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PREFATORY NOTE.

Tae  Report on the Human Intestinal Protozoa in Egypt™ was
completed during the months of July, August and September, 1916, and
was sent to the War Office in October. Parts I.-1V. were published in
the Jourxan or Tar Rovan Army Mepican Corps (Nos. 1—6, January to
June, 1917). Lack of space did not permit the publication of Part V.,
which appears here as the Appendix for the first time. Thanks to
Mr. H. 8. Wellecome, who has already done so muech to help the
investigation of dysentery problems in England during the War, it bas
been possible to publish the complete Report with a few additions
and corrections, together with a paper on ““The Carriage of Cysts of
Entameba histolytica and other Intestinal Protozoa by House-flies,”
which was first issued in Egypt in April, 1916, by order of the Director
of Medical Services as a memorandum for eirculation amongst medical
officers. It was republished in the JournNarn or THE Royarn Arwmy -
Mepican Corrs in May, 1917. The section of the Report in Part I'V,,
which deals with the experiments on house-flies as earriers of ecysts
of protozoa, has reference to this memorandum which had appeared
previously.

Colonel W. H. Horrocks, C.B., K.H.S., Editor of the JourNarn or
tHE Royan Army Mepican Cores, has very kindly permitted the re-
printing of those sections of the Report and the paper on the fly
carriage of eysts which have already appeared as explained above.

C. M. W,
1917. ' F. W. 00



INTRODUCTION.

TuE work carried out in Hgypt, of which this paper forms
the report, was undertaken at the request of Surgeon-General
Sir William Babtie, V.C., K.C.M.G., at that time P.D.M.S,, M.E.F.,
in consultation with the Medical Advisory Committee. Tts object
was threefold, namely, an investigation into the carrier problem
of ameebic dysentery amongst the troops with a view to the possible
elimination of the carriers; secondly, an inguiry into the best
method of administering emetin to carriers and actual dysenterics
with the object of establishing some uniform line of treatment
which would give the maximum of good result; and, thirdly, an
examination of the fly transmission of amwmbic dysentery by means
of cyst carriage, and a determination of the best means of destroying
the resistant amoebic cysts after their escape from the body.

During the inquiry into the three problems named above,
although our attention was chiefly directed towards the pathogenic
Entameba histolytica, all the various intestinal protozoa of man in
Egypt came under observation, and we have been able to gather
a large amount of information regarding them. Much of this is
quite new, and it will be set forth in the following pages under
different headings.

The work was carried out at Alexandria, as Surgeon-General
Babtie rightly considered this to be the most suitable locality for
an investigation of this kind amongst troops in camp. We were
fortunate at the outset in obtaining a very excellent laboratory at
the Orwa-el-Waska Section of the 19th General Hospital, where
Lieutenant-Colonel Scott, R.A.M.C., officer commanding in charge,
and Captain Lambkin, R.A.M.C., Registrar of 19th General Hospital
and officer commanding at Orwa-el-Waska, gave us every assist-
ance. It is not too much to say that without the help of these
officers and their readiness on every occasion to carry out our
wishes, the work we had in bhand could not have been so success-
fully conducted. For the treatment of the cases we had two
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dysentery wards at our disposal, and we were able to observe
closely the course of the various infections and the effect of treat-
ment. The late Lieutenant-Colonel Lister, C.M.G., R.A.M.C,
Medical Superintendent of the Hospital, who always showed a lively
interest in our investigations, very kindly allowed us to take over
the treatment of all the amcebic or other protozoal infections, so
we had ample material on which to work.

In addition to the cases which were identified by us in the
routine examination of all the hospital admissions, we obtained
a larger number of cases from the examinations of apparently
healthy men in varions camps around Alexandria. As will be
shown below, we found a fairly high percentage of carriers amongst
the healthy or apparently healthy men, and these were brought
into hospital and given a course of emetin, the result of which
will be discussed in another part of this paper.

The carrying out of the routine examinations of men in camp
seemed at first sight a very difficult procedure, but a system was
elaborated which proved to be reliable chiefly owing to the interest
shown by Captain Sibley, R.A.M.C., then Sanitary Officer to one
of the camp areas, who helped us in every possible way and rendered
easy what appeared at first sight an alimost impossible undertaking.
The working of any scheme for the collection of material from
men in camp is no easy matter. Yet the energy and skill of
Serjt. E. Weavis, R.A.M.C., specially detailed for laboratory duty,
enabled us to collect several thousand specimens without any
mistake or hitch in the proceedings.

In order to obtain an insight into the intestinal protozoa of the
natives of the counfry, with a view to the discovery of a reservoir
of infection, we were kindly given permission by Dr. Kirton,
Medical Superintendent of the Hgyptian Jails, to examine a series
of over 500 prisoners in the Hadra Prison, Alexandria. These

observations afforded most interesting results which will be detailed
below.

The patients in hospital were under the care of a medical
officer who carried out the treatment suggested by us. For the
greater part of the time Lieutenant Eastmond, R.A.M.C., was in
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charge, and our thanks are due to him for the trouble he took with
our cases. As will be explained below, they were controlled very
carefully, at least one entire stool from each being inspected daily.
We obtained detailed histories from all the cases, especially as
regards the possibility of past dysentery or emetin treatment, and
the occurrence of any symptoms during the observation was
carefully noted. In the laboratory work connected with these
hospital cases, which involved blood examinations, bacteriological
culture work, collection of material and obtaining informa-
tion from the patients, we have been very much helped by
Cpl. W. J. Muggleton, R.AM.C., who was senior laboratory
assistant at the Wellcome Burean of Scientific Research before
he left for active service abroad, in connection with our work.

When the hospital cases had completed their course of treat-
ment 1t was necessary to keep them under observation for some
time. An arrangement was made whereby a section of the
convalescent depot at Mustapha was set apart for their reception.
From these cases Serjt. Weavis collected specimens on alternate
days for at least one month, so that we were able to note at once
when any relapse of the infection occurred. Major Fisher, R.A.M.C.,
Officer Commanding the Convalescent Depot at Mustapha, made all
arrangements for the reception of our cases, and we are greatly
indebted to him for the trouble he took and the care with which
our wishes were carried out.

We wish also to express our indebtedness to Colonel Beach,
C.M.G., A.D.M.S., at Alexandria, for the interest he took in our
inquiry and for the help and assistance he constantly gave,
especially in smoothing our path in the carrying out of what were
sometimes rather difficult and intricate negotiations. Finally, we
wish to acknowledge the help we received from Colonel Sandwith,
C.M.G., whose wide Egyptian experience and the position he held
as Consultant Physician to the Military Hospitals in Alexandria,
rendered his assistance and encouragement most valuable.
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PART I1.*

THE INCIDENCE oF PROT0ZOAL INFECTIONS AMONGST BRITISH
Troors AND NATIVES IN EGYPT WITH SPECIAL BREFERENCE
To THE CARRIER PrOBLEM oF AM@EBIC DYSENTERY.

The examinations for intestinal protozoa were carried out upon
several classes of men, including healthy British troops on full duty
in camps round Alexandria, healthy British and British West
[ndian cooks employed in the same localities, British convalescents
in the convalescent camp at Mustapha, healthy native prisoners in
the Hadra Prison, British prisoners in Gabarri Prison, the per-
manent Royal Army Medical Corps staff of the Convalescent Depot
at Mustapha, the Royal Armyv Medical Corps staff of the Orwa-el-
Waska Section of the 19th General Hospital, and all the cases
admitted to the Orwa-el-Waska Hospital for dysentery and other
intestinal disorders, the majority of the latter coming from various
stations in Egypt, but some being invalids from Mesopotamia.
The various findings in these several groups will be discussed below,
but first of all we will describe the methods of our examinations and
the value of these in determining a correct percentage of the various
infections.

Method of collecting Material.

In the case of hospital patients theve is no difficulty in obtaining
samples of the stool for examination. We arranged that the entire
stool was brought for inspection in a bed-pan, a much more satis-
factory procedure than when only a small sample is sent from the
ward in a tube. An inspection of the entire stool gives a much
more accurate idea of the condition of the patient. When only
small samples are sent small quantities of blood and mucus are
liable to be overlooked and one fails to get a correct notion of the
character of the entire stool. In order to do this it is essential to
have some room or lavatory near the laboratory to which pans can
be brought for inspection.

When it comes to the collection of material from men in camps
or prisons much greater difficulties have to be encountered. These
can only be surmounted by interesting the men in the proceedings
and it is essential to have some reliable person in authority to carry

e —

* Reprinted from the Journal of the Royal Arimy Medical Corps, January, 1917.



PART I.—INCIDENCE 11

out the arrangements and to control the men. We were fortunate
in having the services of Serjt. Weavis, who carried out his
duties admirably. Arrangements were made through the sanitary
officers of the camps or prisons who saw that a special latrine or
screened area was set apart for the purposes of collection. Within
the enclosure were arranged in a row a series of “stool closets,”
which are small zine pans each supported on an iron ring on four
metal legs. There is a wooden seat round the pan. We found
that a couple of dozen of these were ample for working purposes.
The men from whom samples are to be collected are paraded,
preferably directly after breakfast, near the enclosure. They are
then mstructed, numbered off and told to use the stool closet
corresponding to their numbers. The men are ordered not to
micturate into the pan, into which only feces are to be passed.
Each man is given a collecting tube with a metal spoon attached
to the cork or some other receptacle, and when he has eased himself
be takes a sample of the stool on the metal spoon and places it in
the tube. During the proceedings it i1s necessary to have an
orderly, who understands the work, on duty in the latrine to see
that the men carry out the process properly and do not attempt to
mix up the samples either by accident or intentionally. The men
carrying the tubes line up outside and the name of each 1s written
on the tube while the serjeant obtains any information such as
history of dysentery, previous foreign service and so on. Mean-
while a number of cleaners are occupied with the zine pans and
when they are properly cleaned and dried they are replaced and
another series of men instructed to repeat the procedure. In this
manner in a very short time it 1s possible to ccllect reliably fifty or
sixty specimens. It is not possible, of course, to collect a sample
from every man paraded, for a certain number of men will be unable
to oblige. The * defaulters’ can be again paraded with a fresh lot
of men the following morning. This method of collection we have
used regularly and it has yielded very good results. The men who
were found to be carviers of E. histolytice were ordered into
hospital for treatment, and, though this was done on the evidence
of a single sample collected in the manner described above, in no
case did an error arise in the matter of bringing the wrong man
into hospital.

We have described the method in some detail, because, when 1t
was at first suggested that we should colleet samples from healthy
men it was thought that the difficulties to be overcome would be
insurmountable. Furthermore, the method could be employed for
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the collection of samples for many other purposes, as, for instance,
examinations of tvphoid carriers.

In all the examinations of men in camp we have examined only
single samples from each man. We recognize that in so doing a
number of cases of infection are missed, for the protozoal infections
of the human intestine arve very irvegular as judged by the appear-
ance of the protozoa in the stool.

The Value of a Single Examination in determining Infections.

If one looks throngh the protocols of the cases of K. histolytica
infeetion at the end of this report it will at once be seen that
many protozoal infections which were not apparent at the first
examination of a patient’s stool appeared later on. This was
true of all the protozoa found in the intestine. On several
occasions cases whieh have been treated for a lamblia or other
infection have, during the control, suddenly given evidence of
an infection of K. histolytieca. Such observations prove to us
clearly that a single examination of any individual may give an
erroneous view of the infection. In order to arrive at some idea of
the error we undertook the examination of a group of healthy men.
The permanent Royal Army Medical Corps staff of the Mustapha
Training Depot were chosen for this purpose. A series of ninety-
two men were examined for a number of days. It was intended
originally to examine them all every day, but owing to the changes
in the staff and the movements of troops this was 1mpossible.
However, some of the men were examined twelve times, others
eleven, others ten, and so on during the twelve days, and the results
have been arranged in Table I, in the order of the number of
examinations. In the first column have been placed the complete
findings resulting from all the examinations and in the twelve
columns following the result of the daily examinations. Thus case
Thomas was found to have E. coli cysts (E.c.e.), E. histolytica
cysts (E.h.c.), free ameebae (E.f.), lamblia cysts (Li.c.), E. nane cysts
(En.c.), and E. nana free (E.n.f.). On the first examination,
however, were found only E. coli cysts, lamblia cysts and E. nana
cysts, and it was not till the sixth examination that . histolytica
cysts appeared. It will be noted that the majority of cases
examined yielded results of this kind. Thus, looking at the
E. histolytica infections alone, it will be seen that this parasite
was found in twelve of the ninety-two cases, but that in only four
of these was it found at the first examination. If we are to accept
this finding it would mean that all the figures resulting from a
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single examination would have to be multiplied by three in
order to arrive at a correct result. Whether this is too high an
estimate future investigations will show, but it seems to us that the
findings of a single examination are far below what they really
should be and that to triple the figures would give a result much
more nearly accurate. The findings amongst the various groups to be
deseribed now are all based on the single examination, with the pos-
sible exception of a very small number of hospital cases which have
been examined two, three, or even more times. It will be realized
that the figures, though they may appear high, are very much lower
than they would have been if the examinations had been repeated.

One important point requires mentioning, and that is the
possibility of the errors of a single examination being less when
the organism is the actual cause of disease. For instance, when
lamblia is the cause of diarrhcea with mucus, it is present in
enormous numbers and there 1s no chance of missing it on first
examinations. It is only when it is not producing symptoms that
it 1s likely to be overlooked. Similarly, if E. histolytica is giving
trouble, the probability is that the amcebe or its eysts will be found
at once. These errors, therefore, in the single examinations do not
appear, or appear to a much smaller extent in those cases where
the organism looked for is the actual cause of trouble. The error
is the greatest in the search for carriers, and it is a consolation to
know that if any infection is missed it is unlikely to have been the
cause of trouble to the individual himself at the particular time,
though it must never be forgotten that the E. histolytica carrier is
the constant source of infection for others.

It should be mentioned that the records in Table I are based
on thorough and careful examinations. For example, the time
spent on the daily examination of any one case was not less than
ten minutes, and in most instances at least two or three films were
subjected to a close scrutiny.

Ezamination of Various Groups of Men for Protozoal Infections.

(a) Healthy Troops—An examination of a large number (1,979}
of healthy men on full duty was undertaken with the object of dis-
covering the percentage of carriers of various protozoa, especially of
E. histolytica. The samples for examination were collected in the
manner deseribed above. The following groups were examined :(—

Metras camp, 1,013 men.

Mustapha Convalescent Depot, permanent staff, 312 men.
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Cooks of Sidi Bishr camp, 279 men.

Cooks of Mustapha Convalescent Depot, 119 men.

Cooks of camps at Mazareta, Metras, Docks, Mex and Gabarri,
191 men.

Royal Army Medical Corps staff of Orwa-el-Waska section,
19th General Hospital, 65 men.

TABLE II.—HearTay MEX EXAMINED IN ALEXANDRIA FOR CARRIERS oF E. his-
folyticn ARRANGED WITH REFERENCE To PRrEvious HisTorY oF DY¥SENTERY,
STATION AND SERVICE.

| r Total
Camp Whiere stationed P.I. IC‘arriera: F-E:IFL N.P.D. :,fhmam l:?nl‘;‘, m
|
Metras (1,013) Gallipoli and | 167 | 4 24 | 846 87 43 | 40
Egypt [ |
Permanent  Staff, Ga]]ilflnli and! 12 | O 0 47 B | 170|156
Mustapha (312) Egypt | |
Egypt only .. & | 0 0 | 248 10 40| 39
8idi Bishr Cooks| Gallipoli and | 51 8 157 | 1083 12 | 11-6 | 13-0
(279) Egypt .
Egypt only .. 4 | 0O 0 o6 5 52| 50
| Saloniea and 3 | 0 | 0 22 2 | 90| 80
| Egypt |
Mustapha Cooks | Gallipeli and 9 | 8 33-3 26 1 40 | 114
(119) Egypt -
Egypt only .. 0 o | O B4 G ol 551 1
Mazareta, DMetras, | Gallipoli and 11 0 | 0 T2 4 65| 48
Docks, Mex and| Egypt .
Gabarri Cooks | Egypt only .. 2 0| 0 106 2 18| 18
(191) '
R.AM.C. Btaff, 19th | Gallipeli and 9 1 1 114 13 0 0 4-5
General Hospital | Egypt ! |
(65) Egyptenly..| 9 0 | 0 34 3 I 90| 70

P.II. = Previous dysentery. N.P.IL = No previous dysentery.

In the above table (Table II) the E. histolyéica findings alone
are set forth. The men in each group are divided 1nto three classes
according as to whether they had served in Gallipoli and Egypt,
Salonica and Egypt, or in Egypt alone. The cases examined are
arranged in two columns representing a previous history of
dysentery or not. Fach man was carefully questioned as to
whether he had had dysentery, and though it is impossible to verify
the men's statements or to draw a distinction between past bacillary
or ameebic infections, still it is possible to obtain some idea as to
the influence a previous dysentery has on the incidence of carriers
of E. histolytica. It will be seen, at any rate, that by far the
greater number of carriers gave no history of dysentery whatever.
Of the healthy men who had served in both Gallipoli and
Egypt there were examined 246 who gave a history of previous
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dysentery and 1,137 who gave no such history. Amongst the
former there were found to be 16 carriers of E. histolytica, giving a
percentage of 6°5, while amongst the latter there were 52 carriers
giving a percentage of 4'5. Of the men who had served in Egypt
alone only 20 gave a history of previous dysentery and amongst
them no carriers were found, but of 568 who gave no history of
dysentery 26 were carriers yielding a percentage of 4'5, a result
which is identical with that obtained from the similar group of
men who had served both on the Peninsula and in Egypt. This
fact would seem to indicate that the incidence of infection was not
greater on the Peninsula than in Hgypt. The men, however, who
gave a history of dysentery yielded a higher percentage of carriers
than those who had no such history.

The highest percentage for E. histolytica was found amongst
cooks employed at Mustapha Convalescent Depot and at Sidi Bishr
camp. The cooks of Sidi Bishr camp showed a higher percentage
of protozoal infections than any other group of healthy men
examined.

The total number of healthy men examined was 1,979 and the
complete findings are shown in the last column of Table IIL
These may be taken as representative figures for the healthy troops
in Alexandria, as the men were taken in groups from very different
areas, It must not be forgotten that the figures are based on the
result of a single examination.

TABLE 1II.—TaHrE VaiRIoUs PROTOZOAL ISFECTIONS FOUND AMONGST A SERIES OF
1,979 HeavrHY TROOPS EXAMINED IN ALEXANDRIA 1IN THE Earny Part or 1916,

|
Permanent | oo 0. o Cooks at
BAMO. | poons o | BAMC | S50 | Mazarets, | aocks st
Sl ah ke fﬂ:{'{l’éi %H'uélapll.n. Metras, | Sidi Bishr| Total
| Hospital o valescent Cmg:mmnt Galarri and Camp
i Camp P Mex Camps
| ~— S e
Total examined | 65 | 1,013 312 119 191 279 | 1,079
K. histolytica .. | 61 40 g BT 84 81 96 58
H.ooli .. we | 1770 158 | 278 16-0 23-0 25-4 20-0
Entameeba (un-| 0 03 |- 19 50 3-6 1-8 | 1-3
diagnosed) | ; .
K. nana i (L] 0 1] 16 0 07 05
Lamblia L] 43 54 60 78 4G 48
Trichomonas ..| 0O 0-49 16 1-G 1:0 -8 11
Tetramitus 0 0-39 06 50 | 26 21 11
I.cysts .. 4-3 2-0 35 2:5 |_ 2 | 64 30

The other protozoal findings in these various groups are set
forth in Table III (above). 1t will be seen that the infections
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in the various groups agree fairly closely. As was to be expected,
the commonest protozoon is E. coli. The second is E. histolytica,
while lamblia comes next. Tetramitus and trichomonas occurred
in equal frequency. Undiagnosed entamcebe (unassociated with
cysts and not including red blood corpuscles) are placed in a
group apart. The iodine-cysts were fairly regularly encountered,
as were the small amebe which we have called Entamaba
nana.

(b) Convalescents.—It was thought that some insight into the
various protozoal infections would be gained by examining con-
valescents from various diseases in the Convalescent Depot at
Mustapha. Accordingly, we examined 328 convalescents, with
the results set out in the second column of Table IX. It will be
seen that the percentages of infections did not differ to any extent,
though they were generally higher than those we found amongst
the healthy men, and, furthermore, they resembled very closely
the findings made by one of us in London last year amongst
556 cases which had been invalided from Gallipoli and the Eastern
Mediterranean (Table IX). It will be seen that the London cases
gave slightly higher percentages all round. Another notable feature
is the absence of any coccidial infections amongst the Hgyptian
cases. Apart from the difference in the coccidium infections, the
variation in the two results can be explained by the fact that many
of the Liondon cases were examined more than once, and infections
not found on first examinations were encountered at subsequent
ones. From what has been said above regarding the fallacy
attending the single examination, it is perbaps surprising that
the results agree as closely as they do. The Mustapha cases were
only examined once.

TABLE IV.—Thue Carriers orF FE. Musfolylica AMONGST A SERIES oF 828
CoRvALESCENTS I8 MusTaPHA COSVALESCERT DEPOT, ALEXANDRIA, ARRANGED
wiTH REFERENCE T0O STATIORS awD Past DY¥SERTERY.

| | |
Where station=d P.D. | Carriers | Per cont, i K.P.D, | Carriers : Per cent. wq;ﬂmt_
I —_ i
Gallipoli and Egypt .. | 58 6 120 | 159 11 | §0 78
Egypt only, or Egyptand | & 0 0 | 108 4 | 40 40
Halonica I [ |
I

Of these convalescents, 217 had served on the Peninsula, and of
this number 58 gave a history of previous dysentery, while 157
had no such history. The percentage of E. histolytica carriers
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amongst the former was 12'0, while amongst the latter it was 7'8.
There were 111 convalescents who had not been on the Peninsula,
and they had all served in Egypt alone except 11 who had been
at Salonica. Only 8 gave a previous history of dysentery, and no
carriers were found amongst them, while the remaining 103 who
had no history of dysentery yielded 4 carriers. These results are
shown in Table IV.

TABLE V.—TrE ResurT oF THE EXAMINATION oF THE 961 HospiTAL CASES
ARRANGED ACCORDING TO THE CHARACTER OF THE BTooL (1IN PERCESTAGES).

Formed Unformed Liguid R“rlla'::'m:":: Total
Total cases .. i 4 140 | 893 263 165 | Uil
E. histolytica cysts .. . 80 | 3-8 11 06 [+ g
E. histolytica free (r.b.c.) - - - 61 10
E. coli cysts .. 4 62 | 140 12:0 30 104
Entamomba (undiag nnaad} 44 — | 88 19 = 240
E. nana is S L e S 50 06 30
Lamblia i - | 2-8 10-0 60 30 60
Trichomonas .. iy = - 36 &7 - | 30
Tetramitns s | — 36 30 80 | 2-8
T.oysts .. I - 0-2 04 06 | 0-3

(¢) Hospital Cases.—Those included under this heading are
cases which were admitted to the Orwa-el-Waska section of the
19th General Hospital for dysentery, diarrhcea, and other intestinal
disorders. In practically all these cases the entire stool was
examined, and the character of the stool noted. The great
majority of those described as blood and mucus were [rom cases
of bacillary dysentery, while only a few (61 per cent.) were from
cases of amcebic dysentery. In Table V given above the findings
in the 961 cases tabulated are arranged accovding as to whether the
stool was formed, unformed, lignid, or blood and mnecus. In the
latter case it does not necessarily mean that the stool consisted of
nothing but blood and mucus, but that blood and mucus were present.
In the majority, however, as these were cases of bacillary dysentery,
blood and mucus were alone present, or formed the bulk of the stool
in the manner characteristic of this disease. The percentages in
the four columns show clearly that protozoa were most common in
the unformed or liquid stools. It is, perhaps surprising that the
encysted forms of FE. coli and E. lustolytica were more often
found in stools of this kind than in the formed stool. As was to be
expected, free forms of E. histolytica with included red blood
corpuscles were only found in the case of the blood and mucus
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stools yet encysted ; E. histolytica were found fairly frequently in
this type of stool. (In an examination made subsequently to the
tabulating of these results, an active entameeba with inclnded red
blood corpuscles was found in a stool which was unformed, and
which contained no blood or mueus either macro- or microscopically.
Similarly trichomonas was found on one or two occasions in
bacillary dysentery stools consisting of nothing but blood and
mucus examined after the table was completed.)

If we compare these results obtained from hospital cases mostly
admitted for intestinal disorder with the findings in healthy men
and in convalescents (see Table IX, page 26), the most striking feature
is the low percentage of FE. histolytica and E. coli infections, while
the flagellate infections are higher, especially in the case of the
unformed and liquid stools, This does not necessarily mean that
the flagellates are the cause of the unformed or liquid stools, though
they may be in some cases. With trichomonas, and to a lesser
extent with tetramitus, which has a recognizable encysted stage,
there is a difficulty of recognition in the formed stool. It is almost
certain that if the stools of the healthy men, which are mostly
formed when examined, were rendered liquid by the administration
of salines, then the percentage of recognized flagellate infections
would be increased. This is borne out by the fact that in the case
of the K. histolytica carriers which were brought into hospital for
treatment, flagellate infections were only recognized in many cases
after the patients had been treated with salines. An examination
of the charts produced at the end of this paper, and giving the
histories of these K. histolytica carrier cases, will show how
frequently the flagellates appear as the stools become soft. All the
cases referred to, it must be remembered, were carriers of
E. histolytica, which were found during the course of routine
examinations of healthy men.

As we have already remarked, the majority of the 165 cases
showing blood and mucus were undoubtedly cases of bacillary
dysentery.* Definite amcebese with included red blood corpuscles
were found in only 6°1 per cent. of these cases. The remaining
930 per cent. of cases were probably of a bacillary nature, making
bacillary dysentery over sixteen times more frequent than amcebie

* About sixty of these cases were plated for culture of dysentery baeilli.
In over half of these B. dysenterie either Shiga or Flexner was isolated. This
gives a percentage of success which is quite up to the average for the isolation
of B. dysenterie from cases of this disease.
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dysentery. This was quite in agreement with the experience of
other hospitals in Egypt during the period covered by this report.
Bacillary dysentery was everywhere much more common than
amoebic dysentery, which was a comparatively rare disease in spite
of the fact that such large numbers of carriers of E. histolytica
existed.

(d) British Prisoners in the Military Prison, Gabarri.—An
examination was made of 168 prisoners in the military prison.
The findings in this case are of interest, for it was noted that the
majority of the men were suffering from some intestinal disorder—
the stools of as many as 138 of the 168 men being abnormal in one
way or another. A bacteriological examination made by Captain
Campbell, R.A.M.C., bacteriologist to the 19th General Hospital,
of the stools of ten cases taken at random yielded definite
dysentery bacilli (mannite fermenting) in three, and bacillus
Morgan No. 1 in four. The protozoological findings which are
shown below did not afford any explanation of the condition of
the men. Many of the men were passing dysenteric stools, others
bad chronic diarrhoea, and others were passing abnormally loose
motions.

The protozoa found are distributed very much as they are
amongst the cases examined in hospital (Column 5, Table IX,
page 26). The E. histolytica infections arve lower, but the figure
1'8 should most certainly be increased at the expense of the 17'2
for the undiagnosed amcoebs. It i1s noteworthy that the flagellate
infections amongst these men are almost identical with those found
amongst the hospital patients. The E. nana infections were higher
than in any other group examined. The percentage of cases
infected with blastocystis 1s high (41-0), but it was only in this
group that a special note of the occurrence of this organism was
made.

Though the men in Gabarri Prison were supposed to be healthy
men, the condition of their stools showed them to be otherwise, with
the result that they were more in line with the cases admitted to
hospital for dysentery, diarrhcea, or other intestinal trouble.

Amongst these men again, as with the hospital cases, the general
looseness of the stools explains the higher percentage of flagellate
infections.

It is, perhaps, worthy of note that a very large proportion of the
prisoners showed in the stool a large spore-bearing bacillus. This
was found in at least 30 per cent. of the cases examined, and was
frequently present in such numbers that the microscopic field was
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covered with the bright refractile spores. The bacillus was isolated,
and Captain Campbell, R.A.M.C., identified it as Bacillus mega-
therium. 1t was often present in large numbers in stools containing
mucus, the mucus itself appearing to be a very favourable medium
for its growth. When amcoebe were present, the spores of the
bacillus were frequently ingested by them.

(¢) Healthy Natives.—It was evident as a result of examinations
made by one- of us in England during the latter part of 1915, and
by both of us in Egypt, that the British troops in the Mediterranean
war area were becoming heavily infected with various intestinal
protozoa. We have shown that this infection is probably largely
due to the flies which readily take up these protozoa from human
excrement and deposit them upon articles of food. It is evident
that for such an infection to be possible a reservoir must exist, and
the native seemed the most probable source of this infection.

In order to test this theory it is necessary to examine the
natives of Egypt, and we were able to do this owing to the kindness
of Dr. Kirton, who gave us permission to examine a number of
prisoners in Hadra Prison, Alexandria. We examined in all 524
prisoners, with the results set out in Column 6, Table IX, page 26.
As the helminthic infections were so common in these men we have
thought it worth while to include them also (Table VI.)

TAELE VI.—Herurstaie IsreEcTions aMoxasT 524 Heartay NaTive PRISONERS 1IN
THE Hapra Prison, ALEXANDRIA.

Mo, | Percent. | He Per cont.
Trichocephalus ..| 68 129 Tenia saginata . | 21 4-0
Agcaris o S (I e [ Temia soliwm .. el 0-57
Ankylostoma .| 55 10+5 Bilharzia aa « | 19 36
Oxyuris L e [ 2| 0-98 H. heterophies i 2 0-38

It will be noted that the E. coli and E. histolytica infections are
high while the flagellate infections are low. The I-cyst infections
are also high. As the results are all based on a single examination
it 18 evident that the infections are really considerably higher
than our figures indicate. Nevertheless, the percentages are high
enough to justify the conclusion to be drawn. As many as
13'5 per cent. of the men were infected with E. histolytica and
48°6 per cent. with E. coli. The I-cyst infections were even a little
higher than the E. histolytica. It is evident, therefore, that the
number of healthy natives infected with E. histolytica, E. coli and
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I-cysts, is sufficient to account for the spread of these infections to
British troops in and around Alexandria, especially when we
remember the part played by flies in the transportation of these
protozoa and the manner in which the natives deposit their fmces
broadcast over the land.

We examined a certain, though small, number of actual human
feecal deposits collected from corners and open spaces in Alexandria
and found, as was to be expected, that the percentages of infections
were not lower than those obtained amongst the prisoners in
Hadra Prison. It is evident, therefore, that the native carrier is
the source of infection for E. histolytica and other intestinal
protozoa. The scarcity of flagellates amongst these natives has
already been mentioned, and it may be that in the case of
the flagellates some other reservoir exists, possibly some animal
associated with man. It is noteworthy that we have found
both trichomonas and lamblia in cats in Alexandria, while these
flagellates are known to occur in rats and mice. So far no
proof has been obtained as to the identity of these with the
parasites of the human intestine.

To return to the prisoners of Hadra Prison, it is interesting that
very few indeed of these men had any sign of intestinal disorder.
They bad a uniform diet, and this had the effect of producing a
curious uniformity and monotony in the character of the stool. In
the case of only three of the men could the stool be described as
abnormal, and in one of these, a soft unformed stool, tetramitus was
found.

A classification of the prisoners examined was made according
to the length of time they had been in prison. It was found that
the infections amongst those who had been in jail one week only or
under this time were not lower than amongst those who had served
longer periods. It was evident that the infections could not be the
result of life in jail—in other words, that the infections were not
jail infections. 'This is borne ount also by the result of our examina-
tion of feecal deposits taken at random about the town which has
been referred to above.

(f) Native Cooks.—In addition to the examination of native
prisoners in Hadra Prison, we examined a series of eighty-seven
native cooks who were employed in an Army bakery, and the Hotel
Metropole, which was used as a restaurant by soldiers employed 1n
Alexandria. The natives were of a better class than the native
prisoners in Hadra Prison, and their infeetions conform more to the
type found amongst the British troops. The amcebic infections
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were lower, and the flagellate infections higher than among the
prisoners. The results of this examination are shown in Column 7
of Table IX, below.

The helminthic infections were also lower than amongst the
native prisoners.

TABLE VII.—HermsntHic IsFrerions avosest Eicary-seveEs Mative Cooks 15

ALEXANDRIA.
Ko, Per cent
Ascaris i wa 3 44
Ankylostoma .. i 3 - 34
Trichocephalus . . 5 s 34
Strongyloides .. 1 d 1-1

(g) British West Indian I’mups.—Onl} forty-eight of these
natives of British West India were examined, and they were all
employed as cooks at Mex Camp, where the British West Indian
troops were stationed. The protozoal infections give figures which
are considerably lower than those of the natives of Alexandria
examined in the Hadra Prison, and resemble more the results we
obtained with the British troops (Column 7, Table IX, below). The
helminthic infections were, however, high, and we have added our
findings in this direction. These results are shown in the following
table :—

TABLE VIII.—HerumistHIc INFRCTIONS aMONGST Forry-ricHT Britism West
INnIAN SOLDIERS 1IN ALEXANDRIA.

B Per cant
Trrchnenphﬂ,lurs S5 15 - 81-2
ABCATIS o 12 s 260
Bilharzia (se. h ) e 1 i1 2:0
Ankylestoma . . 5 B i 16-0
Strongyloides. . L 1 i3 2:0

TABLE IX (CoMposiTe TABLE).--PROTOZOA FOUND AMONGST CONVALESCENTS AND
Hearray TRroors IN ALEXANDRIA ANXD LONDON AND NATIVES IN ALEXANDRIA,
(PERcENTAGE OF INFECTIONS).

Comn. : | British
Healthy |[valeseents Con- Hospital | Galarri| lﬂffﬂr; Native| Weat
troops _ﬂ.:ﬁﬁ:“. “&ﬁm‘:s cases | Prison o oot | cooks I;i;:.
Total oxamined .. 1.979 h L 5ob 061 168 524 a7 48
E. .ﬁisiﬂ.l'y!i-:‘n 58 A 10-8 32 18 | 187 115 41
E. coli o .. | 200 ! 3T 800 10-4 12:0 | 456 | 20-7 | 187
Lamblis 2 e 48 54 16-0 G0 6:0 | O:HT| T 4-1
Trichomonas 1-1 | 087 16 30 24 1] 1-1 (1]
Tetramitus .. ol T i 09 0-7 2:8 a2 | 0:19' 13| A
Coceidium isospora .. | 0 0 =7 0 0 0 0 o
Cocetdinm eimeria .. 1] i (02 0 0 0 0 0
Entamebe (undiag- | 1-3 1-8 0 290 | 173 1 06T {. 1:1 |l
nosed) . |
lodine eysts .. aa | EAND 20 52 -5 0 14-8 70 4l
E. nana b o | DB 0 10y a0 1 i20 | O 0 0
|
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In the case of the Liondon convalescents who were examined in
London by one of us (C. M. W.) during the latter part of 1915, the
small ameeba now entered as F. nana was in the original report
entered as Ammba ltmax. As will be explained below this diagnosis
was most probably erroneous. Coccidium (isospora) was found
once, and the flagellates Tricercomonas intestinalis and Waskia
intestinalis several times in Alexandria, but as they were not found
at the first examination of the cases, they are not included in the
table.

General Remarks on the Protozoal Infections,

The results of the examinations of the various groups described
above are set out in tabular form in Table IX.

(1) Entameba coli.—It will be seen at once that E. coli is by
far the commonest protozoon of the human intestine in Egypt
as iIn all other countries where it has been sought. Amongst the
British troops 1t was found most commonly in the case of the
convalescents, 31'7T per cent. of those examined showing this
parasite. The convalescents from the KEastern Mediterranean
examined in London during the latter half of the year 1915
showed a similar high percentage of F. coli infections. It is
difficult to explain why the convalescents (mostly from dysentery
or other intestinal disorders) should show a higher percentage than
healthy men of a non-pathogenic amamba like E. coli. It is possible
that a damaged intestine is more liable to become infected with
this protozoon, though why this should be so 1t 1s diffieult to
imagine.

The high percentage of E. coli infections amongst the natives
of Alexandria has already been referred to above. [t is interesting
to note that the forty-eight British West Indians examined show a
lower percentage of infections than any other group of healthy men
examined. The low figure in the hospital cases and the men in
Gabarri Prison, who were mostly suffering from some intestinal
disorder, is to be explained by the soft or liquid character of the
stool, as has been noted above. If a series of diarrheeic cases are
examined it can be stated, as a rule, that the figzures for the ameeb®
will be below the average for healthy men, while those for the
flagellates will be above.

(2) Entameeba nana.—The small ameba which we have called
E. nana was found to be a common parasite in Egypt. It was
some time before we were able to identify the cyst of this ameba,
for in the first two or three months we were accustomed to regard
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it as of a vegetable nature. It was for this reason that the amceba
was not noted in any of the natives in Hadra Prison in the
197 healthy men, nor in the 328 convalescents. The amoceba was
certainly present but was neglected by nus when in the encysted state,
or was regarded as a small form of E. coli or Ameaba limaz when
free. In the other groups examined subsequently i1t was constantly
present, and attained its highest percentage in the case of the men
in Gabarri Prison. As will be explained below, the small amaba
identified as 4. limaz in the case of the London convalescents, was
in all probability E. nana.

(3) Coccidium (Isospora).—Infection with this coceidinum was
only met with once in the case of an E. histolytica carrier who was
being controlled in hospital. The obcysts were first noted about a
week after the beginning of the observation. It is remarkable that
fifteen cases of this infection were met with in London out of
556 cases examined, while in Egypt only one was seen out of a
much larger number of examinations. It seems that coccidium
infections were fairly common in Egypt during the latter part of
1915 when they were being found in England, and this may be
explained by the fact that the men in both places had then come
recently from Gallipoli where the infection may have been acquired.
The scarcity during the first six months of 1916 in Egypt may be
due to the fact that the infection had in most cases died out.
There may, however, be some seasonal incidence of the infection.
As the figures in the tables are based on the single examination the
one case of coceidiosis does not appear, as it was only found at a
later examination.

(4) Entamaba histolytica.— One of the main objects of the
investigation we undertook in Alexandria was the determination of
the percentage of carriers of E. histolytica amongst healthy troops.
From what has already been stated and the figures shown in
Table IX, it will be seen that there is a high percentage (5'3) of
carriers amongst the healthy British troops in Egypt. The figure
would be higher if allowance were made for the error of the single
examination on which the figure 53 is based. The carriers were
no more numerous amongst men who had served in Gallipoli, as we
have already shown above. This fact would seem to indicate that
Gallipoli was not more heavily infected with F. histolytica than
Egypt, which has been known to be an endemic centre for ameebic
dysentery for upwards of forty years.

The convalescents examined in London and Alexandria showed
a higher percentage of carriers than the healthy men, while the
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hospital cases, on account of their frequently liquid stools with their
flushing properties, gave a much lower figure. It should be
remarked here that many of the hospital cases which gave a nega-
tive result when the stool was liquid gave a positive result later
when the stools became formed. As the figures are those resulting
from the single examination, the findings of subsequent examina-
tions were not included.

The presence of such a large number of carriers amongst healthy
men was not suspected, and came as a somewhat startling revela-
tion. The percentage was highest amongst the British troops in
the case of cooks employed at Mustapha and Sidi Bishr camps.
It is difficult to explain why this should be so unless the flies which
swarm about the cook-houses are sufficient to account for it. The
origin of all these infections is undoubtedly the native, as shown by
the high figure obtained in the case of the prisoners in Hadra
Prison.

The carrier problem of E. histolytica raises many important
questions which will be dealt with below.

(@) The Possibility of ecamining Healthy Troops, with u
View to the Isolation of Carriers.

Provided there were means at our disposal for the separation of
all carriers, and that the examination did not involve any great
delay, it would undoubtedly be advisable to separate and treat with
emetin all earriers of E. histolytica. At the present time, however,
such a course is absolutely out of the question, for we not only have
no means for undertaking examinations on such a scale—examina-
tions which are often difficult even for a practised observer—but it
would be quite unjustifiable to detain such a large number of
healthy men for the time required for examination and treatment.
Even supposing that all the carriers amongst the troops were
separated and treated in a country like Egypt, we are no better off,
for the source of infection is always present in the shape of the
native and the fly, with their insanitary habits. In the Alexandria
district the course was adopted of examining all the cooks employed.
This involved a great amount of laborious work which was
admittedly incomplete, as only a single examination was made.
Still, this was a distinct advantage, as all the carriers which were
thus identified were separated, and most of them were cured by
emetin treatment. There was nothing, however, to prevent the
men re-infecting themselves, and In order permanently to keep
down the number of carriers amongst any group of men it would
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be necessary to eximine them regularly at stated intervals. It
seems, therefore, that in a country like Egypt very little can be done
in the way of isolating carriers of [E. histolytica from amongst
healthy troops, and one could not possibly advise that it should be
undertaken on a large seale in time of war.

(b) The Danger of Amabic Dysentery spreading in England.

Another aspect of the question is the possibility of the spread
of amwmhi¢ dysentery to countries in which the disease does not
already exist, and it has been suggested that troops which are to be
moved from an area where the disease iz endemic should be
examined and the ecarriers detained. Here again the amount of
work which would be necessary to carry out such a project shows
this to be quite impossible in time of war except in the case of
small drafts. But in a country like England is there any real
danger that the disease will be spread in this manner? Cases of
ameebic dysentery contracted in England are not unknown, though
they are far from common. It seems very improbable that the
disease will establish itself there, for though it is only recently that
the carrier problem of amcebic dysentery has attracted attention, it
must not be forgotten that carriers have been constantly entering
England before the present War, and that troops have often returned
from countries in which the disease is endemic. There have
undoubtedly been large numbers of carriers amongst such men,
though no one has considered 1t worth while to examine them from
this point of view. There must have been in the past every possi- -
bility that the disease would establish itself in England if the
conditions favourable for the survival of cysts outside the body
and their transference to other individuals had existed. Though
1solated cases of infection have occurred, the disease has been
exceedingly rare. This failure of the disease to establish itself must
be the result of many factors, the most important of which are
undoubtedly the existence of a good sanitary system and the com-
parative absence of flies, while clinatic conditions undoubtedly
play a prominent part. In England, even in rural districts where
the sanitary arrangements are often far from perfect, the infected
material is not spread broadcast over the land as it is in countries
like Kigypt ; while flies, though very numerous in certain localities,
are never so universal as they are in warm countries, which are the
natural homes of the disease.

With the establishment of large camps in rural distriets of
England, we may expect some temporary increase in the local cases
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of amcebic dysentery, but the disease is unlikely to gain a per-
manent footing in the country, for the British carrier will never in
the long run aid the spread of the disease as does the insanitary
native of Egypt.

(€) The Advisability of examining all Convalescents with a
View to the Isolation of Carriers of E. histolytica ?

‘With such a high percentage of E. histolytica carriers amongst
healthy men in Egypt, it is evident that at least the same per-
centage of carriers will be fonnd amongst convalescents. This has
actually been the case amongst men who have been invalided not
only for various intestinal diseases, but for quite other conditions.
Men convalescing from many different diseases are constantly
being invalided from Egypt, Mesopotamia, and other areas in which
amcebic dysentery is endemic. The great majority of these men
when they reach England have recovered from their illnesses, and
many of them are able to return to duty. A certain number, how-
ever, are still ill. In the case of those men who have recovered, it
would seem quite unnecessary to institute examinations with a view
to isolating the carviers of E. histolytica. These men are in the
position of the healthy troops who are still on full duty, and
amongst them the carriers are almost, if not quite, as numerous.
If these men are clinically fit to return to duty, there does not seem
any just reason for detaining them longer, for they will in no way
increase the percentage of carriers amongst the healthy troops who
have been removed from areas in which ameebic dysentery is
endemic. In our opinion there isat the present time no justification
for detaining a man just because he has been accidentally found to
be a carrier of E. histolytica in the course of routine examination,
even though he was invalided for dysentery in the first place.

With men, however, who are ill, whether their condition leads
one to suspect that K. histolytica is or is not the canse of their
illness, the question is a different one. Such cases can be suitably
treated with emetin if E. histolytica is present. In these cases
there would be no unnecessary detaining of healthy men.

It seems to us, therefore, that in dealing with convalescents at
the present time from the point of view of FE. histolytica infections
the test should be a clinical one. If the men are climeally fit they
should be discharged to duty, whereas if they are not fit an
E. histolytica infection should always be looked for and treated,
for it may be the cause of trouble, and involves no unnecessary
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detention of men who would be otherwise returning to duty. It
is not of vital importance at the present time that all convaleseents
any more than all healthy troops should be examined for E. histo-
lytica infections. The quick return to duty is far more important.
Fxamination 1s only necessary in the case of men who are still ill
and unable to return to duty. A man should be regarded as
clinically fit if he shows no sign of the disease from which he
suffered, is able to take full diei and undertake light duty and at
the same time passes a normal stool, that 1s to say a stool which is
macroscopically normal. It seems to us quite unnecessary and a
waste of time to examine the healthy stools of such men with the
object of detecting E. histolytica or other protozoal infections, for
the finding of E. histolytica cysts in these men does not mean that
they have had or are soon likely to have amambic dysentery any
more than the healthy men who have not been invalided. Further,
although we fully recognize that the convalescent cyst carrier may
be a source of danger to others, the same is true of the much larger
number of healthy and unsuspected cyst carriers whom it is, of
course, quite impossible to detect, far less examine.

(d) The Length of Control Necessary after Treatment.

As there cannot be any question at the present time of elimin-
ating all the K. lustolytica carriers from amongst the troops it is
unnecessary to control any healthy carriers which have accidentally
come to light, after the completion of a course of treatment. As
will be shown in the section devoted to the treatment of healthy
carriers, it is possible to cure the infection in practically every
instance by the combined subecutaneous and oral administration of
emetin. T'his refers only to the healthy carriers, the great majority
of whom have no history of dysentery. When a history of
dysentery has been obtained it 1s in most instances impossible to
decide whether it was bacillary or amoeebic. There are, however,
unhealthy carriers. These are cases which suffer from chronie
ammbic dysentery. They have repeated attacks when blood and
mucus appear in the stool along with active amcebse with included
red blood corpuscles. Alternating with these are periods when
dysentery 1s not evident and the stools may or may not be normal,
though generally they are soft and mucoid. Microscopic examina-
tion at this time reveals the same condition (cysts and free amcebe)
asin the healthy carrier. These chronic ameebic dysenterics are most
difficult to cure and, as will be shown below, the majority relapse
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sooner or later. Such cases are quite incapable of going back to
duty and they have to be watched carefully for some weeks after
any course of emetin treatment, for the latter is very misleading
in giving a sense of false security, as in nearly every case it brings
about a temporary cure.

In dealing with convalescents from dysentery or other intestinal
disorders in war time we wonld, therefore, suggest the following
rules :—

(1) If the case has clinically recovered and is able to take full
diet and perform light duty and passes a normal stool, it is not
necessary to submit the stools to microscopic examination for the
detection of E. histolytica or other protozoa. Such cases if
examined would vield a certain number of E. histolytica carriers,
but these would be hardly more numerous than the carriers amongst
a group of healthy men who have not been invalided. These men
can return to full duty.

(i1) If the case has not recovered, being still ill or passing
abnormal stools, microscopic examination should be carrmed out and
any E. histolytica infection treated, as this may be the cause of the
trouble.

(iii) Supposing, however, it is decided to isolate and treat all
the carriers amongst the dysentery convalescents, this is not
to say that it is necessary to control the healthy carriers after
treatment. In nearly every instance the treatment as explained
below will lead to a permanent cure, and it is only a waste of time
to detain for purposes of control men who were not suffering from
their infection even when it was present. In the case of men who
have suffered from repeated attacks of amcebic dysentery and are
chronic ameebic dysenterics a careful control of at least one month
after treatment is complete is indicated. As will be shown below
the treatment of such cases is very unsatisfactory.

