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Introduction.

That carnivorous animals ave less [requently parasitized by in-
testinal protozoa than are herbivorous animals has been recognized for
many yvears (Hegmer, 1924). Experiments with laboratory animals

“have demonstrated eonclusively that a diet high in protein is unfav-
orable and a diet high in carbohydrates favorable for the prowth and
reproduction. of certain of these protozoa (Hegner, 1923, 1933).
Soon after a method for enltivating Endamocha histolytica in vitro
was developed, it was found by Santet (1926) that the addition of
stareh to the medinm had a favoraniz influencee on the multiplication
of the amoehae. Several investigators have reported that eultures of
Balantidium coli are likewise improved if stareh is added (Rees, 1927 ;
Sehumaker, 1931a). Balontidivm coli does not ingest starch slowly
and grain by grain but gorges itself in a few minutes when given an
opportunity (Nelson, 19383), Several authors claim that the number
of balantidia in the intestine of pigs can be judged by the quantity
of stareh wisible in the intestinal contents (Shegalow, 1899; Pritze,
1928; Schumaker, 1931b). Sehumaker (1930) was able to infect
rats with Balantidium eoli when a diet high in carbohydrates was em-
ployed and fo eliminate the eiliates when the carbohydrates in the diet
were Teduced. Trichomonads will ingest stareh in enlture (Hegner,
1932) and, as shown in the following pages, multiply more rapidly
and live longer in media with starch than without starel. Thus
varions types of evidence involving several species of intestinal pro-

*From the Department of Protozoclogy, The Johns Hopking School of Hy-
giene and Public Health, This work was aided by a grant from the Committes

on Seientific Kesearch of the American Medieal Association. We are indebted
to Dr. Herbert G, Clark and the United Fruit Co., for their valuable assistance

and o the Friends Mission in Chiquimula, Guatemala, for aid in obfaining fecal
samples; alse to Tbr. 00 5. Rask and Mr. . L. Bidwell for help in developing a
method of determining the quantity of starch in feces.
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toroa indicate that earbohydrates exert a profound influence on these
organisms both e vitre and fn vive,

At first it was sugegested that changes in hydrogen-ion coneentra-
tion were responsible for the differenees noted, but no sueh changes
were found fo oecur sufficient to aceount for the results obtained
{(Hegner and Andrews, 1925). Then the changes in the intestinal eon-
tents aecompanying the changes in the nature of the infestinal bae-
teria from the aeidophilus type, when the diet consisted largely of
carbohyvdrates, to the putrefactive type, when the diet consisted largely
of proteins, and wee versa, were sugeested to account for the situa-
tion. Thiz subject has been stndied particularly by Rateliffe (1925).
More recently, the observations of Nelson (1933) have directed atten-
tion to the possibility that carbohydrates may serve ag an essential
food element and that intestinal protozoa thrive when they are present
but starve when they are absent, although apparently in the midst
of plenty. The experiments described in this paper were undertiken
in order to test further the influence of ecarbohydrates on intestinal pro-
tozoa in vitre and i vive. '

Effects of storeh on ke mulliplication of Trichomonas hominis in
cLlfire,

The orzanisms used were obiained from the same source as those
emploved in previous experiments (Heoner, 1929}, The eulture me.
dinm wag also that previeusly found most satislactory, eonsisting of
0.75 per eent NaCl solntion plas 0.5 per cent of Lioeffler’s dehydrated
blood sevom:  Ten ee, were placed in each tube and 10,000 trichomonads
were added.  The tubes were incubated at about 36% C. The fricho-
monads were counted with a haemoeviometer standardized by the
Burean of Standards. The counting method has been deseribed in
a previous publication (Hegner, 1934). -Bince our method of eount-
ing made it neeessary to shake the tubes every time they were used for
this purpose, several of the experiments were set up so as to fest the
effects of shaking on the multiplication of the crganisms. Cultures
without starch are called “‘normal.”” To other eunlture tubes about
2 mg. of riee stareh were added daily. In certain experiments 2 me.
of soluble starch prepared by the Lintner method, were added daily.
In one experiment the effects of the addition of glueose and glyeogen
were tested. The relative efficieney of the normal and modified media
for the multiplication of Trickomonas hominig was judeed by the com-
parative number of organisms present per emm. at each examination
and by the number of all counts added together.
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E:c}:;m'immat 1. Cemparison of normal and sterch medig. Ten
tubes of normal medium and ten with 2 mg. of rice starch added daily
to nmormal medinm were inoculated with 10,000 frichomonads each
from & pure-line enlture and counted 2, 4, 6 and 7 days later. The
average number of organisms per emm. is given in table 1.

