather casual, on the habits of the people involved
and speculations, often with little basis in actual fact, on possible sources
of infection. In the summer of 1926 as part of the researches of an
expedition to Panama the ascaris problem was attacked by a combi-
nation of the dilution egg counting method and a technic for isolating
parasite eggs from the soil. The results were so significant that the
same methods have since been used in the United States in field investi-
gations in Virginia, Tennessee and Kentucky. Other investigators have
employed them in studies elsewhere in the United States and in other
parts of the world. In the present paper these methods will first be
discussed and the advances in our knowledge of the ascaris problem
that have been made by their use will then be summarized.

METHODS USED IN MAKING EPIDEMIOLOGIC STUDIES ON
HIHUMAN ASCARIASIS

To illustrate the methods employed in the recent investigations on
human ascariasis the procedure followed in studying this problem in a
small population unit such as a village will be outlined. The first move
must be the securing of the cooperation of the people, since it is obviously
impossible to make any adequate study of a group that is hostile or
only half-hearted in its support of the work. Information can be
collected as convenient during the course of the investigation on such
general matters as yearly range of temperature, rainfall, soil, drainage,
occupation, general habits and customs, group sanitation, and source of

*From the Department of Helminthology of the School of Hygiene and
Public Health of the Johns Hopkins University. This paper was given as the
retiring presidential address before the American Society of Parasitologists at
Cleveland, Ohio, on December 31, 1930,
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water supply. The first specific step in the study is made, however,
in the collection of samples for fecal examination. The best way to
examine a real cross section of a population group is to make a house
to house census and to distribute the containers by families. Often
the more rapid method of examining schools will give the information
desired. It is very important to get all the necessary data about the
individuals at the time their samples are collected and every precaution
must be taken to keep the samples from becoming mixed.

The next step is the examination of the samples by the dilution egg
counting method (Stoll, 1923 ; Stoll and Hausheer, 1926). One count
only is made from each sample since it has been found for both hook-
worm and ascaris that in a group of any considerable size the picture of
infestation is the same with one count as when the average of two is
used (Cort, Otto and Spindler, 1930: 6-7; Sweet, 1929: 239-240). Since
a well-trained technician can take care of all the work connected with
the examination of 35 to 50 samples in a day it is possible to pile up
the numbers rather rapidly.

When the egg counts are completed, the results are analyzed to
determine the distribution of infestation by age, sex, family or on any
other basis suggested by the make-up of the particular group. The
results of this analysis make it possible to pick out particular families or
other groups for which intensive environmental studies will be of
interest. Usually families with heavy infestations are compared with
those nearby that are negative or lightly infested. Also families with
different environmental conditions or different combinations of parasites
are chosen for further study. Experience has shown that the more
careful the consideration given to the analysis of the egg counts the
more profitable will be the environmental studies.

The environmental studies are chiefly concerned with the individual
families although schools, churches and other places in the community
that might be involved in the spread of infection should not be neglected.
In preparing for the inspection of a family the egg counts of its mem-
bers with the other information available is lined up on a specific family
blank. To this is attached one of the environmental study blanks on
which is outlined the principal information desired. When a family is
approached the adult member who happens to be at home is questioned
on such points as length of residence, previous residence, source of water
supply, presence and use of privy, treatment of children for worms,
passage of worms by children, general health and other things that may
be of help in interpreting the situation. Whenever possible all the
children are lined up for inspection and are sometimes given a short
physical examination. When some arrangement is possible for free
treatment this can be used as a very effective entering wedge.
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After all the information possible has been obtained by questioning
the inspection of the premises proceeds. Such points are noted as
source and possible contamination of water supply, character of house
and other buildings, amount of vegetation in the yard, presence of
domesticated animals, general appearance of thrift or shiftlessness, and
personal and household cleanliness. This general survey is followed
by a specific study of the excreta disposal of the family. If a privy is
present it is carefully inspected for cleanliness and use. Then an
intensive search is made for evidence of soil pollution in the yard,
barns, garden and adjacent areas. Often the people themselves will
lead the inspectors to the pollution spots and will give information on
the habits of the children. The location of pollution spots when con-
sidered in connection with the play and work habits of the family often
suggests probable sources of infection. Since a single inspection gives
only the situation for that particular day, it is important to try to get
the people to give information on the regular soil pollution habits and
whenever possible to make later visits.

In addition to the inspections the method for isolating parasite eggs
from the soil first devised by Caldwell and Caldwell (1928) has been
extensively used to find the exact places where ascaris eggs are present in
the environs of the houses.* Samples of soil for examination can be
taken from the floors, from the spaces under the houses, from the
dooryards and other suspected situations. Places for sampling are
usually chosen, where the habits of the family, such as the play of the
children, would bring them into closest contact with the soil. The most
interesting results obtained by this method have been the finding of
eggs in the soil in places where human stools were absent and in some
cases even where there were no traces whatever of soil pollution on
the whole premises at the time of the inspection. In such situations
results obtained by the egg isolation method supplement very effectively
the evidence from inspections on sources of infection.

* Since this technic has not yet come into any general use it will perhaps be of
value to outline it using the description given by Spindler (1929): “A pint
or more of soil is collected from a suspected spot by sweeping or lightly scraping
the surface of the ground over a large area. In the laboratory this sample is
thoroughly crushed and mixed and a representative five to ten gram portion placed
in a 50 cc. centrifuge tube and treated for an hour with 10 cc. of 30 per cent anti-
formin solution. Tt is quite imperative, in this process, that the mixture be given
frequent thorough stirrings to allow the antiformin to act on every particle of soil.
If this is not done many cggs will remain adhering to the soil particles and will
not he removed in flotation. When sufficient time has elapsed for the ecggs to
hecome freed from the soil the tubes arc filled with sodium dichromate (specific
gravity 1.35), thoroughly shaken and then centrifuged at 1,000 revolutions per
minute for one or two minutes. The cggs are then looped from the surface of the
dichromate to a microscopical slide by means of a small vial or the open end of a
glass tube. They are then counted and classified according to the stages of develop-
ment to which they have attained.”
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After all the environmental studies of the selected families are com-
pleted the information obtained together with the egg count data are
further analyzed. Usually additional inspections are needed to check
up specific points. By a sufficiently thorough application of the pro-
cedure described above a fairly satisfactory picture can finally be
made of the distribution of ascaris infestation and the factors influencing
its spread in the particular group under consideration.

