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Some 20 vears ago a number of papers were published reporting detailed
measurements of eyvsts of Endemoeba hislolytica. A number of investigators
had reported variation in eyst size earlier, but in 1217 Wenyon and O°Connor
(1) first definitely stated that thiz species was composed of races distingnishable
by the size of their cysts. Dobell and Jepps (2) independently came to the
same conclusion from a study of 200 patients among whom 125 had eysis with
diameters above ten microns and 75 had cvsts below this size. Two of the
caces showed both large and small evsts,  The implication of this paper is that
there are two races, one with large cysts 10-15 microns, and the other with
small cysts 7-9 microns, In 1918 these same authors (3) reported a beautifully
precise experimental investigation of the cyst size, carefully measuring 500 cysts
from each of seven patients. They concluded that they had demonstrated at
least five races, and that thiz probably represented only a minimum number.
We shall carefully examine this conclusion below. The same year Smith (4)
reported the measurements of 1000 eysts from 30 patients and found distribu-
tions in size that led him to doubt the existence of more than two or possibly
three strains. In 1919 Dobell (5) reiterated bis earlier results and cast asper-
sions on the method used by Smith, who answered in the same year (6) with
further experimental results and decided that there was no reason to modify his
earlier conclusions, Sinee 1919 there appear to be no further reports dealing
specifically with cyst measurements as a basis for distinguishing races or strains
of this species.

In the current literature one finds casual mention of different strains with the
usual division being into “large” and “small” races. In 1923 Boeck (7) in
describing this organism said, ““ probably three size races; a small race six microns
to nine microns in dizmeter; a medinm sized race 10 fo 12 microns in diameter;
and a large race 13 to 15 microns in diameter.” He gives no evidence for this
tripartite division. Statements in current standard textbooks are even less
specific.  Hegner (R) says, “ Different size races are indicated by differences in
size of the oyst.” Chandler {9) has essentially the same statement, while
Craig and Faust (10) say that “Dobell and others have shown that there are
distinet strains or races of this parasite which produce large and small eysts, . . .7
Craig (11) in his standard work on amebiasis mentions the division into large

* Read gt the Thirty Seventh Annusl Meeting of the American Socicty of Tropieal
Medicine, at St Lovis, Mo, November 10-13, 1841,
! Btatistical analysiz by the junior anthor.
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and small races and refers to Dobell and Jepps' division into five races.  Other
reports in the literature either do not mention cyst size at all or very roughly
classify eysts into “large” and “small” races.

In summary, the current situation seems to be o recognition of the fact of
wariation in cyvst size, uncritical acceptance of Dobell and Jepps' hypothesis
that the specics has many races, with the paradoxical situation that most
authors speak only of two races, one large and one small.  Withal, there is an
apparent tendeney to disregard size differences in most experimental work on
amehiasis,

It iz the purpose of this paper to demonstrate that there are only two signif-
icantly distinct races of this species and to peint out that these differ not only
in respect to ovst dismeters, butl also in some other aspeets.

I. MACIAL EVIDENCE PEESENTIDR BY DOIELL AND JEFPFS

The approach to thizs problem must begin with a eritical examination of the
work of Dobell and Jepps (3) which, because of the precision of experimental
technique and the certainty with which the authors express their conclusions,
has become the elassic study on cyst sizes,

These investigators measured 500 cvsts from each of seven different patients,
For two of these palients, H8 and H7, unimodal curves were obtained, the
modes of eyst diameters falling at 6.0 and 7.5 microns respectively. For two
more, alzo having unimodal curves, E42 and B1, the diameters hod modes at
12.0 and 13.5 microns respectively. On the basis of these modes and without
any consideration of the dispersion of the curves, ie., without further sta-
tistical analysis, the authors coneluded that they had demonstrated four races.
The remaining three eases differed from the first four in that the distribution
curves were bimodal rather than unimodal. The mode for one of these cases
was 6.0 microns and for the other two the modes were 7.5 microns, i.e., identical
to those obtained for ease HS8 and HY. This identity of modes was taken as
additional supportive evidence for two of the races. The other modes of the
bimodal eases did not eorrespond to any of the previously found modes, but were
identical armong themselves at 10.5 microns. This identity was taken as a
demeonstration of still another race.  Thus by finding five distinet modes the
suthors reached their conclusion that at least five distinet races had been demon-
strated.

An analysis of their data, however, reveals certain serious objectionz.  One
of the most important of these is their sole consideration of modes, for the mode
does not consider the range or dispersion of measurements around it, and it
follows that two distributions having closely approximated modes need not
necessarily have the same dispersion.  The result, as we will presently show, is
that certain strains which Dobell and Jepps considered identical were in fact
not alike due to difforences in their means and dispersions.