TABLE 1.
Nugmnber af trichomonods per omni, in fubes conleining the substances indicaled.
Media | Beeond day | Frurth day | Bixth dny Beventl doy | Total
- — t =
Wi i R 116 ‘ 132 =2 55 ‘ 285
e o T 207 168 115 554

Multiplieation in the stareh tubes was slower at first than in normal
“fubes, but after the second day was always greater. It is diffienlt to
determnine exactly what these numbers mean becanse we do not know
in #ny eaze how many of the organisms died during the eourse of the
experiment (See Hegner, 1934 for a discussion of this point). Only
living flagellates were counted. Very few dead organisms were noted.

Experiment 2. Compaerison of normal, vice stareh, and soluble
starch media. Ten tubes of each type inoeulated with 10,000 tricho-
monads each from a pure-line enlture were connted 2, 5 and 7 days
later with the results shown in-takle 2.

TABLE 2.
Numdber of frichomonads per cmm. in fubes confaining the substances indicated.
: - ,
Medis | Second day | Fifth day Boventh day Total
Wormel:. ..., | 157 B H 266
Rimatarch....._...........i 133 115 182 430
Bolubls starch. oo iveos a0 ' 208 234 472

The data indicate that the addition of riee stareh favors increase in
numbers and that soluble starch is more favorable than riee stareh,
Multiplication was delayed in both rice starch and soluble starch
media.

Baperiment 3. Comparison of normal, rice starch and soluble
starch medie. Fifteen tubes of each type were set up. PFive were
counted on the third day, 10 on the fifth day, and 15 on the tenth
day. By this procedure the effects of shaking the tubes on multipli-
eation eould be tested.
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TABLE 3.
Number of frichomeonads per cmm. in fubes conlaining the subslances indicaled.
[

Tedis Third dny I:L‘I[L;-rh Tga"';h Tetal
Mormal (5 tubes). ... .. ... 230 G2 Sl
Fh fibeale sy imot sheken on third dey) 32 | 36

(o tnbea) = inaii {notshaken on third and fifth days) an | 449
Rice starch {5 tubes),..... 266 154 ]
(5tubea)...... (nof shalken on third day) 166 13

{5 tubes). . ... | (ot shaken on third and fifth days) 18 | 656
Soluble starch (5 tubes). .. 214 184 i
(5 tubes) . . .| {not shaken on third day) 114 | 26

(5 tubes) . . .| Mot shaken on thirdand fifth days) 17 afh2

Cultures containing rvice starch or soluble starch were again found to
be more favorable for the multiplication of trichomonads (table 2},
Shaking the eultures appears to have aided rather than presented
multiplication, sinee in all but one of the six eounts, which gave eom-
parative numbers in enltures that had and had noi heen shaken,
larger numbers of trichomonads were presenf ithose that had been
shaken, the total numbers being 505 and 377 respectively.

Ezperiment 4, Comparizon of wormal, raw-rice starch, cooked-
rice starch, glucose and glycogen media. Five fubes of each type
were prepared and inoculated with 10,000 trichomonads each from a
pure-line eulture. To these were added daily about 2 mg. of raw-
rice starch, cooked riee starch, glucose and glycogen respectively.
Counts were made on the following later days: 2, 4, 6, 8, 11 and 13
The numbers recorded per emm. are presented in table 4.