In the discussion that follows the data on the epidemiology of
ascariasis obtained from the environmental studies by inspection for soil
pollution and the examination of soil samples by the egg isolation method
will first be taken up. Following this the information from the egg
counts that have been made from different parts of the world will be
considered.

EVIDENCE ON SOURCES OF INFECTION OBTAINED FROM SOIL
POLLUTION AND SOIL INFESTATION STUDIES

Much information on sources of ascaris infection has been obtained
from the study of the habits of excreta disposal of infested groups and
by the examination of soil by the egg isolation method. Brown's (1927)
studies of sources of infection near the houses in Panama were very
significant. In families heavily infested with ascaris he found soil
pollution in the dooryards and even on the dirt floors of the houses
themselves. Soil isolations revealed ascaris eggs, many of them in the
embryonated stage, in the sweepings from the dooryards and from the
mud floors of the huts. He came to the conclusion that eggs within and
near the houses must be an important source of ascaris infection in
Panama.

These findings naturally directed attention to the immediate sur-
roundings of the houses as sources of infection. Similar conditions
were found to be common in certain rural areas in southwestern
Virginia where gross soil pollution usually attributed to the youngest
children was frequently found in the yards of families with ascaris
infestation (Cort, Otto and Spindler, 1929 and 1930). Here a comnon
place for depositing the stools was the space under the houses where
the children played. Repeated examinations of soil samples from the
premises of such ascaris families showed a concentration of cggs near
the houses, even on the exposed hard packed soil of dooryards and
paths. Later studies of a large series of families in widely separated
areas in the mountain regions of Tennessee further emphasized the
importance of dooryard pollution (Otto, Cort and Keller, 1931). The
same sources of infection were also found to be important in a series
of unpublished investigations made by Dr. G. F. Otto in the summer of
1930 in eastern Kentucky. There is also a considerable amount of
cvidence that in certain regions in China (Cort and Stoll, 1931), as for
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example in the rural areas near Chefoo and in villages of the Canton
delta, dooryard pollution by young children is an important source of
infection. On the other hand families where soil pollution is present
may be negative or only very slightly infested with ascaris if the stools
are deposited away from the immediate vicinity of the house. In fact a
considerable series of families were found both in Panama (Cort, Stoll,
Riley and Sweet, 1929) and in the United States without any privies
whatever but with no ascaris infestation of any significance. Such
families were usually found to be either without young children or at
least with no evidence of pollution near the houses. It evidently requires
rather gross pollution near the houses to build up heavy ascaris infesta-
tions. Where this is found the soil in the dooryards, along the paths and
under the houses becomes sceded with enormous numbers of infective
eggs. These eggs can easily be carried into the houses and there contami-
nate the food or articles handled by the people. An even more impor-
tant source of infection appears to be the constant playing of the
youngest children on the contaminated soil of the yard, where thev
casily get the eggs on their hands and transfer them to their mouths.

While the abundant evidence of the importance of sources of infec-
tion near the houses has been the outstanding feature of the recent field
studies on ascariasis, this finding does not of course exclude the possi-
bility of a wide variety of other methods. In a number of cases children
of families, where no pollution was found on the premises, appeared to
have obtained their worms from the yards of ascaris families. Com-
munity sources of infection have also been demonstrated such as the
premises of vacant buildings and the areas around unsanitated schools.
In one of the groups studied in Virginia there was an excellent example
of a community source of infection at an old abandoned church where
the children especially those of pre-school age were accustomed to play.
Numbers of stools were found at every visit hoth on the floor and in the
space underneath. Also embryonated ascaris eggs were isolated in
quantity from these situations. This old church was, therefore, a center
for the dissemination of ascaris which probably had a considerable part
in the building up of the infestations of the children of the neighbor-
hood (Cort, Otto and Spindler, 1930; 40).

Emphasis on the school as a source of infection was made in the
report of family studies in Tennessee (Otto, Cort and Keller, 1931).
In some of the more isolated counties of this state the rural schools have
little if any sanitation. For example at one new school with two teachers
and about 65 pupils no privies were provided for either hoys or girls.
A search for soil pollution revealed dozens of stools in a rather dense
wood about 25 vards from the school where the girls had play houses.
On the other side of the school pollution arcas visited by the hoys were
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also found. That this is not an isolated case was shown by the state-
ment of the sanitary inspector of this county that only 18 of the 60 rural
schools had sanitary privies and that at many of them gross soil pollu-
tion occurred. In this particular county a sanitary program had been
in operation for two years but it had been impossible for the health
officer to convince the majority of the hard headed business men who
made up the school board, that money for school privies was a proper
expenditure, since they considered them to be new fangled luxuries.
This particular county is no worse than many others since rural schools
entirely without privies or with improper sanitation are found all through
the mountain regions of the southeastern United States. Such situations
indicate that in many places the schools are not only failing in their
opportunity to teach the simplest rudiments of sanitation, but are them-
selves important centers for the dissemination of parasitic worms.

The possibility of ascaris infection from drinking water has been
suggested even by the earlier workers. While there is no reason to
believe that infection from such sources does not often occur it is very
difficult to actually demonstrate it. DPerhaps the best evidence that
implicates drinking water comes from the studies of Chandler in India
(Chandler, 1925, 1926 and 1928). Here it seems probable that in cer-
tain places the ascaris infestations are chiefly acquired from drinking
the water from shallow pools called “hulas” which are polluted by
defecation on their banks or even into the water itself. In the reports
of the field studies in Panama and the United States there is not a
single case in which the evidence implicated the water supply and in
most of the communities it has been possible to rule out the drinking
water as a source of infection.

