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STATEMENT OF PROBLEJl 

Throughout American development the South has shown 

a high per cent of parasitization because of climatic conditiohb 

and slow progress in improving sanitary conditions. Human 

infections, alwaya of interest, have attracted the attention of 

numerous workers whose at. was to determine the extent of the 

V 
infections. Since �902, surveys that RflVered practically the 

entire state have been made in Tennessee. A�though these 

surveys have been e�ensive, they, on the whole, have involved 

a rural pepllation. This survey of the Knox County Industrial 

School is more intensified for a given locality and deals with 

a more specific group, for here we have a survey of children 

represenative of the urban as well as of the rural population. 

The children in the Knox County Industrial School 

are normal children between six and eighteen years of age and 

come from an industria� class. Physically, they are an average 

�roup not demanding medical attention, and, since they have 

come from al� sections of the county and are now living under 

good conditions, they represent a typical cross-section of the 

poorer industria1 classes. Ful1y two-thirds have come from 

homes located in the city of Knoxville. These hoaes, as a rule, 

are small cottages supplied with city water and sewage system 

that are typical of industrial workmen. 

The Knox County Industrial School is located on a 

hill in west Knoxville. In all, it accommodates about two 
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hundred and sixty children, and has about the same number 

of each sex. The boye and girls are houae4 separately, 

the girls living in Elizabeth Gibson, Eliza Brownlow, 

Phoebe Park and King's Cottages and the boys in �ames 

Jraynard Hall and King's Cottage. 

'11th the exception of �ames Jla.ynard Hall, the 

dormitories are made to house about thirty children, but 

in recent years they haTe accommodated more than that 

number. James .Synard Hall houses eighty-six boys and 

serves as an administration building and an emergancy hoe• 

pital. To eliainate the danger of fire, the dormitories are 

of brick construction, well spaced, and heated from a central 

heating plant. 
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REVIEW OF LITERATURE 

From 1910 to 1914 the Rockef eller Sanitary 

Commdssion conducted suryeys in Tennessee as well as in 

other states and determined the per cent of helminth in­

f ections. Kiecator was the most outstanding parasite and 

inf ected 21.3 per cent of the population; Ascaris infected 

2�.3 per cent; Trichacephaius 4.7 );ler cent; and HYmenolepis 

� 2.4 per cent. A similar suryey was made f rom 1929 to 

1930 by Keller. Com);larison of his f indings with those of 

the 1910-1914 survey shows that during the intervening yeare 

greater em);lhasis has been placed on reducing hookworm in­

f ections; consequently, the incidence has f allen f rom 25.4 

per cent to 7.4 per cent. The per cent of inf ection of 

roundworm (Ascaris lumbricoides), whipwor.m (Trichacephalua 

trichiura), and tapeworm (Hymenolepis .!!!D!:,) haTe remained , 

the same or have increased. Ascaris inf ected 21.3 per cent 

in 1910 but increased to 26.3 per cent in 1930. Trichacephalus 

increased f rom 4.7 per cent to 7.8 per cent. E• �· however, 

has not shown any appreciable change, the per cent of infection 

in 1910 being 2.4 and in 1930, 2.7 per cent. This indicates 

that little or no progress has been made in sanitary measures 

controlling Ascaris, Trichacephalus, or n. � inf ections 

although Necator inf ections have been reduced. 

Ransom (1904) made a complete study of the tapeworms 

belonging to the genus HYmenolepis. He reports one hundred and 
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six cases of Htmenolepis � and twelve cases of 

Hymenolepis diminuta. In discussing the relative im­

portance of H. �he says: 

"This makes altogether for the United States some­
thing over twenty-five cases, all but one having 
been recorded since August 1902, and sixteen of 
which have been found by members of this labora-
tory in a systematic examination of intestinal 
parasites of about three thousand five hundred 
persons. It is significant that in all these 
examinations only two cases of the beef-measle 
tapeworm, Taenia saginata, and none of the pork­
meas�e tapeworm. Taenia so�ium. were found. These 
facts continue not only to bear out the original 
assumption of Dr. Stiles that the dwarf tapeworm is 
going to prove a co�n American parasite, but seems 
to indicate, furthermore, the likelihood that it will 
turn out to be the most common of the tapeworms 
parasitic in man in this country." 

