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MOSQUITO AND MALARIA CONTROL IN
ILLINOIS.

Axsenmo F. Dappert anp J. Lyvern CLARKE,
AssISTANT SANITARY ENGINEERS,
State DepartMENT oF PusLic HeauTh, SPRINGFIELD.

In 1924 a paper on mosquito and malaria control was
read before this Society,* presenting some of the phases
of the work including a discussion of malaria distribu-
tion in the State, the life history of mosquitoes, meth-
ods of mosquito control, and an outline of two malaria
control projects which were carried out under the super-
vision of the State Department of Public Health. A
brief review of the former paper will facilitate a clearer
understanding of the present discussion inasmuch as
the contents of this paper are somewhat of a continua-
tion of the former article considered in the light of more
advanced and accurate data obtained from a rapid ex-
pansion of this important and now clearly recognized
public health activity.

In the former paper it was shown that although mos-
‘quitoes were quite widely distributed over the entire
State, malaria was confined principally to the ‘‘malaria
belt’’ comprising the southern 12 counties in Tllinois. It
was shown that some counties were suffering 3,000 or
more cases of malaria each year and that the annual
economic losses due to the disease in such counties were
in excess of a quarter of a million dollars. A brief his-
tory of the development of malaria and mosquito con-
trol in Illinois was given, beginning with the original-
warning published in the Illinois Health News in 1916
and following through the successive steps including the
request by the Southern Illinois Medical Society and in-
vestigations by the State Natural History Survey that
led to the establishment of the first effective anti-malaria
and mosquito campaign at Carbondale in 1922. A dis-
cussion of the mosquito, its life habits and the various
methods of control was given in considerable detail and

* Mosquito and Malaria Control in Illinois, by Harry F. Ferguson, Chief
Sanitary Engineer, State Department of Public Health. Trans. Ill. State
Acad. Science, Vol. XVII, p. 279.



354 ILLINOIS STATE ACADEMY OF SCIENCE

the details of the work at Carbondale and Belleville were
presented.

The purpose of this paper is to point out the progress
which the work has made in this State, to review briefly
the results of the several projects carried on since 1922
and to present the information obtained by a recent rural
malaria survey in southern Illinois which indicates the
seriousness of the problem yet remaining. No time will
be devoted to the discussion of malaria and mosquito,
methods of control or other similar matters that are al-
ready quite well understood by the members of this so-
ciety.

PROGRESS OF MALARIA AND MOSQUITO CONTROL IN ILLINOIS,

The advance made in malaria and mosquito control
since its ineeption in 1922 is admirably reflected by a
brief chronological outline of the different projects car-
ried on up to the present time. The fact that most of
these projects have been started only as a result of ac-
tive promotional efforts on the part of the State De-
partment of Public Health plus financial assistance for
the first season’s work by the International Health
Board and have been continued from year to year only
by reason of the results obtained by the first season’s
work is encouraging from the standpoint of extending
the work to other cities and areas where mosquitoes or
malaria constitute a problem. Carbondale, for instance
is now beginning its fifth consecutive year of mosquito
control. The fact that this city has continued the work
from year to year is a rather conclusive testimonial as
to the effectivness of the work.

In the projects included in the tabulation mosquito
control has been effectively accomplished by the applica-
tion of drainage, oiling, paris green, clearing, fish con-
trol and inspection measures, adapted and varied to meet
the particular needs. The essential data relative to these
projects is given in the accompanying table.

It is to be noted that the foregoing projects are all
town or city projects where effective mosquito control
can be accomplished with a relatively small expenditure
of money. No projects have yet been undertaken in the
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rural areas. The work done thus far has been more of
an educational and demonstrational nature and at the
same time has given excellent relief from mosquitoes
and protection from malaria in the towns. Malaria,
however, is primarily a rural problem and it is in the
rural areas that the decisive blow against malaria must
be struck.

Control work in towns has progressed sufficiently far
to leave no doubt as to the practicability of eliminating
both mosquitoes and malaria in areas where there is
enough money available to secure proper treatment of
breeding places. Control work has cost on the average
of $500 to $1,000 per square mile. Such a cost is easily
assumed by a city because of the large number of people
supported by each square mile. In the rural areas, how-
ever, there is seldom as many as 100 people per square
mile and complete mosquito control is almost prohibited
by the cost. There must be, therefore, some other way
of attacking the rural malaria problem other than by
the general comprehensive campaigns of mosquito ex-
termination as have been conducted in the towns.