A second objection is that races intermediate in size to Dobell and Jepps’
five races were not apt to be detected by a study of modes. This is due to the
peculiar eircumstances inherent in the technigue in measuring cysts of K.
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hastolyltica. An ocular micrometer is used and the diameter of the evst is ob-
tained by estimating its size to the elosest linear division on the scale. This
estimate is then multiplied by a factor in order to obtain g value in microns.
The result in practice is that differences less than approximately one mieron are
not detected and thus intergradations of measurements artificially accumulate
at one micron intervals.

It is evident from the above considerations that any analysis by consideration
of modes is inherently defeetive. One can readily sce that both the modes and
the eoincidence of modes ohtained by Dobell and Jepps were largely artificial
values.  As a consequence the question arises whether or not large numbers
of intermediate sized strains might not actually exist, espeeially if more than
seven cases were examined. That this is so can be demonstrated from Diabell
and Jepps’ own data by a method which allows g more precise analysis, namely

TABLE 1
Calewlated means and standord defoations af cyst measuraments made by Dobell and J Eps

CASE :1?-:1:];:;'“3 MEAN ;E‘,Eﬁi; ®ODE
5 a

E130 Brnall 242 [ 635 A7 G.0
H3 All gmall 500 .55 .80 fi.0
1l Eriall 35 607 G4 7.5
ET0 Small 204 7.23 2 7.5
7 All zmall SO0 7.51 BT T
FE1a0 Large 262 [ 10,57 1.28 10.5
Hil Large 465 10,70 1.35 10.5
E7) Large a7 10 86 1.47 0.5
E42 All lnrge 500 12.05 1.0 12.0
Bl All large . 40a | 13_55 1.39 13.5

by comparing means® instead of modes, and by considering the dispersion of
measurements, Le., the standard deviations. Very fortunately the authors
have presented the raw data for their measurements and these values may be
caleulated. The data are presented in table 1.

Firet, one notes that the dispersion of measurements about the mean values,
a3 represented by the standard deviations, is relatively small.  This small dis-
persion reveals in these particular data a marked tendency towards an artificial
accumulation of cases at one value or mode, and emphasizes the faultiness of
madal analysis.  However, it is more important to note that Dobell and Jepps’
modes and means agree closely in only four of the ten instances (H7, E42, B1,
and E130); the remainder have differences from 0.2 to 0.5 microns, ie., suffi-
ciently large that they cannot be neglected. It is, therefore, obvious that whereas

* Drobell and Jeppz apparently do not consider the difference between means and modes
important. In his 1919 book, Dobell (5) in summarizing the findings consistently calls
figures mesns which aetually are modes., By g0 doing he gives his conelusions o precision
not at all commensurate with the statistical precision of his data.
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their modes seemed to indieate certain straing to be identical, a study of means
and standard deviations shows that they differ. The mean size of samples of
small eysts, for example, were: 6.35, 6.55, 6.97, 7.23 and 7.51 microns, indicating
even in these five cases two intermediste sizes between those designated as
separate races by Dobell and Jepps. The differences between the means of
each possible pair of these samples are significant except for HI11 (6.97) which
iz not significantly different from any other sample.  The conelusion, therefore,
is that certain of the “races” considered identieal by Dobell and Jepps are un-
like and that their data indicate the existence of even more than five size-
strains.

Probably the most important fact is the great overlapping of what these
investigators eall distinet races, A glance at their five eurves shows that large
numbers of cyst measurements of any one of their races are common {o a large
proportion of those of another race or even of two other races.  In other words,
some of the so-called distinel races are actually more like than unlike, when
one considers the large number of eysts common to several distributions.

As a conscquence it zeems very doubtlul whether minor strain variations in
size may be appropriately desipnated by the term “race.”  No proof exists that
each of these strains has the attribute of size constancy, nor that they differ
in any other respect than that of size.  We will presently show that when large
numbers of individuals are studied, numerous strains are found which might
better be considered components of a single race showing minor variations in
size similar to thoss commonly observed in measurements of a biological nature,

This brings us to a consideration of other facts that indicate that there are,
rather, only two races of cyvsts produced by E. histolytica; that, in contrast, these
two races are remarkably distinet so far as the range of sizes that is found in each;
that there is no evidence to show that there is size mutation between one and
another: and finally, that acenmulating data indicate that these two races have
fundamental differences besides size.