(5) Flagellate Infections.—As regards the flagellate infections
the most noticeable feature 1s the fact that the highest percentages
found were amongst the hospital cases and the men in Gabarri
Prison. As we have already explained, these two groups resembled
one another as regards the character of the stools. It might be
urged that this is an argument in favour of the pathogenicity of
the flagellates, but it seems more probable that the flagellates have
become evident because the stools are liquid or soft. Evidence
in this direction is to be obtained from the K. histolytica carrier
cases which were taken into hospital for treatment and were
examined every day. These men were to all intents and purposes

3
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healthy men passing normal stools. During the course of treat-
ment, on acecount of the administration of salines or emetin, the
stools beecame liquid or unformed, and with this change flagellate
infections which had not been evident in the formed stools often
made their appearance. It will be noted that in the tables the
two flagellates, Tricercomonas and Waskia, which are described on
pages 86-90, do not appear. This is due to the fact that though
they were found in carriers of E. histolytica it was not at the first
examinations when the stools were normal but only later in the
observation when the stools had become soft. It seems quite elear
that the percentage of flagellate finds in a group of healthy men
would be considerably increased if the stools were first rendered
liquid or soft by the administration of salines for a few days.

The Question of invaliding for Flagellate Infections.

At the present time, there are being admitted to the hospitals
in many of the war areas cases of intestinal disorder which are
associated with flagellate infections of the intestine. Many of
these cases are finding their way to England and others are being
discovered there, and it becomes a matter of importance to decide
whether such infections are to be regarded in themselves as a
sufficient cause for the invaliding of a man. Microscopie examina-
tion of the stool for protozoal infections has never been undertaken
before to the extent it has reached in the present War. Formerly
this branch of examination was completely neglected and it is only
during the last vear or so that the subject has attained any
mmportance. But very few, even of those who have taken an
interest in tropical diseases and have been accustomed to teach
this branch of medicine, have had any previous knowledge of the
subject apart from the fact that ameebm produce a form of dysentery
and that the flagellates may be found in diarrheeie conditions.
Simce the commencement of the War, however, the interest in the
intestinal protozoa of man has extended very much, and many
microscopists have taken up the study of these protozoa and are
able now to differentiate between the various intestinal ameebme
and flagellates of man.

We think there is a danger that undue importance will be
attached to the mere presence of protozoa in the intestine. It is
an undoubted fact that from the point of view of efficiency the vast
majority of men showing protozoal infections are quite normal and
capable of undertaking their regular duties. This is true even of
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the majority of carriers of K. histolytica, a protozoal organismm which
may lead to most serious consequences.

It seems to us that the mere fact that a man is found in the
course of routine examination to be infected with lamblia,
trichomonas or tetramitus, is no justification for certifying him as
a carrier who must be isolated and treated. We recognize that a
certain small percentage of men showing these infections are ill,
but quite apart from the possibility of the flagellates being the cause
or the only cause of the malady from which they suffer, these men
must be invalided on clinical grounds, and treatment may then be
directed against their flagellate infections if these are thought to be
the cause of the trouble. The test, therefore, in our opinion, of
every case of flagellate infection must be a clinical one, and so soon
as any man’s symptoms clear up, even though the flagellates lamblia,
trichomonas and tetramitus are still present, or are known to have
only temporarily disappeared from the stool, the man should be
discharged to duty. Unless this rule is followed very soon, the
hospitals and convalescent camps will become filled with men who
are quite capable of performing their duties as good soldiers.

It does not seem to be thoroughly realized that as there is
a normal bacterial flora of the human intestine so there may be a
normal protozoal fauna. Just as the majority of the intestinal
bacteria never cause any trouble whatever, so most of the intestinal
protozoa live in the gut without doing any harm and without
producing any symptoms. If this fact was properly understood
there would be less risk of everv protozoal infection being regarded
as a source of danger.

The Dysentery of the Kastern Mediterranean in 1915.

It is now universally known that dysentery was the cause of
invaliding of large numbers of our soldiers from the Peninsula in
1915 and the impression gained ground that, at any rate during the
first few months of the campaign, the dysentery was mostly of the
ameebic type. It will be admitted that the epidemic was quite
unexpected, and at first arrangements for adequate diagnosis of the
cases did not exist, so that all the errors which will be discussed in
this paper must inevitably bave crept in. In the majority of cases,
those who had to do with the diagnosis had very little or no previous
experience of the intestinal protozoa of man, and were unconcious
of the difficulties to be encountered in distinguishing between
pathogenic and non-pathogenic entamebm:, or even between
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entameebae and some of the large macrophages and other cells
encountered in bacillary dysentery infections. It seems certain,
therefore, that the prevalence of amcebic dysentery must have been
considerably exaggerated.

That amebic dysentery did actually oceur is an undoubted fact,
for Captain Archibald, who had had considerable previous experience
of the disease, met with it fairly commonly in his laboratory at
Mudros. Further, many of the cases were clinically of the amwbie
rather than the bacillary type, as Captain Campbell who was
working at Cape Hellas informs us. Evidence in another direction
is obtained from the results of one of us (C. M. W.) who examined
in London a large number of cases invalided from the Peninsula
in the latter part of 1915. Amongst these cases there was a
percentage of over ten of carriers of K. histolytica and protozoal
infections were generally high. These men had mostly come direct
from Gallipoli, so that E. histolytica infections must have been
common on the Peninsula. Captains Archibald and Hadfield,
working at Mudros East, state (Jowrnal of the Royal Army
Medical Corps, June, 1916) that of 518 dysenteric stools examined
362, or seventy per cent., were due to amcebic infections. The
anthors in explaining their method of diagnosis state that entamemba:
containing phagocyted ervthrocytes were regarded as pathogenie,
a view with which we entirely agree, but they do not assert that
all their cases were diagnosed on this basis, nor do they tell us in
what proportion of their cases the non-pathogemic E. coli was
found. Furthermore, they state that the evidence was obtained
by the direct examination of the amoeb® or their cysts. Now it
would be interesting to know what was the number of cases
diagnosed by the occurrence of cysts in the stool. As will be
explained below, the presence of the cysts K. histolytica in the
stool, though it proves infection with this amceba, does not
necessarily mean that the case is or has been one cf actual ameebic
dysentery. Other forms of dysentery oceur in cases which are
carriers of K. histolytica, and in such there is produced a dysenterie
stool in which cysts of E. histolytica may be found. The section
of the above report by Captain Campbell on the work done at Cape
Hellas shows that sixty-five per cent. of the stools with blood and
mucus contained amceebme, but he says definitely that phagoeytosis
of red blood corpuscles was noted at times. It is evident, therefore,
that in many cases the ameebee found by him must have been E. coli,
which, judging by the results obtained in London, were more than
three times as common as E. histolytica in men on the Peninsula,
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In other laboratories in the Fastern Mediterranean, cases of
amabic dysentery were met with, but none of these with whom we
have discussed the subject are willing to admit that amaebic
dysentery was present to the extent that has been made out.
Captain Campbell tells us that the conditions were not necessarily
the same all over the Gallipoli war area. He suggested that foei
of amabie infection might exist and that in this manner discordant
results would be obtained.

The results obtained by Ledingham, Penfold and Woodcock, at
the King George V. Hospital in London (British Medical Journal,
November 13, 1915), throw some light on this question. Cases
returning from Gallipoli were examined both bacteriologically and
protozoologically. In one series representing cases which had
left the Peninsula, in June, July and August, dysenteric stools
occurred in fifteen cases and dysenterv bacilli (chiefly Shiga) were
recovered from all of these, while E. histolytica oceurred in none.
This result is difficult to explain if it is assumed that amabic
dysentery was more prevalent than bacillary during the first
months of the campaign. In a later series of cases these observers
found by the agglutination test that 475 per cent. gave evidence of
past bacillary dysentery, while none were amaebic. Even allowing
for a possible reduction of amwmbic infection by emetin, it would
seem that bacillary dysentery was more common on the Peninsula
during the early months of 1915 than has been supposed.

The general character of the outbreak on the Peninsula in its
epidemic form is so contrary to what we know of amabic dysentery
that one hesitates to ascribe the bulk of the dysentery to the
E. histolytica. It seems more probable that many factors were
at work, some of them not vet identified. We feel, therefore, that
there is a tendency to over-estimate the amount of amwbic dyvsentery
on the Peninsula during the summer months of 1915, though we
recognize that this disease undoubtedly was an important factor in
the invaliding of our troops from this section of the Mediterranean
area.

Summary of Matter discussed in Part I.

(1) The collection of samples of stools from healthy men in
camps for purposes of bacteriological and protozoological examina-
tion can be successfully carried out, provided a definite system
is established. Such a method, which vielded all that was required,
is described in the text.
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(2) The examination of a single sample from any individual for
intestinal protozoa gives a result which is far from reliable. In a
series of cases examined with a view to the discovery of the error,
the number of K. histolytica infections resulting from repeated
examinations were three times as great as the result obtained at
the first examination. If, however, the protozoal organism is the
actual cause of any intestinal trouble at the time of examination it
is usually present in large numbers and is rarely missed on the first
examination.

(3) Amongst 1,979 healthy men in camps 106 were found to be
carriers of K. histolytica, giving a percentage of 5'3. Of these,
1,383 had served on the Peninsula as well as in Egypt, and of them
246 gave a history of previous dysentery, giving a percentage of
carriers of 6°5, while 1,137 gave no such a history and there was
only a percentage of carriers of 4'5. Of 568 men who had served
only in Egypt, and who gave no history of previous dvsentery, the
percentage of carriers was the same, namely, 4°3.

(4) Amongst the 1,979 healthy Bntish troops examined in
Alexandria, the percentage of protozoal infections generally was
lower than amongst convalescents from dysenterv and other
intestinal troubles examined in Alexandria and Liondon.

(5) The commonest protozoan found in healthy British troops
in Bgypt was . coli (20 per cent.), E. histolytica came next (53
per cent.), and then Lamblia intestinalis (4'8 per cent.). Tricho-
monas intestinalis and Tetramitus mesnili were found with equal
frequency (1'1 per cent.). K. nana, a new entamceba, was fairly
common (05 per cent.), while lodine cysts oceurred frequently
(8'0). These figures are all subject to the error involved in the
single examination method.

(6) An examination of 328 convalescents from various diseases
(chiefly dysentery or other intestinal disorder) in the Mustapha
Convalescent Depot gave percentages of infections very similar to
those obtained in the examination of a similar series of cases in
England in 1915. The percentages were generally higher than
amongst the healthy troops.

(7) An examination of 961 cases admitted to the Orwa-el-Waska
Section of the 19th General Hospital between January and July,
1916, showed a lower percentage of E. histolytica and E. coli
infections than amongst the healthy and convalescent men in
camps. The flagellate infections (lamblia, trichomonas and
tetramitus), however, were higher. This is explicable on the
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ground that many of the cases were suffering or had just suffered
from diarrhea, a condition which tends to get rid of amaebic
infections (temporarily) but tends to reveal a flagellate infection
which is not easily detected in the formed stool.

(8) An examination of 524 healthy natives in Hadra Prison,
Alexandria, showed a high percentage of infection with .
histolytica (13°5), E. coli (48'6) and I-cysts (14:8). The flagellate
infections were low. In only three of the 524 cases could the
stool be described as abnormal. Similar results were obtained
in the examination of human fmcal deposits collected inand around
Alexandria.

(9) It is evident that the native of Egypt is acting as a reservoir
of infection for the intestinal protozoa with which the British
troops have become and are becoming infected.

(10) Lamblia and trichomonas have been found to occur in
Alexandria cats. These animals, with rats and mice, may act as
reservoirs of infection.

(11) The introduction of carriers of E. histolytica into England
at the present time as a result of the movements of troops is
unlikely even under existing conditions to be followed by severe
outbreaks of amcebic dysentery. In the past carriers have been
constantly returning to England without any severe outbreaks
resulting.

(12) It is impracticable to examine large bodies of healthy
troops with a view to eliminating the carriers of E. histolytica.
The majority of the carriers are perfectly healthy and we know
nothing of the percentage of these carriers which actually pass on
to a condition of amcebic dysentery. Nor do we know to what
extent a carrier is likely to hand on his infection to another. It is
clear that there are many healthy carriers of FE. histolytica for
every one who actually gets ameebic dysentery.

(18) In the case of men invalided for intestinal disorders and
are still ill, if E. histolytica is found to be present, the condition
can be treated, and if clinical recovery takes place this can be
followed by discharge to duty. When every able-bodied man is
needed for service in time of war it is not reasonable to detain any
one just because he happens to be a carrier of E. histolytica. The
number of undetected carriers amongst the healthy troops is far
greater at the present time than amongst those invalided for one
cause or another. It is unnecessary to examine all recovered
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dysentery convalescents with a view to detecting the carriers of
E. histolytica or other protozoa.

(14) If, however, it be decided to identify by microscopie
examination and to treat everv healthy K. hisfolyfica carrier
amongst any group of convalescents or healthy men it is well to
remember that after treatment it is unnecessary to keep all the
cases under microscopic control in order to see if relapse will oceur,
for the results we have obtained show that the carrier is almost
certainly eured by a proper course of emetin unless there has been
a history of repeated attacks of dysentery.

(15) Similarly men with flagellate infections unless clinically ill
should not be invalided from service.

(16) As a result of inguiries we have made and the examination
of men who have returned from Gallipoli it appears to us that
ameebic dysentery was not as common on the Peninsula during the
snmmer months of 1915 as has sometimes been supposed.



PART II.—CHARACTERS AND DIAGNOSIS 41

PART II.*

TAE CHARACTERS AND DIAGNOSIS OF THE VARIOUS INTESTINAL
Pro1ozoa or Man x Eaeyer wIiTH A DESCRIPTION OF
TrREE NEW Forus.

This section of the report has to do mainly with the morphology
of the human intestinal Protozoa. We have not attempted to give
a complete description of these. This has already been done fairly
completely in other papers, but we have noted some important new
points and attention is called to these in the various sections below.
Finally, we have described three new parasites—two flagellates and
an ameba—which have not been previously found in the human
intestine.

(1) Characters and Diagnosis of Unencysted Entameba
histolytica.

As regards the morphology of this amweba we have very little to
add to what has already been so often described. ‘We are con-
vinced that i1ts identification, apart from the presence of included
red blood corpuscles, presents the greatest difficulties even for the
expert and trained observer, It is true that a certain type of
amoeba with refractile ectoplasm, indistinet nucleus and active
movement is most likely E. histolytica, but very often the amcebs
take on quite other appearances and become practically indis-
tinguishable from certain forms of E. coli. They sometimes have
perfectly distinct nuclei, they may be very sluggish in their move-
ments, they may show little or no distinction between ectoplasm
and endoplasm, and they may vary very greatly in the degree of
their vacuolation and rvefractibility. Furthermore, we have seen
ameeb:e which are undoubtedly E. coli moving with an activity
which is comparable only with that of K. histolytica. Still, as a
rule, an ameba is E. histolytiea if it 1s moving with an active
streaming motion and throwing out pseudopodia, sometimes after
several minutes of perfect quiescence, with that peculiarly ex-
plosive suddenness which cannot be appreciated unless seen. No
amount of description, as James points out, can give an accurate
mental picture of this remarkable amaeboid activity. It is probably

# Reprinted from the Jowrnal of the Royal Army Medical Corps, February—
March, 1917.
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true that a certain type of nucleus is more commonly found in
E. histolytica and another type in E. coli, and that in one it is
more often visible in the living amoeba than in the other, but here
again it is exceedingly doubtful if such details of structure can be
employed as a basis of diagnosis. Size is of no value whatever in
the differentiation of unencysted forms of E. coli and E. histolytica.
[t is a very easy matter to state that a certain type of nucleus
belongs to E. histolytica and another type to E. coli, and dog-
matically to diagnose amob® accordingly, but is there sufficient
evidence that the nuclei maintain their characters so consistently
as to justify one in making dogmatic assertions on this basis and
to condemn patients to courses of emetin and other freatment
accordingly ?

In examining stools one often sees highly refractile, distinctly
green amoeebae with or without vacuolation. As a rule no nucleus
can be seen in them and there is either no movement at all or very
sluggish change of shape. They may be perfectly round and it
may be difficult on account of the refractile edge to be sure that the
amoba are not encysted. In other cases there may be numerous
short conical elevations or irregularities over the whole surface
which are hardly pseudopodia and which remind one most of the
short psendopodia of Ameba verrucosa ; while at other times there
may be several rather long, lobose, sometimes branched pseudo-
podia which move very sluggishly. Amceb® of this type are met
with both in undoubtedly pure E. coli infections and in the
““carrier ” stage of K. histolytica infections. It is not only quite
impossible to recognize whether these are E. coli or E. histolytica,
but it is often exceedingly difficult to tell whether they are ameeba
at all, especially when they occur in association with the large
cells so often seen in the bacillary dysentery exudate. Again,
E. histolytica in acute cases may be very difficult to identify. It
often, of course, has the characteristic structure of distinet ectoplasm
and granular or vacuolated endoplasm, but at other times it may be
nothing more than a clear hyaline apparently structureless mass,
or a mass of such hyaline material filled with numerous vacuoles.
We can recollect, having watched a clear hyaline body for some time,
wondering the while whether it was a tissue cell on the way to
degeneration or an ameeba, when suddenly there burst from its side
a large pseudopodinm and the ammba commenced that series of
active movements which one practically never sees except in the
case of E. histolytica. "This particular case had also amoeb® with
included red blood corpusecles. We mention these points in order
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to show how impossible it is at times to arrive at a diagnosis of the
ameebse themselves and how important it is to take into considera-
tion other features of the cases in which they occur.

Realizing the practical difficulties standing in the way of
accurate diagnosis we have fixed a very definite standard for our
present series of observations—a standard which one of us has
upheld and taught for a considerable time in connection with this
work and one which the ordinary observer, who knows how to
recognize amebre and cysts, can readily follow. We have called
no infection one of E. histolytica unless we have found at least
some ammbae with included red blood corpuscles present, or unless
we could find definite cysts of E. histolytica associated with the
ameb® in the stool. It has happened on many oceasions that
amomba have been found in dysenteric and diarrheeic stools which
may or may not have been E. histolytica, but unless some of the
amomebae contained red blood corpuscles, or unless encysted forms
were present, we have left the diagnosis at ** free entammbee ” alone
and have followed the cases for several days after the preliminary
examinafions. Such cases watched from day to day in most
instances show cysts of E. coli alone in the stool as the symptoms
subside, while in a smaller percentage of cases E. histolytica cysts
appear. In practically all cases in which amabae of doubtful
nature occur an observation extending over a few days will elear up
the diagnosis as cysts make their appearance. There are, however,
very rare exceptions to this rule of the appearance of cysts, as has
been noted by James in certain cases in Panama. This observer
followed three cases of untreated amcebic dysentery for three weeks
and no tendency to cyst formation occurred. One of our cases,
however, has been watched for over three months, the stool being
examined practically every day, and though the case is undoubtedly
one of ameebic dysentery as active ammbs containing red blood
corpuscles have been present from time to time during typical
attacks of dysentery, on no occasion have cysts of K. hisfolytica
appeared. This case has been treated with emetin on several
oecasions but has always relapsed sooner or later with a return of
the dysenteric symptoms. As a rule, however, cysts oceur at some
time in the course of infections. For instance, in the case of
Russell, H., who was admitted with ameebic dysentery, there was
blood and mucus in the stool with active ameebm containing red
blood corpuscles. The case was given a twelve-day course of emetin
(one and a half grains a day by the mouth and injection) and
the symptoms and infection cleared up. A week later cysts of
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E. histolytica appeared in the stool, and later still the patient was
readmitted to hospital with amobic dysentery. Of course, in this
case the diagnosis was made on the occurrence of red Dblood
corpuscles in the ameebs, and the correctness of this was proved by
the subsequent relapse with the passage of E. histolytica cysts.
The greatest difficulty is likely to oceur when persons infected
with E. coli or carriers of E. histolytica suffer from bacillary or
other forms of dysentery. The encysted amcebse are not generally
present unless the case is seen very early and it may at times be
impossible to diagnose accurately the amcebae, though the absence
of included red blood corpuseles is a very strong argument in favour
of their being E. eoli, for infections with this amoeb® are so much
commoner in healthy or apparently healthy men. The question
is, are all such cases to be treated as if they were amcebic
dysentery ? If so, we are neglecting the possible bacillary element,
s0 that logically such cases would have to be treated as mixed
infections and given both emetin and serum or other bacillary
dysentery treatment. One may have to adopt this course in certain
cases but a guide to treatment can be obtained in other directions.
In the first place, the case may be clinically bacillary rather than
amaebic dysentery, and though amceebm are present, i.e., amobm
without included red blood corpuscles and unassociated with eysts
of K. histolytica, it should be treated as bacillary dysentery, for as
the symptoms subside cysts of the amoebe will almost cerfainly
appear and the species be identified. Again, much can be gathered
from the character of the stool, and it cannot be too strongly
emphasized that it is the duty of every medical officer who has
charge of dysentery cases to make arrangements whereby he can
see the entire stool of his cases. It is not sufficient either for him
or for the person entrusted with the microscopical examination to
rely on the patient’s statement or to be content with the examina-
tion of only a small sample. In many cases this may be sufficient,
but, as will be explained below, the picture of the entire stool is so
characteristic that a diagnosis can often be made at a glance.
Again, the microscopic appearance of the stool apart from the
amaebe is of considerable help. In the examination of a dysenteric
stool it 1s important to examine both the facal and mucus parts if
both are present, for amwmbae alone may occur in the latter and
eysts with or without ameeb® in the former, though this condition
of affairs exists only when a carrier case is relapsing into one of
acute amoebie dysentery. Case Ball is of interest in this connection ;
be was on the staff of the hospital and reported sick with the
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passage of blood and muecus. The first stool examined consisted of
two parts, a fwcal part and a patch of dark blood-stained mucus.
The former contained cysts of . histolytica and free ameebwx of the
minuta type in large numbers, while the mucus contained many
large active amwmb®, some of which had ingested red blood
corpuscles. The patient was evidently a carrier of F. lhistolytica
relapsing into an attack of acute dysentery. It must also be
remembered that any K. histolytica carrier case may suffer from
bacillary dysentery though it 1s very doubtful if in such cases the
amaebx which would be of the minuta form would contain red
blood corpuscles. Cysts would only be found at the beginning of
such an attack when some fmcal matter was still present and
probably the flushing action of the dysenteric process would get
rid of most of the free amwebe as well.

Case Morgan affords an illustration of a case of this type. After
only fourteen days in Egypt the patient was taken acutely ill with
dysenteric symptoms. There was some fever and the clinical
picture was that of bacillary dysentery. Examination of the stool
showed the characteristic macroscopic appearance of the disease
while microseopically the abundance of pus, mononuclear and
macrophage cells, intermingled with red blood corpuscles, further
supported this view. In addition, however, the stool contained
free amcebee, none of which included red blood corpuscles, and a fair
number of cysts of E. histolytica. The amambic infection had
probably been contracted in England, where the patient had served
for seven months as orderly in a dysentery hospital. The point of
interest is the cause of the attack of dysentery. Unfortunately, no
dysentery bacilli were isolated from the stool, but the clinical and
other features of the case leave little room for doubt that it was
actually one of this disease which was the prevailing type of
dysentery at that time. The microscopic appearance of the stool
corresponded with this view and the fact that the amwbe them-
selves did not contain red blood corpuscles and the presence of
eysts indicated that the amoebic infection was not of acute amwmbic
dysentery type. We, therefore, feel justified in describing the case
as one of bacillary dysentery in a man who was acting as a carrier
of E. histolytica.

Another case of this type deserves mention. The patient
(Gundry) was admitted for dysentery and the microscopic examina-
tion of the stool showed the characteristic exudate of bacillary
dysentery. The case was reported as probably one of bacillary
dysentery in spite of the fact that fairly active amcwbw, none of
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which contained red blood corpuscles, were present. The case was
treated accordingly and the diagnosis was later confirmed bacterio-
logically by the isolation of a bacillus of the Flexner type. Five
days later the patient was passing brown unformed motions free
from mucus and some cysts of E. eoli were found. Free amoebase
had been present every day before this. The following day there
were present both cysts of K. coli and cysts of K. histolytica, and
as the patient improved in health these became more numerous,
while a large trichomonas infection also appeared. It seems quite
clear that this was a case of bacillary dysentery in a man who was
a carrier of E. histolytica, E. coli and trichomonas. The fact that
the amoebie infection, which was evidently playing no part in the
acute symptoms, was left unfreated, did not affect the recovery of
the patient from his attack of bacillary dysentery. The K. histolytica
infection was treated later.

As a result of observations on a long series of cases we wonld
lay down the following rules as a guide to the diagnosis of amwmebae
in the stool :—

(@) If amoebs containing red blood corpuscles are present in a
stool, whether evidently dysenteric or not, they are E. histolytica,
and mean that some active dysenteric process is going on.

(b) If the actnal amceebic dysenteric process is so acute as to
demand emetin treatment, then amebe with included red eells
will almost certainly be present in the stool.

() If amceba, none of which contain red blood corpuscles,
are present in a dysenteric stool, then the case is either (a) bacillary
dysentery (or other form of dysentery) with an infection of E. coli,
or (b) bacillary dysentery (or other form of dysentery) oceurring
in a carrier case of E. histolytica in which there is no active
amambic dysenteric process in progress.

(d) In either case mentioned under (¢) no anti-amabie treatment
is urgent, so that the case can be watched for a few days, during
which encysted forms of either E. coli or K. hstolytica will
almost certainly appear as the acute symptoms subside, and the
diagnosis will be established.

() Amoebwe, none of which contain red blood corpuscles, and
which occur 1n non-dysenteric stools, may be either E. coli or
E. histolytica. In such cases cysts are nearly always associated
with the ameba, but if not, treatment for the ameebic infection
being never urgent, or not required at all, a diagnosis can
be made by examining for a few days till eysts appear, as they
invariably do.
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It sometimes, though rarely, happens that amebm cannot
be found in the stool, even after several examinations, when actual
amabic uleeration of the large intestine is present. Amabic
abscess of the liver is not infrequent when no ammbm can be
found in the stool. We have discussed the possibility of bacillary
dysentery attacking a person who is infected with E. coli or is a
carrier of E. hustolytica ; but there is another class of ecase which
needs consideration, though we have not come across an example,
These are cases in which the E. histolytica is actively concerned
in the dysenteric process while a true bacillary dysentery exists
also. These would be quite different from cases of bacillary
dysentery occurring in carriers in which the E. histolytica are
not actively concerned. If the case is a carrier of E. histolytica
and develops bacillavy dysentery, the disease which demands
urgent treatment is the baciilary infection, but if the case is one
of true ameebic dysentery combined with true bacillary dysentery
it is probable that both diseases should be treated at once. The
diagnosis of such cases can only be made by recognizing the
elinical and microscopical appearances of bacillary dysentery,
1solating one or more of the dysentery bacilli, and at the same
time recognizing in the stool the aetively motile ameebs with
their ineluded red blood corpusecles. Such doubly acute cases are
naturally of rare occurrence, but they must not be confused with
cases of bacillary dysentery in which free forms of E. coli or
“minata’” forms of E. histolytica are present in the stool.

(2) Characters and Diagnosis of Cysts of E. histolytica.

The characters of the cysts of E. histolytica with the one, two,
or four nnelei, the vacuoles and chromidial bodies are now too well
known to need further description from us. We would point out,
however, how closely the cysts may at times be simulated by the
I-cysts, especially, as sometimes happens, these are devoid of
I-bodies. In such cases the nucleus may be larger than usual,
and it may be exceedingly difficult to decide whether one is dealing
with E. histolytica cysts or not. This diffieulty may be still greater
in films containing I-cysts stained by the iron hamatoxylin
method. There the iodophilic body appears not as the refractile
strueture seen in the unfixed material, but as a vacuolic area by the
side of which is the nucleus giving the appearance of a vacuolated
E. histolytica cyst with a single nucleus (Plate III, figs. 12-17).* In
these cases the nucleus is generally smaller than the nucleus of the
unenucleated FE. hisfolytica cyst, and, moreover, is structurally

* See inset between pages 148 and 149,
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different. The difficulty of diagnosis may be only overcome in
some instances by following a case for several days with the careful
examination of fresh iodine preparations as a control of the fixed
and stained films.

A feature of the E. histolytica infection, which the examination
of a large series of cases has impressed upon us, is the variation in
the size of the cysts. Small forms of K. histolytica cysts have
been deseribed by James, in Panama, and more recently by
Penfold and Woodeock. Kuenen and Swellengrebel described the
E. histolytica cysts as varying in size between 11 and 19 microns.

We have noticed a similar variation in size, but it appears that
various strains of E. histolyfica occur. There is one which pro-
duces very small cysts associated with correspondingly small
“minuta’” forms of amcoebe. The cysts are 7 to 10 microns
in diameter and have the same characters as the larger cysts.
These are the forms described by James and by Penfold and
Woodcock. The small eysts do not appear to be aceidentally small,
but cases infected with the small strain pass small cysts regularly,
at any rate for some weeks, with no tendency for the small eysts to
be replaced by the larger ones. For instance, case Kettlewell was
observed for three weeks, during which a twelve-day course of
one-grain emetin injection was given without result, and small
E. histolytica cysts were found constantly. He was finally eured
by a course of emetin by the mouth.

Starting from the strain with small cysts, a series of strains
occur with gradually increasing average size of cyst. There are
strains in which the cysts measure from 9 to 12 microns, others
10 to 14, others 12 to 16, and finally large strains with cysts measur-
ing 14 to 18 microns. As is to be expected, each strain is associated
with *“ minnta " forms of amoebe of vorresponding size.

It seems very improbable that these strains represent different
species of ameebw, for we cannot be sure that a strain of ammbse
which will produce cysts of small size at one time will never at
another time produce larger ones. We have noted, however, that
in case Healy, in which cysts of large average size were found for a
long time, towards the end of the period of observation a certain
number of smaller ones began to appear. The point, however, can
only be definitely decided by following individual untreated cases
for long periods. In order to illustrate this variation we reproduce
below a series of measurements in microns made from cysts as they
appeared in iodine preparations. Only cysts circular in outline were
measured and the cysts were consecutive ones, as they were observed
in working through the preparation with the {-inch objective.
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Case Russell, F. (Plate I, figs. 7-9).*—8, 7,8,7,7,8 9,8, 17, 8,
S aenrEET B V,8,6,9,8,7,8,%8,88,.6,8,8.0,8.8.887,

6
8. 888 78 87,588,709

Case Kettlewell.—10, 9, 8, 10, 8,9, 8, 7, 10, 9, 9, 9, 10, 9, 10, 10,
102906, 10,9, 11,8, 9, 8,10, 9,'8, 8, 9, 10, 8, 9,9, 12, 10, 9, 10, 10,
1110, 8,8 9,10, 8,11, 10, 9, 9. :

Case Cooper.—10, 12, 12, 11, 12, 12, 12, 13, 11, 13, 12, 10, 12, 13,
o2, 13, 11, 12, 14, 13, 12, 9, 18, 12, 12, 12, 11, 11, 12, 12, 11, 12,
L1218, 11, 11, 12, 10, 12, 10, 12, 142, 18, 12, 11, 11, 13, 12.

Case Noon.—14, 14, 14, 14, 18, 12, 18, 14, 18, 12, 12, 13, 12, 13,
01413, 14, 15,12, 12, 15, 14, 14, 12, 12, 12, 12, 12, 12, 12, 18, 13,
15, 12, 10, 14,12, 12, 14. :

Case Flynn (Plate 1, figs. 4-6).*—14, 12, 12,12, 13,12, 12,12, 14,
4018, 14, 14, 19, 192, 11, 18, 14,14, 12, 14, 14, 12, 11, 13, 12,14, 14,
19,14, 13, 12, 15, 14, 10, 12, 14, 12, 14, 12, 14, 192, 14, 14, 15, 15,11,
12, 14, 13.

Case Healy (Plate I, figs. 1-3).*—16, 18, 14, 14, 12, 14, 15, 18, 14,
16, 16, 14, 18, 18, 18, 14, 16, 16, 16, 15, 16, 15, 14, 15, 14, 16, 14, 16,
18, 18, 16, 15, 16, 12, 14, 14, 15, 12, 12, 13, 17, 14, 14, 16, 16, 14, 12,
15, 16, 14.

The figures (Plate I, figs. 1-9)* represent cysts with one, two, and
four nuclei drawn to the same scale from three of the above cases.
They show graphically the great difference in size of these various
strains. It may, however, be safely stated that the majority of
cases of . listolytica infection show cysts with a diameter of
10 to 14 microns, but one must always be careful to recognize
the smaller and larger strains, for they have to be carefully
distinguished from cysts of E. nana on the one hand and cysts
of E. coli on the other.

The cysts of the large sirains differ from the cysts of E. coli in
the more frequent possession of chromidial bodies and the constant
presence of not more than four nuclei.

As regards the virulence of the different strains and their reac-
tions to emetin we can make no very precise statements. Case
Kettlewell, who had the small strain, did not clear up on injections
of one grain of emetin for twelve days, but did on subsequent treat-
ment by the mouth, and case Healey, who had the largest strain,
was the most resistant case we had had, and withstood not only
emetin injections, but also emetin and pulv. ipecac. by the mouth.

* See inset befween pages 148 and 149,
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(3) Are the four Nuclear Cysts of histolytica type necessarily
an Indication of Infection with the Pathogenic Ameba ?

All the cases of E. listolytica infections have been diagnosed
either by the cysts or the presence of amwba with included red
blood corpuscles: no ameebw even in dysenteric stools which were
not associated with cysts of E. histolytica, or with ameeb® showing
definite included red blood corpuscles, were entered as E. histolytica.
The percentage of carrier cases amongst the supposed healthy men,
as we have already pointed out, is fairly high and would be actually
still higher if allowance were made for the error entering into the
single examination system. This being the case, one naturally
wonders why, with so many carriers about, is actual amcebie
dysentery such an uncommon disease in Mgypt at the present
time; and secondly, are the tests one applies for the detee-
tion of carriers reliable, and are the cysts of K. histolytica as
one recognizes them in reality the cysts of the pathogenic amaeba
which produces amoebic dysentery? Doubts on this score have
arisen in the minds of some, naturally enongh when one realizes
the great discrepancy between the number of carriers and acute
cases. That the so-called cysts of E. histolytica are what they are
supposed to be can hardly be doubted by anyone who has followed
the literature dealing with the subject during the last few years.
Cases of amcebic dysentery have been followed by several observers
throngh convalescence and as the dysenteric symptoms abate the
characteristic cysts begin to appear in the stools. Other cases
which have been in the “ carrier” condition passing cysts in the
stools have relapsed into attacks of acute amcebic dysentery.
Cysts from carrier cases have been administered to cats and these
have contracted acute amambic dysentery and even amoebic abscess
of the liver. Further, Darling has shown that cats infected in this
way if they tend to recover from the attack of amebic dysentery
commence passing B. histolytica cysts in the stool. The evidence
seems to be as complete as it possibly can be, short of some method
of maintaining FE. histolyfica in pure artificial culture. Some
further evidence in this direction has been the outcome of our
observations on cases of ameebic dysentery and carriers in Egypt.
T'wo cases—DBlair and Russell, H.—were admitted to hospital with
amebic dysentery, there being blood and mucus stools containing
active amcebe with included red blood corpuscles but no eysts,
The cases were treated with emetin and the dysenteric symptoms
and the amwbe disappeared. Both these cases relapsed later.
Case Russell, H., began to show cysts of E. histolytica with small
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amoebe and a fortnight later bad another attack of ambic
dysentery. Case Blair recovered in the same way under emetin
treatment, but ameebe and cysts of K. histolytica were present a
fortnight after treatment was stopped. DBoth these cases had had
repeated attacks of dysentery before coming under the present
observation.

If an individual who is a carrier of E. histolytica, and is passing
encysted forms in the stool, relapses into acute dysentery one
should be able to observe the transition if the case is examined
early enough. A case of this kind was seen under very favourable
conditions for this examination. A patient (case Ball) was one of
the hospital stafil who had had repeated attacks of dysentery and
much emetin treatment. He was suddenly taken ill with
dysentery and the stool was examined almost at once. It consisted
of two parts, a faecal portion and a blood and mucus portion. The
former contained numerous cysts of E. histolytice with some
amabse, and the latter numerous active amoebse with included red
blood corpuscles. It was evident that this was an instance of a
carrier relapsing into a condition of acute amcoebic dysentery. He
was treated with emetin and the symptoms and infection vanished,
but ten days later cysts of E. listolytica were again present.
Another course of emetin was given and the infection again dis-
appeared, only to return with cysts and amcebe three weeks later.
In two other cases (Rushforth and Dorter) a similar condition of
affairs existed at the first examination, there being acute dysentery
with active ameba: containing red blood corpuscles and associated
with cysts of E. hisfolytica. DBoth these cases relapsed after
emetin, and cysts of E. histolytica appeared in the stools. In the
ease of Dorter there was a previous history of much dysentery,
whereas with Bushforth there had been no previous dysentery, the
patient having only been in the country a short time.

In the majority of cases of actual amcebic dysentery cysts of
E. histolytica cannot be discovered, though an examination of a
fweal portion of the stool, if such be present, may reveal them
when only free ameba are to be found in the blood and mucus part.
Cases like those recorded above leave little room for doubt that the
cysts of K. histolytica are definitely related to and derived from
the amambee which give rise to the dysenteric symptoms. One case,
however, must be mentioned, for in it no cysts of E. histolytica
could be found at any time, though there were repeated attacks
of dysentery which were cured temporarily by emetin treatment.
This case, Smith, was followed most carefully from April 5 to
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July 15, specimens being examined on eighty-eight days. The
case was admitted for dysentery, the stool containing blood and
muens and active amwebae with included red blood corpusecles.
Emetin treatment caused the amebe and symptoms to disappear
but relapse occurred, and at this time there were no cysts but only
the amaebee as on the previous occasion. Another course of emetin
was followed by a similar relapse, while a further course of methyl
emetin sulphate had no effect on the infection. As already remarked,
on no occasion were cysts of E. histolytica found, though it must
be noted that cysts of E. eoli were present in small numbers
on one or two occasions during the first month of observation
—a fact which might appeal to those who wish to claim a patho-
genicity for E. coli. Why then did not the E. hisfolytica in this
case produce any cysts ? The only explanation seems to be that the
case was in a constant state of acute dysentery. The stool was
practically always either liquid or unformed, without any adminis-
tration of salines, and there was nearly always mucus and often
blood mixed with the fecal matter or separate from it. It is
interesting to note that a tetramitus infection which was also
present on no ocecasion produced any eysts, and it may be that the
unknown factor which prevented the encystment of the E. histolytica
prevented also the encystment of the tetramitus. Inthis particular
case, however, the diagnosis was never in doubt, as amaebe with
included red blood corpuscles were frequently found.

It has already been mentioned that several observers have pro-
duced dysentery in cats by giving them cysts of E. histolytica by
the mouth. We have recently repeated this observation with
material from case Carr. There was a very large infection of
IZ. histolytica cysts—in fact the largest infection we have come
across. There was no history of dysentery whatever, so that the
case can be looked upon as a healthy carrier. A small quantity of
the stool of this case emulsified in saline was poured into the
mouth of a kitten, which was then caged with another of the same
age. DBoth kittens became ill with dysentery and died in a week.
In both cases there were numerous amoeeb® 1n the large intestine
and both showed extensive ulceration. The experiment is valuable
in showing that the cysts of E. hisfolytica 1n a perfectly healthy
carrier, who had no history of dysentery, and who was only dis-
covered to be a carrier in the routine examination of healthy men
in camp, were capable of giving rise to a fatal dysentery in animals.
Furthermore, it 1s evident that the second kitten contracted infee-
tion from the first, probably just after feeding by licking material
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which was adhering to the fur about the mouth of the first. An
experiment of this nature suggests very strongly that the cysts from
such a carrier case might give rise to acute dysentery in another
individual and that the same individual himself might pass into a
condition of acute dysentery at a later date. A reference to the
protocols will show that case Carr was cured by a course of
emetin,

The arguments in favour of the cysts of E. histolytica being
actually the cysts of the pathogenic entammba are therefore these :—

(1) Cases which are passing cysts of K. histolytica may relapse
into acute dysentery when amceebz with included red blood cor-
puscles appear in the stool.

(2) Cases of acute amcebic dysentery showing amwbe with
included red blood corpuscles may recover naturally and in the pro-
cess the large active amoebme become replaced by smaller forms and
cysts of E. histolytica.

(3) Cases of acute ammbic dysentery of the above type may be
cured with emetin, but often such cases relapse when cysts of
E. histolytica appear in the stool.

(4) Cysts from perfectly healthy carrier cases who have no
previous history of dysentery will give rise to fatal amcebic
dysentery in kittens,

Taking all these points into consideration, there can be no doubt
that the detection of the characteristic cysts of E. hisfolytica in the
stool is inreality an indication that infection with the pathogenic
amaeeba exists.

(4) The History of Carriers of E. histolytica.

Having decided that the cysts of E. histolytica are actually the
cysts of the pathogenic amcba, it becomes of the utmost importance
to know what happens to such carrier cases, how many of them
actually suffer from dysentery at some time or other, how many of
them recover spontaneously, how long they may remain carriers
and what is the condition of the large intestine while they carry
their infections.

(@) How long do Carriers remain infected /—This is a questic_rn
which only very prolonged observations can answer. In certain
cases, however, long histories of repeated attacks of dysentery can
be obtained. For instance, case Healy, who proved so resistant to
emetin treatment, had suffered off and on for five years and when
examined he was just recovering from an acute attack of dysentery,
and was again passing into a condition of a carrier with cysts and
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amcebe in the stool. Another case, Spiers, gave a similar history
of a slightly shorter duration. Another case of this kind was seen
by one of us (C. M. W.) in Liondon some years ago, and was one of
a postman who had been invalided from the West Indies on account
of dysentery. He stated he had had repeated attacks during a
period of five years since his return to England. Examination of
the stool showed that it was soft and unformed and was dotted
over with small flakes and streaks of mucus as is common in these
cases. 'There was a very large infection of cysts of E. histolytica
and small amceba.

These cases show clearly that individuals may remain as
unhealthy carriers over long periods and as far as we can judge it
may be for the rest of life.

The length of time that a person may remain a healthy carrier
is much more difficult to decide, for there is no history of repeated
dysentery to gnide us. One case of known infection has been under
observation for six months, and though cysts of I. histolytica have
been present constantly there has been no dysentery during this
period, nor was there a previcus history of dysentery or diarrhoea.
This case (Cox) was given a course of emetin injections, which only
caused the cysts to disappear from his stool for a short time.*

That infections of this kind can exist for long periods without
any symptoms is borne out by the fact that such a large percentage
of the ‘' carriers” we have found during the routine examination
of healthy men have given no history of dysentery whatever. For
instance, of 106 carriers discovered amongst 1,979 healthy men
only 16 gave any history of dysentery, and it is certain that the
latter figure is too high, for in no case can we be certain of the type
of dysentery from which the case suffered.

In a certain number of instances men who have been found to
be earriers have been brought into hospital for treatment, and while
under control before treatment was commenced it was noticed that
the infection began to decline and finally disappeared. Three such
cases were examined regularly for fifteen, eighteen and twenty-six
days respectively after the spontaneous disappearance of the
E. histolytica cysts from the stool without there being any
recurrence. It was impossible to retain these men any longer,
but whether the observation indicates a spontaneous recovery or

* After the lapse of a further twelve months Mr. K. E. Bavage has kindly
re-examined the case. There has been no dysentery while E. hisfolyéica is still
present. This case has, therefore, remained neglected for at least one and a half
years without symptoms attributable to the infection.
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not, it shows that an infection way disappear for a considerable
period. In none of these cases was the infection a large one. On
the other.hand, in the great majority of our cases which were
controlled for a week or ten days before treatment was commenced
there was no tendency for the infection to disappear as in such
cases as that of Healy who was controlled for nearly three months
and was rarely free from cysts of E. histolytica.

(b) What Percentage of Carriers pass on to an Acute Dysenteric
Condition /—This question is even more difficult than the preceding
one, for an answer can only be obtained by controlling cases for
long periods and this has not yet been done to any extent. It is
clear that many cases can carry their infections for, at any rate, many
months without symptoms and it is equally clear that others may
bave repeated attacks of dysentery in a similar period. Between
these two extremes there are many intermediate types where
infected individuals have mild attacks of diarrhcea with or without
mucus in the stool, which may or may not be the result of the
E. histolytiea infection. A certain number of carriers complain of
pain over the large intestine or of other symptoms which are
difficult to explain except on the assumption that some intestinal
uleers exist. Others say that they never pass a really formed stool.
It is perfectly clear, however, that a large percentage of men who
are stationed even for a short time in HEgypt become infected with
E. histolytica. A certain though yet unknown, but by no means
negligible, percentage of these pass on to a condition of amembie
dysentery and have to be invalided from the Service. It is evident,
therefore, that in the transference of new troops from England to
non-infected centres, it 1s inadvisable to station them in the first
place in endemic centres of ameebic dysentery like Egypt unless
important military requirements leave no other alternative.

(¢) What is the Condition of the Large Intestine in the
Carrier 7—It has been suggested that E. hisfolyfica can live in the
large intestine as E. coli does without producing any lesion of the
gut, and that this is the condition of affairs in the carrier cases as
distinguished from the amcebic dysenterics who have definite
ulcerations. It seems, however, very doubtful if this is actually
the case, for many facts seem to indicate that some uleeration of
the intestine exists in these cases, though it produces no symptoms.

It is a well-known fact that at post-mortem examinations in
countries where amabic dysentery is endemic, amcebic ulceration
of the large intestine is often encountered in cases in which
there is absolutely no history of previous dysentery. In 1910
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Musgrave published an account of fifty such cases in the Philip-
pines. Others have had a similar experience elsewhere, and quite
recently the Thompsons (Jowrnal of the Royal Army Medical
Corps, June, 1916) state that Bartlett had noted amcbic ulcera-
tion in the intestine of soldiers from Gallipoli who had died of
wounds or other canse when amcebic dysentery was not suspected.

It is a remarkable fact that ulceration of the large intestine, some-
times quite extensive, can exist without giving rise to symptoms.
It is probable that in these cases where amabic ulceration was
found after death, though quite unsuspected during life, an
examination of the stool would have revealed the condition of
the carrier case with cysts and free amcoebs In the stool.

In cases, such as those of Healy and Spiers mentioned above,
where there is a long history of repeated attacks of dysentery
extending over several years, and where during the intervals
between the attacks the stools are never normal, always being soft
and mixed with a certain amount of muecus, it is impossible to
doubt that there exists an extensive ulceration of the intestine.
In fact, thickening of the large intestine and painful areas can be
found on palpation. These cases during the interval between
attacks of dysentery show only cysts of E. histolytica and small
amcebe generally in very large numbers. In other cases between
the dyvsenteric attacks the stool may approach the normal and
mucus be not apparent, though the number of cysts and ameebae
passed may be very great. Furthermore, there are many carriers
who give a history of one attack of dysentery. In them there
must have been ulceration at this time, and it seems probable
that such uleceration must persist when acute symptoms are in
abeyance. Finally, there are the carriers who give no history
of dysentery whatever. In many of these a careful examination
of the stool will often reveal small flakes and streaks of mucus,
and though its presence is not necessarily an indication of acute
ulceration, it is proof that some abnormal condition of the intes-
tine exists, for it must be remembered that in the worst and most
persistent cases with undonbted uleeration present the condition
of the stool between the actual attacks of dysentery may only be
abnormal in that it is usually soft and unformed with a certain
amount of muecus present. In fact, the stool in these intervals
may be both macro- and miecroscopically exactly like the stool of
a carrier who gives no history of dysentery whatever,

It 1s to be noted that a small percentage of these healthy carriers
complain of pain over the large intestine.
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The development of liver abscess in cases which give no history
of dysentery is far from uncommon, and it seems justifiable to
assume that these cases must have been carriers of K. histolytica
and must have suffered from unrecognized ulceration of the large
Intestine.