Where human excrement is used as fertilizer other sources of ascaris
infection are produced. In fact this parasite is extraordinarily prevalent
in China, Japan and Korea where this custom is almost universal.
Yoshida (1923, 1925) attributed the very high incidence of ascaris in
Japan to the methods of fertilization of vegetables that are eaten raw.
Mills (1927) has also suggested that viable ascaris eggs on pickled
turnips and cabbage, which are eaten raw with almost every Korean
meal, offer the best explanation of the widespread prevalence of this
parasite. This theory explains why there is so little difference in the
incidence in different classes of people in his series regardless of their
economic condition, education or attention to personal hygiene. Yoshida
(1923) further made the statement that he has very often found on the
leaves of vegetables viable ascaris eggs which stuck so firmly that the
usual amount of washing did not remove them from such vegetables
as radishes and turnips. Other investigators in the Orient have also
reported the finding of ascaris eggs on vegetables (Iwahashi, 1923;
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Isobe, 1925). It has further been suggested that the handling of human
feces in its preparation as fertilizer and the scattering of eggs widely
with the distribution of night soil on the fields, might serve to distribute
this parasite widely in the population (Cort and Stoll, 1931). It is
significant in this connection that in regions where human excrement is
used as fertilizer there is a higher incidence and heavier infestation in
adults than in those countries like Panama and the United States where
this custom is not found. The heaviest average infestation which has
heen reported up to the present time by the egg counting method is from
the rural population of the Canton delta region in China-where there isa
combination of a subtropical climate with a high annual rainfall,
soil pollution by children and the use of human excrement as fertilizer
(Cort and Stoll, 1931).

INFORMATION ON THE EPIDEMIOLOGY OF ASCARIASIS FROM EGG COUNTS
The Family as the Unit of Ascaris Infestation

In those regions such as Panama and the mountain sections of the
southeastern United States where soil pollution near the houses appears
to be the most important source of ascaris infection, it is clearly shown
irom the egg counts that the family is practically always the unit of
infestation. This is true in community groups as well as in isolated rural
areas. In fact one of the first things which called attention to sources
of infection in the dooryard was the finding of negative or lightly
infested families living close to those that were heavily infested. All
the reports of egg count examinations where analysis has been made
according to families show some in which the worm burden of all or
most of the members is very heavy. These have been called ascaris
families and from their study important information has been gained
on the factors favorable for the building up of heavy infestations.
Because of this relation it becomes important to analyze any series of
egg counts for ascaris according to families and if the family proves to
be the unit of infection to center the study of environmental factors in it.
Much of the evidence on sources of infection discussed above has come
from the study of individual families in which the infestation of the
members was known from egg counts. There are in addition, however,
certain general relations that have been learned from the analysis of
the egg counts of larger groups. These will be discussed in the sections
which follow.

SIGNIFICANCE OF NEGATIVES IN EGG COUNT SERIES
An analysis of the make up of the negatives for ascaris in the egg
count series available in the literature will he considered first. In the
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2247 examinations from Panama 49 per cent were recorded as negative.
It is rather surprising to find such a large group of negatives especially
as in the same series only about 10 per cent were negative for hook-
worm. A considerable proportion of the ascaris negatives is accounted
for by the presence in the series of whole families either entirely negative
or with a few very lightly infested members, obviously living under
conditions not at all favorable for the spread of ascaris.

Of even more interest are the negatives in groups with the maximum
exposure to infection. For example in 40 families of 259 individuals also
from the Panama series that had an average egg count of over 30,000
eggs per cc. there were 50 individuals or 19 per cent recorded as nega-
tive. A somewhat comparable group from the Virginia series is made
up of those families composed of 552 individuals in which there was
an ascaris infestation of considerable size. In this group there werc
137 or 25 per cent negative. How then will we explain this considerable
percentage of negatives in these two series of ascaris families, where
sources of infection near the houses are probably almost everywhere
present? In the first place it was found that the percentage of negatives
was much greater in the adults than in the children. For example in
the series from Virginia just mentioned the percentage of negatives in
the children (O to 14 years) was 12 while that in the adults was 52.
This greater percentage of negatives in adults in heavily infested families
appears to be due as will be discussed later to habits that give them
less exposure to infection than the children.

The final problem then is to explain the negatives in the young chil-
dren. There was not the slightest evidence that these negative children
except those under two years differed in habits from their brothers
and sisters who were infested. Otto (1930) found in a group followed
by the egg count over a considerable period that in a number of cases
individuals positive at one examination were negative at the next and
vice versa. He expressed the view based on this and other evidence
that in any group harboring ascaris there is a constant fluctuation n
individual infestations due to a spontaneous loss of worms. In other
words the finding of a negative case in a child in a heavily infested family
probably only means that this individual has recently spontancously
expelled his worm burden, and that reinfection has not yet had time to
produce egg laying females.

Series composed of both children and adults with an ascaris inci-
dence of 90 per cent or over are of particular interest. Such groups
are found in China as for example that of 890 individuals of all ages
examined from the rural districts around Chefoo, in which there were
only about 10 per cent negative (Cort and Stoll, 1931). Here the
suggestion is made that the adults have an exposure to infection not
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present in Panama and the United States duc to the use of human ieces
in fertilizing crops used for food.

SIZE OF EGG COUNTS

Certain points of interest on the size of egg counts come out of
the analysis of the egg count series that have been reported. Ascaris
egg counts vary from those representing the egg output of a single
female worm to those truly enormous in size. The highest count in
the literature is 1,001,200 eggs per gram in a female, of the 13 to
19 year age group living in the Canton Delta region. In the total
Panama series (Cort, Stoll, Riley and Sweet, 1929) there were 32 indi-
viduals with counts over 200,000 eggs per cc. with an average of
345,000 eggs per cc., which probably represents an average infestation
of somewhere around 300 worms per individual. In one small group
of 337 examinations in the Canton Delta 10 individuals are listed with
counts over 300,000 eggs per gram. These high counts in a small pro-
portion of the cases correspond to the small number of extremely
heavy ascaris cases which are found reported in the literature in which
several hundred or even a thousand worms have been obtained from a
single individual either by treatment or at post mortem examination.