This prophesy has been substantiated by later in­

vestigations, for we find in Keller'e (1931) report only 

three cases of Taenia infection. a 3.8 per cent infection of 

H• �' and eight cases of li• diminuta. 

While the surveys of helminthic in fections in 

Tenneseee are rather complete, those of a protozoal nature 

are not as comprehensive. �e most comprehensive one is that 

by Meleny (1930-193�). In this eurvey he found a 55.3 per 

cent infection with one or more protozoa; and of this, 17.3 

per cent (34.6 per cent on the basis of six examinations) 

harbored Endamoeba histolytica. These families, at the time, 

were a rural population living in their own homes. Other 

surveys show that !• histolytica infections run from 7.0 per 

cent (Debell, England) to 45.4 per cent (Foust, Wise County, 

Virginia ). Williamson, Kaplan and Greigor · ( 1929) examined 

one thousand one hundred and forty-eight food handlers in 
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Chicago and found 2.35 per cent to be carriers of 

!• histolytica. With other protozoa Melany found that 

Endamoeba � occurred in 31.7 per cent of the people 

examined, Endolimax � in 9.8 per cent, Iodamoeba 

butschlii in 5.8 per cent, Chilomastix mesnili in 3. 8 

per cent and Giardia lamblia in 18.9 per cent. During 

the examination of food handlers in Chicago, other types 

or protozoa were also detected, and the following per cents 

were found: E. coli 19.16, E. nana 20.0, I. butschlii 5.31, --- -- -

Trichamonis intestinalis 1. 82, �· mesnili 1.91, and �· �­

testinalis 6. 53. 
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TECHNI�UE 

Specimen were collected at the Knox County 

Industrial School in half pint paraffined containers, 

and were carried to the University of Tennessee for 

axamination. In most cases, these examinations were 

made twenty-four hours after collection, but at times 

the intermediate period was two or three days. This 

lapse of time made it more difficult to dif!rentiate be­

tween Necator and Strongyloides, but it had no effect on 

the detection of protozoan cysts as they are known to be 

Tiable over a period of several weeks. 

The amear method of examination was used. Al• 

though this does not concentrate ova or cysts, and live 

worms are not readily found, it is an accepted means o� 

diagnosis, and is a simple direct method. The smears were 

prepared on glass slides !rom a small piece of fecal 

material which was mixed with distilled water and ap�lied 

with a wooden applicator. The smears were never heavier 

than "reading opacity•. General1y, two smears were used, 

one preparation for the detection of larvae and oTa, and a 

lighter preparation for the detection of cysts. This dua1 

procedure increased the accuracy of the examination, be­

cause any ova or larvae can usually be detected in one ot 

the two smears made from different parts of the stool. 

The entire surface of the cover-slip was examined under 
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a �6 mm. lens, the who�e surface being transTersed by 

means of a meohanica� stage. All eggs, larTae, and 

cysts were further examined and checked. The mount was 

then stained with an iodine preparation ( fiTe per cent 

aqueous so�ution of potassium iodide treated with iodine 

crystals unti1 a rich wine color was obtained ) and examin­

ed under both the 16 mm. and 4 mm. lens for cysts. Except 

for special observation, a 10 X ocular was used. 

Where there was any doubt, a number of examina­

tions and preparations were made and obserTed by other 

members of the department. Subsequently, all oases of 

�eoator and Strongyloidea infections were rechecked froa 

fresh stools, and hookwor.m infections were distinguish&ble 

from those of Strongyloides. 
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GIRLS ' DORMITORIES 

�nc the girl•• 31.4 per eent were free of any 

protozoa or helminth; thuB, 68.6 per eent were parasitized. 

Of this 68.6 per cent, there were 15.2 per cent which bar­

bored such protozoa as Iodamoeba butschlii• Endolimax �· 

Emdamoeba coli, Chi1omastix mesni11, or Giardia lamblia, but 

which did not harbor Endamoeba histolytiea or worm infections. 