Il. EVIDENCE FOE THE EXISTENCE OF TWO RACES oF E. hifstolyticn

Dring the past three years two of us (JJS and BGH), working independently,
have measured E. histolytica cysts from a total of 283 individuals. One of us
{(TT2) measured 1859 cysts from 215 cases. These cases were largely carriers
although a few presented symptoms referable to their infections. None were
convalescent dysenterics. The measurements were oblained [rom speecimens
fixed in modified Schaudinn's fluid {saturated corrosive sublimate in water, two
parts; absolute aleohol, one part; glacial acetic acid, 5 per cent), stained with
iron hematoxylin and mounted in Cansda balsam. Measurements of 1336
eyeta (FGH) from 68 individuals were of living evsts in normal saline or agqueous
sriears.  These eases were detected in routine stool examinations from hospital
warde and included carriers, eases with varyving severity of svmptoms, and o
fow convalescent dysenteries,

As living cysts are larger than wet-fixed, stained eysts, a correction 1s neces-
sary to bring all measurements to & common basis.  In order to obtain this cor-
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rection factor, each of us, working independently, compared measurements
obtained from wet-fixed, stained smears with those of living eyats. Within
the range of measurements in which the vast majority of eysts fall, namely,
7-14 microns, an average difference of one micron was observed, ie., wet-fixed,
stained cysts mounted in balsam were found to measure approximately one
micron less than living cyvsts,

These results, it may be noted, are similar to the lndings of Dobell and Jepps
(3) who in a carefully performed investipation observed that living cysts in
saline, or cysts stained with ilodine, measured approximately one micron more
than stained eysts mounted in balsam. This one mieron difference they say,
represents an average and their work indicates that smaller cysts, measuring
4.5 microns in =tained preparations, actually measured only 5 microns as living,
whereas stained eysts of 18 microns measured 20 microns when living,  The vast
majority of ecvsts, however, arc intermediate in size, and consequently an
average correction of one micron is satisiactory.

Having established the necessary corrections due to variations resulting from
different techniques we can, by applying these, compare our own measurements,
some of which were on living specimens and others from cysts stained and
meunted., Similarly the results obtained by Dobell and Jepps (3) (evsts stained
and mounted in balsam) and A. Malins Smith (8} (measurements in lodine)
gan be considered on a comparable basis to the results obtained in our own worle,
Clorrections have been made so that all data iz on the commen basis of measure-
ments obtained from stained specimens, but in one of the figures, to be presented,
wi have also ineluded corresponding values for both living and stained specimens
as both have considerable practical uselulness,

In figure 1 we have graphically shown the average diameter and range of
measurements obtained from 62 individuals from each of which ten or more
evsts were measured.? We have also included measurements from Dobell and
Jepps’ (sec table 1) 7 cases, and those reported by A. Maling Smith (6) in 30
cases, mostly eonvalescent dysenterics. Iach horizontal line represents an
individual case showing the mean and the range of measurements, except those
examined by Smith who gives data for the means only. The eurve AB passes
through the mean of each of the individual cases which have heen arranged
according to ascending values of the means, The exact values for these means
together with the number of eysts measured in each ease are shown in table 2.

A striking demonstration afforded by the figure and the table is the existence
of two zeries of means divided by o distinet gap belween 7.74 and 9.85 microns,
The adjacent means within each of these series show no significant differences.
On the other hand each individual mean of one series is significantly different
from any given mean of the other series,

Taking the nine micron line as a dividing point, the series of cases with the
smaller eysts shows only eight cases with eysts greater than nine microns and

8 The justification for using casea with so few cyst measurements is that the standard

devistions of the means are of the order (0.5 to 0.1, Even with the larger values the means
are ten times greater than their standard errors indicating definite statistical walidity.
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RANGE OF CYST DIAMCTERS N MICRONS |

Fra. 1, The horizontal lines show the renge of eyat diameters (measurements on the
basia of wet-fixed, stained sPecimens) obtained by independent worlers in ench of 99 in-
dividuals harboring £, kiafelyfice. The line AR passea through the mean dizsmeter of each
strain, MNote that the 9 mieron line divides sll steaing inlo two series, o larger with average
digmeters from 10-14 mierons, and & amaller from 6-8 microns.  The mean and range of
gizes ave largely zimilar within each zeries; the straing belonging to different series are
markedly dissimilar. (T, Dobell and Jepps; 8, Bapero; H, Hakansson; S3m, A, Maling
Bmith (mean dismeters only).