Another striking thing that has been found out about ascaris,
wherever it has been studied by the egg counting method, is the con-
centration of a very large percentage of the worm burden in a small
aumber of individuals. In the Panama series 99 cases. only 4.3 per
cent of the individuals examined, had a total egg count that was
49 per cent of that of the whole group. In the southwestern Virginia
series 6.1 per cent of the males had 50.5 per cent of the worm burden
and 6.4 per cent of the females had egg counts equal to 56.3 of the
total count in the females. Nor do the peculiar conditions of infestation
in China alter this relationship. For example 6.7 per cent of the
1016 individuals examined from the Canton Delta had 51.3 per cent of
the total worm burden of that group as measured by the egg count.
What these figures appear to mean is that it is a characteristic of
ascaris infestations for about 50 per cent of the worms to be concentrated
in about 5 per cent of the total group. It can be suggested, therefore.
that the combination of factors necessary to build up the extremely heavy
ascaris cases or to produce real ascaris families is only rarely met with.
In other words in spite of the ease with which ascaris spreads it requires
conditions of very gross soil pollution and very poor personal hygiene
to produce the heavy infestations. TFacts obtained from the environ-
mental studies of heavily infested families support this view, since soil
pollution by such familics is almost always found to he very gross and
concentrated near the houses and the standards of personal hygiene are
almost invariably very low.
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AGE AND SEX DISTRIBUTION OF ASCARIS INFESTATION IN
POPULATION GROUPS

Perhaps the most important information that is obtained by the
analysis of the egg counts of the total groups that have been examined
is the distribution of the ascaris infestation according to age and sex.
The heavy infestations of children, especially those of pre-school and
early school age, is one of the first points that becomes clear. In the
Panama series, even after the most liberal reduction of the actual egy
counts for stool size (Stoll, 1929), the infestation in the children is
very much heavier than in the adults.* The peak of the curve in the
males falls in the 5 to 7 year age group and in the females in the
10 to 11 group. Also the average count of the children (0 to 14) is
about three times that of the adults (15 years and over). Another
point of interest in the Panama series is that the females from 10 to
39 years of age have an average egg count twice that of the males, while
beyond 40 years the average is the same in both sexes.

The age distribution of the egg counts from the series from south-
western Virginia is quite similar to that from Panama (Cort, Otto and
Spindler, 1930). In fact the ratio of the infestations of the children
to that of the adults is much greater. Also in this series the yvoung
adult females have about twice as high counts as the males of the
same age. This same relation between the ascaris infestations of chil-
dren and adults, and males and females has also been found in the
very large series of egg counts that have been made from the mountain
regions of Tennessee and Kentucky, the analysis of which has not vet
been published. This type of age and sex distribution appears, there-
fore, to be associated with conditions where the chief sources of ascaris
infection are from soil pollution by the children near the houses. The
explanation given for these differences is that the children especially
those of the youngest age groups, on account of their playing on the
ground of the dooryards and their carelessness in cleanliness and in
what they put into their mouths, are much more exposed than the adults
to infection. The closer association of women of child-hearing age with

* Stoll (19299 presented figures on the size of children’s stools which indicatec
that the fecal output in the 3 to 4 year age group is only half that of adults anci
in the 1 to 2 year group only about a quarter. For example three 10,000 eggs per
gram counts, basis formed stool, from a two year old, four vear old and adult really
represent counts of about 2,500, 5000 and 10,000 cggs per gram respectively.
While the actual figures of stool size in the groups over 4 vears are not so clearly
worked out this author suggests that the adult stool size is reached at ahout 10
vears. This would make it necessary also to discount the counts for individuals in
the 5 to 9 age group. Cort, Otto and Spindler (1930:10-11, graph 1) using Stoll's
Panama figures as a guide discounted the cgg count in the 0 to 2 group 75 per
cent, in the 3 to 4 group 60 per cent. in the 5 to 6 group 50 per cent and in the 7
to 9 group 30 per cent. This is of course an approximation and is probably a
slightly greater reduction than the available information warrants.
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the children and a greater proportion of time spent working in and
around the house would account for their having heavier infestations
than the men who usually spend much of their time away from home.

It might be postulated of course that the adults become less sus-
ceptible to infection as they grow older. It seems difficult, however, to
believe that adults are, to any considerable extent at least, less susceptible
to ascaris infection than children, since it is known that in certain cases
individuals and groups of adults harbor infestations quite comparable
to those of children. For example the egg counts of adults in the
series from China are much closer in size to those of the children than
in those from Panama and the United States (Cort and Stoll, 1931,
Table 1). Also of interest in this connection are groups of adults in
the China series with unusually heavy infestations (Cort and Stoll, 1931,
Table 3). For example the 155 males from 20 to 39 years of age from
the village of Kwang Yik Wai in the Canton Delta have an average
egg count of 30,920 and a mean for the positive cases of 45,650 which
are comparable to those of the most heavily infested groups of children
that have been reported. It seems clear, therefore, that when adults
have sufficient exposure to infection worm burdens equal to those of
children can be built up. These findings, support the view that where
adults are only lightly infested in families where the children have
heavy infestations the difference is due to differences in exposure to
infection rather than to any lack of susceptibility of the adults.

ECONOMIC STATUS AND ASCARIS INFESTATION

In those regions where the chief source of ascaris infection has been
shown to be soil pollution near the house, the heaviest infestations are
usually found in the poorest, most degraded portion of the population.
This is particularly true in a place where the people have been given
a considerable amount of instruction in household sanitation. On’the
other hand in some regions as for example the most isolated rural areas
of the mountain sections of the southeastern United States, which are
practically untouched by sanitary work, the conditions suitable for ascaris
spread were present in the better classes as well as the poorest. Excep-
tionally people of the lowest type in areas where ascaris is prevalent
escape infection. For example practically no ascaris was found in a
group of negroes of the poorest most degraded type, who were exam-
ined as part of the series from southwestern Virginia (Cort, Otto and
Spindler, 1930:40-41). Repeated inspections showed no soil pollution
around the houses of these people, the old dilapidated privies being in
constant use. There was also a number of families studied, hoth in
Panama and the United States who had little or no ascaris infestation
in spite of the absence of sanitation. A common feature of such families
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is the habit of both children and adults of polluting the soil at consider-
able distances from the houses. This seemed to be the factor that pro-
tected them from infection, since nearby families with dooryard
pollution had high ascaris egg counts. In fact the suggestion has been
made (Otto, Cort and Keller, 1931) that the keeping of the pollution
at a distance from the house in the lowlands of western Tennessee is an
important factor in the low ascaris incidence of this region as compared
with the mountain sections of the state.