Fortunately, malaria in Illinois is carried largely by
one species of Anopheles, namely Anopheles quadrimacu-
latus. There may be other species which transmit
malaria to some extent but it is certain that quadrimacu-
latus acts as the principal vehicle for the transmission
of the disease in southern Illinois. This fact simplifies
the work of rural malaria control for it allows all of the
forces to be concentrated against the one particular spe-
cies of mosquito, responsible for the transmission of the
disease. Again rural malaria control is favored by the
fact that Anopheles quadrimaculatus are confined large-
ly to certain definite types of breeding places and will
respond readily to Paris green treatment which is prob-
ably the least expensive method of control. Further, the
distribution of malaria is not uniform but more or less
spotty in character and if the foci of malaria can be
located, control edn be directed against the particular
centers with almost complete negligence of intervening
areas.
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As a preliminary to a definite program directed to the
control of malaria in the rural areas of southern Illinois,
the Department of Public Health carried out during the
first three months of 1926, a survey to determine the in-
cidence and distribution characteristics of malaria in
the southern section. The survey was made by Dr.
Henry P. Carr of the International Health Board assist-
ed by the authors. A discussion of the survey should
prove of interest to the members of this society for in
addition to presenting for the first time, first hand and
accurate information on the malaria problem of this sec-
tion which is held by some to be of only minor import-
ance, the methods illustrate in an excellent fashion the
procedure taken in the field to collect important epi-
demiological data. The freest use has been made of the
detailed report of the survey prepared by Dr. Carr.

THE INCIDENCE AND DISTRIBUTION CHARACTERISTICS OF
MALARIA IN RURAL AREAS OF SOUTHERN ILLINOIS.

General. The most dependable data available up to
the present time, as to the incidence of malaria in Illinois
is found in the mortality reports. The inaceuracy inher-
ent in mortality and morbidity reports in general and
especially in regard to malaria is well known. Malaria
cases are not generally reported and frequently deaths
from malaria are not reported. Such statistics have,
however, a considerable value when interpreted with
caution, in suggesting where the problem is especially
significant.

Fig. 1 shows the death rates from malaria by counties
per 100,000 population for the years 1922-23 and 24 as
compiled from mortality records of the Division of Vital
Statistics. It may be seen at a glance that the heaviest
infection occurs in the extreme southern counties. In
the twelve southern counties which have about 5% of
the total population of the State occurs about 60% of the
total malaria of the State. The mortality records clearly
show that the malaria problem of the State is confined
principally to the southern counties bhut the reports do
not show adequately the extent or distribution of malaria
in any one county. Alexander County for instance had
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a death rate for the triennium of 7.7 per 100,000. This
is equivalent to a case rate of about 2,300 per 100,000.
Since the county has a population of about 25,000 the
actual number of cases occurring annually in the county
as indicated by the mortality reports would be about
9,200 or the case rate would be about 36%. This percent-
age seems quite high and yet the results of the recent
survey in that county indicate that the figure of 36% is
not greatly in error.

The malaria survey embraced representative sections
of Jackson, Union, Alexander, Pulaski, Massac and Gal-
latin Counties. In addition investigations were carried
on in two cities of Williamson County.

In interpreting the results of the studies made of these
areas some consideration should be given to the general
topographical features upon which the occurrence of
breeding places of the transmitting anopheline depends.
A central ridge extends east to west across the southern
part of the State. This ridge is broadest and sharpest
near its western extremity and as it enters the eastern
half of the State it tapers down into a lower prairie-like
area of considerable extent. The highest portion of the
ridge is very hilly and rugged and lies between elevations
600 and 800 feet. The southern and eastern edges of this
ridge blend into the prairie-like section which lies be-
tween elevations 400 and 600 feet.

This hill and prairie section is surrounded on the west
by the Mississippi River with its contiguous lowlands,
and on the south and west by the Ohio and Wabash
Rivers and their valley lands. It is cut across in its
western half by the Cache and Big Muddy Rivers and
in its eastern part by the Saline River and other small
tributaries of the Ohio. Surrounding all these rivers is
an area of valley lowlands. This area is low, flat, and
the natural drainage is poor. Every part of it visited
by the writers appeared to furnish, except where arti-
ficial drainage has been carried out, breeding places suit-
able for the propogation of the transmitting anopheline.
It contains swamps, sloughs, bayous and many natural
still-water ponds.
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In selecting the areas for survey, therefore, two
divisions of the entire territory were considered, first
the river valley sections lying between elevations 300
and 400 feet and the hill and prairie sections lying be-
tween elevations 400 and 800 feet. In all instances ade-
quate samples from both types of areas were taken.