Taking all these points into consideration it seems safe to assume
that the E. histolytica in the intestine of the carrier case is not
comparable with the perfectly harmless E. coli, but that it is the
cause of a certain amount of ulceration, and we know that this
uleeration may be quite extensive without giving rise to any definite
dysenteric symptoms.

Another argument in favour of this view is the remarkable action
of emetin on the E. histolytica infections and its comparative
inaction on those of E.coli. It seems difficult to understand why
the drug should be more toxic to one than another amba if they
were both living under similar conditions in the large intestine.
Yet administered by injection to a healthy carrier showing infec-
tions of both E. histolytica and E. coli, it causes the former to
disappear, while the latter, as a rule, persists. It seems most prob-
able that the drug given in this manner reaches the E. histolytica
more easily than the E. coli, and the only way in which this could
occur would be if the E. hisfolytica had a different habitat from the
E. coli. This difference can be readily explained if we assume
that, in the carrier, the E. histolytica is living in or about intes-
tinal uleers while the K. coli is more uniformly distributed over the
healthy gut. The injected drug would thus reach the E. histolytica
through the circulation, while the E. coli would escape. This view
is supported by the fact that emetin administered by the mouth
generally causes temporary disappearance of both E. histolytica and
E. coli. Though we assume that infection with E. histolytica
means ulceration of the large intestine it still remains a fact that
the type of ulceration in a carrier case must be different from that
in an acute dysenteric. The ulcer in the carrier is probably of a
more indolent nature without there being active destruction of
tissue or outpouring of exudate from its surface. Living in the
deeper tissues of the ulcer are large amcebze, while towards the
surface of the ulcer, and possibly to a large extent over the surface
of the gut around the ulcer, are smaller amebae which bhave been
produced by successive divisions of the larger forms. Here on the
surface these small amoebse, the minuta forms, become encysted
and produce the typical cysts of E. histolytica, which escape in the
stool. If, for some reason, such an indolent ulcer becomes acute
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there is a greater activity and multiplication on the part of the
deep-seated large amwbm and a greater outpouring of exudate with
blood and mucus. In this process the small amceba and eysts on
the surface of the ulcer are washed away and will only be found
in the stool at the commencement of the dysenteric attack, while
the now active large ammbae escape from the ulcer in the exudate,
and appear in the blood and mucus stool where they are seen actively
erawling about with included red blood corpuscles. When the
dysentery abates the uleer returns to its more indolent state, while
the small ammbe are again produced and the cysts reappear.
An acute attack of dysentery may arise, however, not from an
increase in the activity of an existing indolent ulcer, but by a
fresh attack on some still healthy part where a new ulceration
is being established.

The above conception, admittedly somewhat theorefical, fits in
well with what we know of the history of many of the carrier cases
of E. histolytica,and affords a possible explanation of the difference
in the action of emetin on E. histolytica and E. coli.

(d) How does E. histolytica establish itself in the Human Intes-
tine ?—Individuals become infected with E. histolytica by ingesting
the well-known four nuclear cysts. This has been experimentally
proved in cats by many observers, and by Walker and Sellards
(1912-1913) in the case of human beings. As there occur so many
carriers who have never suffered from dysentery it is clear that
many become infected with E. histolytica without showing any
signs of their infection, at any rate, for some time. In their experi-
mental infeetion of human beings Walker and Sellards found that
only a small percentage (four out of eighteen) of those who became
infected actually developed definite dysenteric symptoms. It would
seem probable that in nature too the majority of those who become
infected acquire at first a benign infection which can only be recog-
nized by an examination of the stool, and that it is only later that
the ulcerative process becomes acute or extensive enough to give
rise to dysenteric symptoms. In other words, the cases become
first of all healthy carriers and then only later lapse into a condi-
tion of ameebic dysentery. It is but rarely that one has an oppox-
tunity of obtaining evidence to support this view. Case Rushforth,
already referred to above, was seen at the commencement of his
first attack of dysentery, and in his case cysts of E. histolytica were
found as well as active ameeb® with included red blood corpusecles.
It would seem that the case had been a carrier of E. histolytica
without showing any symptoms, and was just then lapsing into a
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condition of acute amcebic dysentery. Though this is probably the
commonest mode of onset of amaebic dysentery, in a certain number
of cases actual dysentery sets in soon after infection has taken place
without there having been a previous ““ carrier ” period. This was
the experience of Walker and Sellards in their infection experi-
ments, where a small percentage of the men who became infected
had attacks of amwmbic dysentery within a comparatively short time
(ten days or more) of ingesting the infective material. In cats,
again, it is usual for actual dysentery to oceur without any inter-
vening “ carrier "’ period; in fact, no one, as far as we are aware,
has yet produced a *‘ carrier ” condition in a cat without there having
been actual dysentery first. These primarily acute cases, as with
the eases of dysentery which are lapses from a ** carrier ” condition,
naturally clear up clinically without treatment, and pass into the
carrier condition, which must be looked upon as the most usual
normal type of infection with E. hisfolytica.

The idea that a parasite should give rise in mpost cases to very
few or no symptoms at all in its host is not strange in any way and
is merely an indication of an adaptation of host and parasite to
each other, a condition of affairs which 1s, so to speak, the ideal
arrangement aimed at by a parasite. Any parasite which quickly
destroys its host is very soon likely to be destroyed itself.

E. histolytica infections may therefore be established in the
following ways after ingestion of the infective cysts:—

(1) The case may become a carrier case showing amaebe and
cysts in the stool without there bhaving been any evidence of
previous dysentery and without any tendency to the development
of acute symptoms.

(2) The case may have a primary attack of amcebic dysentery
and pass on into the carrier condition later.

(3) The case may become a carrier and then lapse into a condi-
tion of amoebic dysentery only to become a carrier again as the
symptoms subside.

As already mentioned above it is possible that the great majority
of carriers eventually show dysenteric symptoms, but as yet we
have a very few data to go upon. Actual amcebic dysentery is
essentially a chronic disease and persons who suffer from it are
constantly having attacks of dysentery alternating with periods of
freedom from the acute symptoms. During the attacks amoebe
with included red blood cells can be found in the stool while
between the attacks there occur cysts of E. histolytica and small
minuta amebe. During the attacks the stools contain blood and
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mucus, while between the attacks the stools may approach the
normal or, what is more usual, they remain soft and mucoid, being
of a peculiar sticky character, due to admixture with mucus in the
form of small flakes or streaks.

(5) Character and Diagnosis of the Dysenteric Stool.

It has already been stated that much information as to the type
of dysentery present can be gathered from the features of the stool.
The typical bacillary dysentery stool 1s so characteristic that with
very little experience one can recognize the condition at a glance.
The amebic dysentery stool is also fairly typical but not so much
so as that of bacillary dysentery.

(@) The Character of the Stool in Bacillary Dysentery.—
Bacillary dysentery sets in with acute diarrhcea, which very soon
washes all the fmcal matter from the gut, and it is after this that
there is found the glairy white or yellowish whife mucus streaked
or flecked with blood which is very little altered in colour. When
seen in the bed-pan this mucus may be sufficiently liquid to pour
to and fro or it may be more tenacious and adhere to the bottom of
the vessel. It may be the only material present, or there may be
a certain amount of fecal matter between patches of mucus.
A small portion of this mucns examined under the microscope
shows a varying number of red blood corpuscles on a white field
composed almost entirely of pus cells, a smaller number of larger
round mononuclear cells and a still smaller number of very large
cells which remind one of nothing so much as the large hyper-
trophied endothelial cells of the blood-vessels. This large type of
cell 1s very commonly found in certain diseases and is generally
known as the macrophage. In kala-azar it 1s the large cell which
contains the Leishmania and in malaria it may be found in the
peripheral blood. It seems to us that the large cells seen in
bacillary dysentery probably have a similar origin. Any of the
cells deseribed above may be phagocytie, especially the round mono-
nuclear cells and those of the macrophage type. They frequently
ingest the polynuclear pus cells and also red blood corpuseles and it
is this feature which renders their confusion with ameba such an
easy matter for the uninitiated. The macrophages, however, are
non-motile, or practically so, even in the perfectly fresh stool.
Another feature of this overwhelming cellular exudate is that the
individual cells may appear fairly healthy or they may show exces-
sive necrosis, being reduced to nothing more than vesicles, the
limits of which are the remains of the cytoplasm or nuclear
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membrane. The cells show all kinds of granular degenerative
changes, but very frequently one finds greenish homogeneous highly
refractile spheres in the cytoplasm of the cells. These spheres
are probably of a fatty nature, but their importance, from the
present point of view, is that they have been mistaken for nuclei
of ameebs or even red blood corpuscles. It is well to remember
that the nucleus of an amceeba is never a homogeneous refractile
body, but is recognized by the ring of granules at its periphery,
while the interior appears of much the same colour as the cyto-
plasm outside. While the cells which have been mentioned above
are the ones most commonly seen in the mucus of bacillary dysentery
there occur sometimes patches of mucus showing another type of
cell. These are elongated cells changed and distorted in various
ways and are evidently derived from the columnar cells of the gut
wall itself. This type of cell occurs very commonly in the mucus
one so often sees around the formed fmces of the post-dysenteric
condition. In these cases the cells seem to have originated from
mucous membrane of the lower part of the large intestine. The
pus and other cells described above are probably purely exudate
cells derived from the outpouring of liquid from lymphatics and
blood-vessels, while the latter are exfoliations from the gut wall.
The two plates are of outline drawings of cells made from a
bacillary dysentery stool and illustrate the cellular exudate on the
one hand and the exfoliation type of cell on the other (text figs. 1
and 2, pages 62 and 63). If films of this cellular exudate are stained
after wet fixation by iron hematoxylin all kinds of strange pictures
are developed, which are a result of the active phagocytosis and
nuclear degeneration which 1s taking place. The pus cells with
theirfragmented nuclel when four portions are present may simulate
the cysts of E. histolytica. The remains of the nuclei of phagocyted
cells in the cytoplasm of larger cells may suggest reproductive
phases, such as schizogony of some protozoon, while it may be
impossible at times to distinguish between degenerating cells and
degenerating amcebe. With such a collection of curious and
unusual objects before one it is necessary to be on one’s guard
against errors of interpretation. The characteristic features both
macro- and microscopic of the bacillary dysentery stool have been
insisted upon by observers before this. Bahr, in his nccuunt_u[
bacillary dysentery in Fiji, draws attention to the large cells wh_mh
may be mistaken for amcebe. Stitt in s © Manual of Tropical
Diseases ”’ repeatedly refers to the characters of the bacillary
dysentery stool, the type of cell found in the cellular exudate, and
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Text Fie. 1.—A composite plate showing the different cells met with in the
mucus of a bacillary dysentery stool. Actually the pus cells are more numerous
than represented in the plate, They form at least ninety per cent. of all the cells
present. The small rings and irregularly shaped bodies with clear interiors are red
blood corpuscles,

(See page G1.)
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warns his readers‘ against the error of mistaking some of these cells
for ameebw.  Quite recently Willmore and Sherman have again
recognized the value of the microscopic appearance of the cellulav

Texr Fig. 2.—Anocther appearance met with in the muoeuns of a baecillary dysentery
stool. The cells here are evidently the superficial gut cells in various stages of
degeneration. They are not nearly so commonly seen as the cells shown in text fig, 1.
Cells of this type are often seen in mucus derived from the gut in conditions other
than bacillary dysemtery. This drawing was actually made from a single micro-

seopic field.
(See page 61.)

exudate as an aid to the diagnosis of bacillary dysentery. With
this view we entirely agree. So convinced are we of this character-
istic appearance that the cases we have examined are returned as
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“ probably bacillary dysentery ™ if it is present, and the cases are
treated accordingly. From the point of view of the patient this is
most important, for bacteriological examination cannot give an
answer quickly enough. Theoretically it may be possible to isolate
and diagnose the bacillus in thirty-six to forty-eight hours, or
occasionally in eighteen hours, but this is the eritical period for
the patient and it is during this period that active anti-dysenteric
treatment should be adopted. As a matter of fact, in practice the
bacteriological diagnosis takes longer than forty-eight hours on an
average, so that frequently all signs of dysentery have vanished
before the report 1s obtained. It is obvious therefore that bacterio-
logical diagnosis 18 too slow to be of use in assisting at the early
treatment and one must have recourse to other methods—viz.,
a consideration of the clinical characters of the case, the macro-
scopic appearance of the stool and the microscopic appearance of
the exudate. While the type of stool described above 1s typical
of the bacillary dysenterie attack at one period of its development,
it must not be forgotten that before and after this the stools may
be very different. Often a patient does not report sick till the
blood and mucus appear, and by the time that he is in hospital it
may have vanished. The character of the stools after the blood
and mucus stage depends largely on the type of diet the patient has
had. As a role he has been too ill to want much food. Often at
this stage one sees what we have called the brown liquid stool
which differs macroscopically 1n no way from the stool which
would result from a saline purge. Microscopically, however, one
may find all the cells present which one finds in the typical
bacillary dysentery mucus. They are, however, uniformly dis-
tributed through the liquid fecal matter, though patches of cell
agglomerations may occur here and there. This appearance
probably indicates a bacillary dysentery which has passed the
mucus stage, or a case which will not develop the mucus stage
at all. In reporting on these cases, however, much greater caution
is needed, for a stool of this kind may be produced by chronic
amcebic conditions or by the uleeration of the large intestine which
is left after the amcebic infection has disappeared after treatment.
A case illustrating this point is deseribed below. At other times
in bacillary dysentery one sees a stool like the rice water stool
of cholera, and here again there is an abundance of pus, mono-
nuclear cells and large macrophages. As the dysenteric condition
passes off the cellular elements diminish till finally the microscope
fails to yield any information.
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(b) The Character of the Stool in Amabic Dysentery.—When
we come to the characters of the stool of amoebic dysentery the
difficulties to be encountered are much greater. When actual
dysentery is present the blood and mucus are much darker in
appearance than the blood and mucus of bacillary dysentery. The
blood may be black or brown, while the mucus is often transparent
and dark brown in colour. The blood and mucus again are more
often mixed up with fiecal matter, and one does not have the
picture of the bottom of a pan covered with whitish muecus and
blood as in bacillary dysentery. Again, in amoebic dysentery the
stool may be merely a soft unformed stool, which on close examina-
tion is found to be impregnated with mucus intimately mixed with
the facal matter. Such a stool may be termed mucoid.

Microscopic examination of the stools of the ammbic dysenteric
shows nothing characteristic apart from the amcebze. Cells of many
kinds are present, in fact any of the cells described as occurring
in bacillary dysentery. DBut the cells are never present in such
numbers and one does not find that condition where the whole
field is covered with them. There are then no cells characteristic
of ameebic dysentery, but the absence of the bacillary dysentery
picture may lead one to assert that the case is probably not
bacillary. A diagnosis can only be arrived at by finding the amaeba
with their included red blood cells. If these are not present the
case may be one of some other disease, but may still be amcebic
dysentery, for in these cases it sometimes happens that the amoeba=
eannot be found at the first examination.

Another and very important point which must not be forgotten
in these cases is that a negative bacteriological or protozoological
examination does not exclude the disease. It 1s probably true that
a microscopic examination of amcebic dysenteric stools will give
a positive result in a few minutes more frequently than a bacterio-
logical examination of a bacillary dysentery stool will in as many
days; but even the protozoological examination will fail sometimes.
To avoid such errors the stools should be examined on several
occasions, when the chances of error will be reduced to a minimum.

An instructive case in point and which has been referred to
above is the following. The patient, who had been invalided from
Mesopotamia with dysentery, was admitted to hospital in Alexandria.
The stool, which was a brown liquid one, did not contain evident
blood and mucus but microscopically there were present numerous
blood, pus and other cells reminding one of the picture of a bacillary
dysentery in the post-mucous stage with liguid stool. No amcebs

5
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were found. The stool was examined on two other occasions with
a similar result. The bacteriological examination was also negative.
It was assumed to be a case of bacillary dysentery, and as the
diarrhcea continued with the passage of blood and pus cells the
case was treated with repeated injections of serum. An irregular
temperature developed and the patient eventually died. At the
post-mortem the upper part of the large intestine showed extensive
ameebic ulceration while the lower balf was denuded of muecouns
membrane, save for a few scattered islets here and there. There
was also a large abscess of the right lobe of the liver, which formed
a mass adherent to lung and diaphragm. Examination of the liver
abscess pus showed numerous active E. histolytica, while scrapings
from the intestinal ulcers showed no amceeba at all. This case had
previously been treated with emetin, so that it is possible the
intestinal infection had vanished while the liver infection had
remained. The important point of the case 1s that the microscopic
examination of the stool on three oceasions failed to give a diagnosis
of the true condition, which in this instance could only have been
arrived at by clinical methods. The bacteriological and proto-
zoological examination may give a definite and conclusive answer
in most cases, but the clinician must remember that he must help in
the diagnosis to some extent however empirieal his methods may be.

(6) Characters and Diagnosis of Unencysted E. coli.

Our remarks as to the difficulty of identifying the free unen-
cysted forms of E. histolytica apply equally to E. coli. There is.a
type of amoeba which one sees in non-dysenteric cases which can
almost certainly be recognized as E. coli without the presence of
the eight nuclear cysts. These are amcebs with a thin rim of pale
not highly refractile ectoplasm enclosing an endoplasm which is
much vacuolated and which contains bacteria, bacilli, yeasts and
other objects, while the rather large nucleus, distinct because of
the coarse granules of chromatin on its membrane, can be clearly
distinguished. These amcebse move sluggishly as a rule and throw
out pale non-refractile pseudopodia. K. coli, however, frequently
departs from this type, and as already mentioned we have seen
E. coli moving as activelyas any E. histolytica does. The character
of the amwmebe changes also, so that they may resemble certain
forms of K. histelytica structurally, and it is possible this change in
appearance is dependent in some way upon the character of the
stool. K. coli In a dysenteric or a diarrheeic stool never has the same
appearance as when it occurs in a normal stool.
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In an absolute diagnosis of this amoeba we must rely on finding
the characteristic cysts, for we have no such criterion as the
ingestion of red blood corpuscles to guide us.

Amaebe, however, which occur in a dysenterie stool and which do
not, any of them, contain red blood corpuscles are most probably
E. coli for the simple reason that F. coli infections are so much
more common in healthy individuals than E. histolytica infections.

If amesb® show many vacuoles, especially vacuoles which are
large elongated almost rectangular fissures, they are probably
E. cols. The remarks made under E. histolytica as to the propriety
of waiting for a diagnosis when only unencysted amabae can be
found apply equally bere, for no one in these days would advocate

TexT Fia. 3. —Entamebe coli with ingested cyst of E. histolylica (two-nuclear
stage). Case Boyd, May 13, 1916,
(See page 175.)

treating all amcebic infections with emetin. When free amombs
alone are found, the following of a case daily for a few days will
almost certainly reveal encysted forms. In one case only, which
had a persistent diarrhoea, free amoebae alone were passed for nearly
a fortnight before F. coli eysts appeared.

E. coli is much more omnivorous than E. histolytica and one
more frequently finds bacilli, cocci, yeasts, long coiled up leptothrix
and wunidentifiable structures within the cytoplasm. On two
occasions we have seen a large amameba, almost certainly E. eoli,
which had phagocyted a cyst of F. histolyfica. A dmwfng of one
of these is reproduced (text fig. 3, above). Cysts of lamblia are also
ingested by £. coli. Though bacteria of u,]]_ kin:ﬁls are taken up
readily by . coli, one sometimes finds bacteria within uﬂduul;-ted
E. histolytica. On several occasions we have noted short bright
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refractile rods in K. histolytica as well as in K. coli. These
are spores of a spore-bearing bacillus (probably B. megatherium)
which is fairly common in feces in Egypt (text fig. 4, page 85).
On another occasion most of the ammbe in an K. histolytica
infection had ingested larger oval refractile structures which were
probably yeasts.

Does E. coli ingest Red Blood Corpuscles! Some observers have
declared that F. eoli may, under certain circumstances, phagocyte
red blood corpuscles. They have not, however, told us why the
entamoebae observed could not have been F. histolytica. If one
decides that a certain type of nucleus or cytoplasin must of neces-
sity belong to . coli, then of course one is bound to declare any
ammeba, with such a nucleus, whether it contains red blood
corpuscles or not, to be K. coli. For instance, James, discussing
this question, states that in mixed infection of K. coli and
E. histolytica in stools containing blood he has found red blood
corpuscles in varyving quantity in the interior of the pathogenic
organisms but rarely within coincident K. eoli, and then only one
or two at a time. Is it not possible that in such cases the amoebse
were really I, hisfolyfica which had come very near to K. coli in
structure? In order, therefore, to test the powers of K. coli to
ingest red blood corpuscles we have made some experiments about
which there could be no shadow of doubt. A case of pure E. coli
infection which had been followed continuously for nearly four
months was used. On two occasions when the free ammbse were
present 1n large numbers a portion of the perfectly fresh stool was
mixed with a quantity of finger blood of the infected individual on
one oceasion and with the blood of another individual on a second.
The mixture was placed at once in the warm incubator and
examined from ftime to time. The amcebe were moving freely
amongst the blood cells, and though the red blood corpuscles
became adherent to the surface of the ameeb® none of them were
ingested. It is clear, therefore, that E. eoli does not readily ingest
red bloed corpuscles under the conditions of the experiment.

Our observations in cases of bacillary dysentery with much
blood in the stool, and where E. coli were present as demonstrated
by the subsequent occurrence of I. coli cysts alone a few days later,
all go to show that even in the gut where there is an abundance
of red blood corpuscles present the ameebe do not tend to ingest
them. On the contrary, all cases with amceebe showing red blood
corpuscles have proved on careful investigation to be cases of
. histolytica infection.
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On the other band, the experiment outside the body we have
repeated with the small form of K. histolytica which occurs in
carrier cases. Though the ammb®e were moving actively they did
not ingest the red blood corpuscles, so that it wounld seem that those
amoebse which one finds in the stool with included red blood
corpuscles must be amaebax which have escaped from some definite
active lesion of the gut, where they have been living as tissue
parasites. These observations lend support to the view which we
have expressed elsewhere, that if ameeb® are found with phagocyted
red blood corpuscles they are certanly E. histolyfica, and are
taking part in some active dysenteric process, and that such cases
without further evidence require emetin or other anti-amaeebic
treatment.

Only on one single occasion, as we have noted above, has free
E. histolytica with included red blood corpuscles been found in an
ordinary unformed stool which showed no evidence of blood or
mucus either micro- or macroscopically. In this case there were
present numbers of rather small ameeba which were thought to be
minuta forms of E. histolytica. A search for E. histolytica cysts
was being made when a large active amoeba with several red blood
cells within it was found. No cysts were present. The case was
diagnosed accordingly and a few days later the diagnosis was
confirmed by the finding of numerous cysts of K. histolytica.

(T) Characters and Diagnosis of Cysts of Entameba colr.

As regards the cysts of F. coli we have very little new informa-
tion to offer. We have noted, however, greater range in size
than has been previously admitted. James, describing FE. coli,
has noted cysts as small as 10 microns in diameter. Undoubted
1. coli cysts as small as this we have not seen. The lowest limit
of size has been 13 or 14 microns.

We have frequently seen infections in which practically all the
cysts were over 20 microns, while once the average size was well
over 25, and one cyst circular in outline had a diameter of 32
microns ; while on another oceasion a cyst measuring 38 by 34
microns was seen. These large cysts often show sixteen instead of
the eight nuclei so characteristic of E. coli. It is very probable
that strains of E. coli exist as we have described for E. histolytica,
one strain differing from another in the average size of its cysts.
We have not, however, made any definite measurements to decide

this point.
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Another feature of the cysts of £. coli which demands atten-
tion is the possible presence of chromidial bodies. These may be
single bars, very like the rods in F. histolytica cysts, or they may
be multiple when they take on various shapes, being either rod-like,
round, oval, or spindle-shaped masses, or more irregular in form.
Sometimes in [. coli cysts there oceur numerous fine filamentous
structures which may show a thickening in the centre, so that they
are fusiform in shape. These may be arranged irregularly through
the cytoplasm with the eight nuclel distributed amongst them, or
the eight nuclei may be grouped together in a central mass of
cytoplasm, while the fusiform bodies are arranged tangentially
around this central mass. The fusiform structures may be few in
number, or very numerous. We have some evidence that they
are really bacteria which have not been extruded by the encysting
amcebme. The possibility of their being parasites of the amceba
has also to be considered.

It has been pointed out before that the type of FE. coli eyst
most commonly met with in the stools is the eight-nuclear cyst,
while the stage with two or four nuclei is more rarely seen. An
exception to this rule, however, is the frequent occurrence of the
type of cyst with large central vacuole and only two nuclei
Sometimes nearly every cyst in a stool is of this type. These
bi-nuclear, vacuolated cysts are generally quite green in colour,
and more refractile than the clear transparent non-vacuolated eight-
nuclear cysts. It seems to us that there 1z something abnormal
about these cysts, and it still remains to be proved that they are
capable of further development. We cannot agree with Kuenen
and Swellengrebel that these two-nuclear vacuclated cysts are an
essential stage in the development towards the unvacuolated eight-
nuclear cysts. As a matter of fact, the one, two, and four-nuclear
cysts without the central vacuole are far from uncommon when one
happens to get a stool containing the actually encysting amcebge.
The two-nuclear eysts with central vacuole seem to be derived from
certain green highly refractile amwba which have a much vacuo-
lated cytoplasm. They are fairly common, and are often seen as
green discs of cytoplasm, the central part of which is either a
single large vacuole or several smaller ones. The nucleus in these
amcebse may or may not be clearly visible.

Suggestions have recently been made that the distinction
between the cysts of E. coli and E. histolytica are not so definite
and marked as some maintain. It has been even hinted that the
one may be only a smaller variety of the other. Gauducheau has
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written that the distinctions between F. coli and E. histolytica
will not hold. We quite admit the difficulty of distinguishing
vepetative forms of the amcebae, and recognize that occasionally
there may be some uncertainty even with the cysts, for large
strains of K. histolytica cysts occur as well as small strains of
E. coli. E. eoli cysts may have chromidial bodies, but the
presence of four nuclei in the fully developed E. histolytica cysts
is so universal that one can state with certainty that this is a
reliable feature for diagnostic purposes. The E. coli cysts when
developed have eight nuclei, and sometimes more. The clearest
demonstration of the difference of the two cysts is seen in cases of
mixed infections treated with emetin where the E. coli cysts
survive the treatment, and the smaller four-nuclear E. histolytica
eysts disappear ; while in pure E. histolytica infections there is a
complete disappearance of all the cysts. Such cases are absolutely
impossible to explain on any other basis than that the two amwhs,
E. coli and E. histolytica, represent two distinct species of different
characters and habits.

"(B) The Course of L. coli Infections.

It has already been pointed out by one of us (C. M. W.) that
E. coli infections may persist for several years. James, working in
Panama, mentions a case which constantly showed E. coli during
a period of about five years. A case of K. coli infection which was
not complicated by the presence of any other protozoon we have
followed very carefully during the last few months. The results of
the examinations made during a period of 120 days are shown
in the accompanying table ( page 72). The character of the stool at
each examination and the occasions on which a saline purge was
administered are set down, for it will be seen how directly this
affects the finding. Encysted forms were present on most occasions,
whereas the free unencysted forms were rarely present except when
the stool was soft after the saline purge. On the ninety-fifth and
ninety-sixth days there was diarrhcea accompanied by a very large
blastocystis infection. This case illustrates very well what may be
taken as the normal course of an E. coli infection judged by the
appearances in the stool. This case also had an ankylostoma
infection and the days on which eggs of this worm were present
are shown 1n a separate column.

On the ninety-fifth and ninety-sixth days there was an attack of
unknown origin. At this time blastocystis, which had been present
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in small numbers before, were very numerous indeed. After the
attack of diarrboea had passed off, the blastocystis were again
reduced. The table shows the presence or absence of E. coli free
and encysted, eggs of ankylostoma, the character of the stool,
and whether this was the result of a saline purge or not during
a period of about four months.

I '
: Ankylo- | . . Ankylo- R 3
Days E, 1 E i | _'w,‘fm I Saline | Htool : Days | E. e.c. E f utﬂfrm Saline  Stool
= i T I | '
1 = T4l F + | Bl || 48 - < e it + Bl
g il g = R T T == - | BE
3 A 4 | - |Buf.| 45 | 4+ - - - | BE
i -+ -+ = - = (Buf.| 46 | 44 - = = B.i.
5 JEALS o = Bf. § 50 | +4++ - — - B.1.
G + - + - B.f. 52 - - - - B.1.
7 + - - — | BL | 56 - - - - B.f.
11 fr + + | &+ |BuLjl €@ | 4+ ++ - — | Bl
12 2 = L — |Bf || &3 | - — - - | B.af.
16 + - = = |Be || o5 T . . = AR AP
17 + + o | + |Bauf.|| 68 | - | ++ + + | B.af.
18 + = - | = | Bd. 69 - i + - | B.uf.
19 - - - | B.L T4 - + + =+ | B.ufk,
20 - - - | = | BfL 76 - .- - - | B
a1 = = = = B B = - S o T
22 - - - | B.L 8 | 4+ - - - | B
97 e + = R 90 + 4 - - ~ | B
29 - - - | = | BL 91 e e il (- + | Bl
30 = b - + |B.af |l 94 - - - - | Bk,
83 — - - |EL || 95 + + ++ + - { BL
38 4 | + |Baf | 96 + + + o + - | Bl
39 - — - - | B || 107 + + - — | Bl
40 ++ | = - - | Bt || 120 - | = + + |E.1.1r.
| | |
B.l. = Brown ligquid. B.uf. = Brown unformed. B.f, = Brown formed.

B.zi. = Brown semiformed.

(9) Is E. coli ever Pathogenic?

E. coli 1s the commonest protozoon parasite of the human
intestine all the world over, and it is evident that for this reason it
must be present in all kinds of intestinal disease. The statement
made by Liow that it is gradually being borne in upon him that
. coli 1s sometimes pathogenic in causing diarrheea is of little value
as 1t 1s backed by no evidence and he does not tell us how long he
has been accustomed to control his cases, with a clear 1dea as to
the differential diagnoses between FE. coli and E. histolytica.
Because one encounters E. coli in a diarrheeic condition one must



PART II,—CHARACTERS AND DIAGXOSIS 73

not be misled into the notion that it is the cause of the trouble.
In Egypt the largest infections of [. coli we have encountered, and
some of these very large indeed, have been in perfectly healthy men
with normal stools. Further, taking into consideration a large
series of hospital cases with diarrhcea the percentage of E. coli
infections is considerably below that of healthy men in the same
locality. The cases which have intestinal symptoms of diarrheea
with an F. coli infection invariably retain the F. coli infections
when they recover, and as will be seen from the records of the
E. histolytica infections treated by us, the E. coli infection almost
invariably remains after the F. histolytica bhas disappeared. Of
greatest importance, however, from the point of view of the patho-
genicity of I. coli are the cases of infection which have been
followed for very long periods. It is impossible to state that these
individuals never have attacks of diarrhcea at any time, for who
does not at some time or another during the course of every year,
especially in a warm climate? But it can be definitely asserted
that they show no abnormal tendency to diarrhcea. There is,
therefore, in our opinion no justification for regarding E. coli as
pathogenie.

A note of warning may perhaps be sounded for the benefit of
those medical men to whom the subject of the intestinal protozoa
of man is a new one. Those who have not been accustomed to
study these organisms in any detail, and have only recently begun
clearly to differentiate between them, must not be led astray by
their comparative attractiveness and large size. The great majority
who examine for intestinal organisms do so only in the case of sick
people who have some intestinal disorder, and they have no means
of comparing their findings with what occurs in healthy individuals.
Accordingly it seems quite natural to them to attribute to the
intestinal protozoa, both amcebae and flagellates, which are com-
paratively easily recognized, pathogenic powers which they may
not possess. It seems to us that there 1s only one possible plan of
arriving at a safe conclusion as regards the relative frequency of
protozoa in healthy and sick people, and 1t is one which is hardly
practicable on a large scale. It is to take a large series of healthy
individuals and to examine their stools for about one week while
they are being purged by means of salines and to compare the
results thus obtained with those from a similar series which are
guffering from diarrheeic conditions acquired naturally. In this
manner the relative incidence of some of the amabic and flagellate
infections in healthy and diarrheeic subjects might be obtained.
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(10) Lamblia intestinalis..—HReproducing Forms,
(Plate II, figs. 1 to 5.) *

It was suggested by one of us (C. M. W.), who had made
observations on these flagellates both in man and animals during
a period of many years, that I.. infestinalis possibly multiplied only
in the encysted stage. This suggestion was put forward because
free dividing forms had been constantly looked for, but never found
even in animals which were killed and examined for the purpose.
It was perfectly understood that this view was at variance with
what we know of other intestinal protozoa, but, as L. intestinalis
is a parasite of the small intestine, it was thought that forms which
encysted high up in the gut might still be liberated under the
action -of the pancreatic juice a liftle lower down when division
within the eyst had been accomplished. In his criticism of this
view (British Medical Jowrnal, June, 1916) Woodecock seems to
forget that lamblia lives in the small intestine, and that in order
to reach the pancreatic fluid there i1s no necessity for the cysts
to escape from the intestine and be swallowed by the same or
another host, as must be the ecase with protozoa which live only
in the large intestine, F

The rarity of dividing forms in the stool may be due to the
distance of the lamblia from -the rectum, but Woodcock offers
no explanation of the fact that direct examination of the small
intestine of infected animals fails to reveal dividing forms, nor does
he tell us if he has searched for them in this situation. One would
naturally conclude that dividing forms existed, and it was only
‘with reluctance after many fruitless searchings that another view
was put forward. It still has to be proved that the view is
incorrect, though observations we have recently made on the case
to be described now show that, at any rate under certain conditions,
lamblia may divide as a free-living flagellate.

A patient was admitted to hospital with diarrheea and the
passage of large quantities of mucus. Examination of the stool
revealed lamblia in enormous numbers, the mucus portion of
the stool being simply packed with free-living flagellates. The
patient was also a carrier of E. histolytica. Films were fixed in
Schaundinn’s fluid and stained with iron hsmatoxylin. The lamblia
were beautifully preserved, and examination of the stained films
showed all stages of undoubted binary fission. The dividing
process, as illustrated in the figures (Plate I, figs. 1 to 5),* conld

* See nset betiween pages 148 and 149,
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be traced from the commencing division of the nuelei to the
completion of longitudinal splitting of the flagellate.

In this process the whole complicated system of sucking dise
with its related flagella is reproduced on the dorsum of the flagel-
late, but the tracing of the details of this process is a very difficult
matter which is only to be compared with the difficulty of following
the division in the encysted forms. When the whole flagellar
apparatus has been duplicated the subsequent division can be
readily followed, and is so clearly illustrated in the figures that
little description is necessary. Apparently the flagellate splits
longitudinally, the fissure passing in between the sucking dises
from before backwards. Before this takes place the complete
apparatus of the new flagellate is reproduced. The final stage
1s seen where two flagellates are attached only by the tapering
posterior extremities.

Division of the flagellates had evidently been taking place with
rapidity, for there was a very great variation in the size of those
present in the film. There were present flagellates showing every
gradation in size, from large forms measuring 17 by 10 microns to
smaller forms measuring 10 by 6 microns. In some parts of the film
streaks or patches of mucus occurred which were packed with
these small forms, while in other places the muecus contained
only large forms. The small flagellates had the same structure as
the larger ones, except that the sucking disc appeared to occupy a
greater portion of visible surface of the flagellate. There was no
tendency for these small forms to take on the octomitus structure,
so that there is no reason to assume, as some have done, that the
lamblia is a later stage in the development of octomitus. An
octomitus of man has recently been described by Chalmers and
Petskola in the Sudan. Kofoid and Christiansen have recently
described binary and multiple fission in the lamblia of mice (Proc.
Nat. Acad. Sci., November, 1915).

As regards the cysts of lamblia we have little new information
to offer. In certain cases where the cysts had apparently been
formed only recently, judging by the thinness of the wall and
the fact that thev had not yet assumed the perfectly ovoid form
so characteristic of the mature cyst, the single lamblia within
could still be seen moving its posterior extremity slightly from side
to side, while the central pair of flagélla were undulating slowly as
one often sees them in lamblia which have ceased to swim about
actively. At a later stage the cyst becomes more accurately ovoid
and the wall tougher, while the single lamblia within may or may
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not have divided. We have not obtained any evidence in support
of the view that the cysts are formed to enclose two conjugating
individuals. Whether such cysts occur or not is still undecided,
but it is perfectly clear that the majority of the cysts are formed
round single individuals.

(11) Course of Lamblia Infections.

It has already been shown that lamblia infections may persist
for several years, but during the course of such an infection the
flagellates or their cysts are not always to be found in the stools.
The cysts alone are usually found, and judging by these the infection
fluctuates, there being periods when the cysts are very numerous
and others when they are absent. We do not know whether this
absence of cysts from the stool means that the flagellates in the
small intestine are reduced in number, or whether there has been
a sudden cessation of cyst production. Nor do we know the cause
of this change. In watching the lamblia infections from day to
day a case, which has been passing a + -+ + infection of cysts
regularly for a fortmight or longer, will suddenly show a reduction
to + +, then to +, and then entire absence of cysts. Just as
suddenly after an interval of a week or more a few cysts will be
found and the infection will work up again to a large one. The
course of several lamblia infections is shown in the charts illus-
trating the cases of F. histolytica and flagellate infections accom-
panying this paper.

Pathogenicity of Lamblia.—Of all the flagellates of the human
intestine lamblia bhas the best claim to pathogenicity. This does
not mean that it always produces symptoms, nor that every one
with such an infection is to be isolated and treated as a dangerous
carrier. Such a course would be obviously absurd in time of war,
for there occur many healthy, able-bodied men who are carriers of
lamblia for every one who shows symptoms or is incapacitated in
any way by 1ts presence.

The reasons for regarding lamblia as pathogenic are not merely
the presence of the flagellates in diarrheeic conditions, but the fact
that certain cases of lamblia infection have attacks of a character-
1stic nature when they pass large quantities of yellowish mucus in
which occur unencysted lamblia in myriads. A small portion of
such mucus may show the flagellates lying over cne another and
filling the entire microscopic field. Such attacks of diarrhcea with
mucus oceur at intervals, and whenever the attack comes the same
mucus is passed with the same microscopical appearances. A case
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of this kind was described by one of us (C. M. W.). A man had
repeated attacks of this kind during several years. It is difficult
to explain the presence of the large quantity of mucus on the
occasions of the attacks, and above all the crowding of the mucus
by the flagellates, without assuming that the mucus must be pro-
duced by the intestine at the site of the lamblia infection and that
the flagellates are directly responsible for its production. We thus
have much more proof of the pathogenicity of lambha than in the
case of either trichomonas, tetramitus, or any of the rarer flagel-
lates, all of which are most usually encountered in diarrhoeic
conditions in which mucus production is not generally a feature of
the case.

(12) Tetramitus mesnili.—Free and Encysted Forms.

(Plate II, figs. 6 to 18.) *

This flagellate is of very common occurrence and has been more
frequently found since we have been able definitely to recognize the
encysted form which is at times the only stage met with in the stool.

Now that it is being generally recognized, the flagellate will
- undoubtedly prove to be of world-wide distribution. It has certainly
often been mistaken for trichomonas and possibly other organisms,
though attention to details of structure sbould prevent any such
errors in the future. One of us (C. M. W.) has noted tetramitus in
iron hmmatoxylin-stained films of faeces from the Philippines and
Panama, two places from which the flagellate has not hitherto
been recorded. In these places the flagellate must have been seen
and described under other names. The flagellate is typically pear-
shaped, though very frequently it is somewhat flattened or even
leaf-like, while the long-drawn-out flattened posterior extremity may
be twisted and folded in a variety of ways to produce peculiar
grooves and spiral turns. The figures represent some of these
twisted forms which are so common that they can hardly be called
abnormal.  (Plate II, figs. 6 to 9.) *

It seems most probable that Teframitus mesnili multiplies as
other intestinal lagellates by binary fission, but we have not yet met
with the dividing stages.

We have, however, been able definitely to recognize the encysted
forms of this flagellate, and these are of importance because an
infection can be recognized by them just as a lamblia infection can

* See insel between pages 148 and 149,
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be identified by the presence of its cyst in the formed stools from
which the flagellates are usually absent.

The cysts of T. mesnili were first described by one of us
(C. M. W.) in the original description of the organism. The cyst
was there depicted as a small oval structure very much like a
small lamblia cyst, within which could be detected the nucleus and
eystostome of the flagellate. Though this type of cyst occurs not
infrequently, the commonest cyst is distinctly pear or bottle shaped
with one end narrower than the other as shown in the figures. This
type of cyst was figured by Prowazek and Werner in a paper
describing some tetramitus infections met with in Hamburg (Arch.
fiir Schiffs. und Tropen-Hyg., Bd. 18, 1914, Beiheft 5, Festschrift).

As seen in fresh preparations the pear or bottle shaped eysts
are pale bodies which show no internal structure except two or
three, rarely more, small refractile, greenish granules (Plate II,
figs. 10 to 12).*

They vary in length from 7 to 10 microns and sometimes
oceur in such large numbers in the constipated stool that several
can be seen in every field of the one-twelfth objective. The recog-
nition of the cysts in the fresh condition 1s sometimes rendered
diffieult on account of the presence of a yeast of similar shape.
The yeast, however, shows clearly its internal structure of granular
cytoplasm with large vacuole, the whole being much greener than
the pale structureless tetramitus cyst. The yeast varies in shape
more than the tetramitus eyst and the characteristic budding forms
ave to be found if one looks for them (Plate 11, figs. 16 to 18).*

The tetramitus cysts stain readily by the iron hsmatoxylin
method after fixation in Schaudinn’s fluid, and when suitably
differentiated they show the characteristic nuclens and the cyto-
stome rim (Plate II, figs. 13 to 15).* One or more granules are
present near the narrow end of the cyst and the deeply staining
line which borders the eytostome takes origin in one of these. In
addition one can sometimes make out the flagellum, which normally
lies within the cytostome also arising from this granule. Further
than this little structure can be detected and we have not seen any
indication of nuclear multiplication. The four-nuclear cyst figured
by one of us (C. M. W., Lancet, November 27, 1915, fig. 17, and
Journal of the Royal Army Medical Corps, December, 1915,
fig. 17, p. 614), as a possible later stage in the development of the
tetramitus cyst, has turned out to be the cyst of E. nana described
on page 90 and not a cyst of the flagellate.

* See inset belween pages, 148 and 149,
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(13) Course of Tetramitus Infections.

On account of the characteristic eysts it is much easier to
control a tetramitus infection than one of trichomonas. On those
occasions when the flagellates are absent from a formed stool their
presence in the gut is still detected by the pear-shaped eysts which
escape in the fmces. Thongh, like trichomonas, tetramitus tends
to be present intermittently in the stool, this feature i1s not nearly
so marked. In case Howard, for instance, the flagellate was present
practically continuously for over fifty days. In another case,
Gildel, it was present for ninety-one days, being absent only for
about a month at the middle of the observation owing to treatment
by emetin orally administered. A glance through the cases of
E. histolytica infections illustrated in the tables at the end of this
paper will show how the tetramitus infection persists, and though
it may disappear for a time it reappears again later. As such an
infection can persist for over three months it must do so for longer
periods, though we have not the same data as we have in the case
of the lamblia infections, which one of us (C. M. W.) has already
shown to be able to persist in the intestine for several years.

(14) Trichomonas intestinalis and Trichomonas in the Mouth.
(Plate 1II, figs. 18 to 23.)*

The general structure of this flagellate has already been described
by many observers, and it has been pointed out that the number
of flagella is either three (trichomonas), four (tetratrichomonas),
or five (pentatrichomonas). The commonest type seen by us has
been the tetratrichomonas (Plate 111, figs. 19 to 23}, though three
and five-flagellar forms (Plate III, fig. 18)* have been seen, each
on one occasion. Apart from the flagella the three types show no
variations in structure, though a pecuhar difficulty in the making
of satisfactorily stained films of the human intestinal forms renders
their study somewhat tedions. Very good preparations showing
the main features can be made by exposure to osmic vapour of
the wet film, which is then dried and stained by eosin azur. A
good method is to expose a small drop of saline emulsion of fmces
on a slide to the vapour of the osmic acid bottle for about ten to
twenty seconds and then to be spread out thinly, dry and stain,
It will be seen that all three types possess definite axostyles, the
presence of which in the human intestinal trichomonas some
observers seem to doubt. For instance, the figures given by
Brumpt in his “ Précis de Parasitologie ” (p. 195) do not show

* See insel belween pages 148 and 149,
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axostyles. The structure, though most readily seen in the osmic
vapour films, can, with careful examination in well differentiated
films, be made out in iron hmmatoxylin preparations fixed in
Schaudinn’s fluid. As in other trichomonas, the axostyle appears
to take origin in the neighbourhood of the basal flagellar granule.
The structure of the undulating membrane with its attached
flagellum and the basal supporting fibre call for no special remarks.
In sublimate-fixed films the nucleus appears spherical with a
fine nuclear membrane and centrally placed karyosome. The
trichomonas in the human intestine are rarely above 10 microns
in length so that their study is very difficult.

We have made most careful search, in a number of cases
followed from day to day, for encysted forms, and though we have
several possible structures in mind we have come to no definite
conclusions on the matter.

It would seem that encysted forms must be present at some
time or another, for we now know that all the common protozoa
of the human intestine have such stages.

In one case (Morris) which was being controlled daily on
account of Waskia intestinalis infection, T'richomonas sp. was found
in the mouth along with entammbz in a pyorrheea exudate.
The case had been most carefully watched for many weeks and at
no time were trichomonas found in the stool. The mouth
trichomonas persisted, so that the patient must have constantly
swallowed the flagellate, yet no intestinal infection was established.
This observation would seem to suggest that the mouth trichomonas
differs from the intestinal form as the mouth entameweba does.
The mouth trichemonas in this case had three flagella and possessed
a definite axostyle. Though the patient had a gut infection of
both waskia and tetramitus, these flagellates though specially
searched for were never found in the mouth.

(15) The Course of Trichomonas Infections.

In a former publication (Lancet, November 27, 1915) one of us
(C. M. W.) wrote that trichomonas infections did not appear to be of
very long duration, as the flagellates quickly disappeared from cases
under observation. We have had in Egypt a better opportunity of
studying the flagellate infections and it is quite evident that a
trichomonas infection may persist for long periods, the parasites,
however, only being present in the stool intermittently. They are
present perhaps for a week and then disappear only to return later.
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The difficulty of controlling such an infection is all the greater as
encysted forms are not known. With lamblia and tetramitus for
instance, infection can be recognized by identifying the encysted
forms when the free forms are absent in the constipated or formed
stools. With trichomonas, on the other hand, one very rarely finds
evidence of infection other than in the soft unformed orliquid stools.
Apart from the intermittency of the infection dependent on the
character of the stool, there seems to be a real one when flagellates
may be absent for days together even when the stools are quite soft
or liquid. In one case (Howard) trichomonas was present prac-
tically continuously for over three weeks, when it vanished not to
reappear during the following three weeks. This was the longest
period we have observed of the continued presence of trichomonas
in fhe stool. In another case (Pointer) trichomonas was only absent
for a few days at a time during an observation of sixty-two days.

(16) Pathogenicity of Trichomonas.