Heavy infestations, usually in young children, have been found in the
ascaris areas in the United States in families that are in every way
above the average of the communities in which they live. Sucha family is
described in the report of the researches in Tennessee (Otto, Cort and
Keller, 1931). This family lived on a large prosperous looking farm
in a wide valley with a type of house and barns comparable to those
of the better classes of farmers of any region. Their yard was large,
with well-kept lawn and shrubbery and there was a good privy about
100 feet from the house. All four of the children irom 5 to 9 years
of age were infested with ascaris and embryonated ascaris eggs were
found in soil samples taken next to the house and under several apple
trees in the yard where the children commonly played. Cases of ascaris
infestation in children of families of the better class are in fact not at
all uncommon in the areas that have been studies in the United States.
In such {amilies almost always pollution by young children could be
found near to the houses. The fact that the privy was often at a
considerable distance and usually not convenient for the use of young
children contributed to this situation.

The relation of heavy ascaris infestation to poverty is not so appar-
ent in countries where human excrement is used as a fertilizer. For
example Mills (1927) in his series of examinations from Korea found
the' incidence of ascaris just as high in the wealthier classes as in the
poorest people. Ascaris is also prevalent in the better classes in Japan
and China. Evidence is available, however, that indicates that the most
intense infestation is usually found in the lower classes, where infection
from soil pollution habits of children would be an important factor as
well as that from eating contaminated vegetables (Cort and Stoll, 1931).

URBAN VERSUS RURAL COMMUNITIES TN ASCARIS INFESTATION

Ascariasis seems to be just as much a disease of urban as of rural
populations. Mills (1927) emphasized this in his examinations from
Korea, and statistics from cities in Japan and China show the same
thing. Much of the infection in oriental cities is evidently due to the
cating of contaminated vegetables. In Panama very high ascaris cggs
counts were found in the poorer classes of two of the provincial capitals.
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In fact one of the highest average counts yet recorded was in a
group from Santiago, the capital of Veraguas Province (Cort, Stoll,
Riley and Sweet, 1929:178). Environmental studies showed a great
deal of soil pollution in the small yards around the houses. It seems
probable that in such situations the crowding produced by city conditions
would tend to concentrate the pollution by the children and produce even
heavier infestations than in rural districts. Similar conditions appear
to be common in poorly sanitated portions of cities especially in tropical
and subtropical regions. On the other hand in the United States and
most of Europe ascaris is largely a rural problem, because most of the
cities of any size have modern sewerage systems and the community life
tends to educate the people above the level of soil pollution.

ASCARIS INFESTATION IN RELATION TO TEMPERATURE, MOISTURE, SOIL
AND OTHER GENERAL ENVIRONMENTAL CONDITIONS

To get before us a more complete picture of the different factors
that influence the distribution of ascaris it will be necessary to consider
the relation of climate, soil and certain other general environmental
conditions. The eggs of the ascarids have a remarkable resistance to
external conditions. An extensive literature has developed on the effect
of different factors such as temperature, moisture and various chemicals
on the eggs of Ascaris lumbricoides. It would, therefore, be mpo
even briefly to sum up the numerous experimental studies along this linc.
A few points will be mentioned, however, which apply very definitely
to the distribution of this parasite. Ascaris eggs at different stages of
development can withstand freezing temperatures for long periods of
time and can survive a severe winter. Eggs have been found to develop
to the embryonated stage at a wide range of temperatures, about 8 to
37° C. Of course the rapidity of development and the percentage of the
cggs surviving varies at the different temperatures. At the higher
-anges the eggs are much more casily killed, since they will not live
for any considerable length of time at temperatures of 387 to 40° C. and
are killed in a short time when the temperature is raised to 507 C.
The eggs of the human ascaris also have some resistance to desiccation
and can develop when only a small amount of moisture is present. In
this connection it has heen shown (Otto, 1929) that eggs air-dried on
glass slides will develop in an incubator with a humidity above 80 per
cent.  In addition the cggs of ascaris can develop normally in high
concentrations of certain chemicals, can live for a considerable period
under anacrobic conditions and require only a small amount of oxygen
for development. This means that almost never under natural conditions
would they meet chemical factors unfavorable for their development
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and that except in very exceptional situations they would find sufficient
oxygen.*

This unusual resistance of the eggs of the human ascaris to external
conditions has a profound effect on its geographical distribution and
also on its ability to establish and to maintain itself in a variety of
situations. Instead of being practically limited to tropical and sub-
tropical areas which have considerable rainfall as is the hookworm.
ascaris has a world wide distribution, having been reported in the
arctic regions and in countries that have almost desert conditions. The
recent studies in the United States have shown that ascaris eggs can
develop and persist on the hard packed unshaded soil of dooryards,
where the larvae of hookworm cannot develop and where the eggs of
trichuris are killed. In fact it is suggested that perhaps the most impor-
tant factor in the differences in the distribution of the human ascaris and
trichuris is the greater resistance to desiccation of the eggs of ascaris and
their ability to develop where there is too little moisture for the develop-
ment of those of trichuris (Spindler, 1929 a and Otto, Cort and Keller,
1931). This means that ascaris is less restricted by climatic conditions
than almost any other human parasite. A good example of this is the
extremely high incidence and heavy infestation found in the rural areas
around Chefoo (Cort and Stoll, 1931) in north China. Here on account
of unusually faverable human habits in a region with an annual rain-
fall between 20 and 30 inches and a long cold winter, an ascaris infes-
tation was found comparable to that of areas in Panama with tropical
temperatures and rainfall of about 100 inches a year. )