Methods used. The method selected for making the
individual diagnosis which make up the mass diagnosis,
was that of examination of children for the presence of
enlarged spleen. There is at present sufficient evidence
in the literature as to the value of the spleen index as a
mass diagnosis method to justify its use for this purpose
even in areas of light malaria incidence.

The examination of blood films is usually not practie-
able on a large scale because of the expense involved.
Furthermore it has been shown that the spleen index
when carried out according to certain technique fur-
nishes a more sensitive measurement of malaria than the
blood index. In the survey some blood examinations
“were made, however, and these will be reported upon.

The elicitation of histories of malaria in individuals,
another method of mass diagnosis is of value, but is open
to so many fallacies that it cannot be wholly relied upon.
The method has the disadvantage of being highly sub-
jective. Although as has been indicated the chief reli-
ance in this survey was placed upon spleen examina-
tions, histories were taken as a matter of routine and
this data will also be presented. In order to standardize
histories, only a history of a definite chill within the pre-
vious year was classified as positive. Further no his-
tory was taken from children until after the spleen ex-
amination was completed and no histories were elicited
when it seemed evident that the individual was not cap-
able of giving at least a fairly definite statement.

In the survey the spleen examinations were made only
upon boys from two to twelve years of apparent age
usually, although sometimes older individuals were ex-
amined. The average age examined was about nine
years.

Nearly all of the examinations were done in the
schools for the reason that a larger number of individ-
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nals would be examined. All of the examinations were
made by Dr. Carr and the residence of the patient in
most cases was accurately located upon a map.

For the spleen examination the child was placed su-
pine, the thighs sharply flexed upon the abdomen. Belts
and other clothing were loosened so as not to interfere
with deep breathing and the clothing over the upper ab-
domen was pulled aside. The hands of the examiner
were always in direct contact with the abdominal wall
when examining for splenomegaly. The child was in-
structed how to breathe and the examination made.

Spleens were classified as positive only when they
were palpable beyond all question of doubt and the
writers believe that if there is any error in the spleen
diagnosis it is an error of under estimation of numbers
rather than over estimation.

FINDINGS CONCERNING MALARIA IN SOUTHERN ILLINOIS.

Malaria in former years. Although, as will be shown,
there is at the present time a very considerable incidence
of malaria in certain parts of the areas studied, there is
evidence to suggest, at least, that in former years there
was very much more than at present and that the ma-
laria rate in the southern part of the State has declined
markedly in the last two decades. The evidence upon
which one must base estimates of the amount of the dis-
ease which was present twenty years ago is of necessity
not absolutely conclusive. It rests for the most part
upon statements of physicians and well-informed lay-
men who have been living in the areas under consider-
ation for many years. Upon interviewing a large num-
ber of such individuals during the progress of this sur-
vey we found the universal statement to be that twenty
or more years ago the disease was very much more com-
mon and severe than at present. Many of the deserip-
tions which we elicited of malaria conditions twenty or
more years ago, especially those obtained from physi-
cians practicing for many years in their respective com-
munities, are so vivid and so clear that one feels them
to be essentially accurate.
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Of course, such statements must be interpreted and
evaluated with caution, but one cannot escape the con-
viction that in the main they are true and that there was
present in southern Illinois two or three decades ago
very much more malaria than at present. During this
period agricultural drainage has been extensively car-
ried on in some of these areas and the diminution in ma-
laria has apparently proceeded concomitantly with such
work. It seems reasonable at least to conclude that
agricultural drainage has been a great factor in the di-
minution of the malarial incidence of these sections.

Malaria incidence determined by survey. Table I ap-
pended presents the complete spleen and history findings
in the 104 schools which were examined.

In examining this data it will be perhaps most instrue-
tive to study it first from the point of view of the topog-
raphical classification previously mentioned. The type
of terrain in which are located the majority of homes
comprising each school district is indicated in the table
opposite each school by the letters H (for hills) or V
(for valleys). Schools drawing the majority of their
pupils from the valley distriet or hill district are desig-
nated accordingly as valley or hill schools.