As already explained, this flagellate i1s hardly ever found in any
but soft or liquid stools, and it 1s this reason which has led observers
to regard it as pathogenic. It is quite possible that sometimes
a flagellate produces symptoms of diarrhcea resulting from an
irritation produced by large numbers of organisms, but we are con-
vinced that in the majority of cases of diarrhcea its presence is only
accidental, and that it is fixed upon as the cause of trouble because
it happens to be the most conspicuous organism in the stool. In
an examination of 263 hospital cases where the stool was liquid
trichomonas was only found in eight, while of 393 with soft
anformed stools it was found in fourteen, and in 165 stools con-
sisting of blood and mucus it was found in three. There is very
little difference in any of these figures, though they are distinctly
higher than the findings in healthy men given in an earlier part of
this paper. This is only to be expected when one remembers
that the percentage of liquid and soft stools among the healthy
men is much lower than amongst the hospital cases. In the cases
which had blood and muecus in the stool the trichomonas was
certainly not the cause of the dysenteric symptoms, yet the liquid
and soft stools did not show a definitely higher proportion of tricho-
monas cases. Irom these fizures there isto be gathered nothing
which will support the pathogenicity of trichomonas. In warm
countries where practically every incoming white man suffers from
periodic attacks of diarrhcea, either from indiscretions of diet,
exposure, or other causes, it is not surprising that trichomonas

6
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should occur in some of these. It is, however, obviously illogical
to call all such cases of trichomonas diarrhcea, while there is no
excuse whatever for the use of the term ** trichomonas dysentery.”
The cases of dysentery in which trichomonas has been present
have been cases of bacillary dysentery.

We are of the opinion, therefore, that while trichomonas may,
in some cases, canse diarrhcea, and possibly a diarrheea persisting
over several months, in the vast majority of cases in which it has
been found it has in no way been the cause of trouble. Those who
are inclined to attribute to the flagellate a pathogenieity must
never forget that there are hundreds of cases of diarrhcea both
transient and chronic in which no protozoa whatever are to be
found for every one in which ftrichomonas 1s present. The
inclination to attach importance to it as a pathogenic agent is the
direct outcome of its size and structure.

(17) Coectdvum (Isospora).

As we have already mentioned, the isospora which one of us
found fifteen times In the examination of 556 cases in London
during the latter half of 1915, was found only once amongst the
large number of men examined by us in Egypt during the first
six months of 1916. It seems probable that the infection came
from Gallipoli.

The single case (Webber) seen by us in Egypt was in an
E. histolytica carrier who had been discovered as such in the
routine examination of men in Sidi Bishr camp. The man was
brought into hospital for treatment of his F. histolytica infection
and the first obcysts were seen on the eighth day that the stool was
examined and on the day that a course of one-grain emetin injections
was commenced. The twelve injections of emetin did not rid the
man of the coeeidium infection any more than of the E. histolytica
infection. The odcysts of the coccidium were few in number during
the first few days of the course, but they became more numerous
towards the end and were still more numerous after the course was
finished. Nine days after the completion of the first emetin course
a second course was given. This time the double treatment of
injections and orally administered emetin (1} grains a day) was
employed. The oicysts became fewer and were last seen on the
sixth day of the course, the E. histolytica having vanished after the
second day. The case was most carefully controlled for a month
alter treatment, several films being frequently examined but no
recurrence of the obcysts occurred. The treatment seemed not only
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to bave cured the patient of the E. histolytica infection but of the
coccidium infection as well.

As regards the pathogenicity of the coccidium nothing can be
gathered from this case, for though there was also an E. histolytica
infection there were no symptoms attributable to either. The
patient had been on the Peninsula, where he had had dysentery, and
if the coccidinm infection had been contracted there he must have
earried it for seven months, as he had left in September, 1915.

As regards the olicysts from this case, development was easily
obtained, many of them completing their development in twenty-
four hours. Some of the oicysts showed a peculiar tendency to
abnormal development in producing only a single sporocyst con-
taining eight sporozoites. Developed olcysts were given in large
numbers to a young mouse but no infection oceurred. Kittens fed
on developed otcysts also falled to become infected. The 1sospora
of cats is very common in Alexandria, but the obeysts are quite
unlike those of the isospora of man.

(18) lodine Cysts (I-Cysis).
(Plate III, figs. 12 to 17.) *

During the early months of the year these peculiar structures,
with their strongly iodophilic bodies, were frequently met with in
the stool. They were present sometimes in very large numbers
and it is interesting to note that the most intense infections were
met with amongst a series of native prisoners we examined in
Hadra prison. They were present in 14'8 per cent of the prisoners.

Examination of the daily ration microscopically did not reveal
any source of infection.

The I-cysts are generally easily recognized if one employs
jodine. Sometimes without this it is impossible to identify them
certainly, as the iodophilic body may be mistaken for the chromidial
body of a cyst of . histolytica. The iodophilic body, however, tends
to be rounded or lobed, while chromidial bodies 1n the E. histolytica
cysts are generally rod like. The I-cysts vnrj.r‘grea,tly in size and
shape. They may be quite small with a dlamFtcl' of 7 or B
microns, or large with a diameter of 15 microns or more.
Though most usually they tend to be circular or oval in outline
they may be lobed or show processes which suggest an outgrowth
into a filament. The single nucleus is smaller than the nucleus n

* See inset between pages 148 and 149,
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the single-nuclear K. histolytica cyst, and, furthermore, it is different
in appearance and structure. In one or two cases we have come
across fairly large infections of cystic structures which resemble
the I-cysts in every way except for the absence of the iodophilic
body. These caused us a good deal of difficulty as there was a
decided resemblance to K. histolytica cysts. Alter careful observa-
tion of the cases it was possible to make up one’s mind that these
were really I-cysts minus the iodophilic bodies. In typical I-eyst
infections, where the majority of the cysts have the characteristic
iodophilic bodies, a few may be seen in which these are absent
(Plate III, fig. 15).*

In one or two cases there have occurred in the stool large
spherical cysts which look very much like cysts of E. coli with a
single nucleus. In stained films or iodine preparation each is seen
to have a single nucleus, which is a spherical body with a very thick
nuclear membrane, while the central part 1s clear and unoccupied
by granules or other structures. It has the appearance of a
homogeneous body with a central vacuole. When first seen it was
thought the cysts were peculiar forms of the cysts of E. coli, but
by following the cases for a few days it was found there was no
tendency for recognizable stages of I. coli cysts to appear. It was
evident that they were not ameebic cysts. It seems most probable
that they represent large I-cysts which are devoid of iodophilic
bodies or structures of an allied nature. One such case as this was
seen by one of us during the routine examination in London of
patients returning from Gallipoli at the end of 1915

(19) Blastocysiis.

These organisms are of exceedingly common occurrence, at least
a quarter of the stools examined containing them. In certain cases
they are present in very large numbers and the largest infections
we have seen have been associated with an acute diarrhcea. Under
these conditions one often notes abundance of very large forms quite
as large and even larger than cysts of K. coli. On the other hand,
there may be an overwhelming infection of very small forms.
Whether large or small, it will be noted that under these conditions
the blastocystis are mostly in various stages of division, suggesting
that active multiplication is taking place.

Often the blastocystis occur in large clusters, and on one
occasion such a cluster was enclosed in a definite cyst, reminding
one of the multiple division stages described by Alexeieff (text fig. 5).

* See inset between pﬂ;ﬂ;_ldﬂ ﬂ;l; 14‘3;'.
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TexT Fi1g. 4.— A drawing of part of the field of the microscope showing E. ldsfo-
lytica containing spores of a spore-bearing bacillus (B. megatherium /) which was
lemtiful in the stocl. One of the amoebax contains several red blood corpuscles.
ge Smith, July 14, 1916.
(See page G8.)

Text Fia, 5 — Multiple reproduction of blastoeystis. Diameter of large eyst
gixty microns. Case Wilkinson.

(See page B4.)



B6 HUMAN INTESTINAL PROTOZOA IN THE NEAR EAST

In one instance a large blastoeystis infection developed in a case
which was being controlled for E. coli. It was noted that though
blastocystis were present it was only in small numbers. At one
period these increased in numbers and there suddenly developed an
acute diarrhoeea, the stool then containing enormous numbers of
dividing blastocystis. After the attack was over the blastocystis
were reduced to their original small number.

The fact detailed above would suggest a possible pathogenicity
for blastocystis when present in any quantity, but one has to be
cautious in coming to such a conclusion, for all other factors must
first be eliminated. For instance, in certain cases of undoubted
bacillary dysentery the blastocystis have been very numerous in the
stool while, large infections may be met with in perfectly healthy
individuals,

(20) Waskia intestinalis.
(Plate I'V.) ®

The small flagellate for which we suggest the name Waskia
intestinalis was found in two cases in Alexandria and there is some
evidence that the second case became infected from the first while
in hospital. The first case was one of a man who was admitted
to hospital as a carrier of E. histolytica. The flagellate was first
noted in the stool a week after his admission and was regularly
present for one and half months. Towards the end of this period
a tetramitus infection appeared, while the waskia infection became
smaller and finally disappeared. The flagellate infection had with-
stood a course of injections of twelve grains of emetin early on in
the observation. The second case was that of a man who was
admitted to hospital also as a carvier of E. hisfolytica. He was
passing the small type of K. histolytica cysts. On his admission
to hospital the cysts became reduced in numbers and finally
vanished from the stool, which was being carefully searched daily.
After a period of three weeks in hospital the patient suddenly
developed a large waskia infection, and it is interesting to note
that he was in the same ward as the first case and occupied the
next bed but one. It seems probable that the second case con-
tracted the infection from the first case, who was passing enormous
numbers of the encysted forms of waskia in the stool. The second
case still infected was discharged from hospital ten days after the
infection was detected. There was no evidence that the flagellate

* See inset belfwween pages 148 and 149,
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was in any way pathogenic. The first case tended towards con-
stipation, which had to be relieved by repeated doses of salts. The
second case was also treated in this way while in hospital.

Description of the Living Flagellate—The living flagellate
(Plate IV, figs. 1 to 6)* is a small active oval organism which dances
about amongst the fwcal matter by means of its two flagella of
different strength and action. The long, thin, anterior flagellum
lashes about continuously and propels the flagellate through the
liquid, while the stonter and shorter flagellum which projects from
the cytostome may work either regularly, but at a different rate
from the anterior one, or irregnlarly with periods of rest alternating
with periods of activity. This independent action of the stout
eytostome flagellum, especially when its aetion is intermittent,
gives a peculiar jerky movement to the anterior end of the flagellate
as it swims forward under the regular action of the long anterior
flagellum. In cover-glass preparations the flagellate has a peculiar
habit of applying itself to the surface of the cover-glass or slide to
which it adheres. In this position the action of the two flagella
can be easily studied, and it is in this side view attitude that the
flagellate reminds one so foreibly of the body outline of a bird.

In shape the flagellate is ovoid with the anterior end rounded
and the posterior end pointed. There is a cytostome at the side
of the anterior end, while the tapering part of the posterior end
tends to be on the side of the body opposite to that on which the
cytostome opens. This arrangement malkes the flagellate bilaterally
symmetrical. From the anterior end, but slightly nearer the
cytostome side of the body, there takes origin a thin flagellum
which equals the body in length. A second stouter and shorter
flagellum arises from the inner part of the anterior wall of the
cytostome. It passes slightly backwards and ontwards through the
mouth of the cytostome, from which it projects for a considerable
distance. The separate action of the two flagella has been
. explained above. The cytoplasm of the flagellate body is very pale,
much paler and less refractile than that of small forms of tetramitus
or trichomonas. It is frequently much vaenolated and the vacuoles
contain baecilli or cocei which have been ingested. One can often
see quite large bacilli entering the cytostome. The nucleus occupies
the anterior end of the body and in the living flagellate can hardly
be detected except as a clear, more homogeneous area which is
devoid of the granulations or vacuoles of the rest of the body.
The length of the body varies from 4 to 9 microns, the majority

* See inset between pages 148 and 149,
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of flagellates being 5 to 6 microns long. The width varies con-
siderably ; the narrow forms 3 to 4 microns in width mostly
resemble a bird in outline; wider forms oceur in which this
resemblance is lost, and finally forms which are practically spherical
are found. In addition to these forms there oceur others which
are possessed of two cytostomes and two pairs of flagella. These
might be either dividing or conjugating forms, but the examination
of stained specimens shows the former view to be correct.

Encysted forms of the flagellate are common in the stool
(Plate 1V, figs. 7 and 8).* These are pear-shaped bodies 45 to
6 microns in length. They have a pearly-white appearance and
are quite structureless. They remind one of small tetramitus eysts,
but have not the few refractile granules which these cysts generally
possess. That these bodies are actually cysts of the flagellates is
proved by their constant association with it in the two cases
mentioned and their complete absence from all other cases
observed by us.

In the two cases of Waskia intestinalis infection the flagellates
were present in the stool in enormous numbers during the height
of their development; many flagellates were present in each field
of the 4% objective. In the first case, from the stool of which
they disappeared after abont six weeks' observation, the flagellates
became reduced in number towards the end and appeared as if
they were being crowded out by the larger and more vigorous
tetramitus. Knowing, however, that flagellate infections are
peculiarly irregular in their course, we recognize that it is
possible that the infection had only been reduced temporarily.

Deseription of Stained Flagellates.—The flagellates were studied
in films fixed in Schaudinn’s fluid and stained by the iron hema-
toxylin method, and also in dry films stained by Romanowsky
stain. In the stained film the flagellate is seen to have the same
shape as that of the living organism. The nucleus at the anterior
end can be more clearly seen, and is found to consist of a spherical .
nuclear membrane with usnally a central karyosome. On the
surface of the nuclear membrane towards the eytostome are two
granules from which arise the two flagella. The dividing forms
are seen to have a simple dividing nucleus in which a centro-
desmose can be detected and at a later stage two distinet nuelei
(Plate IV, figs. 9 to 14).*

The encysted forms show more details when stained than in
the living condition. Certain nuclear structures can be made out

* See insel belieen pages 148 and 149,



PART II.—CHARACTERS AND DIAGNOSIS 89

within the cyst, though the exact significance of the appearances
are doubtful. The nuclear membrane becomes much elongated
and may stretch from one end of the eyst to the other, while the
karyosome tends to become dumb-bell shaped and divided into
several parts. Whether this is an indication of nuclear multiplica-
tion cannot be stated at present (Plate IV, figs. 15 to 20).*

The flagellate which has just been described from two cases
has never been encountered before, and 1s evidently a new parasite
of the human intestine, and for this reason we have given it the
name Waskia intestinalis, after the Orwa-el-Waska section of the
19th General Hospital where it was first discovered.

(21) T'ricercomonas infestinalis, n. g., n. sp.
(Plate III, figs. 1 to 11.)*

The small flagellate which we have found in about a dozen cases
differs entirely from Waskia intestinalis already described. It is
a small active organism which is very difficult to study on account
of its rapid dancing movements. It has a spherical or ovoid body
which is distinetly flattened on one side as in flagellates of the
genus Cercomonas. The posterior end 1s drawn out and terminates
in a flagellum which can be traced forwards along the flattened side
to the anterior end of the body where three other long flagella
originate. The tail flagellum appears to be attached to the surface
of the body, and occupies this position in all the active movements
of the organism. For this reason it seems clear that the flagellum
is actually attached to the surface of the body and not merely
applied to it as Woodeock thinks is the case in cercomonas, where
the tail flagellnm is similarly arranged. In the tricercomonas as
well as cercomonas the cytoplasm of the body is drawn out into
a tapering process which follows the flagellum for some dis-
tance, and it seems difficult to understand how this can be if the
flagellum is merely applied to the body and not definitely attached.
The posterior flagellum of tricercomonas and cercomonas is attached
to the surface of the body as much as the flagellum of trichomonas
is attached to the border of the undulating membrane, and in both
flagellates this attachment may be broken down and the flagellum
become free except at its point of origin. Tricercomonas, as the
figures show, has three long anterior flagella and one posterior
flagellum passing over the flattened side of the body, which more-
over is sometimes grooved along its course. The flagellate resembles

* See insetl belween pages 148 arel 149,
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cercomonas, except that it possesses three instead of one anterior
flagellum. Hence the name tricercomonas which we suggest. In
the fresh condition the flagellate is very active, but some time after
leaving the intestines the movements are less violent and the details
can be studied. No definite cytostome could be distinguished,
though bacilli and cocei arve ingested. The body changes its shape
very readily, and is to a certain extent amceboid. The body of
the flagellate measures 4 to 8 microns in length. The flagella
are longer than the body. Sometimes the body of the flagellate is
deformed, in that one or two curious pseudopodia or pedunculated
processes project from the surface.

In one case the flagellate which was present in large numbers
was associated with a small oval cyst 6 to 8 microns long by
about half this in breadth. No structure could be seen in the
unstained specimens, but in stained films the cysts were found to
contain one, two, or four nueclei of a type resembling the nuclei of
the stained flagellates. It seems very probable that they represent
the encysted stage of the flagellate (Plate III, figs, 5 to 8).* In
stained films the flagellate is found to have a nucleus like that of
cercomonas, with a central karyosome and a nuclear membrane
which is drawn out at one spot into a cone-like elevation, from the
summit of which the flagella take origin. In stained films forms
with two nuclei, probably dividing forms, can be found. As
mentioned above the flagellate has been seen in about a dozen cases.
Unlike Waskia intestinalis, which persisted in the stool for long
periods, the Tricercomonas intestinalis was present only for a day or
two at a time. In one case only was it present for as long as nine
days, when it disappeared not to be found again. The cases were
under observation in hospital and the stools were examined every
day. There is no evidence whatever to suggest that the flagellate
15 in any way pathogeniec. On account of its resemblance to cerco-
monas and its possession of three anterior flagella we suggest the
name Tricercomonas intestinalis.

(22) Entameba nana, n. sp.
(Plate I, figs. 10 to 23).*

The small ameba which, on account of its small size, we
describe under the above name has turned out to be one of the
commonest protozoa in the human intestine in Egypt, rivalling in
some groups examined even E. coli in its frequency. The cysts

* See inset between pages 148 and 149.
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of K. nana were seen by one of us in cases in London during the
latter part of 1915, but they were thought to be of a vegetable
nature, or possibly a stage in the encystment of tetramitus. One
of the four-nuclear cysts was figured in a paper on the “ Human
Intestinal Protozoa™ (Lancet, November 27, 1915, and Jowrnal of
the Royal Army DMedical Corps, December, 1915, fig. 17) as
a possible later stage of development of the cyst of tetramitus,
which was also present. The small free ameebse were also met with
on several occasions but were regarded as Amawba limaz, though a
failure to obtain a culture on agar media on which 4. limaz was
growing threw some doubt on this. In Egypt, however, we have
had ample opportunity of studying this ameeba in cases which have
been under daily observation in hospital and we have been able to
definitely associate the snall oval or spherical cysts with the small
amoeba. The type of infection with E. nana resembles that of
other intestinal protozoa. The amceb® or their cysts may be
passed continuously over comparatively long periods, or the infee-
tion may be apparent for only a few days and then vanish only to
reappear again after an interval. F. nana occurred in a good
number of the cases which were being controlled in hospital for
E. histolytica infections (see Tables of Cases, pages 160-177, ete.).

Very striking are the cases where cysts only in large numbers
are passed daily in a constipated stool. The administration of a
saline purge to such cases produces enormous numbers of minute
ameebm. In the soft unformed stool it is usnal to find the iree
amoeba and the cysts associated.

One must be careful to distingunish the cysts of E.nana from
the cysts of the smaller strains of E. histolytica. The resemblance
may be very striking and at times it may be necessary to stain
films in order to arrive at a diagnosis. The small E. histolytica
cysts are generally spherical or nearly so, while the cysts of E. nana
are typically oval, very much like small lamblia cysts, though in-
ternally no structure can be detected. Spherical and irregularly
shaped cysts of E.nana also occur, but these are always associated
with the more typical oval forms. The cysts are never bottle-
shaped like the cysts of tetramitus, with which confusion might
take place.

Free Amaebe—The free-living ameebse are very small and have
a diameter of 5 to 10 microns. Their structure varies considerably.
They may be very vacuolated and contain bacteria and cocei or they
may appear quite homogeneous (Plate I, figs. 10 and 11).* The

= Suﬂ--mar.f betiween pages 148 and 149,
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latter are possibly encysting forms which will give rise to the cysts
which appear almost structureless when seen in the fresh condition.
As a rule the amebe move sluggishly, throwing out one or more
blunt ectoplasmic pseudopodia. They donot glide along in the true
“limax ¥ manner. The nucleus with its large chromatin block can
sometimes, though rarely, be detected in the living amembm. The
stained amoeba= (Plate I, figs. 12 to 17)® show the same clear or
vacuolated cytoplasm seen in life. The structure of the nucleus
can however be more clearly seen. Generally this appears to be of
the “ karyosome ” type with a clear nuclear membrane and large
centrally arranged chromatin block or karyosome which is often
irregularly shaped. The position of the chromatin block at the
centre of the nucleus is often only apparent, for in certain positions
of the nucleus it is seen to be lying laterally against the nuclear
membrane. In those cases in which it seems to be centrally
situated the appearance may be due to the nuecleus lying with the
chromatin mass on the upper or lower surface of the nuclear mem-
brane as the amwbx lies on the slide. Sometimes the laterally
placed chromatin mass is connected with a filament which passes
across the nucleus to a granule lying on the nuclear membrane
opposite to it (Plate I, fig. 15).* The occurrence of this type of
nucleus in the ameebe® 1s of importance, for it is a very common type
of nucleus of the encysted forms and greatly strengthens the belief
that the cysts and the amcoebse are one.

Enecysted Amaba.—The cysts of ., nana are oval, spherical or
more irregularly shaped structures having a diameter of 7 to 8 microns
when spherical and a length of 8 to 10 microns when elongated
(Plate I, figs. 18 to 23)." The later type is most easily recognized as
a pale whitish and structureless body in which no detail can be
detected. IKven when mounted in iodine it is only occasionally
that the internal nuclei can be seen. The cysts of the amcoeba
have hitherto been regarded as of a vegetable nature. Fixed in
Schaudinn’s fluid and stained with iron hematoxylin the nuclear
details can be as clearly seen as the small size of the cysts permit,
There are either one, two or four nuclei, and these are generally
grouped together towards one end of the cyst. Most important
15 the structure of the nucleus. It will be seen by reference to the
figures in Plate I* that the chromatin is generally arranged as a
mass at one side of the nuclear membrane, while very frequently
a fine filament connects the mass with a granule on the opposite

* Hee inset betiween pages 148 and 149,
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side of the membrane. The occurrence of this type of nucleus
both in the free amcebwe and the cysts dispels all doubt as to the
identity of the two.

As already stated, the K. nana is of very frequent oceurrence,
and has been constantly encountered in the course of routine
examination now that we have learned to identify it. The ammba
has undoubtedly been seen before, but has been confused with
small forms of E. coli or E. histolytica, with which it 1s often found.
It has only been by careful study of a number of cases, and above
all of eases from which the other entamobwe were absent, that we
were able to exclude any connection with them. The course of the
infection was very strikingly followed in two cases which had been
cured of E. histolytica infections. The greatest amount of con-
fusion has probably existed between this ameeba and Amaeba limar,
or the amceeba which is generally known by this name. A. limax
can be cultivated from the human stool, but all our attempts to
obtain culture of I, nana have failed. One stool which was much
delayed in reaching us contained numerous minute amceb® and
small spherical cysts like the cysts of the amcebse which readily
grow on agar and which are quite unlike the cysts of F. nana.
This material planted on agar plates gave rise to a good culture of
amaeebee, and the spherical cysts were there reproduced. Material
containing H. nana was inoculated on the same medium on the
same day from two cases, but no growth was obtained. It seems
clear, therefore, that F. nana, like E. coli and E. histolytica, will
not grow on agar, which is suitable for the growth of 4. limax
or similar forms. The ameba which we have designated F. nana
corresponds with none of the amoeboid organisms which have been
described from the human intestine. The E. butschlii of Prowazek,
a much larger form, resembles it most. This anthor's description,
however, is too meagre to allow of any comparison being made.
Moreover, he does not describe any encysted forms.

As regards the nomenclature of this ameeba we have placed it
with the entamceb® because it appears to be truly parasitic. In
nnelear structure, however, there are certain differences, though,
as with the entamoebea, the chromatin material is mostly arranged
on the nuclear membrane. Aggregations of chromatin are not
uncommon in the nuclei of K. histolytica. Furthermore, it 1s very
doubtful if nuclear structure alone can be regarded as a distinguish-
ing feature of the genus Entameeba. It seems safer, therefore, to
inelude this form with the truly parasitic amaba under the name
Entamaeba nana than to class it with the free-living non-parasitic

amoeba.
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Summary of Matter discussed in Part I1.

(1) It is often quite impossible to distinguish unencysted forms
of E. histolytica from FE. coli. The cysts, however, can be dis-
tinguished. Accordingly, it is safer to diagnose K. histolytica only
if the amaebae contain red blood corpuseles or if definite four-nuclear
cysts are present. Some rules to act as a gmde to the diagnosis of
intestinal ameebae are given.

(2) The cysts of E. histolytica vary greatly in size. There occur
certain strains of FE. histolytica with cysts 7 to 10 microns in
diameter, strains with cysts of intermediate size and finally large
strains with cysts 15 to 19 microns in diameter.

(3) There is no donbt that the presence of the four-nuclear cyst
1s an indication of infection with E. histolytica, even when there has
been no history of previous dysentery. The cysts from carriers who
have never suffered from dysentery may give rise to acute amesbic
dysentery in kittens.

(4) Cases may remain infected with E. histolyfica for years.
There are in these cases periods of acute dysentery, when amcebz
with included red cells are present in the stool, alternating with
periods of comparative health when only small amoebe and cysts
are passed. Cases may remain as healthy carriers for long
periods without showing any signs of dysentery. It is probable
that these healthy carriers really have some ulceration of the
large intestine, which, however, i1s not so extensive as that in the
acute dysenteric.

E. histolytica may establish itself in' the gut with the production
of true dysentery or without the production of any symptoms what-
ever. In the removal of new troops from Ingland to areas in
which ameebic dysentery is not endemic it 1s inadvisable to station
them, even for a short time, in centres of amcebic dysentery like
Egypt unless urgent military requirements leave no other
alternative.

(5) The bacillary dysentery stool when seen at the height of
infection is characteristic, both maeroscopically and microscopically,
and can be recognized by its general appearance and by the extra-
ordinary cellular exudate when viewed under the microscope. The
amoebic dysentery stool contains darker blood and mucus but cannot
be recognized with certainty apart from the amcebz. There is
absence of the cellular exudate of the bacillary dysentery mucus.

(6) The characters of the unencysted E. coli are so indefinite
as to render its identification, apart from the cysts, most difficull.
We have obtained no evidence that E. coli can ingest red cells.
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The cysts of E .coli vary in size from 13 to well over 30 microns,
These cysts may contain chromidial bodies.

E. coli is not always to be found in the stools of persons who
are known to be infected. There is no evidence that FE. coli 1s
even pathogenic.

(7) Lamblia intestinalis reproduces by a process of longitudinal
division in the unencysted state. 'The flagellate may vary very
much in size. Judging by the presence or absence of encysted or
free forms of lamblia in the stool, the infection runs a very irregular
course. The flagellates may be absent from the stool for compara-
tively long periods. Of all the flagellates of the human intestine
lamblia has the greatest claim to pathogenicity.

(8) Tetramitus mesnilt occurs in the stool in the free and
encysted stages and one or both of these may be present at one
time. Tetramitus infections, like those of lamblia, run a very
irregular course.

(9) The commonest form of human trichomonas in Egypt is
that with four anterior flagella (tetratrichomonas). The three
(trichomonas) and five (pentatrichomonas) flagellar forms also
oceur. An axostyle is always present. A trichomonas of the
mouth in pyorrheea occurs and appears to be distinct from the
intestinal form. Trichomonas infections may persist for long
periods, during which the flagellates cannot always be detected
in the stool. There is little evidence of the pathogenicity of
trichomonas.

(10) A case of coccidinm (isospora) infection was followed for
some time. Emetin appeared to cure the infection.

(11) Iodine cysts (I-cysts) were commonly found and their
likeness to cysts of E. histolytica was sometimes very close.

(12) Blastocystis infections were very common and the largest
infections and the largest forms were found in cases of diarrhcea or
dysentery. s

(13) Two new human intestinal flagellates (Waskia intestinalis
and Tricercomonas intestinalis) and a new amceba (Entameba nana)

are described.
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PART II1.*

TREATMENT oF K. HISTOLYTICA AND OTHER PROTOZOAL
InrrcTIONS OF THE HUMAN INTESTINE.

This part of the report is devoted to a consideration of the
action of drugs on the various intestinal protozoal infections met
with in man in Alexandria. The chief objective was the treatment
and cure of K. histolytica infections, but as many of them were
mwixed with other protozoal infections it was possible to watch on
these also the action of emetin or other drugs employed. The
various protozoa, as regards their behaviour under treatment, will
be now considered, while the charts showing the courses of the
various infections in the individual cases treated appear at the end
of the report.

(1) Treatment of Entamaba histolytica Infections.

The line of treatment adopted for E. histolytica infections has
been almost exclusively the administration of emetin hydrochloride
either by subcutaneous injection or by the mouth. In a few cases
we have given methyl emetin sulphate which was prepared by
Dr. Pyman, Director of the Chemical Research Laboratories,
Wellcome Bureau of Seientific Research, and kindly placed at
our disposal by him. One case which resisted emetin treatment
was given treatment by pulv. ipecac. and later by thymol.

The majority of the cases have been healthy carriers who were
mostly discovered during the routine examination of men in camps
as explained earlier in this paper. Some of these were encountered
during the examination of hospital cases which had been admitted
for various reasons. In addition to the carriers a smaller number
of cases of actual amcebic dysentery were treated, and by amcebie
dysentery we mean a condition associated with the occurrence of
blood and mueus in the stool with the presence of ameeb® showing
definite included red blood corpuscles. We have included no
doubtful cases in this list, such as might possibly be bacillary
dysentery with free forms of F. coli, but all have been undoubted
cases of K. histolytica infeciion which have been diagnosed accord-
ing to the system explained in another part of the paper.

-
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The cases have all been treated as hospital patients with the
exception of four, who continued their duties as usual during the
course of emetin.

The stools were in almost every instance examined for a few
days before treatment was commenced in order to obtain some idea
of the course of the infection before an attempt was made to get
rid of it, and a careful record was kept of the kind of stool passed
and the various other protozoal infections present besides the
E. histolytica. While the patients were in hospital at least one
entire stool was inspected each day, an arrangement having been
made whereby the stools passed into bed-pans were brought at once
to a lavatory near the laboratory which was set apart for this
purpose. After the course of treatment was completed the patients
were sent to a convalescent ecamp and were quartered in a speeial
section. Here they were given ordinary diet and were placed on
light duty. Stools were collected from them on alternate days.
As will be seen from the records of the cases at the end of the paper
it was possible in this way to follow exactly the effect that treat-
ment had upon the infection and to note when any return of this
occurred.

Each case was kept under centrol for at least one month after
the completion of the course of emetin before being discharged as
cured. Of course an unavoidable fallacy entered into the control,
and that was the impossibility of excluding the chance of reinfec-
tion. That infection might occur in the convalgscent camp is
shown very clearly in some cases by the fact that certain protozoa
not hitherto present in the stools appeared a few days after the
patients had joined the camp. 'T'hat this may have occurred equally
well with E. histolytica we recognize quite clearly, but if it has
done so in any case it can only have had the effect of making our
results appear worse than they actually were.

In carrying out the treatment we have had direct control of all
the cases owing to the kindness of the hospital authorities in
placing beds at our disposal for this purpose. The temperature
and pulse-rate of the cases were taken regularly and a careful
watch was kept for any signs of heart irreguolarity which might be
attributable to the emetin which was being administered. A record
was kept of the number of times patients vomited after emetin was
administered by the mouth. :

The observations on the series of cases here recorded have
oecupied about six months and have entailed an enormous number
of stool examinations, as can very readily be seen from the protocols

=
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of the cases, but the results we have obtained throw light not
only on the course of the K. histolylica infections and the efiect
emetin has on these but has brought out many other interesting
points in connection with other protozoal infections of the human
intestine.

(@) Treatment by Emetin Hydrochloride.—The emetin used in these
observations was the tabloid product of Messrs. Burroughs Wellcome
& Co. For injection purposes it was dissolved in the strength of
one grain in one cubic centimetre of distilled water. For oral
administration we employed the same product, one grain dis-
solved in tinct. opi fifteen minims, or the half-grain keratin-coated
tabloids. FEmetin administered subcutaneously was always given
in one single injection daily, as this causes far less worry to the
patient, who naturally does not like to have his injections unneces-
sarily multiplied, and, furthermore, it saves the labour of those who
have to give the drug. 1t has yet to be proved that two injections
of balf a grain a day are beiter 1n any way than a single injection
of one grain. The cases we have treated fall naturally into three
groups according to the method of emetin administration. In
Group I the cases were in hospital with four exceptions. They
were not kept in bed entirely but were allowed about during the
oreater part of the day. They were given hospital chicken diet
and were treated by the administration of a single injection of one
grain of emetin a day for twelve days, while the bowels were kept
loose by a mixture containing sodium sulphate one dram taken
three or four times a day.

In Group 11 the cases were treated in the same manner as those
in Group I, with the difference that the drug was given by the
mouth instead of by injection. The emetin was dissolved in tinet.
opii one grain in fifteen minims, and this was given each night in
a cup of tea. The salines were not given so regularly, as the
emetin by the mouth tends to keep the bowels loose.

In Group III the cases were confined strictly to bed, were kept
on milk diet and were given 1% grains of emetin a day for twelve
days (one grain injection each morning and half a grain in keratin-
coated tabloid by the mouth at night). In this group of cases
salines were mnot administered regularly but were given if there
was any sign of the stool being formed. In addition to the cases
which fall into these three groups there are others which were
treated differently, and these will be described in due course,

In the early part of our investigation the cases were treated as
in Groups I and II, and, as the tables show, certain cases relapsed,
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and some of these were re-admitied to hospital and treated as in
Group III. In recording the results of the different methods of
treatment it follows that such cases will appear in two tables, for
it has happened that where treatment as in Group I has failed to
bring about a permanent or even temporary cure, a subsequent
treatment by another method has caused the infection to disappear
in many cases.

Group I.—Cases treated by Emetin Injections of One Grain a Day
Jor Twelve Days. Table X.

As already explained, these cases were given an injection of
one grain of emetin a day for twelve days. The reason for
adopting this line of treatment and the arbitrary limit of twelve
days was that one of us (C. M. W.) made a detailed study of a case
which was under his care and was treated in this way with a
sucecessful result in London last year at the Wellcome Bureau of
Scientific Research. The case was one of a carrier of E. histolytica
who was passing cysts after having had an atiack of dysentery in
the Sudan. It was realized that the case afforded a good oppor-
tunity of watching the course of such an infection and studying
the effect of emetin on the carrier. The case was carefully con-
trolled by repeated examination of the fmces and, finally, 1t was
decided to give the patient a course of emetin. The actual
injections were kindly given by Dr. G. C. Low in the Laboratory
at the Wellcome Burean of Scienfific Research, while the control
of the infection was carried on carefully as before. It was noted
that the infection disappeared after the second injection of emetin
and that there was no recurrence after a long period of control.
The findings of the one of us (C. M. W.), who had gone abroad on
active service, and who had made the very careful observations on
this case, were subsequently published by Dr. G. C. Low (Journ.
Trop. Med. and Hygiene, Febroary 1, 1916).

As the case just mentioned had responded so successfully to
this line of treatment it was decided to try it on a more extended
scale, and this was the first method adopted by us in the series of
cases recorded here. The cases treated and the results obtained
are arranged in Table X In two main groups: (A), carrier cases
which were passing cysts of K. histolytica and amebe without
included red blood corpuscles, in stools free from blood and mucus,
and (B), acute cases which had actual dysentery and were passing
ameb® with included red blood corpuscles.
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TABLE X.—Eusmetis Ixtectioxs ONeE GrAalx A Day ror TweELveE DAYs.

{d)—Carrier Cases not showing any Amaebe, with included Red Blood Corpuscles.

| | | |

{ | (OTHER INFECTIONS

| ¥

Nama A | B | € I " [t}
i | Before end of emetin After end of emetin
: COrss I:mlﬂ-l-
= |

Mounsey? ++ CR | 8|30 + | + Tet, H,¢., Tet.
Smith, H.=® .. ++ | CR | 4|30 4+ | + h.C. E.c.
The .. 3 +4+4+ | CR 8|85 | + | + -~ 1
Morgan, 8, . + CR | 6|80 | + | - E.c., L., Trich. |E.e., Trich.
Hancock + 4 CR 4|85 4+ | =+ — =
Thompson el +++ | CR | 4 (84| + | - E.c., L., Tet. E.c., L., Tet.
Jones .. e | +++ | CR | 1|32+ | = E.c. E.c.
Wrynne | +++ | CR | 6|84 |+ |- Tet. -
Osgood : : + CR | 1|26 | 4+ | = E.c., Tet., E.n. Tet., E.n.
Turnbull ; 41 | CR Bl32 ) 4+ |+ E.c., Tet. E.e., Tet.
Burroughs .. + CR | 4 30|+ | - E.c. E.c.
Morris - + - CIh ' 11 |39 | + | = H.c., E.n., W. E.e, En, Tet., W.
Wood? i sLALaL CR | 2 | 27 | + - | E.n., Trich, | E..l:.,. Trich.
Harris" o -+ CR |18 |99 | + | + | F.e. | E.e., Tet., Trich.
Russell, F. .. ol +4+4+ | CR | 2181+ | — | - E.n,
Walker i o CR 2110 — | = E.c. E.c.
Myers e U (R 2B = f = E.c., Tet., Trich. | E.¢., Tet., Trich., T.c.
Pointer i + + CR | 7|40 — | - E.c., E.n., Trich. | E.c., E.n,, Trich.
Harding .. S+ CR | 2 (|82| = | =] E.ec. E.c.
Webh. . : [+ CR | ? |86 — | = E.c. | E.c.
Cox ST B Tl BT Rl ] e P E.c,, E.n., Tet.
Bowers | ++ OR | 7[80] = | = .o, E.e.
Noon . s |+ CR | 2 /8] - &= ! — E.c.
Turner .| + | CR | 8|27|-]|= | 1. i
Hicholson | +++ | CR 8130 | = | = | = E.o.
Page .. ++ | CR | 7|31 )| =| - l L. E.c.
Beardwood ++ | CR | 2128| - | - | E= B.c.
Inkpan +—| CR | 8|88 | — | — | Trich, —
Sonthgate + | OCR | 1|8 |-]|-| - RE.eo.
Nixon. . + | OR 18| = =1 E.ec,Bno. E.o.
Neale .. -+ OR | 2311 —| = Trich. Trich.
Flynn.. +44 | OB | Ol Al = | = E.c, En, | E.e., E.n.
Kitson o ORI S = — E.c. | B.c., E.n.
Kunight RS CR 1 | an | - | - : - —
Ormrod +++ | CR | 2 82| = | = E.c. E.c.
Cooper + + < Ch 1 | s | = [T = | E.e. E.c., B.o,
Badham* -+ 4+ CR 3(60|~-|—1| DZXEec ..
Webbers 4+++ | R | 9| 1|+ |+ | B.o.,Coc E.c., E.n., Coc.
Paro® .. . s R 1 70l =1]= E.c., Tot., Trich, | Tat. Trich.
MecQuades L RE A B | alea]l =] -] met. Tet,
Hquires® o I o R 1110 =} = II E.c., E.n., L. E.¢., Ein., Tat.
Boyd®. . S e R |10 8] = = Tat E.c., L., Tek., T.o.
Allen*®. . e R I 2 118| = | = E.c. E.c.
Cox, A% i [ 4 E Glad| = 1 — E.c. E.c., B.n., Trich.
Jackson, A5V | R 3116 - | = Tat. Tet.
Main® it | P R | 2 ‘ = ‘ = Trich. Trich,, E.e,
Ealdon® 5 ol A R 5111 | = | = - E.e,
Bpiers? I = S S NR = | =] | ol -— =
Healy™ |+ | BR | = | = | + | + - -
Kettlewell? el ++4+ | HR | = | = | + ‘ - E.c., Tet. E.e., Tot,
Bennetts . o FHRO| =) = = = E.c. E.c., Trich.
Obbard® + + NR ! - | = | =" E.c. E.c.
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TanLe X.—econbinued,

(B)—Acute Cases showing Amebe with included Red Dlood Corpuscles.

—— ———— e -

|
i | UTHER IXFECTIONS
Name | A | H - | (1] F & — R

| | Biefore and of emetin ' Alter end of smetin

COrss COr=s

Darter? A o | 4+ R 1 i (e [ — E.c

Ballt n oz ee |+ R T2 | + | + | Tet, Trich. Tet., Trich., T.c.

Bﬂniﬂ' i =& == + =+ It ! | & i Iz e T‘.-"t- I':.[':., T':",-t.-

Bmith, 6" .. ..|+4+++ | R ! 1| 7|+ |+ = | E.c., Tet.

Raushforth® .. e | 4+ R 112 | = | = | Bic. | B.c., B.n., I

Gaskin' =1 R | 2| 9 1 :

| | | c |I" 1]

! When course of emetin injections was completed patient was given emetin 4 grain by the mouth
for seven days.

= Was given later a twelve.day course of emetin one grain a day by the mouth to try and get rid of
the Entammbe coli infection.

* Had a grain ol emetin by the mouth on the two nights before the injection course was started.

‘ Had relapsed after cight injections of emetin three weeks before.

* Cured later by emetin one grain injection with § grain by the mouth each day for twelve days.

* Not treated further.

T Cured by course of emetin by mouth given immediately afterwards (5§ grains).

* Cured later by courses of one grain of emetin by mouth for twelve days.

* Relapsed again later after course of emetin by mounth with injections,

10 Had relapses after emetin § grain a day for twelve days.

‘! Had resisted courses of emetin by mouth one grain a day for twelve days.

12 Afterwards found resistant to 13 grains of emetin by mouth for twelve days, ipecac. and thymol.

A = Degree or size of infeetion. B = Resnli. € = Number of days after commencement of
treatment before infection disappeared. I = Number of days of control before cure or relapse was
noted. F = History of previous dysentery. G = History of previous emetin treatment. CR = Cure,
R = Relapse. MR = No reaction.

Two of the cases, Healy and Spiers, in Group I, were passing
only cysts of F. listolytica and ameebze without included red blood
corpuscles when first seen, but both of these cases were just recover-
ing from attacks of acute amcebic dysentery which they had had
repeatedly for some years. They were really in a transition stage
between the condition of the carrier and acute amaebic dysentery.
In this group there were fifty-eight cases, of which six were acute
cases of ammbie dysentery. Of the 52 carrier cases 37 were cured
(CR), and did not relapse in the period of control, 10 relapsed
(R), while in 5 the infection did not even disappear, there being
apparently no reaction to the treatment (NR). The six acute
cases all relapsed. It is interesting to note that of the carriers
who relapsed only one gave a previous history of dysentery, while
three of the five cases which did not react had had previous
dysentery. O the thirty-seven carriers which were cured fifteen
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gave a history of dysentery. Two of the acute cases gave no
history of dysentery, the attack in each case being a primary one.
The results are shown as follows:—

Carrier casos cured i i vt BT
3 ., relapsed 10

- +y N0 reaction )
Acute onses eured .. o i n Y
i s relapsed G

o 0o reaction i

Five of the carrier cases which relapsed, one of those which did
not react to the emetin injections (Table X*) and one of the acute
cases (Rushworth), were cured later by a combined course of
emetin injections and emetin by the mouth (Group III); while
another two of the carriers who did not react to the emetin injec-
tions were cured by a simple course of emetin by the mouth
(Spiers and Bennett).

Growp II.—Cases treated by a Twelve-day Course of One Grain of
Emetin orally administered. Table XI.

As there had been a certain number of failures in the treatment
by emetin injections in Group I it was decided to try a course of
emetin by the mouth for twelve days. We were influenced in this
direction by the remarkable result obtained in one case (Spiers)
who had a long history of dysentery of three years, who had thirteen
separate courses of emetin at one time or another and who had
proved refractory to a course of emetin injections of one grain a day
for twelve days (see Table X). This case with an enormous infec-
tion was given emetin by the mouth one grain a day for two
days followed by § grain a day for seven days. This treatment
brought about an immediate and permanent cure (see history of
case, Section I). In the series of cases treated in this way emetin
was administered as a tinet. opii mixture as recommended by
certain French physicians. The emetin, one grain, is dissolved in
tinct. opil fifteen minims, and the fifteen-minim dose given in a
cup of tea, preferably at night just before the patient goes to sleep.
Having compared this method of administration with that of emetin
in keratin-coated tabloids, we have found that it is much more
difficult for the patients to retain the tea mixture without vomiting
than the keratin-coated tabloids which we used extensively in
a later series of cases. The latter, 1t 1s true, also often cause

-
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vomiting, but this occurs later when the emetin tabloid has
probably passed into the intestine.

In this group there were treated twelve cases, nine of which
were carriers, and three acute amcebic dysenterics showing ammebas
with incloded red blood corpuscles. Of the nine carriers six were
cured and half of these gave a history of previous dysentery. Two
of the carriers relapsed and one did not react to the treatment.
Of the three acute cases two relapsed and one did not react to
treatment. The acute cases all had histories of previouns dysentery
and emetin treatment.

The results are as follow :—

Carrier cases cured .. o i va B
k. » relapsed
o +» D0 reaction
Acute cases cured .. iy (3 oLy
el y» relapzed.. b
7 »» Do reaction 1

In this series one of the acute cases (Blair) received the emetin
in keratin-coated tabloid instead of the tinct. opii tea mixture.
This particular case (Blair) had been treated immediately before
with methyl emetin sulphate two grains a day (one-grain injection
and one grain by the mouth) for twelve days without any dis-
appearance of the amcoebwe.

In addition to the cases just mentioned, there were four others
which were treated in a different manner, though still by means of
emetin orally administered.

(1) Case Gaskin was given 4 grain of emetin a day by the
mouth in the tinct. opi tea mixture for twelve days. The case
was one of acute amobic dysentery showing amoebs with included
red blood corpuscles. There was no history of previous dysentery.
The case relapsed nine days after treatment was completed.

(2) Case Spiers was given one grain of emetin in keratin-coated
tabloids by the mouth each day for two days followed by half this
dose for seven days. This course was commenced immediately on
the completion of a twelve-day course of one-grain injections which
had not caused a disappearance of the infection. In this case the
cure was permanent.”

(3) Case Healy, who had failed to react to a twelve-day course
of one-grain emetin injections, was given emetin § grain a day in
tinct. opii tea mixture for four days, followed by twice this dose for
six days. This had no effect on the infection.

* See nole on case, page 181,
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TABLE XI.—Casks TREATED BY EsmETIN BY THE Mourn, ONE GRAIN A Day ror
TweLveE Days.

{(d) Carrier Cases not showing any Amaebe with included Hed Blood Corpuscles.

! | | | | ! Other infections Other infections
Mama A B c|lD; B|F| G bef e and of | afer end of
i | emetin conrse | cmetbin conrse
Bennetts +4 | CR | 2 ! Ll =| =| = E.c. | He., Trch.
Duncan + | CR| 1|80 Fabl =l om E.c., Tet. B.c., Tet.
Lingard e | CH 3 | 32 3| = - E.c., L., Tet. H.e., L., Tet.
McGinty ++ | OB | 2/83| 1|4 |- K.c., L. E.c., L., Tet.
Howarth | +++ | CR 2 | 36 B + | + - | Ee.
Dewhurst ++ | CR| 8l41|1w0|+|—-]| RKe, K.e.
Jackeon, A.' .. | ++ R 10 | | 4| — | = ! Tat, Tet.
Harris?.. | FE R 8| Tahi= |+ | F4 K.e., Trich. Eg., Trich., Tab.
Main'® .. PR [ NPT MR | - | = T = || =] Trich. | E.c., Trich.
(B) Acute Cases showing Amaba with included Red Blood Corpuscles.
Ball! .. o | 4+ R 1. VRE Loy e Tet., Trich. Tat. , Trich,
Barrie!? e e T ‘ NR [|[=| = | = ‘ + | =+ | - K.c., Tet.
Blair .. A ++4+ | R 4114! B4+ 1+ - P B

CASE TREATED BY Eaeriy sy tHe Mourn, 3 GraiN A Day ror TweLve Days.