As these forms are not considered detrimental to the physi­

cal welfare of the iadividual, we may add to the percentage 

of non-infected individuals those which harbor no pathogenic 

for.a. This brings the percentage of individuals harboring 

no harmful or1anism to 46.6 per cent and those harboring in­

Jurious organisms to 53.4 per cent. Of the dormitories, Eliz­

abeth Gi bson had the highest infection, namely, 74.1 per cent, 

Eli� Brownlow had the lowest rate of infection, showinc 40.0 

per cent non-infected and 60.0 per cent with no pathogenic 

form. Considering all non-pa.thogenic protozoa., 48.0 per cent 

of the girls harbored one or more spe•ies. Elizabeth Gibson 

had the greatest per cent of non-pathogenic protozoa, 62.0 per 

cent and Phoebe Park had only 33.3 per cent. 

A consideration of the indivi dual parasites show• 

Ascaris present in the largest number of individuals; 31.3 per 

cent of the girls were infected with this round-worm. Here 

again, Elizabeth Gibson had the highest percentage of infection 

{4o.o). and East Cottage the 1owest (8.25). 
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Second in frequency of infection among the 

pathogenic parasites is Endamoeba histolytica. � ng the 

girls in all dormitories. 17.1 per cent were infected. 

The infection varies in the different dormitories from 

37.0 per cent in Elizabeth Gibson to 5.0 per cent in 

Eliza Brownlow. 

As one would expect, the tapeworm infection in an 

institution is higher than tmt indicated in a state wide 

surve y. HYmenolepis � was found in 8.5 per cent of the 

girls and Dipylidium caninum in 3.1 per cent. East 

Cottag•, where the younger girls live, showed a 21.9 per 

cent infection which is distinctly higher than in any other 

dormitory. 

Necator americanus and Strongyloides stercoralia, 

here considered together, occurred in but 8.6 per cent of 

the girls. The highest infection was 14.3 per cent in 

Phoebe Park, and the lowest was 5.0 per cent in Eliza Brown­

�ow. Necator infection constitutes 2.3 per cent of the 

above cases and Strongyloides 4.9 per cent. 

Triehacephalus trichiura infected 7.6 per cent. 

The highest incidence was in East Cottage where 18.5 per 

cent were infected, and the lowest was in Elizabeth Gibson 

where no case was discovered. Enterobius Termieularis, due 

to the nature of the wor.a, are not found in feces, but was 

obserTed in two cases. Consequently, the percentage here 

given furnishes no idea of the actual percentage of infection 

existing. 
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BOYS' DORM! TORIES 

Considering the boys as a whole, 31.9 per cent 

were free of any parasite, and 49. 2 per cent have no form 

considered pathogenic. In King's Cottage 61.1 per cent 

had no pathogenic form and 38.9 per cent had no parasites; 

in james Baynard HaLl 43.2 per cent had no pathogenic form 

and 29.1 per cent had no parasites. 

Infection with non-pathogenic protozoa, Endamoeba 

£211• Iodamoeba butschiii. Endolimax �' Chilomastix 

mesnili, and Giardia lamb1ia, was present in 40. 1 per cent 

of the boys. Both dormitories showed about the same per 

cent of infection, namel7• 38.9 and 40.7. 

Tapeworm infections in the boys' dormitories is 

very high. especially in King's Cottage where the smaller 

boys live. HYmenolepis � infection is found in 22.2 per 

cent of the boys in King's Cottage and in 6.9 per cent of the 

boys in James Baynard Hall. Thus, with this one tapeworm 

14.5 per cent of the boys are infected. Dipylidium caninum 

infections were also found. However, �· caninum is a r�re 

parasite of man, it being necessary to eat the flea which 

serves as the intermediate host. For this reason a recheck 

was Da:de on the first findings. Although the second exa.min&­

tio·n did not reveal the eggs, there is. without doubt, some 

infection present, for the ova were photographed (Fig. 11). 

Ascaris infection among the boys was but 17.1 per 
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centr 8.3 per cent in King's Cottage and 20.9 per cent 

in James Baynard Hall. 

Endamoeba histolytica infection occurred in 

13.9 per cent of the boys, the rate being higher in King's 

Cottage (16.1) than· in James Kaynard Hall (12.7 per cent ). 

Necator appears in 6.5 per cent of the boys. In 

�ames Maynard Hall 6.2 per cent are parisitized by this 

Nern&tode, and 2.7 per cent in Klng's Cottage. 