the series with the larger cysts shows only nine cases with any cysts measuring
less than nine microns. This overlap in 17 cases may appear considerable
but is brought about by only a very small number of cysts at the extremes of
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TABLE 2
Mean diamelers of cyale from individual coses {abulated according lo ascending values of the
LS
EMALL EACE
Mean | Number of cyals Autlior* Mean
= M
G4 & L
G100 Sm 10,33
£, 10 = 10,30
£ .30 Him 10,40
G35 | J'".’ E130 10,50
£ 4h = 10,57
538 11 o 10,58
655 A0 Ti8 10.59
656 11 b 1060
6,57 11 bt | 1069
£ 60 10 bt 10.70
675 16 b 10.51
il 14 & 10,53
684 as & 1056
.80 | 15 & 1087
6,500 27 Hm 16090
5,50 ar Bm 1090
.95 : 17 =8 10.94
6.97 ; 12 g 10.96
il | 3 Hi1 10,499
T.0H 43 Sm 11.00
7.02 15 3 11.00
7.05 7 a8 11.43
7,00 16 H 11.05
7149 15 H 11.06
7.23 iy BT 1L.07
T.23 2 H 11.07
7.26 13 2 11.10
T.20 15 11 11.10
7.40 131 Zm 11.11
7.30 23 H 11.20
o 15 8 11.20
7.38 25 H 11.30
T80 1& 5| 11.30
7.43 a1 11 11,30
7.46 13 H 11.30
T.48 12 el 11.32
7.8 20 H 11.40
7.5 1) H 11.40
7.61 500 H7 11.40
706 16 I 11.458
7.68 ha . 11.560
7.61 20 H 11.53
7.62 20 H 11.54

EEREERE
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TABLE 2—Coneluded

SMALL RACE | LARGE EACE
Mean Wumber of cyats Author* | Mean Humber of cyats Authors®
i L

7.74 13 3 1160 Gl Sm
1160 | Hm
1160 | a7 Hm
11.63 20 H
11.70 50 S
11.80 11 Sm
11.54 23 I
11.85 19 H
12.05 S0 k432
12.08 14 H
12,60 49 Bm
1330 a0 S

| 13.55 ol L1

£ 8 Bapero; H, Hakansson; Sm, Smith; the others from Dobell and Jepps are shown by
their designations.

dispersion so that actually the overlap iz only slight. In contrast, it is to be
noted that within each series, the vast majority of eyst measurements of the
various cases overlap markedly leaving no indication of distinet distributions,

In suramary, the findings made from a study of individual strains in 99 cases
show: (1) the existence of numerous strains with means intermediate to, and
beyond those found by Dobell and Jepps; (2) that the means of individual strains
are fairly evenly distributed rather than tending to group at the particular values
which would correspond to those [or the five races postulated by Dobell and
Jepps; (8) that the differences in the sizes of individual strains are of a very
miner degree as is hest shown by the great overlapping of the individual strains.
The suggestion is that these individual strains of E. fistolytica show the minor
variations frequently exhibited by living organisms, and that therefore their
designation as races i3 not justified. In contrast, however, the grouping of
individual strains into two series, a large and & small, is one that is remarkably
distinet and suggests the existence of two races of E. hisfolytica distinguishable
by cyst siac.

In addition to this comparizon of mean sizes of evsts in individual hosts, which
we have just carried out, there is another method of analysis, namely, the
determination of cyst size distribution of individual eysts without regard to the
sample or host from which the cysts came.  To do this we have pooled all data
and from these construeted curves. This method is particularly useful, now
that we have studied individual strains, for modes will appear only if any com-
ponent distributions do not considerably overlap and as we are seeking distinct
and not overlapping distributions with minor variations, the method affords
another cheek on the bi-racial hypothesis. If but two distinet races exist-as
the above data have indicated, a bimodal eurve should be ebtained.
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The results are shown in figure 2, where four curves have been plotted,  Curve
A is from Dobell and Jepps' data, curves B and C are from our own original
data and a fourth, curve D, represents measurements reported by A, Malins
Brmith.

Curve A shows the distribution of cyst messurements from 7 cases with a
total of 3500 measurements., Cuwrve B was similarly constructed from measure-
ments of eysts from 215 cases.  The number of measurements averaged 8 per
case with a total of 1659 eyats measured. Curve C comprises 1336 cyst measure-
ments from 68 individuals, an average of 19 measurements per ease. Curve 1D
is replotted to a comparable seale from o eurve of 1000 evst measurements made
by A. M. 8mith. These were from 30 patients with 10 to 50 cysts measured in
each ease,  The curves have been constructed on the basis of values for stained
specimens mounted in balsam.
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The curves of all are in essential sgpreement, each presonting two distinet and largely
similar distributions for the cyats of this organiam,

The statistical constants of the four curves are given in table 3, Negleefing
for the moment the broken line extensions in three of the eurves, an analysis
reveals the following: (1) all eirves show two distinet and largely separate
distributions; (2) curves B, C, and D are essentially bimodal, with the modal
points nearly coinciding; (#) the low points of the curves (or the points of cross
over), fall within a narrow range of approximately 895 to 9.1 microns; and (4)
the differences between the means of the two distributions are very large,  From
these considerations it is apparent that the independently derived data of several
workers are in essential agreement, demonstrating in each case the existence of
but two distinet size distributions for the eysts of B, histolytica.