TABLE 4.
Nuniber of trichomonads per cmn. in eullures confaining the substances indicafed.

Modia Sfﬁnu.l:ld I"-cli‘j;'ryth Fd:;:]'. E:;‘.;.I;It.h El-:é\-‘;;t.h Th"lrdz';l:r.h Tatal
Normal . : e ‘ 266 | 126 70 a8 11 - 511
Baw-riee s.i..m*ch cvenf GO0 a4 a0 | 108 21 16 G249
Cooleed-rice smrch. o] B ERLE |16 0 13 | 2 281
Gluenge e vk B3l a3y | Tdd B 22 21 465
ClYcogem. v s e seae) 72| 148 | 184 | 132 44 an Bid

Every medium except that containing glucose gave a beller growth
than the normal. Raw-rice starch was slightly superior to any other,
with glyeogen nearly as favorable. In both experiments 3 and 4
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larger numbers were recorded on the first eount in the rice starch
tubes than in the normal tubes, in contrast to the situation in experi-
ments 1 and 2.

Faoperiment 5. Comparizon of numders in shaken and wnshaken
fubes. This was a combination experiment to test the efficacy of dif-
ferent amounts of protein as well as the effects of shaking the tubes.
Four groups of five tubes each were made up with 0.25, 0.5, 0.75, and
1.0 per eent. of Loeffler’s dehydrated blood serum respectively. Rach
tube was Inoeunlatedl with 10,000 {richomonads from a pure-line eunl-
ture. The organisms did not multiply well in the 1.0 per cent tubes.
In the others shaking gave results such as the following : not shaken,
160 ; shalen omee, 120; not shaken, 130; shaken onee, 145; shaken
twice, 250; not shaken, 40; shaken onee, 60; shaken twice, 45; shalken
thrice, 45, Counts were made on the following days after inoeulations:
2,5,7, Dand 12, 8o far as these resulis are concerned no evidence is
indicated that shaling the cultures at intervals of 2 or 8 dayvs has any
appreciable effeet on the numbers of flagellates present.

Txperiments 1 and 2 also furnish data on the effeets of shakinge
the tubes. In experiment 1, five of the tubes were not shaken on the
seeond and fourth days; the later eonnts varied but apparently shalk-
ing had no significant effect on the numbers present.  In experiment
2, five of the tnbes were not ghalten on the second day ; here again no
sipnificant differences were noted.

It hag been previously shown that trichomonad flagellates from
varicns species of hosts will ingest red blond ecells from various ani-
mals when these are added to the normal enlture medinm {Hegner,
19320, It was also found that several species of trichomonads will
ingest stareh grains [rom both rice and eorn, although the former,
which are much smaller than the eorn-stareh grains, were ingested
more frequently. As many as 50 per cent of speeimens eontained
grains of rice starch 2 days after they had been added to the eulture
medinm, Prichemonas hominds does not seem to be so voracious, but
specimens placed in a drop of culture medium in a hollow-ground
slide to which rice stareh was added were found to have enguifed one
or several grains 156 minutes later.

Sunvnary, The objects of these five experiments were 1o deter-
mine the effects of the addition of riee starch and other allied sub-
stances on the multiplication of the human intestinal flagellate, Tricho-
monas hominds, In eultures, and the effects of shaking the enlinres
at intervals of 2 or 3 days on the number of flagellates present.

Four separate experiments involving the connting of the tricho-
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moenads on three or four occasions in each of 120 tubes gave uniform re-
sults, Inevery case a considerably larger number of trichomonads was
present in the tubes containing riee starch than in those without, The
comparative numbers are as follows

Without starch, 522, 373, 446 and 511 trichomonads per cmm.:
With added stareh, 837, 727, 656 and 629 trichomonads per emm.