Two instances of the killing of ascaris eggs under field conditions
by exposure to direct sun rays have recently been reported. Brown
(1927a) found in his studies in Panama that the eggs of this parasite
were killed on sandy soil exposed to the sun. The death of the eges
seems to be due to heat since the temperature of the soil was found to
go above that known to be lethal to them. In some field experiments in
Virginia (Otto, 1929) it was also found that ascaris eggs did not sur-
vive on soil composed mostly of cinders when exposed to the sun
although some survived on unshaded sandy spots. Here, too, high
temperatures seemed to be the lethal factor. It seems probable, there-
fore, that the killing of the eggs on certain types of soil by the heat
of the sun’s rays is an important factor especially in the tropics in
limiting the spread of ascaris. The point must he kept in mind also
that while ascaris eggs are more resistant to desiccation than those of
trichuris or than the larval stages of the hookworn, they are soon

* A recent review of the most important literature on the temperature, mois-
ture and chemical relations of the eggs of the human ascaris is given by Otto
(1929).
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killed if subjected to too much dryving. Otto (1929) found that ascaris
eggs on glass slides were all dead in about nine days in an atmosphere
40 to 50 per cent saturated with moisture and that on the surface of
dry soil in the open room all the eggs were dead in less than a month.
Caldwell and Caldwell (1928) came to the conclusion from experiments
with ascaris eggs on different types of soil that desiccation was the most
important lethal factor. It seems evident, therefore, that the dryer the
climate of any region the greater the destruction of the eggs. This is
apparently often compensated for by the enormous egg production,
because ascaris infestation is very often found in regions of rather low
rainfall.

Some recent field experiments in Panama are of interest (Cort,
Schapiro, Riley and Stoll, 1929) in this same connection since they
suggest considerable fluctuation in the level of ascaris infestation
between the wet and the dry seasons. Examinations by the egg counting
method were made of the people of a small unsanitated village at the
beginning, the middle and the end of the rainy season. In this series
the egg counts made at the end of the rainy season were about twice
the size of those made six months earlier. Another study in the same
region of two other villages (Cort, Schapiro and Stoll, 1929) showed
the same thing. The increase in egg counts was particularly evident
in the worst ascaris families, where the conditions were evidently
particularly favorable for the spread of this parasite. This was inter-
preted to mean that there is a considerable fluctuation in the yearly level
of ascaris infestation in regions with a long dry season, produced by a
constant rapid loss of worms and conditions less favorable for reinfec-
tion during the dry season. Although at present there is no definite
evidence available, there is every reason to believe that the ascaris
burden is reduced by the long cold winter of the mountain sections of
the southeastern United States and that the peak of the yearly cycle
comes late in the fall. In fact this suggestion is very definitely put
forward by Otto (1930) in a paper in which he summarizes the evidence
for a constant fluctuation of ascaris infestations due to loss of worms
and reinfection.

Except for a more rapid destruction of ascaris eggs in sandy soils
and in those made up of cinders by the heat of the sun’s rays, there is at
present no evidence that the type of soil is a determining factor in the
spread of ascaris. This is of particular interest in the United States
because the suggestion has often been made that the peculiar distribution
of this parasite is in some way related to the character of the top soil.
The important endemic centers of ascariasis of any size in the United
States arc located in the mountainous sections of the southeastern part
chicfly in West Virginia, Virginia, Kentucky and Tennessce. Other
arcas where rural sanitation is equally primitive and where in many
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cases hookworm disease is endemiic, as for example in southern Alabaima
and Georgia, are practically free from human ascaris. It has been
impossible to demonstrate any constant soil differences between these
ascaris and non ascaris regions, or any differences in general environ-
mental factors that could possibly explain this situation. In fact there
appears to be no similar predilection of human ascaris for mountain
regions in any other part of the world. It is also of interest that Caldwell
and Caldwell (1926) have shown that while Ascaris lumbricoides is
practically unknown in southern Alabama in man it is common in the
pig. These authors make use of this difference in distribution as a
rather convincing argument that the ascaris of man and of the pig are
not identical. The prevalence of the pig ascaris in this region also argues
against the operation of soil or climatic factors in keeping down human
ascaris. It becomes almost necessary in light of all the available evi-
dence to fall back on differences in human habits to explain the differ-
ences in ascaris infestation in different parts of the southern United
States.

Recent studies in the lowlands of western Tennessce have given
some evidence along this line (Otto, Cort and Keller, 1931). In spite
of the general very low incidence of ascaris in this region a small pro-
portion of typical ascaris families were found. These families showed
the usual conditions of soil pollution associated with heavy infestations
with the stools concentrated near the houses. Many of the negative and
lightly infested families were also without any sanitation. In such
families almost invariably stools were deposited at a distance from the
houses often in barns or chicken houses. It was suggested that the
keeping of pollution at a distance from the dooryards was an important
factor in keeping down the infestation in this region. Certainly the
association of heavy worm burdens with dooryard pollution becomes
more and more evident with each series of field studies that has been
made. It was further suggested that the flatness of the country made
it easier and more necessary for the sake of protection for the people
to defecate further from the houses. That this difference in soil pollu-
tion habits is really the determining factor in the low incidence of
ascaris in the plains areas of the southern United States has not heen
demonstrated, but it is as vet the only clue that has heen found.

EFFECT OF TREATMENT ON ASCARIS INFESTATION IN
POPULATION GROUPS
In addition to information on the factors influencing the spread of
ascaris the recent epidemiologic studies have also given data on the
cffect of treatment and sanitation in the control of this parasite. Two
drugs, santonin and oil of chenopodium, have been widely used as
anthelmintics for human ascaris. The evidence available recently dis-
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cussed by Hall and Augustine (1929) demonstrates very clearly that
oil of chenopodium is by far the more effective of the two drugs.
Recently it has been shown both by laboratory and field tests by Lamson
and his associates that hexylresorcinol is also a very effective and safe
drug for treatment of ascaris (Lamson, Ward and Brown, 1930;
Brown, 1930). Since this drug seems to be less toxic to the patient
than oil of chenopodium it may well become the drug of choice.