The apparent exceptions, or dissimilarities appear only in the eurve of Dobell
and Jepps, Here there are four peaks or modes in the ecurve, but there at onee
appears a very likely explanation for these modes which are not prezent in the
cwrves of other workers, namely, that curve A iz derived from data on but 7
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cases. These modes are the result of large numbers of measurements on single
eases, and can be considered significant only if they persist when larger numbers
of cases are examined. That they do not persist upon the inclusion of larger
numbers of cases is evident from the other curves. Actually, the curve con-
structed from Dobell and Jepps' data agrees well in all other respects and we are
of the opinion that larger sampling would have led fo perfect agreement.

TABLE 3
Slotistical constands of curves in figure £

_ ATANDARD
curvE | sowne cvsts WEAN ey Ez302 OF
Bmall B
A (Dipbielli® ol o i ey 1534 6. 05 A5 024
B (Haperokai il Smaannnd TO3 T.05 2 034
G (HaEanSsomY i e 5 s oy i i 525 7.17 62 027
T (Bmith), ..o 194 f. 64 82 L0549
|
Large
T e, 1047 | 1l 1.68 J36
B (Bapero). o 744 | 1052 1.00 040
O (Haksmeson): . .5 seraiiions a0 11_45 1.32 050
HE T 8 ek e L e 10 [ 11.58 1.28 S
Mixed (small half)
A ol s e 531 6i.81 .87 087
B (BBRERRY i e s e s e 107 7-13 1.13 114
C (Hokansson).................... 1904 7.67 1.08 7T
Mixed (large half)
A Debelldt. oo ' ang 10.71 8 .03l
.. [Rapero) s s e i 13 10,41 i1 074
CalHakangeon): e s bt aniel 133 11.47 117 L0

* These lgures inelude data from all seven of Dobell’a cases.
T These figures are for Dobell’a bimedsal cases only,
1 Bmith does not distinguish between uni-modal and bimodal cazes,

Having demonstrated the existence of a large and small race of this organism,
we were interested in determining the overlap between the two races as shown
by the data of various workers. This was possible in curves A, B, and C, and
has been indicated by the dotied line extensions interpolated between the two
gize distributions. In practice one observes that nearly all measurements in a
given case fall say, at 7 microns, but on oceasion a few cysts measuring 10, 11,
or 12 microns are found. Conversely, a few oysts measuring 7 or 8 microns
peeasionally are found in a stool in which all the other values fall around 12
microns, One cannot definitely say in these cases whether these eysts represent
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“giants’” or “dwarls” of a single race or the existence of very seanty numbers
belonging to a second race. The same situation occurs where two races are
present in a single host, there being often a few intermediate sized cysts which
cannot be delinitely assigned to cither distribution. These dotted lines, then,
demonstrate the overlap ag encountered in practice. It is apparent that the
overlap is remarkably small, and therefore, the distributions of the large and
small groups are very distinet.

If we now ecombine all the measurements included in the four eurves of figure
2 into 8 single curve, the curve characteristics appear as shown in figure 3
with ¢curve constants presented in table 4. Tt will be noted in the figure that
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Two distinet distributions indicste the existence of o larse-sized sod smallsized race of
the arganism.

TABLE 4
Comstants of teial dwtftbutwn cirras shown in figure §
o |
v e | e | mmm [wsumanel omo
s [
Eh I8 | [, anz 7.0 JORT TG 4.9
Large . ... ..... 4822 11.45 1.5M [ J0ES 6.5

values both for wet-fixed, stained specimens and living cysts have been included
as both are of practical usefulness. In this curve it is evident that only two
distinet and prominent modes remain, the additional modes present in Dobell
and Jepps' curve having disappeared. In addition to only two distinet and
prominent modes each component eurve is eszentially a normal distribution
curve.  The difference between the means of these two curves, which iz 4.39
microns, has a standard error of 0.028, giving a eritical ratio of over 150, repre-
senting certainty that the difference iz not due to chance sampling,  Not only
are the means of the two distributions significantly diferent but there is a strik-
ingly small overlap betwesn them.
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The point of beginning overlap for values of stained, wet-fixed mounted
specimens is at 9 microns; for living specimens it is at 10 microns.  The smaller
cysts have only 4.9 per eent at or above this value; the large cyats, 5.5 per cent
at or below.