Soluble stareh was shown to be about as favorable for the multi-
plication of these flagellates as riee starch. Cookell rice starch gave a
slightly higher count than normal. Glucose seemed to interfere
slightly with multiplication. Glyeogen proved to be almost as favor-
able as raw rice starch,

Shaking the culture tubes at intervals of 2 or 3 days in order to
distribute the flagellates for counting purposes had no appreeiable
effect upon the numbers present.

Trichomonad flagellates will ingest stareh grains, especially the
small grains of riee starch, if these are added to the medinm. The
ingested starch graing are probably used as food and their addition
to the diet may account for the greater nmumbers of trichomonads in
rice starch media. Starch may, of course, be responsible directly or
indirectly for various changes in the medinm which may render the
latter more favorable for the growth and reproduction of the
trichomonads.

Five months after the experiments just deseribed were completed
it was deeided to carry ouf two more experiments so as to defermine
with greater certainty the effeet of the addition of riee starch to enl-
tures of Trichomonas hominis.

FEeperimend §. In this experiment a sample was obtained from
the same human host that fornished the trichemonads used in the first
five experiments but the flagellates employed did not represent a pure
line. Two sels of 25 tubes were prepared eontaining 10 ce. each of
0.5 per cent Loefller’s dehydrated blood serum in 0.7 per eent NaCl
gelution and were inoeulated with 10,000 trichomonads each. To one
set about 2 mgm, of riee starch were added daily, The tubes were
examined approximately every other day by shaking thoronghly and
then counting the number of trichomonads present with a haemocy-
tometer. The results obtained, as shown in the accompanying eurves
{chart 1), sustain those of the other five experiments. There was in
every case 4 more rapid initial increase in the number of {richomonads
in the normal tubes but this was soon overcome, The peak number
in the mormal cultures reached 101 trichomonads per emm. on the
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Crarr 1, Curves representing the average number of trichomonads per emm.
in 25 tubes containing normsl culture and in 25 tubos containing normal cultnre
to which & mgm. of riee atarch were added daily during the life of the caltures.

second day, whereas that in the stareh cultures reached 188 per emm,
on the sixth day. The trichomonads rapidly decreased in the normal
cultures, and in most tubes were too fow to eount after the ninth day
none of the normal tubes was positive after the twenty-third day.
The number of trichomonads in the stareh tubes deereased consider-
ably after having reached the peak on the sixth day, but from the
ninth day on the number decreased very slowly ; eounts could be made
of some of the tubes up to the forty-sixth day and 17 of the 25 tubes
were still positive on the forty-eighth day when the experiment was
terminated. In beth normal and stareh tubes the number per cmm.
in the different tubes within each lot of 25 tubes did not vary widely ;
these numbers are not included here so as to save space.
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Experiment ¥, This experiment was set up in the same way as
experiment 6. Unfortunately the stareh iubes beeame infeeted with
an unfavorable organism, probably Frewdomonas pyocyenes and life
wag curlailed ; however, these tubes prezented the fypical pieture of
a rapid rise in the normgl eultures, a lag in the stareh eultures, and a
longer life in the starch eultuves, which were positive 25 davs while
normal tubes were positive 18 days.

Sumanary.  Two experiments with a ““wild’ ealture of T. homints
covering a period of 48 days and involving 100 cultores confirmed and
extended the results of five previous experiments with a pure-line
eulture from the same host. The data leave no doubt regarding the
larger numbers of trichomonads and greater length of life in euliures
to which riee starch is added than in normal eultures without starch,

Belaltions befween the presence and nwmber of infestinal protozon
aivd the guandity of starch in huwman feees,