Gaskin ! o + ] R 2 e A === H.c. H.c,

(CASE TREATED BY EMETIN BY THE Movrh, 14 GrAISs FOR Fouk DAYS asDp ONE GRAIE FOR
KicHT IDAYE.

Kettlewell? .. | 444 | CR | 3|82 | 2| 4| + | I5.c., Tak. K.c., Tet.

Case TREATED BY EMETIX BY THE Mourn, Oxeg Gralx vor Two Days axp 3 GrAIN FOR
SEvENR Davs.

Bpiers?® .. el +++ 1| CB | 1|32]| 8| 4 || - i -

Cast TREATED By EmeTin BY MourH, 3 Gran rvor Four Davs anp ONe Guraix vor Six Davs.

Healy? .. il bt | HR | = | = | = | |+ | - | E

CASE TREATED BY EMETIN, 13 GRa1Ns BY MouTH For TWELVE Days.
Healy 4 .. o ~'r--':-+| i1l | -!i H-i 1'+l+| - -

! These cases were given later emetin injections, one grain for twelve days, and again relapsed.

* This ease was given later emetin injections, one grain a day for twelve days, and was cured.

5 These cases had already been given emetin injections, one grain a day for twelve days,
without reaction immediately before this course.

4 This ease was receiving the sccond course of emetin by the month, Between the two courses
there had been a complete course of ipecacnanha combined at the end with some emetin injections
and a course of thymoel, ten grains t.d.s., without result.

A = Degree or size of infection. B = Result. — MNumber of days after commencement
of treatment before infection disappeared. I — Number of days of control before cure of
relapse was noted. E — Number of occasions patient vomited after emetin. F — History of

previous dysentery. G History of previous emetin treatment. CR — Cure. R — Relapse.
HE = No reaction.



PART III.—TREATMENT 105

(4) Case Healy again was given emetin by the mouth after an
interval during which he was treated with ipecacuanha and thymol.
On this occasion, he was placed on very strict dysentery diet and
given by the mouth 1} grains of emetin a day for twelve days.
The infection disappeared, but returned in three days after the
course was completed.

(9) Case Kettlewell, who had not reacted to a twelve- -day course
of one-grain emetin injections, was given emetin by the mouth in a
dose of 1§ grains a day for four days followed by one grain a day
for eight days. During the treatment the patient was kept in bed
on dysentery diet. The infection disappeared and did not recur.

Group 1II1.—Cases treated by FEmetin administered both hypo-
dermically and orally (1% Grains a day for Twelve Days).
Table XI11I.

The cases in this group were all treated on a combined oral
and 1njection therapy. They were kept strictly in bed and given
milk or beef tea diet and received each morning during twelve
days a one-grain emetin injection and each evening { grain of
emetin in keratin-coated tabloid by the mouth. The vomiting in
these cases was, as a rule, less frequent than when the emetin was
given in the tinct. opil tea mixture, and when it occurred it was
generally an hour or more after the tabloid had been taken. In
this manner were treated thirty-eight cases, of which thirty were
simple carriers without dysentery, and eight were acute cases of
ameebic dysentery showing active amaba with included red blood
corpuscles. It will be seen that a cure was obtained in all the
carrier cases, though six of these (Table X®) had previously re-
lapsed after a course of emefin injections of one grain a day for
twelve days. Of the eight acute cases there were five relapses and
two cures, while one case (Jackson) was not sufficiently controlled
after treatment (only nine days). Two of the acute cases which
relapsed (Dorter and Smith) and one which was cured (Rushforth)
had already relapsed after treatment by emetin injections of one
grain a day for twelve days (Table X). The results are as
follow :—

Carrier cases cared . . o 1o .. 30
e vy relapsed i s Ee M

¥ vy Do reaction .. o = L]
Acute cases enved .. a
relapsed - ot sk N

no reaction 0

i% y
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TABLE

XII. — Cases TREATED BY 1

Graiss oF EuETIN

HUMAN INTESTINAL PROTOZOA IN THE NEAR EAST

For TweLvE Days,

ONE - GRATYN

IxsecTION EACH MORNING AND 4 GRAIN I8 KERATIN-cOATED Tiprnoip By THE MouTH EACH

NiGHT.

(d) Carrier Cases not showing any Amebae with included Red Blood Corpuscles.

' ! E Oruen [2FecTions
Y11 T A 13 - [} | (A F G H I e —— F....._.__
Befora end of After end af
‘I emnetin courses emekin course
| | I
Weber! .. Sy CR | 2|40| 1 | + | + | 10| B.c., Coc. E.c.,, En.
Jordan .. + CR | 2|28 =~ |+ |~ | =|Be, L, Eun E.c., L.
Morgan, IH. ++ P10 9184+ 4+ | —jdek Tet.
Tyal | +++ | CR | 2|d1l— | —|—| - |Bn =
Borg .. o + ! CR | 8(88|~-|~-]|~-!=Be,En E.c.
Palmer .. ; +-F | CR | 1|34 Pl s B E.c., L., Tot. | E.e,, Tet.
English. . s o | CH| 1| BB | G = | = - | e B J E.n.
Howard. . ol M YT CR | 1|81 =] = | = =|Re.,Tet, Trich: | H:.e.. Tot Prich,
Taylor .. P R i (0 56 8|1 |=|—- =|L -
Hyds .. |l EF | OR 1 a0 & = = =i Eu, Trioh: E.n., Tet., Trich.
Eastdown | +++ | CR ZHBLl =] == | = Be i E.e.
Dbtz o ‘ bt | ok | oslel T S S R B E.c., B.n.
Liddle .. ot | CR | 1185 = = | = | = [ B.e.,Kn, Trich, -
Morgan, B. ..| +-+ CR | 1|62 | 7 | =|= = - : -
Wing .. s (N CR | 7 |47 1 = = | =t e B, I E.c., E.n., L., Tet.
Sargeant wil 4+ | CR| |32 2| =|= = IE.@,En«.,L., Tl Be., o, Tt
Baker .| ++ | CB | 2|52 |1 |~ |—|= = E.c., L.
Graham. . | +4++ | CR s(82|=|=|=- - |Fe, Bn | E.n., Tet.
Headie .. ! + G a8 6| =] = —|Te -
Boai: i s il CR | 18| =|=]=| = |Dc | -
Obbard' - == CR | 1(48| 8 - |10 | Be. | B.e.
Pera! * | +++ | OR 2(20]| &8 | = | =10 | Tat. | Tat.
MeQuade + 4+ | CGR 1181 = | = | = | 326 | Tet. | -
Squires! £ CR | a|982| =|=|=j216Re,Bn Tea | EaKn
Boyd' | ++ | OR | 8|82 | = — | 17 | B.c., Tet., T.c. E.c., Tat.
Carr | +++ [ CGE 113 (= | =] =1 = Emn -
Miller o | CR 8| ERB VLN e | e - - -
Downs .. | ek LGRS Sl =l e e | E.c.
Triphook < 4 | CR 1 B il | e 2 - | -
Liloyd .. |l +++ | CR | 5 |20] 2 | =1 = | = | He, | E.e., L,
(B) Adcute Cases showing Active Amabe wifh included Red Blood Corpuscles.
Hollow .. we | =4 CR 86| 1|41+ = |Trich. Trich.
Rushforth! ..| ++ | OCR | 2|87| L1 |~ | = |18 |E., E.n. E.c., E.n.
Russell, H. ..| 4+ R 1 | 3| = |+ |+ |= - -
Dorter! .. I T R Al = [ i R e, E.c.
Smith! .. oo |+ + R |-| 6| =+ | + | 34 | E.c., Tet. Tet.
Greenwood +++ R |12 |14 1 | o4 | = | = = -
Jackson . . ot e ? Dol B T (L8 e T R L.
Wilkinson ok -+ | £ - |28 1 - — [ - | E.e., Tet. E.c., Tet.

! These cases had relapzed after or failed to react to a previous twelve-day course of emetin

[one grain a day injection).
2 Owing to persistent vomiting the 4-grain tabloid of emetin was not given after the sixth day.

A = Degree or size of infection, B = Result. C = Number of days after commencement of
treatment before infection disappeared. D) = Number of days of control before cure or relapse
was noted. E = Number of occasions patient vomited after emetin, F = History of previous
dvsentery. G = History of previous emetin treatment. H = Interval in days between the ter-
mination of a previous course of emetin (one grain a day injection) and the commencement of

the present course, both courses during the present observation. CR = Cure. R = Relapse. NR =
No reaction. -
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(b) Treatment by Methyl Fmetin Sulphate.—Methyl emetin in
the form of the sulphate was tried on four cases. This drug
prepared by Dr. Pyman of the Wellcome Bureau of Scientific
Research is a stable compound which is soluble in water and not
decomposed by boiling. As methyl emetin, according to experi-
ments made by one of us (C. M. W. 1915), is equal in amabicidal
power to the emetin hydrochloride, and as it is much less toxic to
animals on injection, it was decided to give the drug a trial in
amoebic affections in man. Dr. Low had previously tried another
salt of methyl emetin on a case of rather doubtful nature at the
Albert Dock Hospital, but the investigation was not carried very
far and no attempt was made to test its action in comparison with
the nsnally employed emetin hydrochloride.

‘We have tested methyl emetin sulphate on four cases. Three
of these were acute cases of amwbic dysentery, while one was a
carrier. The carrier case (Percival) had a + + 4 infection of FE.
histolytica and a smaller E. coli infection. The patient was given
for twelve days an injection of the drug each morning (one grain in
one cubic centimetre of distilled water) and one grain in keratin-
coated tabloids by the mouth each night. The K. histolytica
infection disappeared after the seventh day of treatment and did
not recur during a subsequent control of over one month. During
the treatment the patient was kept in bed on milk diet.

Of the acute cases one (Smith)* had already relapsed after two
courses of emetin hydrochloride (Tables X and XII). He was
given the same treatment as the preceding case. The course of
methyl emetin apparently had no action on the infection, for
free forms of E. histolytica, sometimes with included red blood
corpuscles, were passed during the whole course. The second
acute case treated was Russell—who had also relapsed after a
course of emetin hydrochloride (14 grains a day subcutaneously
and orally : Table XII). The same treatment with methyl
emetin sulphate as was used in the other cases was adopted. On
this oceasion the infection disappeared after the fourth day of
treatment, but reappeared three days after the completion of the
course. The third acute case (Blair) was given the same dose, but
it did not even bring about a disappearance of the infection.
Accordingly at the end of the twelve-day course of methyl emetin
sulphate the treatment was changed to one grain of emetin hydro-
chloride in keratin-coated tabloid at might. This alteration of the
emetin was made without the patient’s knowledge. The result

* Soc nole on case, page 187.
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was that for the first three nights vomiting oceurred within a short
time of taking the drug, though there had been no vomiting pre-
viously. This illustrates very clearly the difference as regards the
property of producing nausea and vomiting between the two drugs,
methyl emetin sulphate and emetin hydrochloride.

From the results it seems clear that with acute cases the methyl
emetin in the dose employed has not the same power of ridding an
individual of infection as the emetin hydrochloride. In two of the
cases the infection did not even disappear, while in the third it
vanished only to return soon after the completion of the course.
It must be remembered that the dose employed (two grains a day)
was larger than the largest dose of emetin hydrochloride used by
us (1% grains a day). The single carrier case, however, cleared up,
and no relapse occurred, so that it is clear the drug has an action
on the parasite but is not as potent as the usually employed hydro-
chloride of emetin. It is possible that in larger doses a better result
could be obtained. An important feature of the drug is that the
nausea and vomiting which so often follow the oral administration of
emetin hydrochloride are absent. The patients who had taken the
emetin hydrochloride by mouth and who had experienced the nausea
following if, stated that they could go on taking the methyl emetin
quite eagily, and this when double the dose was being given.

It may be stated safely, therefore, that methyl emetin sulphate
has not such a marked action on k. histolytica as emetin hydro-
chloride, but that it canses much less vomiting and feeling of nausea
than the latter drug.

(¢) Treatment by Thymol.—Owing to a view which had been
expressed that thymol as an intestinal disinfectant was a wvery
powerful agent this drug was tried in one case. This was Healy,
who had a very large infection of K. hisfolytica (cysts and free
forms), and who had resisted a course of one-grain emetin injections,
a course oi emetin by the mouth and a course of pulv. ipecac.
Thymol, ten grains three times a day, was given, but 1t was abso-
lutely without action on the infection.

(d) Treatment by Pulv. Ipecac.—The same case, Healy, after
having resisted the course of emetin injections and emetin orally,
was placed on a course of pulv. ipecac. He was given to start with
thirty grains a day, and this was reduced by five grains daily, till a
dose of ten grains was reached. This dose was then kept up for
eight days, and for the last three days an injection of % grain of
emetin was given also. The treatment merely had the effect of
temporarily diminishing the infection.
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General Considerations as regards Treatment.

(a) Is the Object of Treatment to destroy the Cysts or the Amebe
or both 7—In the treatment of cases of K. histolytica infections
there is often supposed to be a difference between the carrier case
passing cysts and amoeb® in a comparatively normal stool and the
acute case passing only ameebme in the dysenteric stool. The idea
has arisen from the notion that the cysts are more resistant than
the unprotected amcebe. It is a fact that the cysts are more
resistant, but this has really no bearing on the question of the
treatment. As has been explained above there is no real difference
between the carrier and the acute case, the two conditions being
merely different stages of the same disease. The cysts of K.
histolytica are formed by ameebs which are living abount the uleers
in the large intestine, and when once a cyst has been produced it
has no more influence on the course of the infection. A eyst cannot
rupture and liberate its ammbsae in the large intestine. For this to
happen it has to find its way to the small intestine where 1t can
come under the action of the pancreatic fluid, and this it cannot
do unless it escapes from the intestine and is ingested by another
or the same host. This being the case 1t would probably be a verv
good thing for an infected individual if all the amebe in the
intestine could be induced to eneyst, for they would then have no
course open to them but to pass out in the feces.

In treating cases of K. histolytica infection 1t 1s, fortunately, not
the resistant ecysts we have to deal with, but the free amombse which
must be present in the gut if the cysts are found in the stool. The
eysts in fact are very useful guides as an indication of the extent
of the ameebic infection of the gut in just the same way as the
number of ankylostoma eggs is an indication of the number of
worms present in the small intestine. In treating an ankylostome
infection one does not endeavour to destroy the eggs in the intes-
tine any more than in treating an [, histolytica infection one tries
to destroy the eysts. In both cases, the eggs and the cysts are
eonveniently searched for in the stool to estimate the effect of any
course of treatment aimed at the destruction of the worms and the
amabm respectively. We have dwelt upon this point because we
have so often heard it stated that some cases of E. histolytica
infection will not respond to treatment, merely because the resistant
cysts are present in the gut. This view is entirely disproved from
the results we have obtained by emetin treatment, and one of these
cases (Smith) who relapsed repeatedly never passed cysts at any
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time during a long observation. The destruction of the eysts is an
important matter after they have left the body, for if they are not
destroyed they are likely to be carried about by water and flies and
give rise to infection in other people. Ior this reason the stools of
dysentery carriers should be disinfected with cresol 1 in 10, and
care should be taken that the cysts are not disseminated on the
hands or in any other way.

(&) Comparison of the Different Methods of Emetin Treatment.—
The results obtained in the three groups of cases described
above can be tabulated as follow. In each group the course of
treatment extended over twelve days :—

Emetin one grain a
Emetin Ematin day injeetion
one graln & ane grain & day graln & da)
: day injection by the mouth y the mou

Carrier cases cured . i 6

Ml ;s Iolapsed .. 10 2 i

T ,» Do reaction i 1 (1]

Acute cases cured 0 0 2

" 1% mlﬂPﬁﬂﬂ- 6 2 5

ne reaction .. 0 1 0

As regards the first two groups the results with the carriers are
almost identical, as can be seen by multiplying the smaller figures
in Group II by six. There is, however, a slight balance in favour
of the one-grain injection over the one grain by the mouth. As
regards the acute cases it will be seen that all the cases relapsed,
though the balance is again in favour of the injection method
of treatment, as one of the cases treated by the mouth showed no
reaction.

When we come to the combined treatment (emetin injections
one grain a day and emetin by the mouth !} grain a day) the
results are distinetly better both with the carriers and acute cases.
With the former there were treated thirty cases and none of those
relapsed during the period of control. With the acute cases two
were cured and four relapsed. In addition to the combined injec-
tion and oral method of emetin administration these cases were
kept in bed on milk or beef-tea diet, and this may have had some-
thing to do with the better results, for the cases treated under
Groups I and II were not kept in bed and had light chicken diet.
The acute cases, however, were all kept in bed on dysentery diet.
On the other hand, the cases treated in Group I were given sodium
sulphate mixture several times a day, while 1n Groups IT and III
the cases were not given the mixture regularly as the emetin
administered by the mouth tended to keep the bowels loose, so that
the saline mixture was usually unnecessary.
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It is important to note that five of the carrier cases which
relapsed after treatment in Group I were treated later and cured as
in Group III, while one carrier case which did not react at all to
the treatment as in Group I was cured later by treatment as in
Group II, while case Spiers who resisted the one grain a day by
injections was cured by a course of emetin by the mouth immediately
after.

It seems to follow from this that certain cases that prove
refractory to one line of treatment or one method of emetin
administration may respond to emetin administered in another
way. It is possibly this factor which has given the better results
with the combined method of treatmment.

(¢) Carrier and Acute Cases.—It will have been seen from the
list given on page 110 that the ordinary carrier cases not showing any
or only slight symptoms are much more readily cured than the acute
cases. Thus all the six acute cases in Group I relapsed after
emetlin injections of one grain a day for twelve days. In Group II
again, where three acute cases were treated by emetin by the
mouth (one grain a day), one case did not even react to the treat-
ment, while two relapsed. In the third group there were treated
seven acute cases, and of these five relapsed and two were cured.

It is quite evident, therefore, that the cases which are most
difficult to rid of infection are not the carrier cases passing cysts
without any symptoms, but the acute cases passing blood and
mucus in the stool with active ammbse containing red blood
corpuscles. The acute cases have nearly all had a history of
recurrent attacks of dysentery and generally previous emetin
treatment. Three of these cases, however, were treated at their
first attack of dysentery (Rushworth, Wilkinson and Gaskin), yet all
of them relapsed. Rushworth, however, was subsequently cured by
a course of emetin given by injection and by the mouth (Table XII).

The action of emetin on the carrier case generally causes the
disappearance of cysts from the stool in two or three days, and
similarly in the acute cases not only do the ammbm disappear very
quickly but the symptoms clear up also and the patient to all
intents and purposes has recovered from his dysentery. It is this
fact which had led to the idea that emetin in small doses 1s such a
sure specific for amebic dysentery. It is only by the detailed
control of the cases, as in the methods adopted by us in these
observations, that the subsequent course of the cases can be followed.
It has resulted that in almost every instance relapse has taken
place.
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The acute cases seem to differ from the carrier cases only in
degree, for between the attacks of dysentery the acute cases are
actually in the carrier condition passing ameebw and cysts which
are indistinguishable from those passed by the carriers who have,
perhaps, never had an attack of dysentery. The view which has
already been expressed above, that i1t seems probable that all the
carriers have some uleeration of the intestine, affords the best
explanation of this difference in the action of emetin in the acute
and carrier cases, Certain of the carrier cases have no symptoms
whatever and it is possible that in them the ulceration is at a
minimum. Other carriers have had an attack of dysentery and
from time to time pass mucus in the stool. In them the ulceration
is probably more extensive. With a still more serious .condition
of ulceration the attacks of dysentery are more frequent and we get
the condition of the typical chronic amwmbic dysenteric who has
repeated attacks of dysentery. During these he passes blood and
mucus with active ameebse containing red blood cells. Between the
attacks the stool is always soft, and contains varying quantities of
mucus, while E. histolytica cysts and amcebs are found in enormous
numbers. The most serious condition is seen in cases like that of
Smith where the dysentery is practically constant and encysted
forms of K. hisfolytica never occur in the stool. The amoeb® are
aiways in the free condition and frequently show included red blood
corpuscles. These cases with extensive ulceration are naturally
much more difficult to treat than the simple carriers who have only
very slight intestinal lesions. It seems probable that the varying
condition of the gut rather than any other factor is responsible for
the variation in the response to emetin treatment. We do not
know how the emetin reaches the amwbae or exactly how it is
excreted, for cures have been effected both by hypodermic injection
of emetin as well as by emetin by the mouth, but if the drug is
usually brought into contact with the ameebse by way of the circula-
tion then 1t i1s perhaps understandable that, in cases with the
extensive ulceration of the chronic amwmbic dysenteric, with old
fibrotic uleers and thrombosed vessels, the emetin 1s unable to
reach many of the amcebse for purely mechanical reasons of
impaired circulation. It is possible that in this condition the
amoebe 1n certain situations can be reached and destroyed if emetin
is given by the mouth instead of by injection.

(d) Are there Emetin-resistant Strains of Amebe ?—It has been
suggested that, in certain cases, the ammb@ owing to past in-
efficient emetin freatment have acquired the power of resisting the
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drug. It is very difficult to obtain precise information on this
point, for, as already explained, the failure of emetin to cure may
be due to purely mechanical reasons of poor circulation or other
causes. Case Spiers is of much interest in this connection. There
was & long history of dysentery of three years standing, and there
had been in all thirteen courses of emetin, after each of which the
patient’s symptoms disappeared. The patient himself had also been
in the habit of taking one or two i-grain emetin tabloids for this
purpose. Such a case had every chance of developing a resistant
strain of amcebwe, and when a twelve-day course of one-grain
injections failed entirely to influence the infection we were under
the impression that the strain of K. histolytica was resistant to
emetin. This view was entirely disproved by the fact that a course
of emetin by the mouth over mine days (5% grains in all) com-
pletely got rid of the infection without any relapse taking place.
In this case at any rate it seemed as if the emetin administered
by the mouth reached the ammbs more readily than the emetin
by injections. Again, case Healy,” who had a still longer history of
chronic ameebie dysentery, failed entirely to react to emetin injec-
tions. He failed also to react to small doses of emetin by the
mouth and also to a course of treatment by pulv. ipecac. Yet a
course of emetin by the mouth 1 grains a day caused the infection
to disappear at least for some days.

It, therefore, seems to us that because an infection does not
appear to respond to treatment by emetin injections it does not
follow that this failure is due to the presence of a resistant strain,
for if the emetin can be made to reach the amoebm by some other
method of administration in most cases some response or even cure
will be the result.

The same failure to respond to emetin injections is seen some-
times in the case of amwmbic abscess of the liver. A case of this
kind was seen by one of us (C. M. W.) in London last year, where
a draining abscess of the liver continued to discharge active amoebwe
though a complete course of emetin injections of a grain a day for
twelve days was given. A second case of this kind came under
our notice a few months ago. We were controlling a case by
examinations of the fmces and liver abscess pus for Captain
Redmond, R.AM.C., who was treating the case. The faeces
showed no sign of amcebic infection, while the pus from the abscess
contained constantly numbers of K. histolytica, and this in spite of
the fact that the patient received a full course of emetin injections

Eez. note on page 181
8
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for twelve days, a course of emetin by the mouth, and in addition,
irrigation of the abscess cavity with a solution of emetin. The
amoebe were very active and included many red blood corpuscles,
an observation which at once disproves the view expressed by
Escomel (Bull. Soe. Path. Iizot., October, 1913), that K. histolytica
will not ingest the red blood corpuscles of a person receiving emetin
injections. On one oceasion a small quantity of the pus was mixed
with a sclution of emetin hydrochloride (one grain in one enbic
centimetre, or 65 per cent. solution), and a preparation of the
mixture watched under the microscope. The amwbea, instead of
being killed at once, moved about actively in the liquid and only
came finally to rest after the expiry of ten minutes. We cannot
state the exact strength of the emetin solution in which the ameeba=
were moving, but it was many times in excess of the usual 1 in
100,000, which is claimed to kill them at once. Whether these
amoebe were emetin-resistant or not cannot be decided till similar
observations are made with amoebwe from abscesses 1n cases which
have not received previous emetin treatment. The case just
recorded recovered in the usual way by drainage of the abscess
cavity, but there was no evidence to show that the various courses
of emetin had any influence in bringing about this fortunate
result. It bas been claimed that emetin injections will not only
clear up the presuppurative hepatitis of ameebic abscess, but it will
sometimes cause an actual unopened abscess to disappear. The
case recorded above does not offer any explanation of this, though
it 18 possible that the chances of the emetin reaching the amcebz
in an abscess wall vary just as they do in the gut. Some abscesses
may have a good circulation in the surrounding tissues, so that the
emetin can reach the amabs ; while in other abscesses, probably of
a long duration, the circulation is poor owing to the ceclusion of
the blood-vessels by thrombosis, fibrosis or other obstruction.

(e) Does Emetin tend to make the Amabae encyst 7—It has been
stated that the effect of emetin, especially in inadaquate doses, is
to make the F2. histolytica encyst and to convert an acute into a
carrier case. As a rule a protozoan encysts either because it
wishes to protect itself against some adverse influence or for repro-
ductive purposes, so the presence of cysts of E. histolytica is
looked upon as an indication of some adverse influence acting upon
the ameebe in the gut. It was thought, therefore, that if emetin
was given in insufficient doses to kill the amceebs they would tend
to protect themselves by encysting. The encystment of the
E. histolytica in the intestine is not such a simple matter as might
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at first sight appear. A case with acute dysentery is passing large
entamceb® quite unlike the encysting generation of small amwbe,
and if emetin is to cause the amebmz to encyst we must suppose
that its first effect is to make the large amcebe divide rapidly to
produce small forms, and that these must take on the characters of
the pre-encysting “ minuta” forms of K. histolytica. This is quite
another matter than the supposed quick secretion of a capsule round
an amceba, becanse 1t is being irvitated by small doses of emetin,

We have already seen that the natural course of an amawbic
infection is that of the carrier case, and that in a certain percentage
of these where the ulceration of the gut i1s extensive attacks of
dysentery manifest themselves from time to time, while, between
the attacks, the condition of the carrier isreverted to. In whatever
way a person becomes infected with K. histolytica, whether by an
initial attack of amwbic dysentery or not, the natural tendency is
towards the development of the carrier condition. This being the
case it 1s manifestly impossible to regard inadequate emetin treat-
ment as a factor which increases the number of carrier cases, for
these cases if left untreated would have become carriers in any
case. Moreover, the supposed inadequate treatment would probably
have cured a few cases at least, so must have reduced the total
number of possible carriers.

It is quite possible that when the “encysting' or * minuta "
generation of . histolytica is present in the intestine some adverse
influence might suddenly cause an encystment of numbers of these,
but before we can decide this point we must understand the normal
course of such infections, judged by the appearance in the stools.
A person who is in the carrier condition passes both cysts of
E. histolytica and minuta forms of amwbee, but these are not passed
regularly. On some days cysts alone are passed, while on ofhers
the amoeb® are most numerous or alone present. Much depends
on the consistency of the stool. In some of the carrier cases treated
by us the emetin course was commenced only when cysts were
being passed and the immediate effect has appeared to be the dis-
appearance of the cyst with the passage of free ammbz. On the
other hand the reverse has occurred, while generally in the cases
of pure E. histolytica infection the cysts have tended to disappear
from the stool before the amcebm. The results we have obtained
do not afford any evidence in favour of the view that the emetin
causes the ameba in the gut to encyst. Nor have we been able to
obtain any evidence that the emetin treatment causes any particular
form of cyst to appear in the stool. In the examinations for carrier
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cases we have noted that, though most usually the infections show
a majority of cysts with four nuclel, with a smaller number of one
and two-nuclear cysts, at times infections are encountered where
nearly every cyst present has only one nuclens. This has appeared
also in our control of individual cases in hospital, and it seems
evident that the forms which actually appear in the stool are
dependent on the rate of emptying of the large intestine rather
than on any peculiar action treatment may be having on the
ameocbge which are there.

(f) Influence of other Infections on the Treatment.—A glance
at the tables of the three main groups of cases treated shows that
the majority of cases had some other protozoal infection besides the
E. histolytica. These coincident infections have been arranged in
two columns according as to whether they were discovered before
or after the completion of the course of emetin treatment. Many
of these only appeared and were detected after several days’ observa-
tion of the case. Without entering into any details it seems quite
clear from the tables that amongst the carriers which were cured
there were just as many extra infections, which were just as varied
as amongst the carriers which relapsed, so that the presence of
flagellates or F. coli did not in any way prejudice the case against
a successful emetin treatment. Amongst the acute cases again
extra infections were the rule, but as practically all the cases
relapsed it is not possible to judge if the result was in any way due
to their presence. Generally speaking our results seem to indicate
that the action of emetin on E. histolytica is not affected by the
presence of other protozoa, and we can find no evidence in support
of the view expressed by Dr. Barlow (New York Med. Journ., 1915),
that the cases most difficult to treat are those complicated by
flagellate infections. In cases treated with emetin by the monuth
it was the rule for all the coincident infections to disappear, but in
nearly every instance they reappeared later during the period of
control.

If one looks at the protocols of the cases treated by the
combined method of orally and subcutaneously administered
emetin 1t will be seen how all the infections disappear soon after
treatment 1s commenced. This is illustrated by the occurrence of
a complete blank on the charts corresponding to the course of
emetin. After the course is completed the columns begin to fill up
as the mfections reappear.

(g) Influence of Diet and Rest in Bed on the T'reatment.—It
has already been explained that the carrier cases appearing in
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Tables X and XI were given a chicken diet, and were not kept in
bed during treatment. The acute cases in these two groups were,
however, given dysentery diet and kept in bed. It is difficult to
state whether there would have been fewer relapses amongst the
carriersin these groups if rest in bed and special milk diet or dysentery
diet had been enforced. Rest in bed and milk diet were ordered
for the cases appearing in Table XII, and here all the carrier cases
were cured. The difference in the result, however, is more probably
due to the extra dose of emetin which the latter received. That
very bad cases can be cured without any rest in bed is well
illustrated by case Spiers, who had, as already mentioned, a very
bad history of dysentery and repeated emetin treatments. He was
treated whilst he still carried on his usual office occupation, and
confined himself to an ordinary light chicken diet. He received
during twelve days an injection of a grain of emetin a day, which
did not rid him of the infection. This was followed by a course
of emetin (5} grains) by the mouth which permanently cured
the patient. This very satisfactory result was obtained without
any special rest or diet. Two other carriers (Cox and Badham)
were treated by twelve one-grain emetin injections, while they
continned on duty and took full diet. One of these was cured
and the other relapsed. Another case (Ball) had already had an
attack of acute amambic dysentery, for which he had been treated in
bed by oral administration of emetin. He relapsed into the carrier
condition and was then treated while still on duty by twelve daily
one-grain emetin injections. He relapsed again after the second
course. Thus, of the four cases treated out of hospital two were
ecured and two relapsed. It does not seem advisable, however, to
treat patients with emetin while still on duty, though this may have
to be done in special cases.

When patients are in hospital, and especially when they are in
bed, they do not need a full diet, and for this reason it is sufficient to
give them milk or other light diet alone. When emetin is being
taken by the mouth, and possibly comes into contact with the
ammwbe by way of the intestinal tract, an overloaded intestine
would be a disadvantage in that the available emetin would be
reduced. Furthermore, the tendency to vomit would be greater
if too much food were taken. This, of course, does not apply to
emetin administered by injection only, as this seems to.produce
very little, if any, tendency to vomiting. Case Healy, who had
proved most refractory to treatment and who had had twelve
one-grain injections, a course of emetin (eight grains) by the mouth
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and a full course of treatment by pulv. ipecac. without his infection
disappearing, was finally treated on what was almost a starvation
diet. He was kept in bed and given the diet of an acute dysenteric
(barley water, arrowroot water, jelly, tea with a little milk and
custard). This diet was started two days before a course of emetin
(1} grains a day) by the mouth was commenced, and was continued
during the twelve-day course of treatment. The infection dis-
appeared, but three days later there were present as many cysts
and ammbxe as before. A second case, Kettlewell, who had resisted
the twelve one-grain injections, was treated in a similar manner,
but with less emetin (fourteen grains during twelve days). The
result in this case was a cure without subsequent relapse. It seems,
however, that in most cases where there are no actual dysenteric
symptoms such a rigid diet 1s hardly necessary and may possibly do
harm in weakening the patient and rendering him more susceptible
to the possible action of emetin on the heart. Case Kettlewell was
one of the two cases mentioned below in which some irregularity
in the heart’s action was noted after treatment. In most instances
for carrier cases in bed a milk diet with eggs, bread and butter and
milk puddings is quite suitable. Those with actual dysentery with
blood and mucus in the stool may require a more rigid diet.

(7} Influence of Salines on the Treatment.—All the cases in
Group I were given a mixtore containing sodimmn sulphate one
dram four or more times a day, with a view to flushing out the
gut. The cases in the second group were not given the mixture so
regularly, while in the third group they seldom had it. As already
mentioned, emetin by the mouth itself tends to keep the bowels
loose, so that salines are not needed so frequently for this purpose.
With the acute cases the bowels are generally quite loose without
any salines. From the cases we have treated it does not seem that
the salines have influenced the result in any way. In fact, the
regular administration of salines does not tend to produce such a
constant washing out of the large intestine as is often supposed.
We have noted that patients who take sodinm sulphate mixture
regularly so many times a day may pass watery stools for the first
two days, but that the effect of the saline seems to pass off. A
better result would probably be obtained by giving a single large
dose of saline each morming. Barlow (New York Med. Journ.,
October, 1915) has recently expressed the opinion that emetin has
a better chance of action on the amceebz if there is not too much
flushing of the gut, and he advocates the administration of a saline
every five or six days only to clear out the large intestine.
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(1) Effect of Emetin on the Patient. Gastro-Intestinal.—Emetin
administered by the mouth causes vomiting in many instances. In
the Tables XI and XTI, showing the various groups of cases treated,
the number of times each patient vomited, if at all, is shown in a
special column (E). This only occurred after emetin orally adminis-
tered, and the pat.ients did not vomit more than once after any
single dose. Emetin injections do not produce vomiting, though
some complain of a feeling of nausea. At first the drug was given,
as explained above, dissolved in tinct. opii, the requisite dose being
taken in a cup of tea at night. This caused vomiting very easily,
especially in some cases, so that finally this method was abandoned
in favour of emetin in the form of keratin-coated tabloids. Iven
this caused a good deal of vomiting, but usually it was an hour or
more after taking the dose. In the group of cases treated both by
injection and orally, one case (Pero) vomited almost at once after
each tabloid, so that after six nights the }-grain tabloid by the
mouth had to be discontinued. Vomifing so quickly after the
tabloid was, however, the exception. One of the cases (Dewhurst),
treated exclusively by emetin by the mouth in the tinet. opii tea
mixture, vomited after ten of the twelve doses, as will be seen
by the chart of his case. In spite of this the I. histolytica infec-
tion disappeared and there was no recurrence. Case Spiers, who
had resisted twelve injections of emetin, was given emetin by the
mouth, one grain in keratin-coated capsule. The dose was taken
at night before going to sleep, but though the patient made every
effort to prevent this, he vomited on two nights, once after two
hours and once after three. Nevertheless, the amoeba disappeared
immediately from the stool, though they were present in enormous
numbers before. It is thus evident that though the drug may
cause vomiting the bulk of the dose taken is retained. As regards
the vomiting after the drug, a great deal depends upon the
determination of the patient to withstand the inclination. When
several patients in one ward are recelving the treatment it often
happens that if one of them vomits the others follow suit at once.
One case (Healy), which proved very resistant to emetin, was given
emetin 1% grains by the mouth for twelve days. There was a
strong feeling of nausea, but the patient made heroic efforts and
was able to prevent himself from vomiting on every occasion except
after the first dose, though this was not till six hours after it was
taken.

It seems that a certain resistance to the nauseating effect can
be acquired, and though the first two or three doses may be followed
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by a desire to vomit, the later doses can be taken with impunity,
Case Healy, who took the 1} grains for twelve days, found this most
marked, and felt that finally he could have continued without any
ill effect in this direction.

Emetin administered by the mouth, as already explained, tends
to produce looseness of the bowels, so that if the drug is being
administered in this way 1t 1s unnecessary to give salines. We have
not noted any tendency to diarrheea as a result of emetin adminis-
tered subcutaneously alone, nor has the emetin produced any
hamorrhage from the bowel, as it is supposed to do sometimes by
causing some change in the vessels about the ulcerated areas.

Local.—The subcutaneous injection of emetin has produced
very little local effect. The only cases which have complained of
any local trouble have been nervous, highly sensitive individuals
who have stated that the injection of emetin was followed by pain
at the site of injection. The majority of eases, however, have taken
the injections without any complaint. In one case, in which twelve
one-grain injections were given into the right arm, the last injection,
the only one given in the forearm, produced a tingling in the hand
and elbow. It is probable that in this case a nerve was accidentally
injured.

General.—In certain cases the emetin seems to produce a feeling
of stiffness and weakness in all the limbs and a general lassitude.
Case BSpiers, who had the twelve-grain course of emetin while he
carried on his regular office work, noted this weakness especially in
the legs.

Heart.—The possible deleterious action of emetin on the heart
1s of great 1mportance. It has been reported from time to time
that emetin has caused not only derangement of the heart’s action
but even death in some instances. Dale has noted that in cats
there is definite evidence that emetin in large doses 15 enmulative
in its action, so that care has to be exercised in 1ts administration.
On this account we have paid very special attention to this point
in the treatment of our cases, the pulse-rate and temperature
having been kept regularly. We can say that in only two instances
were any signs of heart trouble noted. In one case (Kettlewell)
there had been given twelve one-grain injections of emetin, and
as this had not abolished the infection the patient was placed on
dysentery diet, kept in bed and given 1} grains of emetin by the
mouth for four days, followed by one grain for eight days. When
he got up after the treatinent he felt weak, a condition which must
have resulted not only from the emetin he had had, but also from
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the low diet and stay in bed. He suffered from shortness of breath
on exertion, and when he was discharged to a convalescent home
this became more marked and was accompanied by irregularity in
the action of the heart. The patient was kept at rest as much as
possible and in the course of three weeks the condition passed off,
when he returned to full duty. Another case which did not react
to twelve one-grain injections of emetin was then treated by twelve
one-grain injections with § grain by the mouth. The patient was
kept in bed on a milk diet. Shortness of breath and irregularity of
the heart were noted when he got up after treatment. The condition
passed off in a couple of weeks.

In none of the other cases treated was anything comparable
noted. It seems evident that certain individuals are more easily
affected by the drug than others, and it is probable that such have
an idiosyncrasy to the drug just as certain individuals have to
quinine. In the great majority of cases, however, emetin produces
no such symptoms, and case Healy, who had in all forty-six grains
of emetin together with a course of pulv. ipecac. during a period of
fifty-three days, was quite immune to the drug from this point of
view.

In order, therefore, to be on the safe side it is better to keep the
patient in bed, especially when more than one grain of emetin a
day is being administered and when the patient is being kept on
the low diet, for this in itself tends to reduce the resisting powers.
Furthermore, a patient in bed is under better control as regards
his diet, and it 1s easier to make observations on the temperature
and pulse under these conditions. The collection of samples of the
stool for examination is also facilitated.

Temperature—In none of the cases treated did the emetin
appear to have any effect on the temperature. In those in which
gome irregularity was noted during the course of emetin some
other factor was present. In one case peculiar unexplained
elevations of temperature were found to be due to appendicitis,
and in another case to malaria.

(7) When does the Infection disappear wunder Emetin Treai-
ment !—In Tables X, XI and XII (Columns C) are inserted showing
the number of days before infections disappeared alter emetin was
commenced. In the cases in which there was no reaction (NR)
to the emetin treatment there was no disappearance of infection,
accordingly a blank is left. In other cases where a ? is inserted
the exact dav of disappearance of infection is doubtful, either
becanse the infection was temporarily absent at the commencement
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of treatment or because only free amwebwe were present, which counld
not be distinguished from K. ecoli which were present also.

Of thirty-five carrier cases which received one grain of emetin
subeutaneously for twelve days and which did not relapse, the
infection persisted on an average for four days before disappearing,
while of ten carrier cases which were treated in the same way and
which relapsed later, the figure is 45 days. On the other hand,
for fwenty-seven carrier cases treated and cured by the combined
subeutaneous and oral method (14 grains a day) the average is only
two days. Amongst the carriers treated in this way there were
no relapses. The cases which were treated by one grain of emetin
by the mounth alone oceupy an intermediate position.

It is evident that as regards the rapidity of disappearance of
the infection the combined treatment gives the best results.

If we take into consideration the degree of infection as shown
in the columns in the tables it will be found that for the carriers
who did not relapse and who were treated with one-grain injections
the 4+ 4+ + infections gave an average time of disappearance of
35 days, the 4 4 infections an average of 43 days and the +
infection 3°5. With the carrier cases treated by the combined
method the figures are 2'3, 15, and 2'3 respectively.

It thus appears that the intensity of the infection as judged by
the appearances in the stool has very little to do with the rate of
disappearance of amoeebme or eysts. It is significant, however, that
the cases which did not react to the injection of one grain of
emetin for twelve days all had large infections, and this is true
also to a great extent of the cases which were cured but which
relapsed later.

As regards the acute cases, in the majority the infection rapidly
disappeared in one or two days, but in a few it persisted for a longer
period and in one case as long as the last day of treatment. It 1s
important to note that with all the acnte cases the clinical signs of
dysentery disappeared very rapidly and this in spite of the fact that
practically all relapsed later. Most of these acute cases had
already been treated with emetin in other hospitals and had been
discharged as cured. The remarkable feature of the emetin
treatment is not that in some cases, such as Healy with a + + +
infection, there should be a failure to bring about a disappearance of
the infection, but that in certain cases, such as Carr, for instance,
who had a simply overwhelming infection, the largest we have
encountered, the first day of treatment was suflicient to abolish it.
It has already been mentioned that the cysts which Carr was
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passing produced a fatal dy=entery in two kittens. It must be
remembered that Healy had a long history of previous dysentery
while Carr had none, and it is probably in this direction that an
explanation is to be sought. Presumably the degree of involvement
of the large intestine was greater and of much longer standing in
Healy than in Carr, and in his case it was ‘probably much more
difficnlt for the emetin to gain access to all the ameebx, many of
which would escape in localities such as the necrotic pieces of
tissue and the base of old ulcers where there was little or only a
poor circulation.

(k) When de Relapses occur *—In our series of observations we
have taken as a period of control one month after treatment has
been completed. The majority of our cases have been controlled
beyond this period, during which the stools have been examined as
a rule on every alternate day. In this way we have been able to
detect a relapse as soon as it has occurred. Where relapse has
occurred after treatment this has taken place in under twenty days,
except in three cases, two of which were carriers treated by injec-
tions of one grain of emetin, and one an acute case. In every
instance the relapse was judged, as was the diagnosis in the first
place, by the appearance of cysts of E. histolytica or amcebae with
included red blood corpuscles. It seems evident, therefore, that a
eontrol of one month after treatment is quite sufficient to ensure
that a cure has taken place. Many of our cases have been subjected
to an even longer control.

As regards the acute cases it has been pointed out above that
the diagnosis of these was made on the occurrence of amemb® with
included red blood corpuscles in a dysenteric stool and that the
treatment in all cases caused the rapid disappearance of symptoms,
thongh the infection might not disappear till later. When these
cases relapsed, and this has unfortunately happened in the majority
of acute cases treated by us, there is not at first a return of the
dysentery, but the relapse has been detected by the appearance of
eysts of E. histolytica in the stool. One such case (Russell) has
been mentioned already. The first sign of relapse was the appear-
ance of cysts in the stool and some time after he was readmitted
with acute ameebic dysentery again. In the case of Smith* the
relapses could not be judged by the appearance of cysts, for this
case never passed any, but by the reappearance of amebse with
included red blood corpuscles.

(Iy The Effect of Previous Dysentery on the Treatment.—We

= —————

* See note on case, page 187.
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have gone very carefully into the histories of the cases and have
obtained information as to previous dysentery. It will be seen by
the tables that the majority of carriers gave no history of previous
dysentery. Most of them had been on the Peninsula and had had
diarrhoea, and those who had had dysentery were, of course, unable
to state the kind of dysentery from which they had suffered. Still,
the history, whatever it is worth, is set out in Tables X, XI, and
XII. Of the thirty-seven carriers treated by one-grain emetin
injections and who did not relapse, fifteen gave some history of
dysentery, mostly on the Peninsula. Of the ten cases which
relapsed, only one had a history of dysentery, while of five who did
not react to the treatment two gave a positive history. It seems,
therefore, that as far as these carriers are concerned a previous
history does not affect the treatment.

When we come to consider the acute cases we find that there
was a previous history in every case except three (Rushforth,
Wilkinson, and Gaskin), who were suffering from their first attack.
These three cases relapsed after a first course of emetin, though
a second course was successful in curing one (Rushforth). All the
other acute cases gave definite histories of dysentery, generally of
repeated attacks. Hach had been repeatedly treated in wvarious
hospitals with or without emetin. From each place the case had
been discharged as cured, but relapse had oceurred later on. The
histories of these cases are most unfortunate, as the men rarely come
back to the same hospital, so that in each instance the same line of
emetin treatment is repeated, even if the patient has been fortunate
enough to have his condition correctly diagnosed. The danger of
emetin in these acute cases is that it produces a false security, for
it very quickly abolishes the symptoms without ridding the patient
of an infection which can only be detected by expert microscopical
examination.

As we have already explained, 1t seems that the carrier case
who has either had no dysentery at all or only a single attack, has
a condition of the intestine much more amenable to treatment than
that of the case which has repeated attacks of dysentery. The
patient whom one sees in the acute dysenteric condition does not
differ from the healthy or comparatively healthy carrier, except that
he has a more exfensive or active ulceration of the large intestine,
and if this view is correct it is not surprising that these acute cases
are much more difficult to cure than the carriers. In this respect,
therefore, history of previous dysentery (if this has been definitely
amoebic) or, more especially, histories of repeated attacks as
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indicating a more extensive involvement of the large intestine,
indicate a bad prognosis as regards emetin treatment.

Exceotions to this rule oceur, however, for case Spiers, so
frequently referred to in this paper, had a very bad history of
recurrent dysentery, yet he was completely cured by emetin.

(m) Effect of Previous FEmetin Treatment.—The possibility of
previous emetin treatment having produced a resistant or emetin-
fast strain of F. histolytica has been discussed above. It will be
seen from the table of thirty-seven cases treated by one-grain
injections (Table X) that six of the carriers who were cured had
had previous emetin treatment for dysentery. Of ten that relapsed,
only one had had a previous courze of emetin. Of five cases which
did not react, two had had previous emetin treatment on many
occasions, but these (Healy and Spiers), theugh in a carrier
condition when first seen by us, had just recovered from acute
attacks and ought rather to be classed with the actual acute cases.
Practically all the acute cases had had repeated attacks of dysentery,
and this has meant repeated though less numerous courses of emetin.
The three acute cases (Rushforth, Wilkinson, and Gaskin) who had
had no previous dysentery and consequently no previous emetin
treatment, all relapsed after the first course of emetin; Rushforth
and Gaskin were given a second course and the former of these was
cured. It would appear, therefore, that a previous course of emetin
in itself does not affect the subsequent treatment. The symptoms
of dysentery cleared np just as quickly in those previously treated
as in those who had had no treatment before.

() Delayed Action of Emetin.—When emetin is administered
subcutaneously, on its rate of absorption depends its action on
the ameeb®. When a course of injections 1s given, if absorption
does not take place very quickly it is evident that the drug will go
on acting on the ammbe for some time after the treatment has
been stopped. Thus with case Greenwood ammbe were still
present in large numbers the day after the course of treatment
was completed, but they had completely disappeared at the next
examination and they remained absent till a relapse occurred
some time later. We do not yet know how quickly the emetin is
exereted from the body, but a delayed cure like the one just quoted
seems to indicate that the emetin may not reach the amoebwe in
its maximum concentration till a day or more after injection.