A summary of the spleen data from the valley schools
shows that out of 914 individuals examined for enlarged
spleen, 134 or 14.6 per cent were found positive. In the
hill schools-out of a total of 569 spleen examinations only
21 or 3.7 per cent were found positive. In the valley
schools out of 891 histories taken there were 224 or 25.1
per cent positives. In the hill schools, out of 513 histor-
ies taken there were 89 or 17.3 per cent positives. Thus
in the valley schools the history rate was 1.71 times the
spleen rate and in the hill schools the history rate was
4.67 times the spleen rate.

There is thus found to be considerable difference be-
tween the percentage incidence in the valleys and in the
hills, the incidence in the valleys being approximately 4
times by the spleen index and 1.5 times by history index,
the incidence of the hills. Considered in relation to
probable error this difference is statistically sound.
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If the numbers representing the two samples, namely,
914 and 569, with their respective observed incidences of
enlarged spleens of 134 and 21, be compared with the
table of sampling limits which have been published by
Pearl, it will be found that the true incidence in the first
or valley district group is not as low as 10 per cent and
not as high as 20 per cent, while in the second or hill dis-
triet group, the true incidence is less than 10 per cent.
The samples are, therefore, adequate and we may con-
clude that in the hill section there is a very much smaller
incidence of enlarged spleens.

The incidence of 3.7 per cent in the hill section is also
significant. An incidence of 3.7 per cent when derived '
from a sample of 569 is from a statistical standpoint,
significally different from a rate of one per cent if the
figure of one per cent is derived from a sample as large
as 100. If, therefore, we accept the figure of one per
cent as being the incidence of non-malarious splenomeg-
aly among children generally, then we can conclude that
the 3.7 per cent for the hill districts represents a posi-
tive malaria incidence. If it is a real and positive ma-
laria incidence, then it is by no means an insignificant
one. It isimportant to note that there is in general the.
same correspondence between spleens and histories in
the hill districts as in the valley districts. This is con-
firmatory evidence that the 3.7 per cent rate represents
a real malaria incidence and the writers feel justified in
concluding from the data presented that the hill section
of southern Illinois has a positive and significant malaria
rate which combined with the much larger rates of the
valley sections makes the malaria problem of the south-
ern counties, one of major sanitary importance.

Malaria incidence by counties. In considering the
rates by counties we must take into consideration the
variable which has been demonstrated to be significant,
namely, whether the valley or the hill district of the
county is being considered. The following table pre-
sents this arrangement of data. :

The information in the above table is almost self-ex-
planatory. It shows an essential similarity of conditions
in the counties listed which is not surprising for the type
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of county is quite similar throughout. In interpreting
the table the size of the individual samples should be
taken into consideration. Some of them are too small
to admit of direction comparisons. ;

Focal distribution of malaria. It has been shown
that the severe malaria problem in this territory lies in
the great river valleys, the Mississippi, Ohio, Wabash,
Cache, Saline and Big Muddy. When spot maps cover-
ing this area are studied they show definitely that the
infection is not evenly distributed through the area, but
that the cases tend to group themselves in small foei.
This is a fact of great importance to be known in plan-
ning remedial measures.

These small foci probably represent some local area,
perhaps comparatively small, of quadrimavulatus breed-
ing which is responsible for that particular outeropping
of malaria. This seems to be true, especially in those
areas where agricultural drainage has been carried out
to a considerable extent. Even where drainage has been
carried out to the greatest extent we have observed small
bodies of permanent and semi-permanent water left be-
hind because the reclaim value of that particular bit of
land was not great enough to justify from an agricul-
tural standpoint, its permanent drainage. It may be
that in some of these areas the malaria control effort
will be to search out these particular bits of ‘“left-over’’
undrained areas, determine which are the malaria haz-
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ards, and attempt to secure breeding control in the lat-
ter as a public health measure where it would not be
Justified as an agricultural reclamation measure. If
such should be the case, spot maps should be of value
in pointing to the location of such areas.

It has been shown that there is a significant amount
of malaria in the hill section. In regard to the malaria
in the hill sections, spot maps show a most important
point. If they be examined from the point of view of
malaria incidence in the hills, it is seen that nearly all
the cases occur in individuals living either within ano-
pheline flight range from the valley section or else near
a smaller stream valley within the hills. Our maps show
so clearly the relationship between the occurrence of
malaria in the hills and proximity of a stream valley
that one feels justified in concluding that in the hill see-
tion, the malaria anopheline is probably breeding chiefly
in the smaller valleys and that here some local condi-
tion, perhaps the formation of pools in stream beds
through the drying up of the main stream, may be re-
sponsible for providing a suitable breeding place for
quadrimacul atus.