We may summarize the results of our sccond method of analysis by saying
that it also has demonstrated the existence of only two races of E. histolptica,
and further, that the hypothesis that other races exist is not tenable unless
there exist other sizes not encountered in the rather large series analyzed herein,

Some interpretations of practical interest may be derived from figure 3, Of
practical significance is the ease with which any individual cyst may be properly
allotted to either the small or large race. For example, the probability of a
single cyst measuring less than 8 microns, belonging to the large race, is so
remote that with practical certainty it can be classed as a small rage, Likewise
cwsta larger than 10 microns can be safely called large race. Individual cyst
measurements between 8 and 10 microns may obviously belong to either race;
vot the measurement of as few as eight or nine other eysts will in a vast majority
of cases cstablish the proper race, Bearing these points in mind, we may state
as a general practical rule that the 10 micron line for measurements on living
evats of E. histolyticn may be used to divide the organism into the large or small
race.  Similarly, when eyst measurements are made on wet-fixed, stained speci-
mens mounted in balsam, the 9 micron line divides the large from the small race.

Apparently strains having mean diameters of 10 microns do oceur, but these
must be exceedingly rare.  'We have not encountered any in the several hundred
samples involved in this analysis, but Dobell and Jepps (3) found one such
strain in 202 E. histolytica infections, and Wenyon and O'Connor’s (1) ease
“Iettlewell” iz another cxample. Whatever the significance of these inter-
mediate sized strains is, their occurrence appears to be so rare that they do not
constitute an important problem.

III. PURTHER DATA AND CONSIDERATIONS PERTAINING TO RACES OF
. histolytica

Crecurrence of lorge and small races

Sinee undertaking the above investigation we have classified all strains en-
countered according to race.  The results are shown in table 5. It will be noted
that the small raee oceurred in well over half the eases, and as these percentages
represent routine stool examinations from general hospital wards, the importance
of clarifying the role of the smaller straing of E. histolytica is particularly empha-
sized. Persons harboring both races simultancously were found in 6.3 per
cent of the cases. In such stools almost all the individual eysts eould be readily
differentiated as belonging to either the large or small race, bui a few cysts
occasionally were found straddling the ten micron ling and leaving one in doubt
as to which race they belonged.

Racinl conslancy

In order to designate races of E. histolyfice according to size, there should be
evidence to show that size is an inherent characteristic, i.e., not determined by
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the environment of the organism. In our own experience changing environment
has not led to a transmutation of the large to a amall race, or the converse, nor
s0 [ar as we can ascertain, has any such change been observed by other workers,
Probably the most convincing evidence that the size of the two races is not
determined by environment, is the co-existence, as noted in 6.3 per cent of our
cases, of both races in the same host. Further evidence in this regard was
afforded one of us (EGH) in repeated examinations of a large series of stools
from warious patients in a Panama asylum, These cases were studied over a
perind of many months during elinical periods of remission and relapse; vet in
no case harboring a large race was there evidence that the size had changed to
that of the small race, or the converse,

There is, on the other hand, evidence that minor variations in the average
eyst diameter of a given strain may appear from time to time coincident with
environmental changes, but it is important 10 note that these variations are
always within the ranges we have noted for each race. Smith (6} observed size
changes in samples from the same patient on different days, and states that the
variation was not of great magnitude. Dobell (3) alzo observed that under

TABLE &
The occwrrence of small and large races of B, hislolylice
RUMIER OF CASES FERCENTAGE

== fer cend

Branllraneonlie connsiaing s Ews sn i s 174 AT
LaTRE TROE DML o oo si s o g 117 .0
Bmall & Large races. . .. .................... 20 .3
okl e e e a6 100

certain conditions cyst sizes of a given strain beeame temporarily modified,
noting in the ease of larger strains an inerease in size from 12-14 to 15 mierons
or more in diameter after treatment, the size later becoming smaller again.
Recently Meleney and Frye (12) have recorded slight changes in size in a single
strain when a small tace was passed through successive cultures and through
animals.  Their measurements were on trophozoites and showed variations well
within the limits of the small race. These observations strongly suggest that
environment may play a role in accounting for the minor variations seen in
mean diameters of strains belonging to either race, This variation, however,
g0 far as is indieated by any evidence that has been presented, is sharply limited
within the size range of cither race.