(0) Best Method of Emetin Administration.—From what has
already been said regarding the cases we have treated it is clear
that the best results have been obtained by the employment
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of the combined method of emetin treatment. This has con-
sisted in the administration of one grain of emetin hydrochloride
subcutanecusly each morning, and 1} grain in keratin-coated
tabloid orally each night, the course of emetin extending over
twelve days. During the course the patient should stay in bed
and be kept on light diet, which must be a strict dysentery diet
if blood and mucus are present in the stool. It is not necessary
to give salines regularly, but they must be employed if there is
the slightest tendency towards constipation. This treatment has
given us the best results. All the carrier cases treated in this
way have been cured, and two, possibly three, out of eight acute
cases with definite dysentery. This treatment can, therefore, be
safely employed for all cases of I. histolytica infection, though
the results with acute cases, especially those who have had long
histories of repeated dysenteric attacks, will be far from satis-
factory when compared with the results obtained in the case of
a carrier. The treatment has the effect of almost immediately
clearing up the dysentery, while the amowbs disappear from the
stool. In most of the acute dysentery cases, however, relapse
occurs later. For this reason we feel that 1t would be well to
treat cases of this nature during long periods as one would treat
chronic malaria infections. The initial course of emetin as
explained above can be given, and this might be followed by a
long course of emetin, say % grain, or even & grain, taken orally
in keratin-coated tabloid each mnight. A tolerance, as regards
nausea, would be quickly acquired, and if is very probable that
the daily exhibition of the small dose during two or three months
after the initial course of emetin would prevent relapse occur-
ring. We have had no opportunity of testing this method, but
from what we know of malaria and quinine there seems to be
every prospect of success. Such a small dose as ¢ or § grain,
or even } grain, is hardly likely to affect the patient’s health, for
we know of several cases who have taken much larger doses over
long periods without any untoward symptoms developing. We
would advise that carrier cases of K. hisfolytica be treated with
11 grains of emetin as explained above, and that cases with actual
dysentery with blood and mucus be treated in the same manner,
though with a stricter dysentery diet. If these dysenteric cases
show any tendency to relapse, as they frequently do, the emetin
course can be repeated and be followed by a long course of emetin
by the mouth in small doses as is done with quinine in cases of
chronic malaria.
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(2) Treatment of Entameba coli Infections.

During the course of the treatment of E. histolytica infections
by means of emetin a good deal of information regarding the action
of this drug on K. coli has been obtained. Similarly during
attempts to get rid of flagellate infections by means of other drogs
the action of these on coincident K. coli infections has been
observed.

Fmetin—The general difference in the action of this drug in
1. coli and K. lhistolytica infections has been discussed, and it has
been suggested that E. coli is probably generally distributed through
the large intestine and not so easily acted upon, while ¥. liistolytica
1s more Intimately associated with the ulcers and so comes more
directly under the action of emetin.

In the series of cases treated by injections of emetin, one grain
a day for twelve days, it will be seen that in only one instance
(Osgood) did an &. colt infection, which was present before the
end of the emetin course, faill to appear after the course was
completed. 1t is thus evident that such a line of treatment cannot
entirely get rid of an FE. coli infection. If one looks at the charts
of treatment of the individual cases it will be seen that in a few
the K. colt infection disappears temporanly, apparently as a result
of the treatment, but that in others there is no such action what-
ever. It seems that this line of freatment may influence the
infection to some extent, but only very slightly compared with the
action on &. histolytica.

The admimstration of a grain of emetin a day by the mouth
was no better as regards a permanent result, though the temporary
disappearance of the infection was more marked than when the
emetin was given by injection.

When we consider the combined injection and oral treatment
of 11 grains of emetin a day, we find there 1s a much more
decided action in the II. coli infections and indeed on all other
coincident protozoal infections. In nearly every case this line of
treatment has abolished all the intestinal protozoa including the
E. ¢coli. 1In four cases (English, Liddle, Graham and Smith) there
was no return of E. coli infection during the period of control. It
is evident that, just as emetin by the mouth (} grain) combined
with injections (one grain) gives better results with /. histolytica
so it does with E. coli infection, but the outstanding feature of
the treatment is the specific nature of the action of emetin on
E. histolytica and its comparative inaction on [I. coli as regards
permanency of cure.
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Other Drugs.—Various attempts were made to get rid of
flagellate infections, and as these were often associated with K. eoli
it was possible to watch the action of any line of treatment on the
ammbae also. Several cases were treated with turpentine (ten
minims three times a day) in the form of mist. terebinth. There
was no action on K. coli. BSimilarly E. colt proved refractory
to bismuth salicylate twenty grains three times a day alone, and
in combination with beta-naphthol fifteen grains three times a day.
The latter drug alone likewise had no effect on the E. eoli infections.
A course of saline purging will do much to get rid of an K. coli
infection and a subsequent examination of the stool may give
negative results for some days. The absence, however, is only
apparent, for the infection invariably reappears later on. Similarly
attacks of diarrhoea or dysentery with much purging will mechani-
cally wash away the majority of the amcebee, so that an infection
may apparently disappear. This is shown very clearly by the
number of such cases which we found to be negative at first and
which became positive as the stools began to approach normal. On
the other hand, certain diarrhwic conditions favour the multiplica-
tion of K. coli as they do other intestinal protozoa, sometimes with
the result that a large infection may persist throughout such an
attack. In one such case already mentioned the diagnosis was in
doubt for some days, for numerous amebae were passed constantly
in a diarrheeic stool and it was only after the lapse of about ten
days that the stools returned to normal and cysts of K. colt became
Numerous.

(3) Treatment of Lamblia Infections.

We have made numerous attempts to rid cases of their lamblia
infections, but though many of the drugs tried will abolish an
infection as judged by stool examination the infection almost invari-
ably reappears. :

Emetin—This drug given in the form of injections of one grain
a day for twelve days will sometimes cause a lamblia infection to
disappear for a time, but given by the mouth emetin will nearly
always produce a temporary clearing up of the infection. Cases
Gildel, Amers and Stone, whose charts of infection are given at the
end of this paper, illustrate this general rule very well. In practi-
cally all these cases the infection returns later. In one case
(White), however, the infection disappeared and there was no return
during a control of forty days. This case, however, was given a
course of beta-naphthol fifteen grains with bismuth salicylate twenty
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grains three times a day for twelve days after the course of emetin
was finished.

Beta-naphthol in a dose of fifteen grains three times a day was
tried in several cases without any good result. Case Gildel was one
of these. The drug did not even cause the parasites to disappear.

B. naphthol and Bismuth Salicylate—These two drugs in the
form of a powder in the proportions just mentioned above have
been given to a number of cases of lamblia infection. In all these
the infection has disappeared after a varying number of days,
sometimes after two days’ treatment, at other times after seven or
eight days. BSo constant has been the disappearance of lamblia
cysts from the stools of cases that 1t is difficult to believe that the
drng has no action on the infection and that the vanishing of the
cysts is the result of the natural course of the infection. Unfortu-
nately, however, the cure is only a temporary one, as the infection
almost invariably reappears after a week or two of control. Only in
the single case mentioned on page 128 under the emetin treatment
did it appear that a cure has been effected, but whether this was
the result of the emetin or the subsequent treatment cannot be stated.

Bismuth Salicylate—This drug alone in a dose of twenty grains
three times a day was used on several cases. It was found that the
action was just as certain as when the beta-naphthol was used with
it. Apparently the action of the former mixture was due to the
bismuth salicylate rather than to the beta-naphthol. Bismuth sali-
cylate will usnally cause a lamblia infection to disappear and there-
after the diarrhcea with associated mucus will stop also. One must
not forget, however, that the natural course of a lamblia infection
is an intermittent one and that the symptoms described above are
intermittent also and will subside without any treatment whatever.
It is this fact which makes a judgment on the action of a drug so
difticult.

(Case Baker is very interesting in this respect. He was a carrier
of E. histolytica who was treated by the combined oral and injec-
tion administration of emetin. Three days alter the course of
emetin was completed a lamblia infection, not hitherto evident,
made its appearance. The case was controlled for a month and as
the E. histolytica infection did not reappear the man was discharged
though lamblia cysts were still present in the stool. Five weeks
later he was readmitted to hospital for colitis. The stool was
examined on several occasions but there were present no lamblia
eysts. Whether this was a case of spontaneous eure or whether
the case was passing through one of the periods when the lamblia

9
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infection (as judged by the cysts in the stool) was in abeyance
cannot be stated. The case serves to illustrate the difficulties
associated with the control of cases of this kind where the infec-
tions only reveal themselves intermittently in the stool.

It appears, therefore, that no very satisfactory treatment for
lamblia infection exists. For general purposes the treatment by
bismuth salicylate seems to be the best and this drug can be given
for long periods without any harmful effects. It has the advantage
of clearing up the symptoms associated with lamblia infection even
if it does not permanently get rid of the parasite.

It might be thought that a flagellate lhving in the small
intestine could be attacked much more readily than one in the large
intestine. As a matter of fact drugs seem to act more readily on
the lamblia infection, but as explained above the relapse almost
always oceurs. An examination of animals infected with lamblia
by sectioning the gut, has shown that the flagellates live not only
on the surface of the intestine but that many of them make their
way into the glands, where they can be seen in rows on the
glandular epithelium. It is possible that they may spread into the
bile duets, but we have no information on this subject. The
important point in treatment and the one which makes it so
difficult is that intestinal disinfectants act directly on the flagellates
in the gut lumen but not on those within the glands. These escape
destruction and eventually when treatment is stopped re-establish the
gut infection. This hypothesis affords an explanation of the
action of drugs like emetin and bismuth salicylate, which cause a
temporary disappearance of infection as judged by stool examinations.

(4) Treatment of Tetramitus Infection.

The action of emetin on this flagellate has been observed in
several cases of K. histolytica infection. While it can be stated
that emetin in the form of injections of one grain a day for twelve
days has no action on the flagellate, emetin administered orally has
a decided action. In the case of Gildel who passed tetramitus
regularly for three months, the administration of § grain of emetin
by the mouth for twelve days caused it to disappear. It returned,
however, some days after the course was completed. In practically
all the cases of K. histolytica infection when tetramitus was
present also, the latter disappeared during the counrse of treatment
by the combined method of injection and oral administration

(1} grains a day). In only one case did it fail to reappear during
the subsequent control of the case.
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Beta-naphthol—This drug was used in the case of Gildel
mentioned above ; fifteen grains were given three times a day for
twelve days without any change in the tetramitus infection.

Turpentine.~—Turpentine in the form of mist. terebinth. with a
dose of ten minims of turpentine three times a day was tried. In
one case, Peacock, the infection disappeared during the treatment,
but it reappeared eight days after the course. In another case,
Fulford, 1t had a similar effect, while in another, Buckley, the
flagellates did not even disappear from the stool. It seems doubtful
if turpentine given in this way can have any permanent effect on
a tetramitus infection.

Bismuth Salicylate—In a dose of twenty grains three times
a day bismuth salicylate was tried on several cases. In some of
these during the course of treatment the tetramitus disappeared
while in others there was no such disappearance. Owing to the
irregular course of these infections it 1s difficult to pronounce any
definite opinion on the action of this drug, for we have not controlled
these cases sufficiently. A subsequent control of less than one
month after treatment is insufficient to enable any result to be
claimed as a permanent cure.

It is evident that though certain drugs will cause a tetramitus
infection to disappear, there is nearly always a subsequent relapse.
No satisfactory treatment for the infection is known.

(5) Treatment of Trichomonas Infections.

Naturally enough, with an infeetion which runs such an
intermittent course, it is exceedingly difficult to judge the action
of any line of treatment. IFrom the tables of the cases treated by
emetin where trichomonas infecfions co-existed it does not appear
that this drug has any action on the flagellate.

Turpentine.—This drug in a dose of ten minims three times
a day (in mist. terebinth.) has been tried in several cases of
trichomonas infection. One of these cases (Ruoane) had an
infection in a soft unformed stool. The mixture was taken for
twelve days and trichomonas was last seen the day before the end
of the course. The stools were examined on eight occasions during
the next month, but no flagellates were found. It must be stated,
however, that during the period of control the stools were formed,
so that the flagellate may still have been present in the gut though
not in the stool. In another case (Fulford) where there was
a mixed infection of trichomonas, tetramitus, lambha and E. coli,
the first named flagellate disappeared during the course of mist.
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terebinth. but reappeared afterwards. It is thus manifestly
impossible to tell if the turpentine was or was not responsible for
the disappearance of trichomonas in the first case or for its
temporary disappearance in the second.

Bismuth Salieylate.—This drug has been given in doses of
twenty grains three times a day to cases of trichomonas infection,
but the results we have obtained are as indefinite as with the
other treatment employed.

(6) Treatment of Coccidial Infections.

As we have stated above, only one case of this infection
(Isospora) was encountered by us in gypt. This was in a carrier
case of E. histolytica, and as we have already explained, one grain
of emetin subcutaneously administered for twelve days failed to
effect a cure of either the FE. histolytica or coccidial infection,
whereas a second course of emetin, one-grain injection and § grain
by the mouth, caused both infections to disappear and no relapse
occurred. If we may judge from fthis single case, it may be
assumed that emetin had some action in getting rid of the coccidial
infection.

(T) Treatment of I-cyst Infections.

Several of the cases of E. histolytica infection have had I-cysts
present also, so that we have been able to note the action of emetin
on these. Both emetin injections (one grain a day) and emetin by
the mouth appear to cause the I-cysts to disappear from the stool.
We have not followed any single untreated I-cyst infection for long,
50 we cannot be quite sure that the disappearance was nof aceidental,
but under the emetin treatment the I-cysts vanish after the second
or third day of the course and they do not recur during the
subsequent control of the case. It seems reasonable to assume
that the emetin was the cause of their vanishing. As, however, we
know nbthing of the behaviour of I-cysts in the intestine and as
they do not appear to be pathogenic in any way unless their
occasional presence in large numbers in the fmces of sick people
is a sufficient argument in favour of pathogenicity—the question of
the treatment is not one of practical importance.

(8) Treatment of Blastocystis Infections.

We have no definite information to offer as regards the action
of drugs on Dblastocystis. Emetin by the mouth combined with
injections has the power of clearing away all protozoal infections
of the gut, and with these vanish, as a rule, the blastocystis
infection as well.
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Summary of Matter Discussed in Part I1I1.

(1) The cases treated by emetin hydrochloride fall into three
groups, all of which were treated for twelve days : (1) those treated
with a daily one-grain injection of emetin; (2) those treated with
a daily one-grain dose of emetin by the mouth; and (3) those treated
with a daily one-grain injection of emetin together with half a grain
dose by the mouth. The result is based on a control of each case
for at least one month after treatment.

Under group 1 were treated fifty-two carriers. Of these
37 were cured, 10 relapsed, and 5 showed no reaction to treatment.
Bix acute cases all relapsed after treatment.

Under group 2 were treated nine cases. Of these 6 were
cured, 2 relapsed, and 1 showed no reaction to treatment. Of three
acute cases, two relapsed and one did not react to treatment. One
very chronic case was cured by emetin 5% grains by the mouth
during seven days.

Under group 3 were treated thirty carrier cases. Of these all
were cured. Of seven acute cases two were cured and five relapsed.

(2) Methyl emetin sulphate in a dose of two grains a day for
twelve days (one-grain injection each morning and one grain by the
mouth each night) failed to cure two acute cases but was successful
in curing one carrier case. DMethyl emetin sulphate does not
produce vomiting so easily as emetin hydrochloride.

(3) One case which did not react to emetin hydrochloride was
treated without result with thymol and pulvum ipecacuanha.

(4) In the treatment of carriers the object 1z to kill the amoebe
and not the cysts which are harmless to the individual who passes
them.

(5) A comparison of the three lines of treatment adopted shows
that the best results are obtained by the combined injection and
oral administration of emefin (a total of 1§ grains of emetin daily).

(6) It is evident that the healthy or comparatively healthy
carrier is much more easily cured of his infection than the acute
case with actual dysentery, especially when there is a history of
repeated attacks of dysentery. It is possible that in some long
standing cases the condition of the ulcers in the intestine prevents
the emetin reaching the amcebz.

(7) It appears at first sight that in certain cases emetin-resistant
strains of amceb® exist. The resistance is, however, only apparent,
and is probably due to the emetin not having reached the amabe.

(8) There is no evidence to prove that injections of emetin tend
to make the amcoebs encyst or to increase the number of carriers.
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(9) The action of emetin on E. histolytica is not influenced by
any coincident protozoal infections.

(10) In the case of carriers it is doubtful if rest in bed and
diet assist the emetin in its action on K. histolytica. Rest in bed,
however, 1s useful in preventing ill-effects of emetin on the patient.
Acute cases should be kept in bed on dysentery diet.

(11) It 1s doubtful if salines regularly admnistered influence
the emetin treatment in any way.

(12) Emetin may produce irregular action of the heart when
given in large doses. Administered by the mouth emetin readily
causes vomiting, which, however, does not hinder the action of the
drug on the ameeb:e.

(13) All the treated cases which have relapsed have done so in
under twenty days after the completion of the course, with the
exception of three which relapsed in under thirty days.

(14) A previous history of a single attack of dysentery (which
may or may not have been bacillary but most probably the latter)
has very little effect on the treatment of carrier cases. Cases which
have suffered from repeated attacks of dysentery are difficult to cure.
A history of repeated attacks would indicate an amcebic rather than
a bacillary infection.

(15) Previous emetin treatment does not affect the subsequent
treatment unless it means that there has been a long history of
repeated attacks of dysentery.

(16) Emetin injected under the skin may be some time in
reaching the amwmbz, so that its action may be delayed.

(17) As acute cases of amebic dysentery so frequently relapse
after emetin treatment it is suggested that after the course of
emetin (14 grains subentaneously and orally administered) the
case might possibly be given a long course of emetin in small doses
by the mouth as is done in the case of malaria and quinine or
trypanosomiasis,

(18) Emetin by the mouth will frequently get r1d of E. coli
infections but relapse almost invariably occurs.

(19) Emetin by the mouth will also temporarily get rid of
flagellate infections (lamblia, tetramitus and trichomonas).
Bismuth salicylate will also abolish these infections, but relapse
oceurs after short courses. Longer courses might give good results.

(20) Both emetin injections and emetin by the mouth appear
to cure I-cyst infections. Kmetin by the mouth appears to have
some action in abolishing a blastoecystis infection. One case of
coceidium (isopora) infection appeared to be cured by emetin
14 grains a day administered orally and by injection.
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PART IV.*

EXPERIMENTAL WoRK wiTH THE Humax INTESTINAL PROTOZOA,
THEIR CARRIAGE BY HOUSE-FLIES AND THE RESISTANCE OF
THEIR CYSTS TO DISINFECTANT AND OTHER AGEKTS.

(1) Experimental Work.

A number of experiments were conducted with cats, rats and
mice with a view to infecting them with intestinal protozoa. Most
of these gave negative results but are none the less interesting.
The following 1s a record of these.

(1) E. histolytica.—An attempt was made to infect two kittens
by means of flies which had fed on fmces containing E. histolytica
cysts. Batches of flies were allowed to feed on fmces and then
placed over bread and milk on which they deposited fwces very
plentifully. The kittens were then fed on the bread and milk.
This was repeated daily for six days, after which the kittens were
carefully observed. DBetween three and four weeks later the kittens
became 11l and a couple of days after passed typical dysenteric
stools with blood and mucus. IFxamination of this microscopically
showed numerous cells of all kinds but no amewebe. The kittens
recovered and one was killed ten days later. There were no lesions
of the gut and no ameebae were found. The nature of the dysenteric
attack was thus undetermined.

(2) Two cats were anmsthetized and inoculated intrahepatically
with about two to three cubic centimetres of liver abscess pus
containing numerous active FE. lisfolytica. One cat escaped but
continued for some weeks to wander about the hospital grounds.
It remained perfectly well and active enough to avoid capture.
The other cat remained well for some time, but twenty-six days
after the inoculation it became ill and lethargic. The next day as
it was worse it was chloroformed. No lesions of any kind were dis-
covered and there was no mark of the inoculation, though there was
no doubt whatever that this had actually been made into the liver.

(3) A kitten was inoculated per recfum with about ten cubic
centimetres of liver abscess pus containing active FE. hisfolytica.

* Reprinted from the Journal of the Royal Ariny Medical Corps, June, 1917,
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As nothing happened, a week later the injection was repeated. No
dysentery developed and no infection occurred.

(4) A young kitten was given about five cubic centimetres of
feces emulsion of case Carr with large infection of K. histolytica
cysts. Case Carr had never suffered from dysentery. The emulsion
was administered by pouring 1t into the kitten's mouth. The
kitten with the mouth still soiled was placed in a cage with another
kitten. A week later both kittens became 1ll with acute dysentery,
from which they died. There were numerous E. histolytica in the
blood and mucus stools and extensive ulceration of the large
intestines. The experiment is of interest in showing that cysts
from a carrier who had no dysentery could produce acute dysentery
in cats. The second kitten must have been infected by licking
cysts from the soiled mouth of the first cat.

(5) A kitten was given per os on two occasions emulsion of
feces of case Healy. There was a history of repeated attacks
of dysentery and numerous cysts and minute forms of E. histo-
lytica were present. The kitten did not become infected. In this
instance, though there was a definite dysentery history, no
infection of the kitten took place (compare Experiment 4).

(6) A kitten was given on two occaslons per os emulsion of
faces of case Smith, who constantly suffered from amcebic dysentery,
there being present in the stool active amoebm, many of which
contained red blood corpuscles. Cysts of E. histolytica were never
found in this case during a long observation (see above). The
kitten did not develop dysentery and did not become infected.

(7) Two white rats were fed on two successive days with faces
emulsion containing numerous k. histolytica cysts. The rats did
not become infected and showed no signs of illness during an
observation of over two months.

(8) A mouse was fed on several occasions with feces of case
Healy containing numerous E. histolytica cysts. No infection and
no sign of illness was noted in an observation of over three months

Tetramitus Mesnili.—(1) A large quantity of emulsion of feces
containing numerous free and encysted tetramitus was introduced
into the stomach of a kitten by means of a stomach tube. The
kitten never showed any tetramitus infection.

(2) A mouse was fed on the same material but no infection
occurred.

(3) A rat was similarly treated and likewise did not become
infected.

Coceidia (Isospora).—(1) A kitten was fed on several occasions
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with developed obeysts of the human isospora. No infection took
place. An isospora is found very commonly in Alexandria cats, but
the obeyst 1s quite unlike that of the human parasite. The odcysts
of the cat isospora resemble those of the European form.

(2) A mouse was fed repeatedly with developed oiicysts and no
infection took place during an observation of over four months.

Observations on Lizards—A pumber of lizards which lived in
open spaces in Alexandria were examined. Two distinct types
were dissected. One of these (Agama sp.?) is very common in
stony places, where it lives on flies and also appears to feed upon
vegetable material. In this amongst other protozoa were found a
tetramitus and an amceba which resembled E. coli not only in its
free stage but also in the production of an eight-nuclear cyst
indistinguishable from that of E. coli. The other lizard was a
skink which lived in sandy places. It fed exclusively on insects.
There were numerous flagellates in the gut but none resembling
those of the human intestine. It seems just possible that lizards
might become infected with human parasites by feeding on flies
which had already fed on human fweces.

(2) Flies as Carriers of Intestinal Protozoa and other Infections.

The relation of house-flies to the human intestinal protozoa and
the possibility of their dissemination by flies which have fed on
infected fesces has been discussed by us in two earlier publications.
(Memorandum on the carriage of cysts of E. histolytica by house-
flies, with some notes on their resistance to disinfectants and other
agents, issued by the Medical Advisory Committee, Mediterranean
Avea, April, 1916, and the same with additional notes on a more
extended examination of wild flies, in the Jowrnal of the Royal
Army Medical Corps, May, 1917.)

We have shown that flies which feed on fmces containing the
free or encysted protozoa readily take these into their intestine.
By dissecting flies at various intervals after feeding we have noted
that so long as any of the fmces remained in the gut the encysted
forms could be found.

The following is a record of some of our observations. In these
nothing of a doubtful nature has been accepted as evidence of the
presence of a cyst of one of the intestinal protozoa. We have care-
fully ignored anything which was not absolutely certain, so that
our finds in the examination of wild flies are somewhat lower
than was actually the case.

(a) Flies fed on Infected Feaces and dissected later.—(1) Six
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flies were enclosed under a glass with fmces of case Ure which
contained a fair number of cysts of E. histolytica and a leptothrix.
The flies were dissected twenty hours after the fmces had been
removed. The stomachs of all the flies contained feeces in which
cysts of K. hisfolytica oceurred as well as the leptothrix which was
present in the stool. The loaded rectum of one fly was cut off and
examined separately. A few cysts of E. histolytica were seen.
Some of the cysts appeared quite normal and did not stain with
eosin, others appeared to be degenerate. In our previous publica-
tions we have shown that cysts which do not stain with eosin are
probably alive.

(2) The same experiment was repeated with feces from the
same case two days later with three flies. Dissected eighteen
hours after feeding, all three flies showed feeces in the gut, in which
the leptothrix was present but nothing definitely diagnosable as
cysts of E. histolytica were found.

(3) T'welve flies were allowed to feed on fmces of case Turner
containing a fair number of cysts of E. histolytica. Dissected
eighteen hours after feeding the flies gave the following results:
(@) One fly had a fairly full gut and in the contents four undoubted
cysts were found. (b) Six flies had practically no fmces in the gut
and no cysts were discovered. (¢) Five flies had absolutely empty
guts and no cysts were found.

(4) Eight flies were fed on fwces of case McCaffrey which con-
tained a large number of cysts of K. coli and a small number of
eysts of E. histolytica. The flies were dissected twenty-four hours
after feeding with the following results : (a) Four flies had empty
guts and no eysts were found. (b) T'woflies had a little faeces in the
gut and eight-nuclear cysts of FE. eoli were found. (¢) One fly had
a good quantity of feces in the gut, a fair number of cysts of
E. coli were present and one cyst of K. histolytica was seen. The
cyst did not stain with eosin. (d) One fly had a good quantity
of fmeces in the gut and numerous cysts of K. coli which did not
stain with eosin.

(5) Three flies were fed on stool of case McCaffrey and were
dissected forty-two hours after feeding. (a) One fly had a fair
amount of feeces in the gut and a corresponding number of E. coli
cysts which did not stain with eosin. (b) Two flies had empty
guts and no cysts were found.

(6) Three flies were fed on stool of case McCaffrey and were
dissected seventy hours after feeding. The gut was empty in all
three flies and no cysts were discovered.
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(7) Nine flies were fed on faeces of case Hancock with a large
number of eysts of E. histolytica present. The flies were dissected
forty-two hours after feeding. In every case the gut was empty
and no cysts were discovered.

(8) Eight flies were fed on feces of case Badham which con-
tamed large numbers of cysts of Lamblia intestinalis. The flies
were dissected twenty-four hours after feeding with the following
results : («) One fly had no fmces in the gut and no cysts were
found. (&) Two flies had very little fices and no cysts were
found. (¢) Five flies had a good amount of fwces in gut and
numerous lamblia cysts were present. With eosin some stained
and others did not.

From the foregoing records of feeding experiments it is clear
that flies readily take up cysts when they feed on fmces, and that
these cysts remain in the gut so long as feces remain there. The
thes, however, get rid of the feces in twenty-four hours, after which
eysts can no longer be found. In the experiments recorded above
the flies were given no food after having fed on the feces, It is
probable that the freces would be more quickly got rid of if the flies
were feeding constantly as they do in nature. Further, the cysts
do not degenerate to any extent ; at any rate, the length of time the
eysts would remain in the gut under natural conditions would not
be enough to bring about their degeneration.

(by Flies fed on Infected Fwmces and their Facal Droppings
examined later—(1) One fly was allowed to feed on fwces of
case Hancock with large infection of K. lhistolytica cysts. Half
an hour later six dried facal deposits were taken up in eosin saline
solution. There were present a fair number of cysts of K. histolytica,
all of which were stained. A further number of droppings were
taken up two hours later with a similar result.

(2) Four flies were allowed to feed as above. Two hours after
the fmces had been removed the flies were given fresh fweces on
which to feed. Soon after feeding some moist frecal droppings were
taken up in eosin saline. There were present fair numbers of cysts
of E. histolytica which did not stain with eosin.

(3) Six flies were fed on feces of case Hancock with large infec-
tion of cysts of E. histolytica. Bixteen hours after the removal of
the feeces the flies were piven sugar and water on which to feed.
The droppings which were deposited soon after were taken up
while still moist in eosin saline solution. There were present fair
numbers of cysts of E. histolytica which did not stain with eosin.

(4) Six flies were fed on fmces of case Hancock with large
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intection of cysts of K. histolytica, Moist droppings of the flies
were examined twenty and thirty minutes later, and cysts of E.
histolytica were easily found in both examinations.

(5) Six flies were allowed to feed on faces containing a mixed
infection of K. coli and lamblia cysts. Moist droppings deposited
forty minutes later contained cysts of E. eoli and lamblia.

(6) Experiments of the same nature were conducted with
Calliphora sp. and Lucilia sp., with similar results.

(7) 8ix hounse-flies were allowed to feed on liguid fmeces contain-
ing active trichomonas. Moist droplets were passed within five
minutes of feeding, and these contained living unaltered trichomonas.

(8) A small bateh of flies were allowed to feed on the {mces of a
case containing cysts of lamblia (numerous), and E. histolytica (few) ;
after five hours the dried droppings of these flies were examined.
Numerous lamblia eysts were found, and in addition a cestode egg
(40 by 48 microns), and an operculated trematode egg (20 microns).
These flies had been caught near the laboratory where a cat was
kept, which was known to be passing similar cestode and trematode
eggs in the feces.

The above experiments were conducted with ordinary wild flies,
They were placed in glass globes covered with mosquito netting,
and were allowed to starve for a few hours before the fmces were
offered to them. This was done by placing a small quantity on a
cover-glass and sliding it under the jar. When the flies had fed
it was removed. To obfain the droppings before they dry it is
necessary to watch the flies carefully as the droppings dry very
quickly, especially in a hot country where the observations were
made. A long drawn-out capillary pipette is used and some saline
is run into the fine capillary end of this. So soon as a fly is seen
to deposit a dropping a tiny drop of saline is blown on to it and it
is then touched with the capillary end of the pipette, when it will
run up into the capillary tube. As much of the contents of the
capillary tube as is necessary is then blown on to a slide and
examined under a cover-glass. If there is any doubt iodine solution
can be added.

This method of examination of moist droppings is very useful
for the control of the passage of infectious material through flies,
and it could very readily be adapted for bacterial work in connection
with the passage of typhoid, dysentery and other bacteria through
the flies’ intestine.

(¢) Ezamination of Wild Flies taken tn various Localities.—
The main result of our examination of wild flies, as published in
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the Journal of the Royal Army Medical Corps, May, 1917, is
reprinted on pages 149-155, but some further explanation of the
methods employed will be given here together with some additional
observations.

The majority of the flies were examined singly, though some
were examined in batches. When examined singly, the fly was
caught in a glass tube (2 by 1 inches), and the tube was placed
on the laboratory bench standing with the open end on a glass
slide. No food was given to the fly, which deposited droppings
either on the sides of the tube or on the slide. The total number
of the droppings deposited by the fly, the number of droppings on
the slide, and the length of time since capture were noted. Only
the droppings on the slide were examined. In most cases these
were dry when examined, but the drying did not interfere seriously
with the identification of the objects present. The examination was
carried out by running some saline solution on to the slide, and
placing over the droppings a cover-glass. 'The droppings were then
examined with the § and {-inch objective without disturbing them.
A gentle tap on the cover glass then caused the droppings to spread
ount shightly, when such objects as worms’ eggs could be detected.
From one large dropping there emerged in this manner two lateral-
spined bilharzia eggs. Finally, the cover-glass was moved, so that
the droppings were completely emulsified in the saline, and search
was made with the § and {;-inch objectives for cysts of protozoa
and other objects. It is evident that any eggs or cysts discovered
in this manner must have passed through the intestine of the fly.
The view that any of the cysts or eggs found had been transported
on the legs of the flies is hardly tenable. As far as the worms’ eggs
are concerned, these were always found in the droppings themselves
before they had been completely emulsified in the saline—and this
was true most usually of the cysts also—so there is very little
likelihood that any of the objects found had been deposited by
the flies’ legs on the slide between the droppings.

As already stated, doubtful objects were ignored, and, for the
identification of the eysts, iodine solution was often used by
drawing it under the cover-glass by means of blotting-paper.

We have given our method of examination in some detail,
because some other observers who have examined flies have relied
upon dissection of the gut, and quite recently Shircore, who has
examined flies for worms' eggs in Mombassa Hospital, employed a
method which involved emulsifying the organs of the flies, and
centrifuging after addition of ether. The examination of droppings
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as we have done affords a very simple method for detecting to what
extent flies in any locality are infecting themselves throngh having
access to fmces. Further, it is indirectly an indication of the
efficiency of the sanitary arrangements in any neighbourhood
where human beings are infected with organisms which can be
recognized microscopically in the stool.

It is impossible to give a complete record of all the flies
examined with the number of droppings passed by them, and
the time occupied. This will be done only for the flies which
were found to be positive by way of illustrating the records which
have been kept. (See Table.)

Tanre sHOWING REsuLTs oF Examization or 18 PosiTive FLIES oUT OF A
Torar. or 299,
|

g . | Total Drappings - . |
Number 'ﬁdm‘t*l‘“'ﬁ S L Time : Result

|
1 9 9 8 hra. | One cestode egg with six-hooked embryo
p40; one trematode operculated egg w80 ;
{probably Helerophyes heterophyes).

|
5. 1 13 13 B . E.c.c. (several cysts)
9 | 20 3 s E.c.c. (several cysts), E.h.c. (one cyst)
29 | 7 8 a0 Two lateral-spined Bilharzia ova w180 = 50
(in one dropping)
a8 + 4 N E.c.c. (one cyst), E.h.c. (one cyst) and ovum
| of Trichocephalus trichiurus.

51 G 3 4 Trematode ovam w85 x 20.

84 2 2 15 mins. | E.c.c. (one cyst)

109 2 2 4 hrs. |E.h.c. (one eyst)
144 | 4 4 20 ming. | Tenia saqinala egg.

135 b 3 2 hrs. | Coccidium odcyst 28 x 20 (Eimeria).

142 - P SR 10 mins. | Lamblia cysts in great numbers, 36 in one

; | dropping.

150 - R | 2 1 hour | Possibly nematode egg p44 = 20,

151 1 | 1 2 hra. | E.c.c. (one cyst)

153 | 2 S E.h.c. (one cyst)

155 4 1 Lt K.c.c. (several cysts), and three ankylostome

{ ova.

167 3 2 B Possibly nematode eggs u 40 = 20.

194 ol | ] S Egg of Trichocephalus frichiurus,
216 7" 4 4 7 . | B.h.c. (one cyst).

All the above flies were caught in the hospital compound, and
many of them in the neighbourhood of, or actually inside, the
cook-house, which was built against a wall separating the hospital
compound from a native village. This village was in a filthy con-
dition, and the natives were constantly depositing fmces along the
front of this wall. It seems clear that the flies must have become
infected in the village on the other side of the wall.
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In this manner there were examined in all 229 flies, with the
results given in the table on page 142.

In addition to the examination of single flies, a number of flies
were examined in batches, the collective droppings of each batch
being examined without any reference to which fly of the batch had
deposited the dropping. Nine batches of 6, 8, 3, 5, 3, 3,2, 2, 4,
flies were examined in this way, with the result that a single
ankylostome egg (60 by 40 microns) was found in a dropping of
the first batch of flies.

Two calliphora, two sarcophaga, and one lucilia deposited seven
droppings in an average of three hours and a half. Nothing was
found in the droppings.

As regards the 229 flies which were examined singly, the total
number of droppings deposited by these was 1,470, of which 608
were examined. The average time each fly remained in the tube
before the droppings were examined was four hours and a half.
The average number of droppings of each fly is between six and
seven in this interval of time. In another experiment with wild
flies twelve were enclosed 1n a box made of glass slides. During the
first twenty-four hours after capture the flies deposited in all 283
droppings, given an average of 23'5 for each fly. The flies were
given no food after capture.

(d) Quantity of Feces taken wup by Flies—An attempt was
made to obtain some indication of the quantity of fieces taken up
by a fly in a limited period of time. To this end a series of
weighing experiments were carried out in the following manner.
Small quantities of fmces were placed in cover-glasses, and these
were weighed. Two cover-glasses of approximately the same
weight were used in each observation. They were weighed the
one 1mmediately after the other, and were then placed under two
glass globes, in one of which were one or more flies which had been
without food for two or three hours. After half an hour’s exposure
to the flies, the cover-glass was again weighed, and the loss in
~ weight noted. The control cover-glass in the second globe without
flies was then weighed, and the loss in weight by evaporation
deducted from the loss in weight of the first cover-glass. It was
assumed that as the weight of cover-glass and fmeces was approxi-
mately the same in the two cases, the loss by evaporation would be
the same, or nearly so.

As a result of seven experiments in which sixty-one house-flies
were used the following figures representing weight in grammes
were obtained for the quantity of feces taken np by a single fly:
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0001, 0-0005, 00003, 0-001, 0001, 0°0027, 0-0024. This gives an
average of 0-001 gramme per fly. It may be assumed, therefore,
that a single fly which has not fed for two or three hours can take
up one milligram of feeces 1n half an hour.

General Considerations.

In our former communications we have emphasized the influence
of the house-fly as a disseminator of infectious material. The
experiments show how readily this is dohe, for a fly which is
constantly feeding 1s constantly passing material through its gut,
and this may be accomplished in five minutes as proved by
the trichomonas experiment recorded above where the living
flagellate was found in the droppings of the fly five minutes after
feeding. It is quite evident that as the unprotected flagellate can
pass safely through the intestine of the fly encysted stages of
protczoa will do so much more easily. In fact, one can safely
assume that all such organisms, including bacteria, will in such a
short time pass undamaged through the fly's intestine. This being
the case, it seems that the fly is much more dangerous on account
of material passed through its intestine directly than on account
of material which it may regurgitate, or which has become adherent
to its legs or body, where it quickly dries and is in most cases
quickly destroyed. There is no question of any development in the
gut of the fly, which acts merely as a distributor of infectious
material. In warm countries there is great danger from this, for
these flies abound, and there the insanitary native 1s in league with
the flies, for, by depositing his feeces indiscriminately in the open,
he not only supplies infectious material for the flies to feed upon,
but at the same time affords them a breeding-ground wherein they
can lay their eggs.

We have shown above by the record of our examination of
natives in the Hadra prison and of a small namber of human fmcal
deposits collected in the open how common are protozoal infections
amongst the natives, and it is not to be wondered at that we have
found such a comparatively large number of infected flies, especially
when it is remembered that these flies had probably been feeding
previously in the native village. In these countries flies must be
constantly taking up material and depositing it upon food, and it
seems to us that the wide distribution of the intestinal protozoal
infections amongst the natives can more readily be accounted for
in this way than any other. It is probable also that other intestinal
disorders are spread in a similar manner.
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The observations recorded demonstrate the importance of all
measures directed against the flies, their capture and destruction
and the removal of every possible breeding place. It is perhaps of
interest to record here the fact that one of the large fly-traps
designed by Lieutenant-Colonel Balfour, C.M.G., RAM.C., was
put up in the hospital compound near the cook-house. It had a
marked effect in reducing the number of flies which entered the
cook-houses, and this can easily be understood when we realize
that a catch of forty-eight hours yielded one and three-quarter
pints of flies. A count was made and it was found that one pint
of flies (mostly Musca, with an admixture of larger forms such as
Calliphora, Liucilia, Sarcophaga, ete.), numbered a little over ten
thousand. Furthermore, many of the flies recorded in the table
above as being infected, were actually caught either inside or as
they were about to enter the fly-trap.

Conclusions regarding the Fly Question.

(1) Flies feeding on fmeces readily take up encysted and other
forms of protozoa into their intestine.

(2) The encysted forms of the protozoa can be found in the
fly's intestine so long as any fiecal matter remains there. If the
flies are prevented from feeding this may be as long as forty-two
hours. If the flies are feeding constantly off various materials the
later feeds tend to clear out what has been taken up before, so that
the time becomes shorter,

(3) The cysts do not degenerate to any extent in the gut of
the fly.

(4) Flies can deposit in their own droppings material they have
ingested only five minutes before. ILive trichomonas were found
in the feces of a fly which had only fed five minutes before.

(5) Cysts of protozoa (and eggs of worms) can rea(hly pass
unaltered through the intestine of the fly.

(6) Under natural conditions, if flies have access to infected
. fmeal material (cysts of protozoa or eggs of worms) a large
percentage of the flies taken in the neighbourhood, as proved by
the examination of their droppings, will be found to have the
infections material in the gut and a still larger proportion will be
found to have fed on fecal matter.

(7) Flies becoming infected in this way will naturally deposit
the material on any kind of food on which they feed, and it seems
that the wide distribution of human protozoal infections in warm
countries can best be explained in this way.

10 :
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(8) The direct passage of practically unaltered material through
the gut of the fly would seem to be of more importance in the
distribution of disease generally than the regurgitation of such
material through the proboseis or its adherence to the legs or bodies
of the flies.

(9) These observations all tend to emphasize the importance
of the well-known sanitary measures directed against the fly, its
destruction by traps and other means, the removal of its breeding
places, the protection of food, kitchens and dining rooms and
latrines from its inroads, and the removal of the dwellings of
natives as far as possible from those of the Huropeans.

(#3) Resistance of Cysts of E. histolytica and other Intestinal
Protozoa.

In our former publications we have deseribed our experiments on
the action of various reagents on cysts of E. histolytica. By way of
making the present report complete, we will enumerate the chief
conclusions here. 'We have explained that the eosin test as applied
by Kuenen and Swellengrebel seems to be reliable. Cysts which
stain with eosin are dead and those which resist the stain are alive,
This was the test we applied in determining the viability of cysts.

(1) Cysts of K. histolytica will survive for over a month in
water provided there 1s great dilution of the fmces.

(2) Cysts of E. histolytica will not withstand drying but are
killed instantaneonsly. The Thompsons have shown that the free-
living Ameba limaz produces a cyst which will withstand complete
and prolonged desiccation under a tropical sun.

(3) Cysts of E. histolytica are killed at once if freces containing
them are mixed with an equal quantity of 1 in 10 cresol solution.
Free chlorine in water to a strength of 1 in 10,000 has no effect on
the cysts even alter several hours’ exposure.

(4) Cysts of other intestinal protozoa behave in a similar
manner,

The inference is that the intestinal protozoa will spread from
man to man only if the encysted stages remain moist, and this
condition is fulfilled in fly and water carriage.

Summary of Matter discussed in Part IV.

(1) Attempts were made to infect rats, mice and kittens with
E. histolytica, both in fmces and liver abscess pus. Two kittens
alone became infected.
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(2) Tetramitus mesnili free and encysted failed to infect a rat,
a mouse and a kitten.

(3) A kitten and a mouse failed to become infected with the
human coceidium (Isospora). '

(4) Lizards (Agama sp.?) barbour tetramitus and an amceba.
The latter resembles E. coli, both in the free condition and the
production of an eight-nuclear cyst.

(5) House-flies readily take up free and encysted forms of
protozoa in fweces and can pass them from the gut as early as five
minutes and as late as twenty hours after feeding.

(6) Wild flies captured in Alexandria often deposit in their
droppings cysts of protozoa and eggs of worms which they have
evidently taken up from human dejecta on which they have fed.

(7) A series of weighing experiments show that a single house-
fly will take up one milligram of faeces in half an hour.

(8) Cysts of E. histolytica will survive in water but are killed
instantaneously by drying. The cysts are killed at once by 1 in 20
cresol solution.
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DESCRIPTION OF PLATES.

PraTe 1.
1 to 9.—Cysts of Enfamaba histolytica from three cases to show how distinet

strains oecur,

1 to 3: Cysts from case Healy, with a strain of E. histolytica producing
large cysts. 4 to 6: Cysts from case Flynn, with cysts of intermediate sizes,
7 to9: Cysts from case Russell with cysts of small size. The cysts are drawn

to the seale below fig. 9.

Figs. 10 to 28.— Entamaeba nana, n. sp.

10 and 11: Free forms as seen in fresh preparations. 12 to 17: Free forms
as seen in films fixed in Schandinn’s flnid and stained with iron haama.tuxylin.
Fig. 15 shows a type of nucleus which is often seen in the encysted forms.
18 to 28 : Various stages in the developinent of the eyst. Forms with one, two,
and four nuclei. Fig. 20 shows dividing nuclei, Fig. 22 shows a very charac-
teristic type of nucleus, in which a large chromatin mass on one side of the

- nuelear membrane is connected by a filament to a small granule on the mem-

Fias.

brane opposite to it. The free ammbe measure 5 to 10 microns in diameter,
while the eysts are 8 to 10 microns in length,

Prate 1I.

1 to 5.—Various stages in the longitudinal division of Lamblia infestinalis.
1: Division of nueclei. 2: Form with four nuclei. 3: Commencing division
of body. 4: Final stage of division, 5: Form with two sucking discs developed.

Fias. 6 to 15: Teframilus mesnili,

Fras.

6 to 9: Forms showing twisting of the body, a condition very commonly seen.
10 to 12: Encysted forms as seen in fresh preparations. The only contents to
be seen are a few refractile granules, 18 to 15 : Enevsted forms stained with
iron hematoxylin. The nucleus, cytostome with its flagellum and some granules
are clearly brought out, Bize of cysts, T fo 10 microns in length.

16 to 18,—A veast which in shape and size closely simulates the cysts of

tetramitus.

Fias,

Prare III.

1 to 11.—Tricercomonas infesiinalis, n. g., n. sp.

1 to 4 : Flagellate as seen in the living condition with three anterior flagella
and flattened side along which runs the fourth flagellum to become free at the
posterior extremity. 5 to 8: Cysts which are probably those of the flagellate
with which they were associated. 9 to 11: Flagellates as seen in stained films.
The flagellates are 4 to 8 microns in diameter; the eysts 6 to 8 microns in

length.

Fias. 12 to 17.—Iodine cysts as seen in stained films. The iodophilic body appears as
a vacuole. Often there is a difficulty in distinguishing eysts of E. histolyfica.
The nucleus however is smaller than that of the E, hisfolytica cyst with single
nucleus, Fig. 15: I.cyst without vacuoles. The cysts shown in the figures
measure 7 to 10 microns in longest diameter.

FiGs.

Fias.

18 to 28, —Trichomonas infestinalis.

18: Pentatrichomonas form. 19 to 23: Tetratrichomonas forms. 18 to 20
are [rom csmic vapour preparations, stained by eosin azur. 21 to 23 are from
sublimate wet fixed films stained by iron hematoxylin.

Prate IV.
1 to 20, —Waskia infestinalis, n. g., n. sp.

1 to 8: Flagellates as seen in fresh preparations ; 1: form with characteristic
bird-like appearance ; 2, 4, 6 forms showing cytostome with the thick flagellum
projecting from the eytostome and the single thin anterior flagellum. 8 and 5:
Dividing forms. 7 and 8: Stroctureless evsts of Hagelln.t—u B8 soen in livi
condition. 9 to 14 : Flagellates as seen in films fixed in sublimate and ntningg
by iron hematoxylin, 9 and 13: Diwiding forms. 10, 11, 12, 14 : Ordinary
type of flagellate. 15 to 20: Encysted forms as seen in films fixed in sublimate
and stained by iron hematoxylin, Some of the cysts show nuclear changes,
which may be indications of nuclear divisions. 19: End view of cyst. The
length of the free flagellates is 4 to 9 microns, that of the cysts from 4 to 6
microns.
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See page 148.
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*THE CARRIAGE OF CYSTS OF ENTAM@BA HISTO-
LYTICA AND OTHER INTESTINAL PROTOZOA AND
EGGS OF PARASBITIC WORMS BY HOUSE-FLIES,
WITH SOME NOTES ON THE RESISTANCE OF
CYSTS TO DISINFECTANTS AND OTHER AGENTS.