It should also be mentioned that artificially impound-
ed waters, stock ponds, ete., in the locality may possibly
provide quadrimaculatus breeding places. Malaria in
towns of the hill section may be accounted for by other
local breeding conditions,

RELATIONSHIP BETWEEN POSITIVE SPLEENS AND POSITIVE
HISTORIES.

Table I shows that there is in general a correspond-
ence between the history rate and spleen rate. It will be
interesting here to examine further the correlation.

In all there are 1,511 cases in which we have both a
spleen observation and a recorded history. Of these 154
have an enlarged spleen, 326 have a history positive for
chills and fever within the last Year and 76 individuals
have both an enlarged spleen and positive history.

In this series then the probability, on the basis of
chance alone, of any individual having an enlarged spleen
is 12 — 0.1019. The probability for positive history is

1511



366 ILLINOIS STATE ACADEMY OF SCIENCE

az8 — (,2157. The probability, on the basis of chance
alone, of any individual having both an enlarged spleen
“and a positive history within the preceding year is 0.1019
x 1511=33 cases having both positive spleen and positive
history. But there were actually found 76 such cases
or 2.3 times as many as would have occurred by chance.
There is thus shown to be, in this series of cases, a defi-
nite correlation of considerable magnitude, between the
occurrence of the enlarged spleen and the existence of a
positive history in the same individual. Each type of
data tends to confirm the other.

Malaria in towns of southern Illinois. Examinations
were made in Johnston City and Marion, located in Wil-
liamson County. The results of these examinations are
given in Table I. It is shown that Johnston City has
an incidence of enlarged spleen of 4.4 per cent based up-
on a quantitatively adequate sample. In the examina-
tions in these towns the street address of the patient
was obtained. Such data reveals for Johnston City,
the interesting fact that all of the positive spleens come
from the western part of the town, suggesting immed-
iately that the dangerous breeding is probably to be
found in the west part of the city.

Marion was found to have a positive spleen rate of
7.7 per cent and the addresses of the cases clearly show
as would be expected that most of the malaria is occur-
ring in the peripheral sections of the town.

SIZE OF ENLARGED SPLEENS FOUND IN THE SURVEY AND IN-
CIDENCE BY AGE GROUPS. :

Of the total of 171 enlarged spleens found in the whole
area, 161 or 94.1 per cent were classified as palpable
on inspiration. Of the 10 larger spleens found 7 were
classified as palpable, one as one finger’s breadth and 2
as three finger’s breadth below the costal margin. All
degrees of enlargement are indicative of malaria in-
fection. '

The following table shows the incidence of enlarged
spleens in different age groups. This table shows what
has been found by other observers, namely, that the
spleen rate in individuals comparable in every respect
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TABLE III.
Incidence of Enlarged Spleens in Age Groups.
No. of Per cent
Age. examinations. enlarged.
e R S R L R iy 3.
e R e R e s o 550 12.0
L e DR B S e b et Sl 659 10.6
e R SR R S R R L S e 477 6.3
L i S e e e 18 5.5

except the factor of age will be higher in the younger
age groups. There are probably two factors which ac-
count for this. The first is the less immunity to malaria
possessed by the younger individuals and the second is
the thinner abdominal walls of the younger children
which enables abdominal palpitation to be more accurate-
ly performed.

Blood examinations. Out of 264 blood examinations
only one was found positive, 15 minutes being devoted
to the examination of each slide.

Of the 264 examinations by this method, 81 were done
upon individuals with enlarged spleens, and 172 upon
individuals with negative spleens, and 140 had histories
positive within the previous year. The fact that only a
small per cent of blood examinations were found posi-
tive does not in any way detract from the comparatively
large spleen rate revealed for in the winter season as
has been the experience of other observers, the malarial
parasites do not appear frequently in the peripheral
blood, and hence are not obtained when the blood film
is taken.

SUMMARY AND CONCLUSIONS,

The survey has demonstrated that malaria jn the areas
studied constitutes a major public health problem; that
the areas of heaviest incidence are in the valley sections,
that there is a significant relation between positive his-
tories and positive spleens and that malaria appears
to be highly focal and localized usually in comparatively
small areas.

During the summer several of the areas which now
appear as foci for malaria will be studied in detail with
the view of ascertaining the best and most economical
method of control, after which definite steps will be taken
to effect control of malaria in southern Illinois on as
wide a scale as is compatible with the conditions and cir-
cumstances.
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