Comparizon of cyst and trophozeile szes

Upon this matter we have been unable to find published reports, although
the impression seems to be that eyst and trophozoite size are not necessarily
related. In our data there are a number of cases for which both eysts and
trophozoites were measured. There were 40 small race cases in which the means
of both cysts and trophozoites were obtained, and an additional 22 cases with
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trophozoite means only. Among the large race cases there were 19 with both,
and 9 with only trophozoite measurements. In table § these data have been
arranged to show the mean sige of all eysts and all trophozoites measured. In
these data the difference between the mean eyst and trophozoite measurements
for the small race iz not & significant one, while that for the large race is (enitical
ratic of 1.7 and 6.0 respectively).  The differences between the standard devis-
tions of the distributions are both significant; the eritical ratio for the small
race is 3.5 while for the large race it is 9.9, None of the large ruce trophozoites
measured were [rom dysentery cases, i.e., the glant organisms so character-
istically seen in acute cases. Had sueh measurements been ineluded the
disproportionately large sizes of the trophosoites, as compared with cysts, would
have been even more marked. The suggestion is that trophozoites of the small
race conform closely to the sizes of their evats whereas trophozoilesof the large
race may attain sizes much larger than their eysts.  This relationship sugeests

TABLI &
Comparizor of eyst and frophezoite sizes of the large and small roce
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5 | [
Largo:
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another important biological difference between the two races, and further, the
possibility of being able to differentiate races on trophozoite measurements alone,

Differences in races of E. histolytica ofher than size

The concept of five or possibly more races of F. kistolytiea is nol one which
would encourage studies to determine whether these races vary in other charae-
teristics than that of size alone.  The bipartite division of the organism intosmall
and large races, however, i3 & natural one which has already been observed by
many. The result is that important differences have been reported by several
workers despite the previous lack of evidence which would justify a biracial
division of the species. These differences appear to be important and should
be considered in addition to the size differcnces of the two races. Tt is our
purpose to mention briefly some of these observations made by others and by
ourselves,

Observetions on morphology. A number of workers, Drbohlav (13), Spector
(14}, and Frye and Meleney (15}, remark on the absence of ingested red cells in
trophozoites of the small race.  Spector {14) reports that the small trophozoites
have less molility than the large.  Our own ebgervations upon these two points
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are similar, Both of these characteristics noted in the small race contrast
sharply with those cxhibited by the large race in amebic dysentery where
ingestion of red cells and vigorous motility are classical features.

Pathogendeily in andmaols

Several workers report that the smaller race is less infective and less patho-
genic than the large race when inoculated in kittens. Drbohlav (13) reports
that the small race does not produee dysentery or uleeration in kittens.  Spector
(14} sueceeded in infecting only 8 of 37 kittens with small cysta per os and of
these only two showed pathology, viz, minute uleers of the large bowel, In
contrast 10 of 22 were infected with large forme. Intra-rectal inoculation of
kittens with large eyste all produced severe amebie uleeration, while the small
race consistently lalled to produce such results. Unfortunately this writer
congidered cysts measuring less than 12 mierons as belonging to the small race,
an assumption that we have shown to be unjustified. It is possible that such
lesions as were ascribed to the small race may have actually been produced by
the organisms properly belonging to the large race. Frye and Meleney (15)
and Meleney, Frye and Leathers (12) report on the pathogenicity of soveral
strains in kittens, Among their strains one was small with cyvsts less than
10 micrens in digsmeter.  This strain had a “pathogenie index™ of 0.35, the
smallest found in any of their human straing which had indices of .55, 0.90,
100 and 1,10, Of the five kittens they were able to infeet, four showed only a
[ew small shallow lesions, while one had & few shallow and one small deep uleer,
They say, “These obeervations strengthen the beliel that a small race of E.
histolytica exists which is relatively fixed in its size and pathogenic activity, and
that it possesses a low power of invasion of the lizsues of man and experimental
kittens,"

In contrast to these reports which agree that the small race is definitely less
pathorenic than the large race ig a report by Fessel (16).  This author says,
“Amoebae from races which produce both large and small cysts respectively,
have been used and both produce the same pathological condition in kittens,”
Careful examination of his detailed tables of gross and histopathological findings,
however, does not support this conclusion.  Four of eight kittens were infeeted
with a small race, 8 microns or below in diameter, and twelve of Awenty-four
kittens were suceessiully infected with strains of 10 microns or larger. His
deseriplion of the gross indings with the large race Indicates constderably more
extensive uleeration than with the small race which showed only superficial
necrosis or uleeration in 3 of the 4 kittens which he succeeded in infecting.
The fourth kitten (187}, however, according 1o his report did show minute
pinhead uleers throughout the colon. He failed, however, to find amoebae
penetrating tissues in histological studies of the small race infections, whereas,
penetration was demonstrated in several kittens infected with the large race.