THE importance of house-flies in the spread of various bacillary
infections of the intestine has been well established and though a
similar distribution of the infective agent in ameebic dysentery has
been suspected no very definite experiments have been made to
prove it. For this reason we feel that the observations to be
recorded below are of considerable importance, for they establish
beyond dispute the great danger of the house-fly as a factor in the
spread of the disease.

Ammbic dysentery is caused by an ameeba, Entameba histolytica,
which lives in the large intestine, where it invades the wall of the
bowel and produces the dysenteric ulceration.

In the acute dysenteric process only the free motile ammba are
to be found in the fmces, but as the acute symptoms abate
smaller ameb® (minuta forms) oceur and many of these become
encysted in the large intestine in transparent capsules, in which
condition they are passed from the intestine in the fmces in very
large numbers. The cysts of FE. histolytica measure from six to
eighteen microns in diameter. On account of the capsule, they are
relatively hardy structures which, though they cannot withstand
drying, will nevertheless survive for considerable periods if they
remain moist. The spread of amoebic dysentery is determined by
these cysts, for if ingested in water or food each one gives rise to
four amobh® under the influence of the pancreatic fluid. The four
small amoebe grow into adult forms of E. histolytica, which invade
the tissues of the large intestine and produce amabic dysentery.

The cysts are often passed in very large numbers by * carriers,”
which are cases which have partially or apparently wholly recovered

1 Memorandum published in Egypt, April, 1916. .
* Reprinted frm:'] the Journal of the Royal Army Medical Corps, May, 1917.
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from amcebic dysentery either after inadequate or ineffective treat-
ment or after no treatment at all. If the cysts from such cases
find their way into the water supply or into moist food without
having been dried they are likely to give rise to outbreaks of
amaebic dysentery, so that any agent like a fly which brings about
their distribution must be regarded with suspicion,

(A) ExreriMENTS WITH HoUSE-FLIES (Musca AND FANNIA).

(1) Do the Flies ingest the Cysts >—Kuenen and Swellengrebel
(Cent. of Bakt., Bd. 71), working in Sumatra, showed that flies
ingested cvsts of FE. histolytica when they fed on infected famces.
This point we readily confirmed by allowing flies to feed on
faeces containing cvsts and dissecting the flies shortly after.* We
found in every case that the gut contained fmces and that in this
feecal material in all parts of the intestine of the fly the cysts
occurred just as they had done in the specimen of feces on which
the flies had fed. We were able to demonstrate also that the flies
ingested in a similar manner the larger cysts (fifteen to twenty-five
microns) of the non-pathcgenic human entamceba, . coli, and the
cysts of the flagellate Lamblia intestinalis.

(2) Swrvival of the Cysts in the Intestine of the Fly.—Kuenen
and Swellengrebel stated that the cysts quickly degenerated in the
fly’s gut and soon became unrecognizable. We dissected flies at
various intervals after feeding and noted that so long as fieces were
present 1n the gut cysts could be found, but that they vanished
with the disappearance of the faeces from the flies’ intestines.
Cysts of E. histolytica, E. coli and Lamblia intestinalis were all
found in the intestine twenty-four hours after the last feed on feces.
After this time the flies have generally emptied their gut of fieces
and then no cysts could be discovered. In one instance cysts of
E. coli were found in the gut so long as forty-two hours after the
last feed. The question of the vitality of these cysts is discussed
below, but it may be remarked here that from their normal and
living appearance after their sojourn in the fly there can be no doubt
that the majority were still alive and therefore infective. Further-
more we have observed the passage through the intestine of the fly
of living and active Trichomonas. The application of the eosin
test, to be described below, also lent support to this view.

° Captain J. G. Thompson, R.AM.C,, informed us that he had made a similar
observation that flies were able to ingest the cysts.
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(3) How do the Cysts escape from the Fly >—We may say at once
that we have not yet been able to demonstrate that flies regurgitate
through the probosecis cysts they have previously ingested. In the
feeces passed by the flies soon after feeding the cysts are readily
found.® Within twenty to thirty minutes of feeding on human feces,
the flies begin to deposit droplets of liquid feces and in these it is
easy to detect the unaltered and living cysts. If the fly has con-
tinuous access to fwces it will feed every few minutes and as often
evacuate its intestinal contents. The amount of material passed
through the gut of a single fly in this way must be considerable and
within a few hours many thousands of cysts must have followed this
conrse. The cysis, however, nay remain in the gut of the fly for
some hours and be deposited later, as the following experiment
demonstrates. A batch of flies was fed upon fmces containing cysts
of E. histolytica. After they had fed, the fwces were removed and
the flies left without food for sixteen hours. They were then given
sugar and water upon which they fed greedily. Shortly after this, they
passed droplets of feces, and in these typical unaltered cysts were
found. It is thus evident that flies which have ingested cysts will
retain them for considerable periods only to deposit them later upon
anything which appeals to their varied tastes. The experiments
described were conducted with small numbers of flies, yet there was

no difficulty in recovering the infective amoebic cysts in the
numerous droplets of feces they passed. When one reflects on the
myriads of flies which swarm about the latrines or feces deposited
in the open in hot countries, one can only be surprised that amaebic
dysentery is not more widespread than is actually the case. In
these countries fwmces, especially when liquid, are devoured and
transported in fofo by these insects only to be deposited broad-
cast in millions of eyst-infected fwcal droplets upon all kinds of
human food, which appears to occupy as an article of diet only a
second place in the estimation of these dipterous pests.

It might be urged that cysts could be transported by the adher-
ence of moist freces to the legs, proboscis and body of the fly.
Observations on this question were made by Kuenen and Swellen-
grebel, who, like Nicol in his work on the passage of worm ova
through flies, came to the conclusion that these insects when fouled
by fmces did not move far till they had perfectly cleaned themselves.

* We explained our results and methods to Captain J. G. Thompson, RAM.C,,
who subsequently was able to repeat and confirm some of our observations on the
escape of cysts from the fly.
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In so doing the flies removed most of the fmces, the remainder
drying so that all the cysts were killed. The above-mentioned
observers (Kuenen and Swellengrebel) failed to demonstrate the
passage of cysts through the intestine and so concluded erroneously
that flies were of little consequence in the distribution of the cysts
of K. histolytica. The experiments we have made entirely disprove
this assumption, for with the rapid passage of ingested cysts through
the intestine the fly becomes a very potent factor in the spread of
amcebic dysentery.

These experiments have been conducted with the ordinary
house-flies (Musca and Fannia), and with the blue-bottle fly
(Calliphora), and the green-bottle fly (Liucilia). We have observed
the passage through all of these of the cysts of K. coli, E. histo-
lytica and L. intestinalis. Quite recently we have examined 200
wild house-flies captured at random in different localities in
Alexandria. The flies were given no food whatever by us, but were
allowed to deposit their feces in glass tubes. It was evident that
many of these had been feeding on human fmeces, and in the
droppings of fifteen we found not only the cysts of E. histolytica,
E. colt and L. intestinalis, but also the obeyst of a coceidiumm and
the eggs of various parasitic worms (Tenia saginata, Ankylostoma
duodenale, Trichocephalus trichiwrus, Heterophyes heterophyes, and
the comparatively enormous lateral-spined egg of Bilharzia). One .
fly which deposited cysts of E. hisfolytica was actually captured
in a cook-house. It 18 evident, therefore, that flies under natural
ccnditions are actively concerned in the carriage of the cysts of
the dysentery amoebse and other organisms. Of the 200 flies the
droppings of which were examined, fifteen were found to have
deposited cysts of protozoa or eggs of parasitic worms. All the
infected flies came from near the cook-house of a hospital compound
which was separated from a native village by a single wall.

(B) EXPERIMENTS ON THE RESISTANCE OF CySTS.

The great difficulty in studying the resistance of the cysts is
the want of a reliable test as to their viability. Kuenen and
Swellengrebel employed the eosin test, which seems to us fairly
trustworthy. It is generally agreed that a living cell will not stain
with dilute eosin, whereas a dead cell will stain at once. This test
can be readily illustrated by the action of heat on the cyst of
E. coli, K. histolytieca and L. intestinalis. Fmces containing
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these cysts when mixed with dilute eosin show under the miecro-
scope a red background of stained debris while the white unstained
cysts stand out clearly. A few of the cysts, however, may stain
with eosin and these are probably dead ones. If the fmces mixed
with a little water is heated to boiling point for a second it will be
found that after this treatment the eosin will stain all the cysts
a deep red instantaneously. In this case there can be little doubt
that the cysts have been killed by heat. Drying the cysts has a
similar effect so far as making them stain with eosin is concerned.
With disinfecting agents, the stronger the solution employed, the
more quickly do the eysts acquire the property of taking up the
stain. Reagents such as strong sublimate solutions which would
be expected to kill the cysts instantaneously similarly cause them
to stain with eosin. It seems, thereiore, clear that the eosin-staining
cysts are dead, though it may be argued that others which do not
stain may be dead also or, at any rate, non-infective. Still, if we
accept the eosin test as a eriterion and regard all unstained cysts
as living, the error in judgment will be on the safe side. The
following experiments have been made :(—

(1) Drying.—The cysts of E. histolytica do not appear to with-
stand drying, for they stain with eosin at once after this. Kuenen
and Swellengrebel likewise found that drying killed the cysts. The
test can be applied by simply allowing fmces to dry at laboratory
temperature. The dried fmeces 1s emulsified with saline solution
or water, when it will be found that the cysts will stain at once
if eosin is added.

(2) Moisture.—The cysts will survive for over thirty days in
water, an observation which confirms the results of Kuenen
and Swellengrebel. Apparently the cysts survive best if there is
considerable dilution of faces with water, so that intense bacterial
or fungoid overgrowth does not take place.

(3) Chemical Agents.— The experiments were conducted by
mixing solutions of chemicals of certain strength with equal
volumes of emulsion of freces in water. Small quantities of the
mixture were taken out from time to time and tested by the
addition of a drop of eosin solution. The staining of the cysts by
the eosin oceurred practically instantaneously when it took place
at all. When some time was required to kill all the cysts it was
found that during this period the percentage of stainable cysts
gradually increased. '
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(4) Emetin Hydrochloride.—The cysts of FE. histolytica are
much more resistant to this drug than are the free ameebem, for in
a strength of 1 in 200 (equal parts of 1 in 100 emetine and feces
emulsion) it failed to kill the cysts even after nine hours’ exposure.
It has been claimed that a strength of 1 in 100,000 will quickly kill
the free amwmeba=.

(B) Cresol.—This reagent killed all cysts immediately in a
strength of 1 in 20 (equal parts of 1 in 10 cresol and faeces emulsion),
in one minute in a strength of 1 in 30, in half an hour in a strength
of 1in 100, in one hour in a strength of 1 in 200, and not at all
in a dilution of 1 1n 2,000.

(C)y Carbolic Acid.—The cysts were all killed in fifteen minutes
by 1 in-40 carbolic acid, and in seven hours by 1 in 100, while a
1 in 200 solution failed to kill all the cysts in eight and a half hours,

(D) Formalin.—The cysts were exposed to 1 in 100 formalin.
Even after four hours, they did not stain with eosin, though
they were very much shrunken and distorted and giving every
appearance of having been killed.

(E) Aeid Sodium Sulphate.—This drug in tablet form as used
for the purification of water had no action on the cysts.

(F) Chlorinated Lime Tabloids (B. W. « Co.).—This reagent as
used for water sterilization had no action on the cysts. The tabloid
gives an equivalent of one grain (0'065 gramme) of chlorine per ten
gallons of water (1 in 700,000).*

From the foregoing observations it may be concluded that the
cysts of E. histolytica are fairly resistant structures, but are quickly
killed if deprived of moisture. They certainly will not withstand
the desiccation of a tropical sun, so that it seems improbable that
wind in blowing about dust can play an important part in their
spread. Wind, however, may distribute moist particles of feeces or
fragments only externally dry or even portions adbering to pieces of
paper or leaves. Of the few reagents we have tried cresol seems
the best and would be effective in a strength of 1 in 40 or 50. It is
important that the disinfectant should have access to the eysts, and
to this end the freces must be intimately mixed with the fluid added
to it. Cresol can, therefore, be employed safely for the disinfection
of dysenteric stools, or the hands of those who have to deal with

* In a test subsequently carried out it was found that free chlorine in water
at a strength of 1 in 10,000 failed to kill the cysts after several hours’ exposure.
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patients. Flies must be of very great importance in the spread of
amcbic dysentery, and the results recorded above afford another
argunment, if, indeed, any [urther argument is needed, in favour of
unceasing warfare against these noxious pests. It may be impos-
sible to isolate and cure every carrier case in a large body of men,
but much can be done by the careful use of fly-proof latrines and
covered receptacles. With an efficient system of fly and faeces
destruction and arrangements for the prevention of flies coming
into contact with excreta, there is every reason to believe that
ameebic dysentery as well as many other intestinal disorders
would be very materiully reduced, if not entirely eradicated.
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APPENDIX.
PART V.

CHARTS GIVING THE HISTORY OF CASES TREATED FOR
E. HISTOLYTICA OR FLAGELLATE INFECTIONS.

THE cases treated have alveady been referred to in Part III of this report, where
the main results have been indicated. The following charts have been selected to
illustrate in detail the course of the various infections. In each instance a short
history of the case is given, and this is followed by a tabular arrangement showing
the davs on which the stool was examined, the course of treatment, the wvarious
infections present, and the character of the stool. By this method it is possible to see
at a glance if the treatment is having any action on the protozoa. The extent of
each infection is indicated by the signs +, ++, or +++. The tables bring out
clearly the intermittent character of the various protozoal infections.

During the observations on the eases which were treated the stools were examined,
if possible, every day while the patient was in hospital, and afterwards, if he went to
convalescent camp (indicated by a C in the first column of the chart), on alternate days.
In the second column the treatment is inserted opposite the days on which it was
given. In some cases two, or even three, courses of treatment were given when relapses
occurred. '

Emetin administered by the mouth (E.m.) was frequently followed by vomiting.
The occasions on which this happened are shown by a V, followed by the interval
which had elapsed after taking the drug. |

The column mwarked E.f. shows free ameeba, which are left undiagnosed, for when |
. histolytica cysts and K. coli eysts were both present it was evident the associated
free ammbe might belong to either of these.

The cases are arranged in five Sections:—

Section I gives the charts of some of the cases which were treated with one-
grain injections, and which have been tabulated in Table X. Some of these cases
had more than one treatment, so that, as already explained, they appear in other
Tables also.

Cases Harris, Jackson, A. Main, Ball and Barrie, when treated by injections (E.),
had already been treated with emetin by the mouth (E.m.) and had relapsed. They
appear in Tables X and XI.

Cases Webber, Pero, McQuade, Squires, Obbard, Dorter, Smith and Rushforth
relapsed after emetin injections, and were given later the combined treatment of one-
grain emetin injection with 4 grain by the mouth (E.1 E.m.$}). They appear i
Tables X and XIIL.

Case Bennett relapsed after the emetin injections and was then cured by emetin
by the mouth. His case appears in Tables X and XI.

Cases Spiers, Healy, Keitlewell and Gaskin all relapsed after emetin injections an
were later treated by emetin by the mouth. They appear in Tables X and XI.

Section II gives charts of some of the cases which were treated by orally
administered emetin (Table XI). Other cases treated by this method, and which h
had also treatment by emetin injections, are included in Section I.
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Section III gives charts of cases which were treated by the combined method
of emetin injections and orally administered emetin (Table XII). Other relapsing
cases afterwards treated by this method and which had had previous treatment by
emetin injections alone (E.), or emetin by the mouth alone (E.m.), appear in
Section I or Section I1I.

The action of methyl emetin sulphate is illustrated by the charts of three of the
four cases which were treated with this drug. They also received courses of emetin
hydrechloride and are included in (Seefion I) Smith, (Section II) Blair, and (Section I11)
Russel, H.

Section IV includes chart of one of three cases (McCaffrey, Huntly and Hirst)
which illustrates how an FE. histolytica infection may apparently disappear, at any rate
for a considerable period, without any treatment whatever. Case Hirst is especially
interesting, for there appeared a Waskia intestinalis infection, apparently contracted
from case Morris while he was under observation in hospital.

Section V includes cases of flagellate infections which were treated with emetin,
B-naphthol or bismuth salicylate. One of these cases developed an E. histolytica
infection during the course of treatment of the flagellate infection.

ABBREVIATIONS.

In the charts of the cases the following abbreviations have been used for the infeclions. If the stool was
not examined on any day during the course of treatment, a dash (—) appears in the stool column :—

E.h.c. = E. histolytica cyst. E.n.c. == E. nana cyst.
E.c.c. = E. coli cysat. E.n.f. = Unencysted E. nana.
E.L — Unencysted entamesbm: (either K. Tet.c. = Tetramitus cyst.
Ristolytica or K. coli). Tet.f. = Unencysted tetramitus.
B.f. r.b.e. =— Unencysted entamomebae with included Trich. = Trichomonas.
red blood eorpuscles (E. histolytica). W.c. = Waskia cyst.
Li.c. = Lamblia eyst. W.f. = Unencysted waskia,
L.t = Unencysted lamblia. Ta. = Tricercomonas.

The abbreviations used for the character of the stools more or less explain themselves. The first part of
the description refers to the colour of the stool and the second to the consistency :—

B. — Brown, Bl — Black.

L.b. = Light brown. Dhg. = Dark green.

¥. = Yellow. I.b. = Dark brown.
Y.w. — Yellowish white. sl. = Blate.

¥F. = Formed. L. Liquid.

8f. = Semiformed. M. — Mucus.

Ul. = Unformed. B.m. = Blood and mueus.

Thus L.b.uf. m. means a light brown unformed stool with muoeuns. B.uf, b.m. means a brown unformed

gtool with blood and mucus.
In the column on treatment the following are nsed : —

E. — Emetin hydrochloride injection (Bl = B-n. — @-naphthol.
one grain injection). B.s. = Bismuth salicylate.
E.m. — Emetin hydrochloride by the mouth Turp. = Turpentine.
(E.m.4—half agrain by the mouth). V. = QOccasions on which vomiting occurred
E.1E.m.}4 =— One grain emetin hydrochloride injec- after orally administered emetin. The
tion and half a grain by the mouth. interval of time before this oceurred
MLE. = Methyl emetin sulphate injection. is inserted,
M.E.m. = Methy]l emetin sulphate by the mouth, G. In first column is the day on which the
Thy. = Thymol. patient went to the convalescent camp.

P. ipecac. — Pulv, ipecac.



158 HUMAN INTESTINAL PROTOZOA IN THE NEAR EAST

Secrion 1.

Case URre, aged 20.—Patient, who had never been abroad before, left England on May 24,
1915, and went to Gallipoli (Cape Hellas). He suffered there from jaundice (October, 1915),
and later had dysentery, for which he had eight injections of emetin (dose ?). He was
invalided to Alexandria and admitted to hospital as enterie (December 15, 1915). The stool
was examined on February 6, 1916, and found to contain cysts and free minuta forms of
I, histolytica. He received emetin injections of one grain a day from February 21 to March 3.
The cysts and ameebe disappeared by the fifth day of treatment and did not recur. During
treatment patient was not confined to bed and had chicken diet. The emetin injections had
no effect on the pulse-rate in spite of a previous shortness of breath and an aortic systolic
bruit, The temperature remained normal or slightly subnormal. During the last three weeks
of eontrol the patient was under observation in the convalescent camp, where he performed
light duty.

A Finpixos 4 Fixpisas 1 Fixmxas
Days | ment Stoal || Days | mant | stool | Days | ment | Stool
Ele | E.f | B.he | E.L | Bhe | Ef
— — — — — [ — ]

1 | £ I | B  Tee e == S S e B
10 (e e S B.sf. 23 | B.1 - = B.l. 85 SR - B.sf.
12 l+++| = | B.L Mu | B1| - -~ | BlL |88 & - — | Busf.
18 +++ +++ Bl 25 | Bl | — - B.1. 38 s - - B.sf.
14 ++++++ B.L 28 | Bl | — - BL || %cC| .. - - B.sf
15 bbb | B 27 | Bl | - - Bl || 41 . = ~ | Busf
16 E.1 | - - - 28 e - = B.sf. || 46 - - - B.sf
17 El |+4++ +++ Bsf &9 1 - - B.af. 52 | - - — B.af
18 | E.1 = + B.sf. a0 ik = B.sf. 56 | - - B.af
19 El| - - B.sf. 31 ie - - B.sf. || 58 i - - B.sf
20 | B1| - - B.st. a2 - - B.sk. | 62 . - - B.sl
21 | E.1 | = = B.=f. 43 | - - B.sf

Case TroMmpsoN, A., aged 21.—Patient left England for the first time in 1915, and was on
the Peninsula for nine weeks. He then came to Egypt, where he remained 13 weeks, till
he was invalided home for dysentery in September. He returned to Egypt in January, 1916,
and was found on April 2, in the course of routine examination of cooks in Sidi Bishr Camp, to
be a carrier of K. histolytica. He was admitted to hospital and found also to harbour E. coli,
Tetramitus and Lamblia. He was kept under observation till March 11, when a course of
emetin (one grain a day for 12 days) was commenced. During treatment he was not kept
in bed and was on chicken diet. The treatment abolished the E. histolytica infection bub nof
the others. There was no alteration in the temperature or pulse-rate as a result of the emetin.
There was no return of the E. histolytica infection during a control of one month in the
convalescent camp, where patient was on light duty.

] Fixpiscs
Imays Treatment |— — —— - — = Atool
E.h.c. E.c.c. E.f. | Le: A ar S ke Tet.f,
1 -- + - — | - ' = B.L
3 A - - +++ i [ B.1.
4 b o e - - e e o - - i = | B.uf.
5 ++ - +++ | = - =" | 'B.f
G ++ 6 - SEREar | = - - i
7 + -+ -4 - ++ 4+ - - ¥ B.uf,
8 e , sl L = ~ LA | — - L + | B B
9 - <+ = - +++ ++ | ++ [ = B.uf.
10 E.1 | ++ — = I = [ e AT B.uf.
11 .1 - - —_ =5 = R [ - —
12 1.1 F+ + + 4 4 - ++ +++ B.uf.
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Fisxnoixos
Days Treatment — — - -—— - Btool
Eh.c. : E.o.e | E.1. | L.g | L.1. Tat.c Tet.f.

13 E1l ++ | ++4 | + += 1 I - 1+ 4+ B.uf.
14 E.1 - aodLiL + [y - e | L B.uf.
15 E.1 = o+ | = TR = g : = B.uf.
16 "1 L] ool | pra fer Y, 4 — | L.b.uf
17 i (R 1 i : 3 i +++ | Bk
18 Tl + i 0 [ e = % L S T
19 E.1 — - - | - — = = | B.al
20 E.1 | - o+ o = ! = = - + B.uf.
21 E.1 = SL ik = - = IRy = B.sf,
29 £ | i & i £ e A Z B.uf.
28 — 3 | = > 2 4 | 44 | Buf
29 i LY [ + | - +++ = +++ ‘ e
a1 S|~ - - | +++ - ++ - | Bi&
33 = = = e | gt -+ = I 4 | B.L
36 5 ] - | = + 4+ - | Batf
37 . S + + + 4 ~ + + 4 + 4+ + B.uf.
89 | . - | = - +44+ | - +4 Ik B.uf.
41 . - | +++ - + + - | H+++ - B
43 - | o+ +++ - o = e R Bt
45 r = | = +4+4+ | = + | +++ | B.f
47 v - - - +++ | - + 4+ B
a2 | .. - - - + 4 + = b+ + — B.f.
RS .. - 4o - ++ + - + 44 — B
55 A - | +4+ | = Shalan = + - . B.f.

Case Joxes, W., aged 48.—Patient, who had not been abroad before, left England on
September 12, 1915, for Gallipoli. Patient had diarrhcea with blood and mucus from
September 30 to October 7. At the end of the year he went to Mudros and thence to
Alexandria. During the course of routine examination of men in Metras Camp he was found
on February 19 to be passing E. histolytica cysts in large numbers. He had also a small
infection of E. coli. He was admitted to hospital as a carrier and was given a course of
emetin (one grain a day for 12 days) from March 2 to 13. The E. histolytica disappeared
on the third day and did not reeur during the one month’s control. During treatment the
patient was not confined to bed and had chicken diet. The temperature was normal or
subnormal, and there was no increase in the pulse-rate. During the last three weeks of
observation the patient was in the convalescent camp performing light duty.

| Firxpixas | ' I| I Franmas
Days | Treat- { | Stool || Days | Tremt f_______ Stool
E.h.c. E.c.t. E.T. | E.h.c, Bee | EBL
1 b +++ | + = B.f. 19 | E.1 - - - B.uf.
4 i = - - B.L 20 E.1 - - o B.1.
5 s = = B.l 21 | E.1l - - - B.sf.
6 £l T B B.sf. 22 | El - - - =
7 e | HFE | - |+ B.1. 28 | E.1l - , - B.sf.
8 0 ok - e o B.1 4 E.1 - | = - B.uf
9 CCl +'i" — | ‘I‘ Ii-{- 25 | - = - — H.'LIL
10 i o+ e = = B.sf, 26 (. - - - B.uf.
L B [ 4+ ~ Jeof B.uf. a1 | - + 4+ - B.uf.
i [ 1 - - B.1, 35 — + + + B.uf.
13 El | 444 - - B.uf. a8 - | - - B.uf.
14 ol 4 = | - ot B.L - 43 v - | ++ - B.1.
15 Wi | - = s B.uf. 45 | .. - + - B.f.
16 HElRl = - T = B.L T g S e R B.f.
17 E.1 = - | = B.uf. 52 A = + - B.f.
| =1 3 = L B.uf. 56 - | - 2 B.i

Case Wyxse, aged 33.—Patient, who had never been abroad belore, went to Gallipoli
(Cape Hellas) in May, 1915. After being one week there he contracted dysentery and was ill
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for one week. He returned to duty and was transferred to Suvla in August, where he again |
had dysentery. He remained on the Peninsula ill the evacuation, when he came to Egypt.
Here he again had an attack of dysentery from which he recovered. He says he was never
given emetin injections. On February 13, 1916, during the course of routine examination of
men in Mustapha Camp, he was found to be passing large numbers of E. histolytica eysts.
He was kept under observation till February 23, when a course of emetin injeciions (one grain |
a day for 12 days) was commenced. The infection disappeared after five days and did not
recur during the one month’s control after treatment. During the last three weeks of control
patient was in the convalescent eamp, where he performed light duty. During treatment
he was not kept in bed and was on chicken diet. The freatment had no influence on the
temperature or pulse-rate. Tetramitus was present but the infection disappeared during

the treatment and did not reeur. |
i Treat. : i ‘ Treat I s i|
Days | meny, | ; 7 | | Stool |iDays| ;ne | Htool i
| | Blhe. | Ef | Tet.c. Tetl. | E.h.c. E.T. Tet.c. Teat.f. ;
3 ST it - - B.sf. |22 ‘ - - - = B.lm.
g TEELE L B B - | B.ul, ||28 - - - - B.uf. 9
4 = HESTT = | s B.lL.m. |[24 A4 - - - - Baf. o
6 = | = = M I | T - - - ~ | BaE
7 | - - - | B. 26 - - - - B.l i
8 | e . & —  |Bst |27 = = = -~ |BE
8 | .. |+t - - - B.uf. |28 - - - - B.uf. W
10 | E.1 ‘ + 4 + - - = B.sf. }QE = i - - B.ufl |8
11 | E.1 - = o - ++ |Bl [180 - - — - B.uf. 1
T i S i SRR Rl e 5 = - -~ |BlmiS
18 | B.a = - = B.sf. [132C. - - - - B.sf.
1 | E1| + + - | - |Bst f24 - - - - |Blm.
15 | Bl | 44+ | - + 4+ - |B.sf. |87 - - - — . |Bet B
BBl = = e B.l. |41 il - = - |BE
17 E.l | - | - - + 4+ | B.l 44 - - - - B.L -
18 | E.1 - = = + B.l 49 - - - - Bi.
19 Bl - = — ~ |Bauf |51 | g o = =
20 .1 - - | = - B.l -|5-5 [ - - | = - - B.L
21 | Ea - = = e | I I

Case Oscoop, C., aged 32.—DPatient, who had previously been in the West Indies, leff
England in August, 1915, and went to Mudros where he stayed six weeks. He was then
on the Peninsula and bad dysentery there. No emetin was given. He was transferred o
Egvpt and was on the western Egyptian frontier up to March 8, 1916. He returned to
Alexandria, and on April 4 was found to be a carrier of E. histolylica during the routine
examination of cooks in Bidi Bishr Camp. Patient, who had also an infection of E. nana,

of one grain a day for 12 days. The [E. histolytica quickly disappeared, and during the
course there appeared an infection of tetramitus. Patient was controlled for a month after
treatment (the last three weeks in the econvalescent camp), and there was no recurrence of the
E. histolytica infection. During treatment patient was not kept in bed and was given chicken
diet. The emetin had no effect on the temperature or pulse-rate. -

| FIspisGs
Days Tréatnient =

E.l.c. | E.c.c. E.I. Tetie. |  Tebf | E.n.e. Enfl
1 | - N | =
3 - 4 - L = —
4 — | = = e - — e =
G - — | — — = ‘ Bt SEar
T — — — | = = i et
B ~ - il - ++ =
9 + - + ! = - + +4+

|
|
|
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Fixpixas
Days | Treatment —— T Btoal
E.h.c. Ecc. E.f. Tet.e. | Tet.f. | E.n.c. E.n.f,
ﬁ_' 1 % i) o e s | 8 444+ | Baut
12 E1 i = = T i R v
= g | | B.uf.
13 E.1 - = | 4 —_ - | - oo | B.uf,
14 E.1l - = — F e .- ++ | - Bk
15 E.1 — — — T TS i | - - | Baf
16 E.1 — — - e — | e = B.uf.
17 E.1l - - - - o+ = = -+ | BE.ual.
18 E.1 E .= - ++ ++ +++ ++ b.sf.
19 E.1 el - +4+4+ | = — + + B.uf.
ﬁ %i | e S +4+4+ | - - + 4 B.uf.
2 A | = | e T et o) =Sl L ) e
23 Bl | = - - +4++ | +++ = | = B.uf.
24 o = - - Al - - | = B.uf,
26 . : - — - - —_ | o - B.L.
m ] | e e m— = T + + + + + = H' ['
Bﬂ ) | _— — = + | + | — — H- I-
M | = - e TUES N [ e ) s — B.1.
36 | L ! = s — -+ - B.i.
38 e = = = = = + 4+ | ++ B.f.
!\U B @ i = —_— ~ T — 'i' + + + Haf..
44 p = - — | - - ++ ++ B.f,
46 L = . 0 — - e B.sf,
48 e = S| | = — - ++ B.uf.

Case TurnsuLL, J., aged 32.—Patient, who had never been abroad before, left England
in May, 1915, and was on the Peninsula for seven months. He had an attack of dysentery
while there, and was given several injections of emetin. Patient came to Egypt at end of
1915, and on April 20, 1916, was found to be passing muecus in the stool and amaba, which
were thought to be E. histolytica, during the routine examination of cooks in Mustapha Camp.
There was present also an infection of E. eoli, and later a tetramitus appeared. On April 25
E. histolytica eysts were found. Patient was given a course of emetin injections (one grain
a day for 12 days) from April 26. The E. histolytica infection disappeared after four doses
of emetin and did not recur during a control of one month, the last 10 days of which patient

spent in the convalescent camp on light duty.

and was given chicken diet.

During treatment patient was not kept in bed

The treatment had no effect on the temperature or pulse-rate.

Fin &
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Case Mornis, J., aged 38.--Patient, who had previously been in India, South Africa and
Japan, left England on June 7, 1915. He went to the Peninsula, whers he was wounded affer
five days. He had diarrhcea and traces of blood and mucus. He came to Egypt in July
and was employed as cook in Sidi Bishr Camp, where his stool was examined on March 31,
1916, in the course of routine examination of eooks in this camp. There were present in
the stool numerous small round and oval cysts which contained four nueclei and were taken
to be small forms of K. histolytica cysts and in addition small typical cysts of E. histolyiica.
The former subsequently turned out to be cysts of E. nana. The patient also had tetramitus
and the hitherto undescribed flagellate Waskia intestinalis. Patient was given a course of
emetin injections (one grain a day for 12 days) from March 13 onwards, but though this
abolished his infection for the time being, they all returned later with the exception of the
E. histolytica. Patient had a very bad pyorrheea, and examination of the mouth soon after
the completion of the course of emetin showed in the pus from the teeth the usual mixture
of bacteria — spirochmtes, leptothrix, and pus cells, but no amoebe. There was present
constantly a trichomonas infection, and later amambm appeared in large numbers. The
constant presence of trichomonas in the mouth and their equally constant absence from
the stool is of interest from the point of view of the difference in species of the mouth
and intestinal forms. '
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- Case Woop, J., aged 35.—Patient, who had never been abroad before, left England in
June, 1915, and went direct to the Peninsula, where he remained for 6} months. While
F_hure he had an attack of dysentery (blood and mucus) but had no emetin. He came to
‘Egypt in December, 1916. On March 27, during the routine examination of men in Mustapha
h p he was found to be a carrier of K. listolyfica, Patient had also trichomonas and
| E. nana infections. On March 31 and April 1 one grain of emetin by the mouth was given.
",'.Ehm eansed the patient to vomit at once on both occasions, so on April 2 a course of emetin
linjections (one grain a day for 12 days) was commenced. The F. histolytica disappeared
from the stool after the second dose of emetin by the mouth in spite of the vomiting. There
was no recurrence of the infection. The trichomonas and E. nana infection disappeared during
the treatment, but recurred later. During treatment the patient was not kept in bed and was
‘on chicken diet. The emetin had no action on the temperature or pulse-rate.
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Case Harnis, C., aged 25.—Patient, who had been in France from January to August,

1_:'915, was transferred to the Peninsula, where he remained four months. Patient states that

hﬁ h*ﬂ .ﬂyuﬁntary huth iu Fra,uﬂ_e_ [“]d on t.!']ﬂ. Peﬂinﬂulﬂ, ﬂnd tlh&t hE hﬂnd hﬂli at one t'ime ar
another 25 injections of emetin, He came to Egypt early in 1016, and was found to be a
earrier of K. histolytica on March 22 during the routine examination of men in Mustapha
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Camp. He had also infections of E. coli and I.cysts, while later, infections of trichomonas
and tetramitus appeared. He was kept under observation till March 28, when a course of
emetin by the mouth (one grain a day for 12 days) was commenced. Patient took this
emetin without vomiting, with the result that the E. histolytica, E. coli, and I-eyst infections
disappeared after three days. The E. coli, however, reappeared on the last day of the course,
and the K, histolytica and trichomonas within a week. From April 14 to 25 patient was given
emetin injections (one grain a day for 12 days). The E. hustolytica infection again dis-
appeared after four injeetions, but not the E. coli nor the trichomonas, which had reappeared
before the injections were commenced. Tetramitus was also found for the first time towards
the end of the course of injections. During treatment patient was nof kept in bed and was on
chicken diet. He was kept under control for one month in the convalescent camp, where
he performed light duty. There was no recurrence of the E. histolytica infection, while the two
emetin courses had no effect on the temperature or pulse-rate.
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Case Russern, F., aged 35.—Patient, who had never been abroad before, left England in
August, 1915, for the Peninsula, where he remained three months. He came to Egypt in
December, 1915, and on March 21, 1916, was found to be a earrier of E. histolytica during the
routine examination of cooks at Sidi Bishr Camp. Patient had dysentery whilst on the
pinsula, but had no emetin. There was present also an I-eyst infection, which disappeared
ore treatment was commenced on April 11. The cysts of E. histolytica in this case were
‘wery small, having an average diameter of 7 to 10 mierons. From April 11 to 22 patient
‘was given emefbin injections of one grain a day for 12 days. The E. histolytica disappeared
‘after the second dose and did not recur during a control of one month, which patient spent in
the convalescent camp, where he performed light duty. After a week's stay in the camp patient
conbracted an infection of K. nana. During treatment he was not kept in bed and was on
‘chicken diet. The emetin had no effect on the temperature, but the pulse-rate was definitely

“accelerated towards the end of the course.
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" (Qase Mymurs M., aged (?).—Patient, who had not been abroad before, left Eogland in
- October, 1915, and came direct to Egypt. On April 20, 1916, he was found to be a carrier
" of E. histolytica. During the routine examination of cooks .iu ﬁ-[ual;a.[_)hﬂ. Camp, he had .&lsn
" an infection of I-cysts, and later on there appeared infections of trichomonas, tetramitus,
- B. coli, E. nana, and on one occasion only tricercomonas. There was no history of d:,rsanlt.ery;
- Patient was given a course of emetin injections (one grain a day for 12 .ﬂﬂ.}l‘E} from April 25

onwards. The B. histolytica infection disappeared and did not recur during a control of one
" month, the last three weeks of which patient spent in thaﬁ convalescent camp, where he

performed light duty. The emetin had no effect on the patient’s temperature or pulse-rate.

During treatment he was not kept in bed and was on chicken diet.
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FinpayGs
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Case NicroLsow, E., aged 43.—Patient, who had seen previous foreign service in South
Africa, left England on Marech 16, 1915, and went to Mudros where he remained five months.
He had awersﬂ attacks of diarrhcea, but no dysentery. He then came to Alexandria, where
he again had attacks of diarrheea. He was found to be passing large numbers of E. histolytica
eysts on February 15, 1916, in the course of routine examination of men in Camp A
(Gabbari). He was kept under observation till March 4, and was then given a course
of emetin injections of one grain a day for 12 days. E. histolytica was last seen on the
eighth day of treatment and the infection did not recur, though the E. eoli appeared later.
During treatment patient was not kept in bed and was on chicken diet. During the last
fortnight of control patient was in convaleseent camp, where he performed light duty.
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Case Pace, J., aged 27.—Patient, who had never been abroad before, left England ff'n:
Gallipoli in January, 1915. While there he suffered from diarrhaa but did not have dysentery.
He came to Alexandria and was found to be infected with E. histolytica on March 30, 1916, in
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the routine examination of cooks in Sidi Bishr Camp. He was kept under observation till
: %E:Ll 11, when he was given a course of emetin injections (one grain a day for 12 days).
‘The E. histolytica infection, as well as a lamblia infection which had appeared, were abolished
by the treatment, after which the patient was kept under observation in the convalescent camp
for one month. There was no return of the FE. histolytica infection. The lamblia infection,
‘however, reappeared, and then developed an E. coli infection. The emetin treatment had no
effect on the temperature or pulse-rate. The patient was kept in bed and was on chicken diet.
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Case Frysn, N., aged 37.—Patient, who had never been abroad before, left England on
[ March 16, 1916, and came direct to Egypt. He had previously been at Woolwich and other
3 Enrba of England and Ireland. He was found to be a carrier of E. histolytica on April 4, 1916,
‘during the routine examination of cooks in Sidi Bishr Camp, and just 10 days after his arrival
in E%ypt. He had never had dysentery or bad diarrhcza. He was kept under observation till
April 13, when a course of emetin injections was commenced (one grain a day for 12 days).
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|

:t E. histolytica cysts did not ﬂisuﬁpﬂar till after the ninth day of treatment. Patient was

| kept under eontrol for over a month after treatment, three weeks of which was spent in the

| convalescent camp. He had infections of FE. coli and E. nana. There was no return of the

I E. histolytica infection. During treatment patient was not kept in bed, and was on chicken diet.

- The emetin had no effect on patient's temperature or pulse-rate.

. FisnixGs | s Fixpines

Days Tl':::l-tl: e Stool Days ment Y. bz i ] " Stool
E.h.e. | Ece | Ef. | BEnc | En.f | | B.h.c. | Ece | BL | Ene Enf. |
1 | e i (NS S YR ISP R i () (RE B
3 SRS Sl b= = (Bar a8 = = BEAN | R (] R T
4 bt — (444 — | = |But l2¢ | o | = | — 4+ ++ | ++ |But
b - F |+ - — | Bl a5 e | —_ | 4 — | ++ | ++ | B.uf
6 RS T = | = |neeeles | = [ S = e
7 R b~ || = |Lbuifay 3 - | = - | 4-E (4l Bat
BNy | — | — | = (Bt pm0] ..y = | # | 4 |++ |4+ Bt

10 Bl [44] 44 — — | = |L.bnui)52 b | - | - = | ++ | +4 | B.ok
11 EL |44-4f 4 — - | — | Lib.sf. 52 - + — | ++ | ++ | B.L

b llg Bl 44+ + — - | = .E.i.[ E!i - - j— - —+ g:

Ik E.1 T - — af, |87 — = il ¢ 1o e 5 oL
s T C | = — |40 - - |+ | = | = ﬁtg
15 E.1l —  — | — |B.aaf j42 — — — - — H

Cch [ B i e — fl44 — | = | = | + | + |BL

17 12 Ly = - - | - — |46 - + - | 44+ | +- 1 B.L.
N B |44 — + | = | = |Bul [j43 + | + | ++ | ++ [BL
B R | — | + i e e L0 L Bat) 150 - | ++| = | ++ | ++ |BL
20 Bl | — — i = — — |54 - — i + + |B.L
e - |+ | - | + | + |Bat |




168 HUMAN INTESTINAL PROTOZOA 1IN THE XNEAR EAST

Case Krrsox, aged 22.—Patient, who had not been abroad before, left England in April,
1915, for the Peninsula, where he remained 4} months. He was transferred to Egypt in
September, 1915, and on April 22, 1916, was found to be a carrier of K. histolytica during
the routine examination of men in Mustapha Camp. He was kept under observation till
April 26, when a course of emetin injections was commenced (one grain a day for 12 days).
The E. histolytica infection quickly disappeared, and did not recur during a control of one
month, which patient spent in the convalescent camp on light duty. During treatment he was
not kept in bed, and was on chicken diet. The emetin had no effect on the patient's tempera-
ture or pulse-rate. An accompanying K. coli infection was not abolished by the treatment.
There had been no history of dysentery.
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Case KvianT, aged 21.—Patient, who had been in India a year previously, left England on
October 8, 1915, and was on the Peninsula for two months before being transferred to Egypt.
Patient, who had never had dysentery, was found to be a carrier of E. histolytica on April 1T,
1916, during the routine examination of men in Mustapha Camp. He was kept under
observation till April 25, when a course of emetin injections (one grain a day for 12 days)
was commenced. The K. histolytica cysts had disappeared from the stool two days before
treatment was eommenced, but on the first day of treatment a small number of free entamoshe
were present. There was no recurrence of the infection during a control of one month, the
greater part of which patient spent in the convalescent eamp, where he performed light duby.
The course of emetin had no effect on the pulse-rate, but there was a rise in temperature to

100” on two successive days. During treatment patient was not kept in bed and was on
chicken diet.
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 Case Oruzop, T. H,, aged 27.—Patient, who had not been abroad bhefore, left England
'in the middle of 1915 for Mudros, where he remained for five months. He then came to
Egy pt and was founq on February 12, 1916, to be a carrier of E. histolytica in the routine
mination of men in Camp A. Patient had suffered from attacks of diarrhcea but had
had aﬂ'ﬂﬂﬂ_ﬁrj_-'-_ He was kept under observation till February 27, when he was given a
~course of emetin injections of one grain a day for 12 days. The E. histolytica disappeared
‘after the second dose. There was a concurrent FE. coli infection. There was no recurrence
‘of the E. histolytica during a control of one month, the last three weeks of which patient
spent in the convalescent camp on light duty. During treatment he was not kept in bed,
‘and was given chicken diet. The course of emetin had no effect on the temperature,
*{ﬁuugh the pulse-rate, which was decidedly slow before, became more rapid during and after

b .
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- Case Coorer, L. J., aged 20.—Patient, who had not been abroad before, came to Egypt
from England in January, 1916. He was found to be infected with K. histolylica on
- March 2, 1916, during routine examination of cooks in Sidi Bishr Camp. He was kept
under observation till Mareh 11, when a course of emetin injections (one grain a day for
12 days) was commenced. The E. histolytica infection disappeared after the first dose of emetin
- and did not recur in a subsequent control of one month after treatment was completed. The
- B. coli, which was present on the first examination and then absent, reappeared during the
course of emetin. After treatment the patient was in the convalescent camp, where he
- performed light duty. The emetin did not appear to have any influence on the patient's
temperature or pulse-rate. Just 20 days after the control of this patient was completed he
- Was re-admitted to hospital for dysentery. Examination showed no amceeb® but the cellular
- pictare of a bacillary infection. The stool was examined microseopically for four days and no
~ signs of the original E. histolytica infection could be found. There was no history of previous

dysentery.
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Case Bapnawm, G., aged 34.—Patient, who had never heen abroad before, left England in
June, 1915, and came direct to Egypt, where he was placed on the orderly staff at the
Orwa-el-Waska Hospital, Alexandria. On February 16, 1916, he was found to be a earrier
of E. histolytica together with F. coli in the routine examination of the hospital staff. He
was kept under observation till February 25, when a course of emetin injections (one grain &
day for 8 days) was instituted. During treatment patient continued his duties and took his
ordinary food. The E. histolytica disappeared but recurred later—hetween 16 and 40 days
after treatment was finished. Patient, still on duty and faking ordinary food, was given a
course of emetin injections (one grain a day for 12 days). The E. histolytica infection again
disappeared and this time did not recur during a control of 1} months after treatment. The

patient, who was a nervous individual, continued his duties during treatment without any
noticeable discomfort.*
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Case WEBEER, 5., aged 32.—Patient, who had never been abroad before, left England in
June, 1915. He went direct to the Peninsula, where he stayed seven weeks, during which
time be had a short attack of dysentery for which he was given injections of emetin (dose ?).
In September he came to Egypt, where he was employed as cook. On April 13, 1916, during
the routine examination of cooks at Sidi Bishr Camp he was found to be a carrier of E. histolytica.
He had also an infection of K. coli and was later found to have coccidia (isospora). From April 25,
patient was given a 12-day course of emetin injections (one grain a day). The patient was
not kept in bed and was on chicken diet. The eysts of E. histolytica disappeared from the stool
but recurred soon after. The coceidia infection was also unaffected by the treatment. Accordingly
patient was given a second 12-day course of emetin from May 15 (one grain injection each
morning and 4 grain in keratin-coated tabloid by the mouth each night). He was kept in
bed on milk diet. He vomited on only one occasion. The E. histolylica and the coccidia both
disappeared from the stool and did not recur during a control of one month, the greater part of
which patient spent in the convalescent camp on light duty, where he seemed to pick up an
E. nana infection. Neither the temperature nor the pulse-rate were in any way effected by the
two courses of emetin. There were no symptoms which could be attributed to the coceidia, for
though the patient had also an E. histolytica infection he was not ill in any way.