Trichaoephalus triehi ura infect ion are lew ... b'!-

ing found in but 2.4 per cent of the children. The two 

boys' dormitories show about equal percentages of infection. 
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SUM}�Y OF THE SCHOOL 

A study of the whole schoo1 accommodating two 

hundred twenty-seven children, one hundred and five girls 

and one hundred twenty-two boys, shows that 31.6 p er cent 

of the children harbor no parasite, 47.7 per cent are 

parasitized by I• coli, !•butschlii, !• �' Q• mesnili 

or i• lamblia, which are considered as symbiote. There­

fore, a total of 52.3 per cent harbor pathogenic organ­

isms. Ascaris infection occurs in the largest number, 

24.2 per cent, then !• hietolytica, 15.5 per cent, 

R· �' 11.0 per cent, Necator, 7.5 per cent, Whipwor.a 

5.0 per cent. 
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DISCUSSIOI 

The interesting reTal&tion of this study is 

that 52.0 per cent of these children considered to be in 

good physical condition and not demanding medical atten­

tion harbor parasites. In most cases the parasites cause 

no definite symptoms, but undoubtedly there is a constant 

drain on the entire system of the child. Kany of the cases 

considered to be problems of disciplin are merely cases or 

children suffering from heavy infections. Especially is 

thi s true of those infected with tapeworm or Ascaris. In 

maki ng a study of the blooj of these children it was found 

that only those wbo.were infected with tapeworm refused to 

have their fingers pri cked. Some of the children most 

heavily infected broke out in tears and required two people 

to hold them for such·a minor thing as the pricking of the 

rtna•r• These same children are known to laugh and cry 

spasmodical1y. 

Other children who were infected with Endamoeba 

histo+Ytica were found to have poor circulation; their hands 

were constantly co1d. Although !• histolytica infections here 

were not known to be associated with diarrh&ea, i n  one case, 

particularily, the child showed the effect of the parasitization. 

�is child was decidily thin and pale. In most cases, however, 

the children do not 1ook sick for they are well fed. From 

the herd of cows at the schoo1 seventy gallons of milk are 
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received daily and all of tms i s  consumed by the children. 

However, an individual study of the children infected re­

veals indefinite symptoms as stunted growth, poor color and 

nervousness. 

Considering all the parasites, the girls seem to 

have the higher percentage of infection with the exception of 

the tapeworm infections which are higher in the boy. This 

condition would be expected sin ce the girls are the food 

.handlers. Meleny (1931) and Williamson, Kaplan, and Greigar 

{1929) found that food handlers are the chief cause of the 

spread of infections, especially in respect to the distri­

bution of !• histolytica. In this connection it is interest­

ing to note that in Elizabeth Gib son where the girls range in 

age from ten to eighteen years of age the highest protozoal 

infection exists. 

The spread of protozoan infections may also be 

facilitated if the toilets are permitted to stand unflushed; 

the collection of feces on moist paper offers an ideal condi­

tion for the mechanica transfer of cysts by flies. Flies 

have been observed ( Reely ) to deposit !• his tolytica cysts in 

their vomit fifteen minutes after feeding about infected stool. 

Examination of the intestinal contents also reTealed cysts. 

Thus, flies are incrininated as potential vectors of di ssemina­

tion. The spread of protozoan infections, therefore, seem to 

lie between two sources, human carriers and flies. The fact 

that .the infection exists in all dormitories indicates that the 
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agencies operating for the spread of the specific infectione 

are the same in all dormdtories. 

It has been the general belief that Ascaris !Bm­

bricoides infections are frequently acquired from pigs, for 

these animals are nearly always infected wi th Awcaris identi­

cal morphologically and immunologically (Canning 1929) with 

that of the human form. Therefore, one would expect the boys 

to show the greater infection, because they care for the hogs. 

This is not the case; so �bTiously, the hog as a vector is.re-

latively non-important. The infection must come from suman ----

sources and not from animal ones. It is interesting to phil· 

osophize as to whether the girls are more susceptible to the 

infection, or whether some force is operating among the girls 

to a higher degree for the spread of the infection than among 

the boys. 

Tapeworm infections are always high in institutions, 

and especially would this be true in a home for children. 

Ransom (1904) found that boys show the higher rate of infection, 

and this infection is concentrated largely in the smaller cli'ld-

ren. 

Better sanitary conditions and meat inspection have 

practical�y eradicated the beef and hog tapeworm, but far too 

little consideration has been given other tapeworm infections. 