It iz apparent from the above studies that, even though results have been
gomewhat conflicting, to date experimentation suggestz a distinet difference
in the animal pathogenicity of the small and large races of E. hislolyfica.
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Culturabilily

Thuring a two vear period we have made routine cultures from strains of K.
Ristplytica encountered in examinations of stools from the hospital wards, Our
records show uniform failure to eulture the small race organisms in over one
hundred attempts.  In contrast, cultures of the large race suceeeded in over 80
per cent of the inoeulations although the same media {liver infusion) and tech-
nigue were employed in all eages, Speetor (14) reporting that the small race
grows infrequently and with diffieulty in Cleveland-Collier medium, suceeeded
in only 5-8 per cent of her attempts while with the large race she experienced
better than 95 per cent suceess.  In addition she found that the small race had
to be subeultured every 24-48 hours, whereas, a longer period, 48-72 hours
sufficed for the large race. The difficulty in culturing the small race suggests
atill another important difference between the large and small race.

Folhogenicity of small and large races #n mmon

From a clinical standpoint we have the remarkable situation that neither
amoehic dysentery nor liver abseess cansed by the small race of B, histolytico
has been reported in man.  In our own work embracing clinical studies on many
patients with chronie dysentery, the diseasze haz always been associsted with the
large race, never with the small.  In addition we have been unable to ascribe
symptoms of any considerable severity to the presence of the small race although
wo have now personally interviewed and examined over 179 cases with small race
infections. Not uneommonly, very mild complaints are presented by such
patients, but in these cases it is exceedingly difficult to be certain that the small
raee 15 responsible.  Mowever, in a few cases of mild syvmptoms the administra-
tion of carbarsone gave relief, and from these experiences logether with the fact
that there is only negative evidence as regards the possible existence of severe
symptoms, we must admit the pessibility of the small race being harmful.

Remarkably enough, pathological lesions, either intestinal or elsewhere in
man, definitely aseribed to the small race, do not appear to have heen reported
pxcept in one instance and in that, the evidence of pathogenicity iz not con-
clusive. Faust (17} in studving the intestine in 202 autapsies in cases of acei-
dental death, found what he considered convineing evidenee of tissue invasion in
five cases, in four of which amall races of K. hisfolylica were demonstrated. A
few pin-point uleers or shallow erater-like lesions were observed and the organ-
isms were demonstrated from scrapings of the lesions.  Although tissue sections
were made, the writer does not state whether or not trophozoites were found
actually penctrating the tissue in the small race caszes, a crucial point in estab-
lishing that the lesions were caused by the organizme and not merely in
coincidental association with them. While his work sugpests that possibly
minor lesions in the human gut may be caused by the small race, 1t 15 apparent
that more evidence on this important point is needed.

We may summarize this presentation of evidence comparing small and large
races by noting: (1) the small race trophozoites have not been observed to
ingest red blood cells, and do not show the vigorous motility of which the large
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race is capable; (2) cyst and trophozoite sizes remain eszentially the same in the
ease of the small race; whereas the trophozoite of the large race is capable of
crowth to giant size; (3) the small race fails to grow or to be successfully cultured
in vitro with the same siecess possible with the large race; (4) kitten inoculations
definitely tend to be less pathogenic in the ease of the small race; (5) conclusive
demonstration of tissue invasion on the part of the small race in the intestine
or elsewhere in man is lacking: (6) dysentery and other serious elinical condi-
tions have been definitely proved to be caused by large races of K. hisfolylica,
but it has not vet been definitely established that any particular clinieal syn-
drome 1z associated with small race infections.

These observations clearly indicate the importance of clarifying the respective
roles of the two races of B, histelytica. The suggestion exists that the small race
might possibly be a distinet species.  Buch a suggestion, however, 15 premature
as there is great need for further evidence on the various apparent dilferences
exhibited by the races of the organisms. Until this is fortheoming, and cer-
tainly for practical purposes, conservatism demands equal respect for the poten-
tial harmfulness of either race.

SUMMARY AND CONCLITEIONE

1. A study of the mean diameters and size distributions of cysts of K. histo-
Tytica frorn 99 cases demonstrates the existenee of large numbers of strains having
mean dizmeters intermediate between and beyond the 5 races postulated by
Diobeli and Jepps. These strains overlap greatly in size distribution, do not
show size constaney, and differ in no other respect than that of size alone.
They, therefore, cannot properly be designated as races of E. histolytica.

2. Further analysis, on the other hand, both of individual strains and the
pooled size distribution of 7495 cyst measurements from 320 cases, demonstrates
the existence of two significantly distinet races, a large and a small. These are
not only distinctly unlike in size, but differ as regards motility, culturability,
and pathogenicity in man and lower animals,

3. In practice, the 10 micron line may be generally used to distinguish living
cvsts of the large or small race.  Tor measurements of wet-fixed stained cysts,
mounted in Canada balsam, the @ micron line serves.

4. The evidence indieates racial constancy hoth as regards size and physio-
logical characteristics exhibited by the large and small race of E. histolytica.
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