This section of our report deals with methods and results obtained
with material collected in Guatemalz during June and July, 1933
Guatemala was selected as a collecting field becanse the natives, mostly
mixtures of Indian and Spanish, live largely on starehy food and
might, therefore, be expeeted to have undigested stareh in their feces,
and because large numbers of infeetions with Folontidewm eoli have
been reported from this regiom (Aguilar, 1926}, Unfortunately for
this work infections with 8. coli now appear to be rare in Guatemala
and none were cneountered among several hundred persons exsm-
ined. As noted sbove it wasg at fivst believed thatl the effects of diets
high in carbohydrates and proteins respectively were due to the
changes in the baeterial flora, but the fact that stareh srains are in-
ested in eulture and seem io make up a large part of the food of
such gpecies as B coli in the intestine of the pig suggested that a diet
high in protein may deprive these organisms of one of their im-
portant food elements (stareh), and that when carbohydrates are
eliminated the protozea undergo starvation and henee are unable fo
grow and reproduce.

Material and methods., One hundred fecal samples were obtained
at the hospital of the United Fruit Co., in Quirigua, at the Friends
Mission in Chignimula and at the American Iospital and Publie
Health Laboratory in Guatemala City. A record of the presence and
eomparative numbers of intestinal protozoa was made from one smear
from each sample within a few minutes to several hours after the
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stools were passed. The number of protozoa per field was estimated
and 1, 2, 3, and 4 pluzes were used to designate the relative number
prasent,  Then 20 ce. of the stool were added to a 60 ce. hottle eon-
taining 40 ce. of 95 per cenl aleohol. These samples were brought
to our laboratory in Baltimore and their stareh content determined.
Thiz was done by two methods.

{4} The aleohol was poured off ; the sample taken from the bottle
and thoronghly mixed, and 2 ee. of this were added to 56 ce. of water
and heated in a double boiler for 15 minutes. Two ce. of this were
added to 10 ce. of water in a test tube and 5 drops of Lugol’s solution
added. The appearance of a blue color was accepted as an indication
of the presence of starch and the intensity of the blue color as an
indieation of the ecomparative gquantity present. One, 2, 3 and 4
plusés were used to designate the quantity of stareh.

(B} An adaptation of the Rask technique and Bidwell’s modi-
fied Rask method which have been used for assaying the starch
cereal products was developed for our purpose.  The method depends
on the msolubility of starch in 70 per cent aleohol and its selubility
in dilute hydrochlorie aeid. In dealing with feces preliminary treat-
ment is indicated in order to remove matter that might interfere with
the analysis. The procedure is as fellows:

1. 20 gm. of fecal material are dispersed with 30 ee. of 98 per cent
aleohol in a 50 ee. eentrifuge tube. The moisture in the feces brings
the alechol concentration close to 70 per cent when the starch is in-
soluble and the aleohol-soluble products are washed out. The tube is
centrifuged and the supernatant fluid aspirated.

2 The tube is filled with 70 per cent aleohol, centrifuged and as-
pirated, This step is repeated twice more,

3, The final aleoholie washing is made with 95 per eent alechol to
dehydrate the material.

4, Next the material iz dispersed with anhydrous ethyl ether and
washed as above to remove fats, ete.  This step is repeated twice morve
and the material is finally filtered, ov, after the last aspiration, the
residue iz broken up in the bottom of the tube and allowed to dry.
Tt may remain in this state until convenient to finish.

The object, in the last part of the method is to precipitate pure
starch and weigh it. The procedure starts by putting the starch into
solution in half strength hydrochlorie acid. The concentrated acid is
mixed with equal parts of distilled water and adjusted by titration
so that 100 ee. of the solution eontains 20.5-21.0 grams of HCL. The
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aeid must be kept cool and is maintained helow 18° . The teehnique
given must be followed clesely to prevent hydrolysis of the starch.

1. The filtered material and paper or dried residue are put in a
mortar and moeistened with the hydrochlorie acid and ground with a
pestle. From fime to time small amounts of aeid are added until a
complete suspension iz accomplished. This step shonld take 10 min-
utes and a thiek smooth paste should result.