Neither Taenia solium nor Taenia sagninata were observed in this 

survey, but HYmenolepis �· Dipylidium caninum, and HYmen­

olepis diminuta were found. 

H• �is the most common cestode parasite among 
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children in the South. It is also frequent in dogs and 

cats, but in these forms the toxic substances it generates 

often kills the host. This tapewor.m, unlike most cestodes, 

does not require an intermediate host and not only can one 

acquire it directly from a pet, but may reinfect oneself or 

transmit it to another. It is therefore probable that the 

infection originally came from a pet, but, having once start­

ed, human infection plays even a more important part in the 

disseminatio.n of this :parasite than animals. 

Although boys show a higher percentage of infection 

than girls, there is little difference in incidence of infec� 

tion between the girls in East Cottage and the boys in King's 

Cottage where the ages are comparable (6-8 years). Unques­

tionably, wach more attention should be paid to sanitation 

controlling this parasite. 

HYmenolepis diminuta was observed in three cases 

among the girls. This parasite is obtained by eating the 

larvae stage of the mea1 MePffi&r moth ( Tenebrio molitor ) . 

Though mea� is frequently found to be infected in Tennessee, 

this cestode infection is not prevalent. The worm, like­

wise, is easily dislodged, and in this case a recheck of the 

stool three months later did not revea� the parasite. 

The high per cent of Dipylidium caninum in �ames 

Maynard Hall is not clear, for, as stated, infection depends 

upon eating the flea which serves as the intermediate host. 

Necator americanus and Strongyloides 
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aterecoralis are considered together in this re�ort be-

cause of their similar means of transmission. They show 

a ?.5 per cent infection. In 1910 the hookworm infection 

at the Industrial School was 25.4 per cent, while tod� it 

is but ?.5 per cent. Sanitation and treatment here, as in 

the rest of the state, have done much to decrease the 

incidence of this particular Wematdde. It seems that the 

possibility of becoming infected with Necator or Strongyliodes 

at the Industrial School is remote. The toilet facilities are 

good, and the stool disposal is through the city sewage system. 

There is Tery little soil I�llution; and, even though there 

were, the soi1 about the school is a heavy red clay not suit. 

able for the development of hookworm larvae. Therefore, it 

seems likely that this infection is acquired at the summer 

camp or before coming to the school. At the camp where the 

children spend most of their time barefoot, ideal conditions 

exist for the spread of infections as hookworm. 

Trichacepbalus trichiura ( whipworm) varies 

proportionately (7.6 per cent and 2.4 per cent ) in the girls 

and boys as did Ascaris. �is is to be expected since their 

means of transmission are very similar. However, whipwor.a 

eggs will not live except under moist conditions while Ascaris 

eggs will develop under any conditions. Consequently, since 

there are certain environmental requirements necessary for the 

development of Trich&cepbalus, one would expect to find 

Ascaris occur�ing more frequently. 
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The frequency of pinworm ( Enterobius vermicula ris ) 

infection could not be determined since the eggs are not 

found in feoes. However, in two cases it was observed; once 

as the wor-m on the stool and again when the egg was found in 

examination for ova. Although the infection does exist, the 

individual beds and good laundry facilities prevent the spread 

of pinworm.. 
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CONCLUSIONS 

1. 52.0 per cent of apparently healthy children harbor 
some intestinal parasite. 

2. A higher percentage of girls are infected. 

3. Tapeworm infections are higher than in state wide 
surveys. 

4. Tapeworm infections appear�in the largest numbers in 
the younger children. 

5. The forces operating for the spread of protozoal in­
fections are apparently the same in all dormitories. 

6. Hookworm infection at the Industrial School has been 
greatly reduced. 



AUGUSTINE, D. L. 
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APPENDIX 

Photographs 

Fig. 1. .Tames llaynard Hall I 

I ' 

Fig; 2. Elizabeth Gi��om qottage 
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Fig. 3. Girls at P1ay 

·I 

J'lg. 4. Boye at. Play 
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Fig. 5. Tricb{!:cephal.us !!:i- Fig. 6. Necator americanus 
chiura. 

· Fig. 7. Stropgyl.oides stercoral! a 
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Fig. 9. Dipylidium caninum. 

Fit; •. :10. Endamoeba his.toJ.ytica and !• .£2!!.• 
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