What is of particular interest in this connection, however, is the
considerable body of evidence available from egg count studies which
shows that treatment is not effective in the control of ascaris in popu-
lation groups. In field experiments in Panama it was found that no
effect of treatments with oil of chenopodium given at the beginning of
the rainy season could be demonstrated by egg counts made six or
seven months later (Cort, Schapiro and Stoll, 1929). In a group of
children the treatment had reduced the egg count by over 90 per cent.
Seven months later reinfection had raised the egg count of this group
to one and one half times the pre-treatment level. More recently a
study of reinfection after treatment has been made in southwestern
Virginia (Otto, 1930). Egg counts of 157 individuals of all ages in
the same community were made in the spring and summer of 1928 and
treatments were given to those found positive for ascaris. Reexami-
nation of 98 individuals of this series showed that the egg counts had
been reduced by about two-thirds. The reexamination of these same
people the following spring showed that in less than a vear the egg
count of the group had returned to the pre-treatment level. In both
these studies, of course, the treatments were only partially effective and
the soil was heavily seeded with eggs so that conditions for reinfection
were favorable. It seems probable, however, that even if 100 per cent
of the worms in groups of this type were eliminated by treatment
reinfection would be rapid on account of the numbers and longevity
of the eggs found in the yards of heavily infested families. Perhaps
treatments might be of more lasting value if given during a dry season
or winter when the dangers of reinfection appear to be considerably
reduced. At any rate the evidence available suggests that mass treat-
ment is not an effective control measure for ascaris and that the expendi-
ture of money by health authorities for this purpose is to say the least
a doubtful procedure. Of course treatment in any ascaris population
remains as a very important curative measure for relieving the heavily
infested individuals especially the young children of dangerous worm
burdens.

SANITATION IN ASCARIS CONTROL

The field investigations of the last few vears have brought out some

rather startling facts on the relation of sanitation to ascaris control. In
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the Panama studies it was found that the sanitary campaign that has
been carried out there for hookworm control, had apparently not been
effective in reducing the ascaris burden. In fact in the two groups with
the highest average ascaris infestations of the whole Panama series a
great deal of sanitary work had been done and the majority of the
families had privies, which were used by at least some of the members.
The general conclusion was drawn that in the areas studied in Panama
the development of household sanitation, which was shown to be defi-
nitely reducing the hookworm, had not appreciably limited the spread of
ascaris. The explanation advanced for this situation was that ascaris
was chiefly spread by the young children and that they were not using
the privies.

The field investigations in Virginia, Tennessee and Kentucky have
revealed the same situation. All through these regions many families
were found with well kept constantly used privies in which ascaris is
kept up by soil pollution near the houses by the youngest children. For
example in the 329 families especially studied in the mountain sections
of Tennessee (Otto, Cort and Keller, 1931) more than half (104) of
the 194 having heavy ascaris infestation had privies, which in almost
all cases were found to be in use. It seems evident, therefore, that hoth
in the United States and in Tropical America the extensive sanitary
campaigns that are being carried on are in many cases failing in bringing
ascaris under control.

These findings do not of course demonstrate that there has been no
reduction of ascaris due to the sanitary work. In the endemic areas in
the United States there is a great deal of evidence of constant improve-
ment, and the same thing must also be true wherever campaigns have
been carried out over considerable periods of time. Conditions in the
United States will be used to illustrate these points. It is clear in the
first place that there has been an improvement in living conditions and
a reduction or elimination of infestation in the large number of people
that have moved in from the rural districts to the towns and cities. In
practically every community visited in these regions there were numbers
of families that had developed household sanitation to the point where
they were wholly or almost wholly free from ascarids. Sometimes such
families were on the same economic level and lived close to those heavily
infested. Further there are areas of considerable size in the general
mountain sections, where ascaris is endemic, where intensive sanitary
work combined with other factors that have raised the general cultural
and economic level of the population has practically eliminated ascaris.
Such areas in some cases include whole counties where there have heen
full time county health departments over a considerable period of time,
and where the people have made economic advance and have lost their
isolation.
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It is of interest in this connection that fecal examinations for ascaris
can often be used to check the effectiveness of sanitary work. Such
examinations made at intervals after the introduction of privies into a
community infested with ascaris will give a pretty good index of the
extent of soil pollution remaining and will indicate the families needing
further attention. In such a community ascaris infestation might be
called an index of the status of household sanitation.

It is evident from the discussion given above that the control of
ascaris in any area is a matter of considerable difficulty, and that to be
effective a control program must take into consideration the actual situ-
ation in the particular community involved. It seems perfectly clear,
therefore, that time and money spent in careful preliminary investi-
gations by properly trained individuals will in most cases at least be well
spent. Since, after all, ascaris is only abundant among those people
who fail to observe the simplest rules of household sanitation and
personal hygiene, anything that will tend to raise the general economic
and cultural level will reduce its prevalence. One of the first steps in
improving the general sanitary condition of an area is the development
of an organized health department. In fact it is generally recognized
in those parts of the United States where intestinal helminths are still
common, that the most progress is being made in counties that have a
full time county health officer with a well organized department. In
other words improvement in household sanitation, which will produce
a reduction in the prevalence of ascaris, goes hand in hand with the
development of the general public health program.

There are, however, a few simple suggestions for ascaris control in
the United States that might he made in light of the recent epidemiologic
studies recorded above. In the first place it is obvious that the critical
thing in the control of ascariasis is not the mere introduction of privies
into unsanitated areas but their conservation, replacement and constant
use especially by the children of preschool and early school age. Certain
very practical points seem in many places to have been entirely over-
looked. First the privy should be placed near enough to the house so
that it can be readily reached by the children both in winter and summer
and in the second place it should be mechanically adapted for children's
use. It is surprising that almost invariably the seats in the privies built
i the rural districts where ascaris is prevalent are designed only for
adults and are difficult and even dangerous for children to use. The
correcting of this situation is certainly a necessary preliminary step in
any program for eliminating soil pollution by children. Beyond this,
progress will have to depend chiefly on education in proper methods of
living. Intensive instruction in the home especially by the sanitarv
inspector and public health nurse seems to be the most promising method
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of approach. This should be supplemented by more practical instruc-
tion in the rural schools in these regions in personal hygiene and house-
hold sanitation. Such courses given in the early grades should stress
the dangers of soil pollution in the spread of disease, and should cer-
tainly take up the simple methods of excreta disposal that are adapted
to rural homes. These are often the subjects, which the teacher,
usually from an entirely different environment and city trained, is least
desirous of discussing. It is here that the cooperation of the health
officer and his staff is most valuable in giving the teacher the necessary
information or in giving the instruction themselves. It happens that
in the United States the ascaris problem is a part of the general economic
and social problems of the “poor mountain whites” of the southeastern
Appalachian range. Certainly the raising of the standards of household
sanitation and personal hygiene among these people to the point where
ascariasis ceases to be important must be one of the early steps in their
general advancement. Finally with ascaris so widely prevalent in both
urban and rural communities in such extensive areas of the world and
so clearly an index of the status of sanitation, it seems evident that a
much larger part of the program for improved sanitary conditions
might well center in campaigns for its control.