2. The paste is transferred to a 100 ee. wide mouth volumetrie
flask and the mortar iz washed out with hydrochloric acid and the
washings are added to the flask, The level is brought to the 100 ee.
mark with the acid. (I filter paper is used the flask must be reeali-
brated to allow for 1he extra volume.) ;

4. The flask is shaken vigorously for several minutes, allowed to
getfle and shaken again several times. The lignid is filtered imme-
diately into a 250 ee, suetion flask through a small Blichner filter fitted
with a thin pad of asbestos and half full of Huffy dry ashestos.

4. 50 ee. of the filtrate are drawn off in a fast-delivering pipette
and placed in a beaker containing 115 ce. of 95 per cent aleohol. This
brings the aleochol conecntration to 70 per cent thus precipitating the
stareh soluble In the aeid. The contents of the bealker ave slirred
vigorously to aid the precipitation, and the stareh iz allowed to settle.
The elapsed time from the addition of hydroehlovie aeid until the fil-
trate is placed in aleohol most not exeesd 30 minutes,

5. The supernatant fluid, after settling iz complete, is deeanted into
a weighed Gooch erucible fitted with a thin pad of ashestos and half
full of fluffy ashbestos. The precipitate is washed in the beaker with
small portions of 70 per cent alechol and then 95 per cent alechol and
transferred to the erucible. The sides of the beaker are washed to
remove all starch adhbering to the glass, Washing with ether com-
pletes the filtration, It is necessary lo remove all the hydrochlorie
acid due to the fact that any remaining acid will char in drying.

The erucible is brought to a constant weight in a 100° . oven at
atmospherie pressure, and cooled in g desiceator and weighed, The
difference of the weight of the erneible before and after filtration
represents one half the starch present in the original 20 grams of feees.
This method iz deseribed at some length beeause it proved to be a diffi-
eult problem in iself and may be usefunl to others who may wish to
determine the guantity of stareh in feees or other materials. Thus
far it has been of very little serviee to us because the stareh content
of the feces we examined was for the most part too limited to weigh
siecessfnlly.
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Ineidence of tntestinal profozea, Table 5 shows the number of

single, double, triple and quadruple infections recorded for the T4
positive specimens of the 100 used in this study. The totals in the last
eolumn give the percentage incidence for each species. The ineidence
observed is about what one would expect from this group of people.
The number of caszes of Jodemoeba seems a little high; also with

TABLE 5.

Number of single, double, triple and guadreple infoctions with intestinal pratozon fawnd
i o single examination of fresk fecal samples from 100 matives of Guatemals of
wized fidien and Spanish deseent.

MNumher of apaectes of pratoson prosont
Hymepics
1 2 | 3 4 #Tolal
fndemeoeshe Sielolytion . o oo 4 i3 5 i LEx
Endomoeha ool . . oo e 17 20 10 b 48
Endoldmor nana. ... . .. 4 11 3 1 19
Todamoeba willlamsi. ... ... ..., 5 A 10 & Pl
(Hardia lomblia. . i 1 K] 3 1 i g
Trichomonas homénds. . ... 0. L) 1 4 0 rl
Chdlomaslis-mesnt oLk Sl 0 0 2 B3 |l G
fetorfamonas tadestinelis. . .. oL 0. 0 4 1 L] 5
Total ne. of positive samples........... .. 33 | 26 | 13 b}
| 132

“In every cese the total represents percentage incidence since 100 specimens
were cxsmined.  These data involve 74 specimens sinee 26 were negative for protozoa.

GHardia, sinee previous surveys indicate that the incidence of Giardia
is not as high in the fropies as 1t is in temperale regions. This resull,
however, may have been due to the fact that a considerable number of
children were examined at Chiguimula among whom five of the eicht
cases were found. As is well known, children are more highly in-
fected with Gierdic than are adults. The incidence of Trichononas
Tiominis seems low, compared with previous reports from Tropical
America, ez, Hegner (1925), when 20 per cent was recorded.