SUMMARY

In the last five years important advances have been made in our
knowledge of human ascaris by intensive field investigations which
involved fecal examinations by the dilution egg counting method, exami-
nation of soil samples to determine the distribution of ascaris eggs in
infested communities, and careful inspections and studies of soil pollu-
tion habits. A description of the use of these methods in studying a
population group is given in some detail. Studies made by these methods
in Panama and the southern United States have shown that soil pollution
near the houses especially by the youngest children is a very important
source of infection. Infection would be brought about under such condi-
tions by the tracking of the eggs into the houses and by hand to mouth
infection of children playing in dirt containing embryonated eggs.
Where human excrement is used to fertilize the crops as in certain
oriental countries ascaris is very prevalent in the whole population.
The eating of raw or partially cooked vegetables to which ascaris eges
adhere seems under these circumstances to be an important source of
infection.

The dilution egg counting method has been found to be a useful and
valid quantitative measure of ascaris infestation in population groups.
From the limited number of egg count studies of the last few vears
certain additions to our knowledge have heen made on the distribution



CORT—EPIDEMIOLOGY OF HUMAN ASCARIASIS 141

of this parasite and on the factors influencing its dissemination. In the
first place it has been found that the family is almost always the unit
of dissemination, so that most of the studies must center on the environ-
ment of this group. An analysis of the negative cases in the groups
egg counted in Panama and the United States has suggested that above
about 20 to 25 per cent the negatives come almost entirely from the
negative or lightly infested families. In groups constantly exposed to
infection, as in series of ascaris families, a large proportion of the
negatives are in adults with habits that do not bring them in contact to
such an extent as the children with the sources of infection. The
small proportion of negatives in children exposed constantly to infection
appears to be composed of cases from which the worms have been
spontaneously expelled. Another remarkable thing about ascaris infesta-
tion is the concentration of about 50 per cent of the worm burden in
any group in about 5 per cent of the individuals. This suggests that
rather extreme conditions are necessary to build up heavy infestations.

An age and sex distribution in which the children are much more
heavily infested than the adults and in which the young adult females
have much higher counts than the males is characteristic of the series
of examinations made in Panama and the southeastern United States.
This distribution appears to be associated with sources of infection
produced principally by the soil pollution of young children near the
houses. In the Orient where the situation is complicated by the use
of human excrement as fertilizer the adults have a much more general
and heavy worm burden. This situation and the finding in the series
of egg counts from China of groups of adults with average egg counts
comparable to some of the most heavily infested children, indicates that
when adults are sufficiently exposed to infection, they show no marked
lack of susceptibility.

While the presence of a heavy ascaris worm burden is usually associ-
ated with poverty, people of the lowest type have been found in regions
where this parasite is endemic with practically no infestation, due to
absence of soil pollution or to the habit of depositing the stools at a
distance from the houses. On the other hand in many cases the best
families in ascaris regions are infested on account of the careless habits
of the younger children. Ascaris is not to the same extent as the hook-
worm a rural problem since the crowded conditions of poorly sanitated
cities especially in tropical or subtropical countries are very favorable
for its spread.

On account of the remarkable resistance of the eggs of ascaris to
adverse conditions and their ability to develop under a very wide range
of conditions this helminth is probably the most prevalent and widely
distributed of all the human parasites, being found both in cold regions
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and those with a low rainfall. It is often found abundantly in places
where there is too little moisture for the development of the eggs of
trichuris. Drying, however, seems to be one of the most important
factors in killing ascaris eggs. The eggs are also killed especially in the
tropics by the high temperatures produced by the direct rays of the
sun on sand and certain other types of soil. There is some evidence that
the level of ascaris infestation is considerably reduced during a long
dry season by the rapid loss of worms over a period of reduced rein-
fection. It seems probable that a similar fluctuation occurs in those
areas with a long cold winter. The type of soil does not seem to be a
limiting factor on ascaris spread. In fact except under extreme condi-
tions the intensity of infestation in any area appears to be determined
chiefly by human habits and not by general environmental conditions.

Recent field studies have emphasized the rapid reinfection with this
parasite after treatment. For this reason treatment of a population
group cannot be considered as an effective control measure. On the
other hand the effectiveness of oil of chenopodium and hexylresorcinol
as ascaricides makes it easy to relieve heavily infested individuals espe-
cially young children of dangerous worm burdens.

In many places ascaris infestation has been reduced or eliminated
by sanitary programs carried out over long periods of time, especially
where other factors have raised the social and economic level of the
population. Tt has been shown, however, that very frequently sanitary
work has not been successful in controlling this parasite because of the
failure of young children to use the facilities provided. For ascaris
control, therefore, it is necessary to provide facilities well adapted for
children’s use and to concentrate the educational program on the preven-
tion of soil pollution by young children. Since the presence of this
parasite in both cities and rural communities over such wide areas of
the world can be used as an index of the status of sanitation it seems
that campaigns for its control might form a larger part than at present
of programs for the improvement of sanitary conditions.
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ADDENDUM

Since this address was delivered at Cleveland there has appeared a paper to
which I desire to direct attention. It is by P. D. Lamson, E. L. Caldwell, H. W.
Brown and C. B. Ward, 1931, on Hexylresoreino! in the Treatment of Human
Ascariasis, and is printed in the American Journal of Hygiene, 13:568-575 (1931).
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