Multiple infections. We are acenstomed to state that no antagon-
ism exists among intestinal protozoa and that mnltiple infestions de-
pend on the infeetibility of the host and on his exposure to infection.
This is indieated by our rvesults. The number of combinations are
recorded in table 6.

It will be noted that the protozoa with the highest ineidences,
namely, K. eoli, I. williomsi, E. nana, and F. histolytice are present in
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TABLI 6.
Number of double, triple, and quadreple tnfections with inlestinal profosen dn JO0 sarples.

Drouble infections Triple infections
I ool i e e e E kst L F oeoli 4T il ... ... 3
F Y e e T T B ocoli - Lowmell. T boin ... .. 2
T U S T L et B e e E kigt -+ E. coli + B . nane.. ..., 1
Eoldst, + Tod wall. .o oo 1 Eoooli + Eomona + Lowgll, 000000 1
Eoeoli + G lamblia.. ..o ooue 1 B hist, + E. nana -+ T hem L., 1
AT L B e T T S | E, coli + I. wall. 4 G lomblin. . . . I
B ool =k Retort dnd oo oo i A E. coli + I, wnll. <= (7, meegmald . . . 1
B onane 4 Toed. tdll.ooooin, 1 E. coli 4+ O, mes. + Helorl. dnl.... .. 1
E. nona = Reford.dnd .. ..o 1 T, adll = & Lowelidda 4 T home. ... 1
. lemblie 4+ C. mesnili . | 1 Iowdll, 4 @ lombida + Comez oL, ]
G lomblia + Redorl, dnd oo .00 1 Lo
T, hominis + Retort ant, . ...o...... 1 o e o e B )
Ay, 1 L S )

Chuadrple infeetions
E hist, + E.ocoli + Toawdll -G lamblia ..o oL
E. eoli + . nana =k Toawill, + Coamesndlt .o L0l

B ] =

Total. ..

eombinalions, in general, according to the order of their frequency.
For example, 18 of the 26 double infections and 5 of the 13 triple in-
feetions are amoebie only and 3 of the 4 species in each of the 2 quad-
ruple infections are amoebae, K. eolf, which is most frequent in single
infections, is also most frequent in multiple infections, being present
in 20 of the 26 double infections, 10 of the 13 triple infeetions and both
of the quadruple infeetions,

Releiion between the prezence and nwmder of intestinel protozea
wied the quantily of stareh in the feces. Ninety-four of the 100 feeal
speeimens were suceessfully examined for stareh. The guantity of
starch present was so small that it could not be extracted and weighed
zatisfactorily; hence we had to depend entirely on eslor reactions.
Twenty-seven specimens gave a color reaction and 67 did not. Of 24
samples negative for protozoa, 17 gave no coler reaction and 7, or 34
per cent, gave a eolor reaction. Of 70 samples positive for protozoa,
50 gave no eolor reaction and 20, or 35 per cent, gave a color reaction,
The 67 which zave no color reaction were distributed as follows: nega-
tive for protozoa, 17 ; single infections, 24 ; double infeetions, 16; triple
infeetions, &: quadruple infections, 2. The 27 that gave a color reae-
tion were distributed as follows : negative for protozoa, 5; single Infec-
tions, 5; double infeetiong, 9; triple infections, 5. Efforts have been
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made to obtain a more definite result by taking into eonsideration the
nurmber of pluses recorded for the varions samples, both as repards
the number of individuals present in the gamples and the intensity of
the eclor reactions, but the data obtained were no more conclusive
than those noted above and henee are not included here.

Conelusion.  Apparvently the only conclusion possible s that the
metheds used do not reveal any definite relation between the presence
and number of intestinal protozoa and the gquantity of stareh in human
feons.

The summary of results obtained in éxperiments to determing the
effects of starch on the multiplication of Trichomencs hominig in enl-
ture media will be found on pages 125 and 128.
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