Fiupisas
Days Treatment | Stool
E.h.c. E Ecc EIl | E.n.e. | Enf | CUoe
1 o i + 3 ‘ i ' i | £ E.ug.
i : b 4 2 — .uf.
E _;.‘-}:E:I_.:. | +. ..l . — - - B.uf.
9 - R — + -+ — = = B.uf.
10 : +++ - — = = = Huk
11 : - - - — = - B.uf.
12 5 JLdel e - - - - | Bat
13 E.1 +4+4+ |+ ~ — - + | Buaf
14 E.1 +++ kit + - = h L. ul.
15 E.1 ++ et - - = 'r B.uf.
15_ E.1 rhe -— — —— i - B.uf.
17 E.1l 2 SF == = == - - B.uf.
18 E.1 = i == | — — == B.ui.
19 E.1 s - — | - - - B.uf.
20 E.1 - -+ - - - = B.f.
21 B.1 - o= - - - ++ B.uf.
24 E.1 - = -- - - - B.uf.
23 ¥.1 N — - —~ - 1 L
24 E1 = i 3 iy g afL B.uf.
a5 L = — s | — —_ - :lFia I.Iff..
B S = - HER 8.
g’g t H == a — + L. b.uf.
28 "y [ - — — 4= B.uf.
- i, — 44| B, uf,
o . i = + e = FET s
a1 i i - S S — H 5 Bl L. b.uf.
32 b +4 - - = = T THBL
55 F.l Emj oo = = = P e ﬁ:if
34 El Em.4 =+ — B i = ey | I.bh 'f
35 E.1l E.m. = — + = = o5 ey
36 E.1 BEm.} - = - 5 = £ I bouf
37 Bl Em - - = = B ARt 0y
a8 E.1 E.m.4 | - = o G b | H-i R
39 . E.l1 F.om./ — = _. | = : = BII
40 E.1l E.m.{ — = 4l | = i ]’r.'l.;f
41 E.l E.m. - = + i Al = Bi.
42 ElEm.} - = = T . i 0 B.uf
43 E.l E.m.} - = = e T ) Bouf
:E 01 El E'm‘ ] = : J::;_ : | = —== I‘IFI.'I.I[




172 HUMAN INTESTINAL FROTOZOA IN THE NEAR EAST

——— —_ = s — - —

{ FiopiNGs |
Days Treatment — L T e R e Etool
| Bbhe | Bea E.f Ene. | Enf oe. |
AN S | RN | | it B [T e
TR 3 [P = SRR - i B.uf.
50 .| = : = = B = B.si.
52 | aw I = = —|— | = | = i -_— B..IIE.
\.""I' . w | — b b ] | e 1 — ) :B-Hf-u
a6 - ; - - ++ - . — | = B.sf.
58 e I — .k o | ++ | - E.sf.
GO o -— —_ - — — - B.sf.
E'.. — =3 Frew — e h — B-H’fl
66 = “ % T 3 i Bt
= = ++ = - - .
68 ~ - ++ - = = b8t
70 = - — - - - B.sl
72 . — — — - — — B.sf
T4 . [yes= = + — — - B.sf

Case PERo, aged (?).—Patient, who had previously been abroad before in German W, Africa,
left England on December 28, 1915, and came direct to Egypt. He was on the western Egyptian
frontier for two months and then returned to Alexandria, where, on April 4, he was found to be
a earvier of FE. histolytica during the routine examination of cooks at Sidi Bishr Camp. He had
never suffered from dysentery. There was also an infection of E. ¢oli and tetramitus, and on two
occasions trichomonas was found. Patient was placed on emetin injections (one grain a day
for 12 days) from April 15 to 25. He was not kept in bed and was given chicken diet. The
E. histolytica infection quickly disappeared but returned on May 2, five days after pabient had
gone to the convalescent camp. He was re-admitted to hospital and a second course of emetin
was commenced for 12 days (one grain injection in the morning and 1 grain in keratin-coated
tabloid by the mouth at night). During this course patient was kept in bed and given milk diet.
He vomited regularly after taking the emetin at night, so after six nights the 1 grain by the mouth
was discontinued. In spite of this all three infections disappeared quickly and during the control
of over one month after treatment the tetramitus infection alone reappeared. For the last three
weeks of observation patient was in convalescent eamp, where he performed light duty. The
first course of emetin had no effect on the patient's temperature or pulse-rate, but the second
course produced a rapid pulse which persisted for over a week after the course was completed.
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Case McQuapg, aged 36.—Patient, who had previous foreign service in South and West
Afriea, where he suffered from malaria, left England on September 16, 1915, for the Peninsula.
He was there four months and was then transferred to HEgypt, where, on March 23, 1916, he
was found to be a carrier of E. histolytica during the routine examination of men in Mustapha
Camp. Patient says he never suffered from dysentery at any time. He was kept under
observation till March 28, when a course of emetin injections of one grain a day for 12 days
was commenced. The E. histolytica infection disappeared after the second dose, and during
the course a tetramitus infection appeared. During treatment patient was not kept in bed
and was given chicken diet. Ten days after the course was finished patient went to the
convalescent camp and a fortnight later was again passing cysts of E. histolytica. He was
taken into hospital again and on April 5 another course of emetin was commenced. This
time he was given each day for 12 days a one-grain injection of emetin in th&lmuruing and
4 grain of emetin in keratin-coated tabloid at night. H.B was kept 1-.31 bed on milk diet. The
eysts of E. histolytica disappeared after the first day and did not recur in a control of one month,
the last three weeks of which patient spent in the convalescent camp. The emetin by the
mﬁuth produced no vomiting and there was no change in the temperature or pulse-rate.
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Case Squires, H., aged 32.—Patient, who had not been abroad before, left England in
September, 1915, and went to Mudros, where he remained three months before being transferred
to Egypt. On April 2, 1916, during the routine examination of cooks in Sidi Bishr Camp
he was found to be a carrier of E. histolytica. There was no history of previous dysentery.
There was also an infection of FE. coli and FE. nana, and on one oceasion lamblia cysts were
present. Patient was kept under observation till April 10, when a course of emetin injections
(one grain a day for 12 days) was commenced. During treatment patient was not kept in
bed and was given chicken diet. The E. lusfolytica disappeared, but were again present
within a week of the completion of the course. Patient, who had gone to the convalescent
camp, returned to hospital and was given a second course of emetin for 12 days (one-grain
injection each morning and 3 grain in keratin-coated tabloid each night). During the
course he was kept in bed on milk diet. There was no vomiting. This treatment had the
effect of abolishing all the infections, including a tricercomonas infection which appeared
while patient was in a convalescent eamp. After the second course of emetin patient was
kept under observation for a month, the last three weeks of which were spent in the convalescent
camp, where he performed light duty. The E. coli and K. nana infections recurred, but not the
E. histolytica nor the tricercomonas infections. Neither course of emetin had any effect on
the patient's temperature or pulse-rate.
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- Case Boyp, aged 37.—Patient, who had not heen abroad before, left England on March 2,
6, and came direct to Egypt, where on April 6, during the routine examination of eooks in
I Bishr Camp, he was found to be infected with E. histolytica. He had also an infection of
amitus, and later on showed at one time or another infection of E. coli and tricercomonas.
: ia infection appeared at the end of the observation, the patient having probably become
| in eamp. There was no history of dysentery. Patient was kept under observation
15, when a course of emetin injections was commenced (one grain a day for 12 days).
ing the course he was not kept in bed and was on chicken diet. The F. histolytica cysts
Mﬂ from the stool before the end of the course, but recurred again within a week,
it, who had gone to the convalescent camp, was re-admitted to hospital, and a second
v_tﬂ emetin given (one-grain injection each morning, and } grain in keratin-coated tabloid
). Patient was kept in bed on milk diet. There was no vomiting. The E. histolytica
‘disappeared and did not recur during a control of over one month, during the greater
which patient spent in the convalescent camp on light duty. The courses of emetin bad

ect on the patient’s temperature or pulse-rate.
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Case Cox, J., aged 20.—Patient, who had never been abroad before, left England in May,
1915, and came direct to Egypt, and was stationed at the 19th General Hospital. On
February 15, during the routine examivnation of the Hospital Staff, patient was found to
be passing cysts of K. histolytica in small numbers. The stool was not examined again till
April 17, when cysts were still present but in larger numbers, There was also an infection
of E. colt and E. nana, and trichomonas appeared later. Patient stated that he had never had
dysentery or diarrhcea. From April 20 he was given a 12.day course of emetin injections
(one grain a day). The cysts of E. histolylica were last seen on the fifth day of treatment.
During the treatment patient continued his duties in the hospital and was on full diet.
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gym. of E. histolytica veappeared in the stool 25 days after the emetin course was
The course of emetin had no effect on the patient's general health.*
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gﬂﬁm JACESON, A., aged 36.—Patient, who had not been abroad before, left England in

1915. and went tﬁ the Peninsula, where he remained five months. He was then trans-

1 o Egypt, where on March 23, 1916, he was found to be a carrier of I. histolytica during

I 'H e examination of men in Mustapha Camp. He also had an infection of tetramitus.

gave no history of dysentery. He was kept under observation till April 1, when a course

] __‘_,' by the mouth (one grain a day in tine. opii for 12 days) was cummenced During

Eﬁ'ﬁrﬂﬂ patient vomited after the emetin on several occasions. The E. histolytica dis-

» but recurred again three days after the course was completed. Patient was then

!mehn ‘injections, one grain a day for 12 days. The K. histolylica disappeared after the

| dose, but recurred again a fortnight after the course was finished. During freatment

,\H_m not kept in bed and was on chicken diet. The two courses of emetin had no effect
e pulse-rate and the temperature was not altered.
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.—When the patient was examined ons year Tater by Mr. Savage in Egypt, cysts of E Aidolytica were still present
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Case Marx, aged 42.—Patient, who had not been abroad before, left England on May 24,
1915, for the Peninsula, where he remained for six months (Cape Hellas). While there he
suffered from diarrhcea, but had no dysentery.
March 20, 1916, to be a carrier of E. hisfolytica in the routine examination of men in Mustapha
He was under observation till March 28, when a course of emetin by the mouth
(one grain a day for 12 days) was commenced. The E, hisfolytica did not disappear, so the
patient was given a course of emetin injections (one grain a day for 12 days) from April 14.
The E. histolytica cysts quickly disappeared, but reeurred 10 days later., The emetin courses
had no effect on the temperature or pulse-rate. Trichomonas was also present, and an E. coli
infection appeared a few days after the patient went to the convalescent camp. During the
treatment the patient was not kept in bed and was given chicken diet. The emetin by the

Camp.

He came to Alexandria and was found on

mouth caused him to vomit on two oeccasions only.
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Case Seiers, D., aged (?).—Patient, who had lived in Ceylon for some years, first suffered
He was ill for 10 weeks and the disease was said to be of baecillar

from dysentery in 1911,
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origin. During 1914 and 1915 he had many attacks of amcebic dysentery, for which he was
treated as follows :—

1914. May .. e e 1 week e 12 injections of emetin (6 grains)

- July .. = 5 g days 5 R R, St - S|
i August .. = A 1 week s 10 & i [
Oetober. . - o R e 6 r i {80

December X t 1 Eal r 8 . i i 5

1916. August .. e s 2 days o i1 i = 3 )

October. . b % P s RS S R

November 2 e 1 week . 10 . e 5 o)

December e o 1 b d e 10 o o e e,

During January and February, 1916, patient on two occasions had two injections of emetin

(% grain at each injection) as he felt as if an attack of dysentery was impending. He has also
been in the habit of taking a }-grain keratin-coated tabloid of emetin when any trace of blood
and mucus appeared in the stool. This he had done on four occasions. He was convineed that

| this procedure warded off attacks of dysentery. When seen on February 19, 1916, patient was
‘thin and sallow looking, and was evidently not well. The stool brought for inspection was soft
and semi-formed with flakes of mucus distributed through it. There were present enormous
numbers of amcwebme, which the subsequent observations proved to be minuta forms of
H. histolytica. As patient could not very well come into hospital he was treated while on
duty (office work) with emetin injections (one grain a day for 12 days). He was put on
light chicken diet .and was to avoid all alcohol. A stool examined three days after treat-
ment showed E. histolytica cysts in enormous numbers. These he continued to pass through
the whole course of emetin injections. Emetin by the mouth was then given—one grain ab
night for two nights and then % grain at night for seven nights. After the first dose by the
mouth the cysts showed signs of degeneration, while none were found after the second dose.

A T T T ——————

| The patient was kept under observation for over a month after treatment. There was no
| recurrence of the amambm in the stool and the patient continued to improve in health. The
| intestinal symptoms completely cleared up, and patient passed normal stools for the first time
é’ ginee his dysenteric attacks commenced.
i
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k Case Heawy, E., aged 26.—Patient, who bad lived in the Federated ?‘Iﬂ'l“}' States, had his
. first attack of dysentery there in the spring of 1911. He was in hospital three weeks and
® : i , was gi tin. Another attack in 1913
" did not have another attack till 1912, for which he was given eme

or hﬁginniﬂg of 1914 oceurred for which emetin was again administered. Patient came home

-

P

"
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to Bngland in November, 1914, and was then very fit except for the fact that he always had
loose motions. About July, 1915, when under canvas in wet weather in Hngland, he experienced
another attack of dysentery for which he went into hospital and was given emetin. He came
out of hospital but very soon relapsed again. This time he was treated with rectal injections
of silver salts. In November, 1915, he left England for the Mediterranean and had an attack
on the ship. He came to Egypt and remained fairly well to the end of the year. When
on the way to Mudros he was very ill with dysentery. While in Mudros he was constantly
ill, and after a fortnight was sent back to Egypt. Up to February 23, 1916, when the stool
was first examined microscopically, patient was constantly passing blood and mucus. When
examined on this date the stool was found to consist of brown soft feeal matter with some
patehes of blood and mueus, and contained numerous small ammbse which looked like minuta
forms of E. histolytica. A similar condition was observed next day, while on the next day after
this, in addition to the small amceba, there were numerous cysts of E. histolytica. Patient
was placed on light diet and given a course of emetin injections, one grain a day from
February 25, to March 7. This had practically no effect on the infection. Owing o the
good result obtained in another case (Spiers) patient was then given emetin by the mouth.
From February 9 he had } grain a day for four days and then one grain a day for six days.
As this treatment also gave no result patient was then given a course of pulv. ipecac.,
commencing with 30 grains, This was decreased daily by five grains till a dose of 10 was
reached, when patient continued the 10 grains a day for eight days. As this treatment
was in no way reducing the infection, patient was given an injection of emetin one % grain
a day along with the 10 grains of pulv. ipecac. As no change in the infection was produced,
this double treatment was discontinued after three days. Owing to a suggestion that thymoel
was toxie to amabm, this drug in doses of 10 grains t.d.s. was tried for eight days. This drog
yielded no better results than the others tried before. During the whole of this time patient
was not kept in bed and was mostly on chicken diet. It was accordingly decided to try emetin
treatment by the mouth in larger doses, to keep the patient in bed, and to give him a rigid
dysentery diet of arrowroot water, jelly, tea with milk, and a little ecustard. This diet was
commenced two days before the emetin was started. Patient then took 1% grains of emetin
each night for 12 nights. After three days of this treatment the amcmba disappeared
from the stool and patient was allowed towards the end of the course a little extra food in
the shape of beef tea, an egg and rusks. The emetin was kept down without vomiting, except
on the first oceasion, though this necessitated a heroie struggle on the patient’s part. Three
days after the end of this course of emetin there were as many cysts of E. histolylica in the
stool as before treatment. These, with or without minuta forms of E. hisfolytica, were found
regularly till May 13, when patient was invalided home to England. The large quantity of
emetin taken by the patient had very little effect on his general health, and any weakness
after treatment could be attributed to the restricted diet and stay in bed during the last course

of emetin. The patient had a pure infection of E. histolyfica uncomplicated by the presence
of any other protozoa.
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- Nore.—On his arrival in England, the patient was seen by Dr A, . Stevenson and Dr. G, €. Low, who undertook the further
o h““_'- A conrse of bismuth emetin iodide (3. praing a day for 12 days) was civen, with the result that the Ehisolyties
 infection entirely disappeared, and did not recur during a contrel of 10§ months with 25 examinations. A tetramitus infection
- which had developed did not yleld to the treatment.

: Case Kerrnewenn, aged 24.—Patient, who had not been abroad before, left England
in June, 1915, and went direct to Gallipoli. He was there for seven weeks but had dysentery
after baving been there two weeks. He remained on duty, however, till he was compelled
to report sick in September. He was invalided to Malta, where he remained one month and
suffered from jaundice. Thence he returned to England and was in hospital a few days till

'-:'ﬁﬂ discharged. He was given six weeks leave, but was ill part of the time with dysenteric

:'fr mptoms. He was back on duty (A eclass) in December, 1915, and returned to the
‘Mediterranean Egypt in February. Since the beginning of his illness patient had had diarrhees
‘or dysentery continuously till December, when there was some improvement. He was never
reated with emetin. On March 1 and 3, owing to continued looseness of the bowels, patient’s
hﬂ was examined and he was found to have a large E. histolytica infection, together with
tebramitus and E. coli. Patient was taken into hospital and given a course of emetin injections
‘of one grain a day for 12 days. The . histolytica infection was not abolished by this treatment,
{4 ing which patient was not kept in bed and was on chicken diet. It was accordingly decided
to keep patient in bed, give him daily a rigid dysentery diet (tea with milk, arrowroot, jelly, and

] Ziliﬂ"lﬁ custard), and institute a course of emetin by the mouth. Patient was given in Fhia
‘Way emetin in tinc. opii 1} grains a day for four days, followed by one grain a day for eight
‘days. There was no vomiting. The K. histolytica quickly disappeared, as also did the
tetramitus and F. coli. There was no return of the E. histolytica infection during a control of
one month after treatment, The other infections, however, recurred. When patient got
up after the second course of emetin he felt very weak and suffered from marked shortness of
breath and irregular action of the heart on slight exertion. This condition continued fnf about
one month and gradually disappeared, the patient finally returning to duty. In this case

it appeared as if the emetin administered had had some bad effect upon the heart.
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Case Bexxerr, J., aged 47.—Patient, who had not been abroad before, left England in
1915 for the Peninsula, where he remained from May to Oectober. He was transferred to
Egypt, and on April 16, 1916, during the routine examination of eooks in Muﬂta.[ilha Camp was
found to be a carrvier of E. histolytica. There was also an infection of E. coli, and later a
trichomonas infection appeared. There was no history of dysentery. Patient was kept
under observation till April 25, when a course of emetin injection was commenced, one grain
a day for 12 days. The E. histolytica cysts did not disappear from the stool, so from

May 9 onwards for 12 days patient was given daily by the mouth a grain of emetin in
keratin-coated tabloid. There was no vomiting, and the E. histolytica disappeared after the
second day of treatment. There was no recurrence of the infection during a control of one
month, three weeks of which patient spent in the convalescent camp, where he performed
light duty. While there a trichomonas infection manifested itself. During the course of
emetin patient was not kept in bed and was on chicken diet. The emetin had no effect on
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patient’s temperature or pulse-rate. j
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- complained of shortness of breath on exertion,
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Case OBBARD, A., aged 21.—Patient, who had never been abroad before, left England on
June 1, 1915, and went direct to the Peninsula (Cape Hellas and Suvla Bay). While there
he had attacks of diarrhcea, was wounded, and finally transferred to Alexandria. On April 2,
1916, during the routine examination of cooks in Mustapha Camp, patient was found to be
a carrier of E. histolytica. He had also an infection of E. coli. There was no history of
dysentery and patient had never had emetin. He was kept under observation till April 11,
when a course of emetin injections (one grain a day for 12 days) was commenced. The
cysts of E. histolytica disappeared at first but they recurred before the end of the course
and were just as numerous afterwards. Patient was observed till May 3 when a second course
of emetin for 12 days was given (one grain injection each morning and 4 grain in keratin-
coated tabloid by the mouth at night). The day after treatment was commenced no cysts
of E. histolytica were found and they did not recur during a control of 48 days after the
course was completed. Unfortunately no stool was examined on the day the course was
commenced, but the E. histolytica eyst had been passed regularly up to that date. During the
first course of emetin patient was not kept in bed and was given chicken diet, while during the
second course he was in bed on milk diet. The emetin by the mouth caused vomiting on three
oceasions. During the first course of emetin there was a slight increase in the pafient's pulse-
rate, which persisted after the treatment for a few days. During the second course the increase
in pulse-rate was still more marked, and it did not subside for at least a fortnight, and patient
There was no change in the temperature. °
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Case DorTer, P., aged 32.—Patient, who is an Australian, first had dysentery two years
ago in Western Australia, and has had attacks on many occasions since then. In March, 1915,
he was ill with dysentery in Cairo, and later in the month in hospital in Alexandria. He
was treated with emetin (dose ?). During April and May, 1915, he had dysentery on the
Peninsula. He was invalided to Malta with a gunshot wound in the hand, and had an attack
of dysentery while there. He had further attacks in England in November, 1915, and
Mareh, 1916. He was transferred to Egypt and suffered from dysentery on the voyage ouf.
He was admitted to the 15th General Hospital on arrival at Alexandria on April 10, 1916.
Between April 10 and April 24 the patient’s stool was examined four times with negative results,
but on the latter date the stool consisted of much blood and mucus mixed with brown fecal
matter. There were present a few eysts of K. histolytica and a fair number of active amwmba,
some of which contained red blood corpuscles. Patient was given a course of emetin injections
of one grain a day for 12 days. The infection disappeared after four days’ treatment,
during which patient was kept in bed and placed on milk diet. Patient went to the
convalescent camp five days after treatment was finished, and five days later was again
passing cysts of E. histolytica and free ameebz. An infection of E. eoli had also appeared.
Patient was re-admitted to hospital (19th General), and on May 25 a second 12-day
course of emetin was commenced (one grain injeetion each morning and % grain by the
mouth in keratin-coated tabloid each night). Patient was kept in bed and placed on milk
diet during the treatment. The infection again disappeared, and patient was sent to the
convalescent camp on June 11, where FE. hisiolytica cysts again appeared in the stool
10 days after the course of emetin was completed. The emetin courses had no effect
on the temperature or pulse-rate of the patient.
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Case Barn, aged 36.—Patient, who had not been abroad before, left B gland in 1915
for Mudros, where he remained nine months. He was transferred to Egypt, a.n% on March 22,
1916, while acting as head cook at Orwa-el-Waska Hospital, he was taken ill with dysentery.
He had bad three previous attacks of dysentery for which he had been in hospital. In Mudros
he had one injection of emetin (dose 7). When admittéd to hospital on March 22, the stool
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consisted of fiecal matter and a large quantity of dark brown blood-stained mucus. The mucus

showed numerous large active amehe, many of which contained red blood corpuscles.
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e fiecal portion contained numerous smaller ameb® (minuta forms of E. histolytica) and
of E. histolytica, together with tetramitus and trichomonas. The case was undoubtedly
of a carrier relapsing info an attack of acute dysentery. On the following day a similar
ol was passed, and patient was put on a course of emetin by the mouth (one grain a day
12 days). The dysentery quickly cleared up and the ammbm disappeared after the
d dose, but not the trichomonas and tetramitus. Patient vomited only on one oceasion—
0 minutes after the second dose of emetin. During treatment patient was on liquid diet
id was kept in bed. After treatment he returned to duty in the hospital kitchen, where
s was kept under observation. FEleven days after the course of emetin was completed,
histolytica (free and encysted) were found in the stool. Patient was then given a course
[ emetin injections one grain a day for 12 days. The E. histolytica again disappeared but
the tetramitus or trichomonas. During this course patient was on full diet and continued
as cook. Twenty-four days after this course was finished E. histolytica again appeared
e stool and persisted to the end of the observation, when patient was sent home to
and. During the latter part of the observation patient had an infection of the small
late hitherto undeseribed Tricercomonas intestinalis.
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Case Bagrmig, D. W., aged 43.—Patient left Australia in December, 1914, and was eight
months on the Peninsula where he had dysentery, for which he received eight injections of
emetin (dose 7). In February, 1916, patient, who had come to Egypt, was in hospital for
dysentery. On April 4 be was again admitted for dysentery, and was passing stool consisting
of blood and mucus with active ammba. On the same day a course of emetin by the mouth
was commenced (one grain a day for 12 days). On the fifth day of treatment cysts of
E. histolytica were found; these persisted all through the treatment by the mouth, and when
12 doses had been given a course of emetin injections was commenced (one grain a day
for 12 days). The E. Justolytica infection disappeared two days before the end of this
course, but they appeared again within a week. During the second course of emetin a tetramitus
infeetion manifested itself. The two courses of emetin had no effect on the temperature
or pulse-rate. During the first course of emetin the patient was in bed on milk diet. During
the seecond course he was not kept in bed and was on chicken diet as actual dysenteric
symptoms had disappeared. An E. coli infection appeared five days after patient went
to the convalescent camp.
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Cask Saurn, C., aged 27.—Patient, who had previously served in South Africa and China,
lefs England in March, 1914, for Egypt, where he remained till April, 1915, when he went to
the Peninsula. He was there for seven months, and had his first attack of dysentery in
November, for which he was invalided to Egypt. On the ship he was given emetin for eight
days (two injections a day: dose ?). He was admitted into hospital in Cairo, and given &
further course of emetin for seven days (one injection a day: dose?). Still with some dysenteric
symptoms, patient was sent to a convaleseent camp, where he was given a third course of emeﬁﬁ,f;"

5



APPEXDIX 187

(one injection a day for eight days). The dysentery cleared up, and he went to Mustapha Camp,
where, on April 3, 1916, another attack of dysentery developed, and he was admitted to the
15th General Hospital. The stool contained much blood and mucus, and there were present
many active free amcebs, none of which contained red blood corpuscles. Two days later, how-
ever, many amebwe had included red blood cells. Patient was given a 12-day course of emetin
injection (one grain a day). The amobw disappeared after the first injection, and the dysenterie
symptoms subsided, the stool becoming free from blood and mueus. After treatment patient was
kept under observation in hospital for three weeks, during which time a stool with blood and
mucus and active ameebe were found on one occasion. Free amebm and cysts of E. coli and
tetramitus were found from time to time. The patient went to convalescent camp on May 12, and
on May 19 had another attack of dysentery, for which he was admitted to the Orwa-el-Waska
Hospital. The stool contained many active amabe with included red blood corpuscles and
tetramitus. Patient was then given a lg-da.y course of emetin {una gr&in inject.ion each morning
and % grain in keratin-coated fabloid each evening). Under this treatment the dysentery again
subsided, but a week later active ama:bw® with included red blood corpuscles were again present
in large numbers. Methyl emetin sulphate was then given for 12 days (one grain injection
each morning, and one grain in keratin-coated tabloid by the mouth each evening). The patient's
symptoms abated, but amwhe, which, on aceount of included red blood cells, were certainly
E. histolytica, did not disappear. During the courses of emetin, the patient was kept in bed,
and was given either milk or some stringent dysentery diet. Neither the emetin nor the methyl
emetin by the mouth caused any vomiting.

The patient's temperature and pulse-rate were not altered by the treatment, though there
was some fever on one occasion, associated with a kind of bilious attack. This case, which has
been treated with emetin from the commencement of the disease, has proved very resistant.
An interesting feature of the case is the constant absence of cysts of E. histolytica, though most
careful search has been made for them on many occasions. The only eysts seen have been
those of E. coli, and one might argue from this that all the ammhb® belonged to this species.
The irregularity of the tetramitus infection is also worthy of note.*
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* KorE.—The thent, who was {nvalided to England, suffered from dysentery on the journey home. He was treated with emeotin,
AL the dysentery depot at Barton o full eourse of bismuth emetin jodide (3 graing a day for 12 days) was followed by relapse.

4 socond course of tﬁs drog gave no bettor result. & liver abscesa developed, and the patient died after operation. During this
Deriod fres forms of E kistolytica alone were found., Cysts were never seen, FPost-mortem findings were, unfortunately, not
available,
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Case RusarortH, aged 33.—Patient, who had not been abroad before, left England on
December 5, 1915, and came direct to FHgypt, where he remained. On April 24, 1916, he
was admitted to the 15th General Hospital with a history of diarrheea for nine days and the
passage of blood and mucus for two days. There was no previous history of dysentery.
The case was evidently one of a primary attack of ambie dysentery. The stool contained
not only active free amesb® but also eysts of E. histolytica. It would appear from the presence
of the cysts that the patient had become a carrier and had then lapsed into the eondition of
acute dysentery. Patient was given a course of emetin injections of one grain a day for
He was kept in bed on dysentery diet. The E. histolytica quickly disappeared,
but during the course an F. coli infection beecame evident, and within a fortnight of the
completion of the course the K. histolytica reappeared while patient was in the econvalescent
camp. He was admitted to the Orwa-el-Waska Hospital and given a second course of emetin
for 12 days (one-grain injection each morning and } grain in keratin-coated tabloid by the
mouth each night). Patient was kept in bed on milk diet. He vomited on only one occasion.
The E. histolyfica infection again disappeared and did not recur during a subsequent control

of 57 days, the greater part of which was spent in the convalescent camp. The emetin
courses had no effect on the patient's temperature or pulse-rate.
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SEcTiON II.

_ - Case Lixcarn, H., aged 23.—Patient, who had not been abroad before, left England
.{iF._-BEPmbﬂr: 1914. He was on the Penineula for eight months, where he suffered from
,Qimhmﬂ- He never had dysentery. He came to Alexandria, and was found on March 20, 1916,
@h a carrier of E. histolytica in the course of routine examination of men in Mustapha
Convalescent Depot. He had large infection of cysts of E. histolytica, E. coli, and lamblia,
~and also I-cysts. He later had trichomonas occasionally. From March 26 he was given emetin
by the mouth (one grain a day for 12 days in tine. opii). He vomited on three occasions. He
~was nob kept in bed, and was given chicken diet. There was no alteration in the pulse-rate,
~and the temperature remained normal or slightly subnormal. All the intestinal infections
 disappeared under the emetin, but the lamblia and trichomonas recurred soon after, and the
E. coli later. From April 13 to April 24 the patient was given g-naphthol 15 grains three times
‘& day for 12 days. The trichomonas did not reappear, but the lamblia and E. coli infections

remained. After the drug was stopped, the lamblia reappeared in as great numbers as at first.
There was no recurrence of the E. histolytica or I-cyst infections.
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Case McoGixty, aged 35.—Patient, who had previously been in South Africa, where he had
dysentery twice, left England on September 21, 1914, He went to the Peninsula and remained

there five weeks till he was invalided for dysentery.

He was given no emetin,

Egypt and again had dysentery in Mustapha Camp. On March 24, 1916, during the routine
examination of men in this camp he was found to be infected with E. histolytica, E. coli and

lamblia.

Later, after treatment, a tetramitus infection appeared. Patient was kept under

observation till March 28, when a course of emetin (one grain a day for 12 days by the mouth)
was commenced. DPatient vomited a quarter of an hour after the first dose but not afterwards.
After the second dese the infections of E. histolytica, E. coli and lamblia disappeared, but the
E. ¢oli and lamblia recurred later during the control of over one month, the last three weeks of
which the patient spent in the convalescent eamp. During treatment he was not kept in bed

and was on a chicken diet. The emetin had no effect on the temperature or pulse-rate.
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Case HowarrtH, R., aged 23.—Patient, who had not been abroad before, went to the

Peninsula in July, 1915.

he received 12 injections of emetin.

opii for 12 days).

was not kept in bed and was given chicken diet.

The patient took the emetin without vomiting and during treatment he
The E. histolytica disappeared after the

He was there seven months and suffered from dysentery, for which

He was invalided home, was then transferred to
Egypt in January, 1916, and was found to be a carrier of F. histolytica on March 15 during the
routine examination of men in the Mustapha Convalescent Depot. He was kept under observa-
tion till March 25, when he was given a course of emetin by the mouth (one grain a day in tine.

Be-::unﬂ‘dosa and did nof recur during a control of about five weeks, the last four of which were
spent in the convalescent camp, where patient seems to have contracted an F. coli infection.
The emetin had no effect on the temperature or pulse-rate.

He came to
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Case Brar, J., aged 21.—Patient, who had been three years in Australia, left there in
February, 1915, and came direct to Egypt, whenee he was transferred to the Peninsula. He
remained there till July, when he was invalided to Egypt for deafness. In February, 1916,
while in Cairo he had his first attack of dysentery, for which he went into hospital. He was
given no emetin. He returned to duty, but again had dysentery in Mareh, and was then treated
with emetin (two injections a day for a week). He had another attack while in convalescent
camp. He was again ill with dysentery in Cairo and was given a further 14 injections of
emetin, and was a second time sent to Montazah Convalescent Camp at Alexandria, where
dysentery again recurred. He was admitted to the Orwa-el-Waska Hospital on June 6, 1916,
and was found to be passing stools with blood and mucus containing large numbers of active
amebe with included red blood corpuscles. From June 7 onwards, patient was given a
13.day eourse of methyl emetin sulphate (one grain injection each morning and one grain in

| keratin-coated tabloid by the mouth at night). This course of methyl emetin produced no
| vomiting, but had no effect on the infection. Accordingly the injections were stopped and
emetin hydrochloride in keratin-coated tabloid (one grain) was given each night for 12 nights
instead of the methyl emetin sulphate. Though this change of drug was made without the
patient’s knowledge, he vomited on the first three nights alter taking the drug. The E. histolyiica
infection disappeared after the fourth day of treatment, but recurred again later when cysts of
the ammba were found for the first time. The emetin courses had no effect on the patient’s
temperature or pulse-rate. During treatment he was confined to bed and was on milk diet.
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SecrioN III.

Cask Lvann, aged 28.—Patient, who had not been abroad before, left England in May, 1915,
and went to the Peninsula, where he remained six months. He was then transferred to Egypt,
where, on April 26, during the routine examination of men in Mustapha Camp, he was found to
be a carrier of F. histolytica. He had also an infection of E. nanma. There was no history
of dysentery. Patient was given a 12-day course of emetin. From May 2 (one grain injection
each morning, and } grain in keratin-coated tabloid by the mouth each night). During the
treatment patient was kept in bed on milk diet. There was no vomiting. The E. hstolytica
cysts disappeared from the stool, and did not recur during a control of over one month, the
greater part of which time patient spent in the convalescent camp on light duty. The emetin
had no effect on patient's temperature or pulse-rate. The E. nana infection also disappeared
during the emetin course, and did not recur.
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Case Panmer, aged 26.—Patient, who had never been abroad before, left England in
February, 1916, and came direct to Egypt. On April 30, during the routine examination of men
in Mustapha Cainp, he was found to be a carrier of K. histolytica. He had also an infection of
E. coli, lamblia, and tetramitus. There was no history of dysentery. Patient was kept under
observation till Mareh 6, when he was given a course of emetin for 12 days (one grain
injection each morning, and 4 grain in keratin-coated tabloid each night). Patient vomited on
the second day after taking the tabloid, but not subsequently. During treatment he was kept
in bed on milk diet. All the infections disappeared during treatment, but the E. coli and
tetramitus returned soon after. There was no return of the K. histolytica or lamblia infection
during a control of over one month, the last three weeks of which patient spent in the

convalescent camp, where he performed light duty. The emetin had no influence on the
patient’s temperature or pulse-rate.
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Case Ewxeuisn, H., aged 19.—Patient, who had not been abroad before, left England in
October, 1915, for the Peninsula, where be remained two months before being transferred to
Egypt. On May 3, 1916, he was found to be a carrier of FE. histolytica during the routine
examination of cooks in Metras Camp. Paiient gave no history of dysentery. There was also
an infection of E. coli and K. nana. Patient was observed till May 9 when a 12-day
eourse of emetin was commenced (one-grain injection in the morning and % grain in keratin-
coated tabloid by the mouth at night). During treatment patient was kept in bed on milk diet.
Patient vomited on five occasions after taking the emetin, but notwithstanding this the
E. histolytica as well as the E. coli and F. nana infections disappeared, and the only infection
to recur was that of E. nana during a control of over one month, the greater part of which
patient spent in the convalescent camp on light duty. The emetin had no appreciable effect
on the patient's temperature or pulse-rate.
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Case Howarp, J., aged 32.—Patient, who had not been abroad before, left England on
March 18, 1915 and came direct to Egypt, where he remained. On May 1, 1916, during the
routine examination of men in Mustapha Camp, patient was found to be a carrier of E. histolytica.
There was also an infection, E. coli, tetramitus, trichomonas and I-cysts. There was no history
of dysentery. Patient was kept under observation till May 9 and was then given a course of

emetin for 12 days (one-grain injection each morning and } grain kerafin-coated tabloid

by the mouth each night). The patient was kept in bed on milk diet during the treatment.
There was no vomiting. The E. histolytica quickly disappeared but not the tetramitus or
trichomonas. There was no recurrence of the K. histolytica infection during a control of one
month, the greater part of which patient spent in the convalescent camp on light duty. The
course of emetin had no effect on the patient’s temperature or pulse-rate.
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Case Hype, aged 20.—Patient left England in September, 1915, and went direct to the
Peninsula, where he remained five weeks. He was wounded and invalided to Egypt. On
April 25, 1916, during the routine examination of men in Mustapha Camp he was found to be a
carrier of K. hislolytica. He had also infection of trichomonas and later tetramitus and
E. nana. There was no history of dysentery. Patient was kept under observation till
May 3, when a 12-day course of emetin was commenced (one grain injection in the morning
and 4 grain in keratin-coated tabloid by the mouth each night). During treatment patient
was kept in bed on milk diet. Patient vomited on five occasions after taking the emetin.
The E. histolylica cysts vanished from the stool after the first dose and did not recur
during a control of over one month, three weeks of which patient spent in the convalescent
camp, whers he ﬁarfnrmed light duty. The ecourse of emetin produced no change in the
temperature or pulse-rate. There developed, however, a stomatitis with aphth® on the tonsils,
lips and tongue. This persisted during the treatment but disappeared soon after.
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Case CHeErinn, W., aged 20.—Patient, who had not been abroad before, left England in
August, 1915, for the Peninsula, where he remained four months. He was transferred to Egypt
in December, where on April 22, 1916, he was found to be a carrier of E. histolyfica during
the routine examination of men in Mustapba Camp. There were also infections of K. coli
and I-cysts and an irregular infection of FE. mana and lamblia. There was no history of
dysentery, Patient was kept under observation till May 2, when a course of emetin was
commenced (one grain injection in the morning and 4 grain in keratin-coated tabloid at night
for 12 days). Patient, who was kept in bed and given milk diet, vomited only once on the
third night of treatment. All the infections disappeared and none recurred during & eontrol of
over one month except the F. coli and E. nana. The last three weeks of control patient spent
in the convalescent camp where he performed light duty. The emetin had no effect on the
patient’s temperature or pulse-rate.
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Case Wixg, A, aged 22.—Patient, who had never been abroad hefore, served in France
from June to December, 1915. He was then transferred to Egypt, where he arrived on January 5,
1916.  On April 26 patient was admitted to hospital with diarrheea. The stool was found
to consist of thick tenacious mucus mixed with fzecal matter, but without blood. Microscopically
the mucus was impregnated with myriads of free lamblia, while the fmcal matter showed
numerous free and encysted forms as well as small free amceeb®. The next day patient passed
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a light brown liquid stool without mucus ; lamblia cysts were present in large numbers, as well

as small free ambw® and cysts of E. histolytica. It was in this case that the dividing forms of
lamblia described elsewhere were found. The presence of the lamblia in such enormous
numbers in the mucus and the fact that H. lkistolytica were in the * minuta ' and encysted
stages would suggest that the attack was not one of amwbic dysentery but rather of lamblia
irritation. Apparently the case was a carrier of H. histolytica in which symptoms due to over-
whelming lamblia infection developed. Patient had not been ill with diarrhwa or dysentery
before. He was kept under observation till May 2 and then given a 12-day course of emetin
(one grain injection each morning and % grain in keratin-coated tabloid by the mouth at
night). During the treatment he was kept in bed on milk diet. The E. histolytica and lamblia
infections disappeared, but infections of E. coli and E. nana became evident. The E. histolytica
infection did not recur during a control of over six weeks, part of which patient spent in
convalescent camp on light duty. The lamblia infection recurred soon after the emetin course
was finished and persisted till patient developed jaundice, for which he was re-admitted to
hospital. Curiously enough, the lamblia diminished in numbers two days before patient was

-admitted for jaundice and were completely absent when the characteristic jaundice stools were

found. During the attack the E. coli and E. nana infections were also absent. The lamblia
infection recurred a fortnight after the jaundice had disappeared. The emetin course had no
effect on the patient's temperature or pulse-rate.
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Fixmisas
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Case SareeasTt, A., aged 22.—Patient, who had not been abroad before, left England in
June, 1915, and was four months on the Peninsula. He was then transferred to Egypt, where,
on April 26, during the routine examination of men in Mustapha Camp, he was fuung to be a
carrier of i, histolytica. There was also an infection of E. coli, tetramitus, and lamblia, while
later on an infection of E. nana appeared. There was no history of dysentery. Patient
was kept under observation till May 2, when a course of emetin for 12 days was commenced
(one grain injection each morning and 4 grain in keratin-coated tabloid by the mouth each
night). During treatment patient was kept in bed on milk diet. Patient vomited on two
oeeasions after taking the tabloid. All the infections disappeared during the treatment, but the
tetramitus and K. coli infections recurred. There was no recurrence of the K. hisfolylica
infection during a control of over one month, three weeks of which patient spent in the
convalescent camp on light duty. The emetin had no effect on patient’s temperature, but the
pulse-rate was slightly inereased towards the end of and after the course of treatment.
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Case Bager, aged 20.—Patient, who had not been abroad before, left England in April, 1915,
and came direct to Egypt, where he remained. On April 4, and again on April 24, 1916, he
was found to be a earrier of E. hisfolytica during the routine examination of cooks in Mustapha
Camp. He gave no history of dysentery, but had had attacks of diarrhcea. Patient was given
& course of emetin for 12 days from May 2 (one grain injection each morning and } grain in
keratin-coated fabloid by the mouth each night). Patient vomited half an hour after the first
dose, but not afterwards. During treatment he was kept in bed and given milk diet. The
B, histolytica infection, which was not evident in the stool the day before treatment was
commenced, did not recur during a control of over one month after treatment. For the
last three weeks of the observation patient was in convalescent camp, where he performed
light duty. A large infection of lamblia, which had not oceurred before, appeared soon after
the course of emetin was completed, and towards the end of the observation an infection

of E. coli. The emetin had no effect on the temperature or pulse-rate.
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Case Gramam, C., aged 42.—Patient, who h . 1
August, 1915, and went to the Peninsula, where he remained till

was transferred to Egypt. On April 95, 1916, during the routine examinati
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the end of the year, when he
on of cooks in
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Mustapha Camp he was found to be a earrier of E. hisiolytica. He gave no history of dysentery.
On the first examination there were present also infections of E. coli and I-cysts, but these were
not found two days later and they did nob reappear during the time patient was under observa-
tion. He was given a course of emetin for 12 days (one grain injection each morning and
% grain in keratin-coated tabloid at night). Patient was kept in bed and on milk diet during
the treatment. There was no vomiting. The K. histolytica infection disappeared and did not
recur during a control of one month, three weeks of which patient spent in the convalescent
camp, where he performed light duty. The emetin had no effect on the patient's temperature
or pulse-rate. During the second half of the period of observation there were present in

the stool on a few occasions cysts of tetramitus and there developed a large infection of
jl_'.ll. TUERE.
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Case Cargr, P. aged 33.—Patient, who had served in South Africa, left England in April,
1916, and came direct to Egypt, where, on May 19, during the routine examination of men in
Mustapha Camp he was found to he a carrier of F. histolytica. There was no history of
previous dysentery. Patiens was kept under observation till May 30, during which time he
cnnblfmed to pass cysts and amcebs in very large numbers. On May 30, a 12-day course of
emetin was commenced (one grain injection each morning and } grain in keratin-coated
tabloid each evening). During treatment he was kept in bed on milk diet. There was no
vomiting. In spite of the magnitude of the infection there was complete disappearance of the
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eysts and amemba after the first day of treatment and there was no recurrence during a control
of over one month, three weeks of which patient spent in the convalescent camp on light duty.
The emetin course did not affect the patient’s temperature or pulse-rate. There was an infection
of E. nana, which was only observed before the treatment.
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Case MinLer, G., aged 24.—Patient, who had never been abroad before, left England on
June 7, 1915, and went direct to the Peninsula, where he remained five months. While there
he had a slight attack of dysentery, but had no emetin. He was invalided to Malta for anemia
and debility and thence was transferred to Alexandria in February, 1916. On May 19, during
the routine examination of the Royal Army Medical Corps Staff at Mustapha Camp, patient
was found to be a carrier of E. histolytica. He was kept under observation till May 30, when
a 12-day course of emetin was commenced (one grain injection in the morning and } grain
in keratin-coated tabloid each night). During the course patient was kept in bed on milk
diet. He vomited on only one occasion. The FE. hisfolytica infection disappeared after the
third day of treatment and did not recur during a eontrol of over one month, three weeks of
which patient spent in the convalescent camp on light duty. The emetin had no effect on
patient's temperature or pulse-rate.
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Case Dowxs, J., aged 21.—Patient, who had never been abroad before, left England on
April 2, 1916, and came direct to Egypt, where he arrived on April 12. On May 21, during the
routine examination of the Royal Army Medical Corps Staff at Mustapha Camp, he was found
to be a carrier of FE. histolytica. He had not had dysentery but had had a severe attack of
diarrhcea a fortnight after arrival in Egypt. The patient’s stool was examined on three occasions
during the four days preceding May 21, with negative results as regards K. histolytica. Patient
was kept under observation till May 30, and was then given a 12-day course of emetin
(one grain injection every morning and } grain in keratin-coated tabloid each evening).
During treatment he was kept in bed on milk diet. There was no vomiting. The
E. Tastolytica infection disappeared after the second day of treatment and did nof
recur during a control of over one month, three weeks of which patient spent in the
convalescent camp on light duty. The emetin treatment had no effect on the patient's
temperature or pulse-rate. An FE. coli infection which was also present did not reappear
after the treatment.
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Case Horrow, F., aged 28. Patient, who had never been abroad before, left England in
Jm:ne,‘ 1915, and went direet to the Peninsula, where he had dysentery and was given
14 injections of emetin. He was invalided to Malta towards the end of December and there
again developed dysentery, for which he was given a second course of 14 emetin injections.
He came to Fgypt in March, 1916, where, during the routine examination of the Royal Army
Medical Corps Staff at Mustapha Camp, on May 16, he was found to be passing a stool containing
blood and mucus and had a large infection of ameeh®, many of which contained red blood
corpuscles. Trichomonas was also present. Patient was kept under obszervation till May 30,
and was then given a 12-day course of emetin (one grain injection in the morning and
% grain in keratin-coated tabloid by the mouth at night). During the treatment he was kept in
bed on milk diet. The emetin caused no vomiting. The amebse disappeared after the second
day of treatment and did not recur during a control of over one month, three weeks of which
patient spent in the convalescent camp on light duty. The emetin course had no effect on the
patient’s temperature or pulse-rate. The case is of interest as no cysts of E. histolytica were
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seen, though the stools were examined continuously for a fortnight before treatment was begun.
Entamabe with included red-blood corpuscles were constantly present. The trichomonas
infection was present before, during, and after treatment, but disappeared later.
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Case Russenn, H., aged 27.—Patient, who had not been abroad before, left England in
June, 1915, and went direct to the Peninsula. In September he was invalided to Egypt for
dysentery, for which he was given a course of emetin in Cairo. He was transferred to duty on
the western Egyptian frontier, where he again had dysentery. He was sent back to Alexandria,
where he was given another course of emetin. He was in the convalescent camp at Luxor and
then was on duty at Mustapha (Alexandria), where he had a third attack of dysentery and was
admitted to the Orwa-el-Waska Hospital on April 24, 1916. He was passing blood and mucus,
in which active free ameb® oceurred in large numbers, many of which included red blood
corpuscles. The next day no ammb® could be found, but on April 26 amabe with included
red blood corpuscles were again present in the mucus but not in the fweal part of the stool.
There were no cysts. Patient was given a 12-day course of emetin (one grain injection
gach morning and 1 grain by the mouth in tine. opii mixture each evening) ; patient was kept
in bed on milk diet. There was no vomiting. The amcebe were not found after the second
day of treatment, though some blood and mucus were found for some days after this. The stools
eventually became normal and patient went to the convalescent camp, wlhﬂre cysts of E. .i':-:,f;miytwa
appeared just a fortnight after the completion of the course of emetin, Patient continued to
pass cysts and amebs till, on June 10, he was re-admitted to hospital with & recurrence of the
dysentery. The stool contained blood and mucus and ouly free amoeh® in L?.rge t}umbars.
Patient was then given a 12-day course of methyl emetin sulphate {ﬂl_:ﬂ grain injection ﬂwfh
morning and one grain in keratin-coated tabloid by the muu}'-h each night). He was kept in
bed on milk diet. There was no desire to vomit and no feeling of nausea, as after the emetin
hydrochloride by the mouth. The amaba disappeared slntter the fourth day of freatment b}tlu
eysts of F. histolytica and free forms were again present in large numbers three days after the
course was finished, Neither course of emetin had any effect on patient’s pulse-rate, but a slight

irregularity in the temperature was noticed.
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Case Greexwoop, H., aged 19.—Patient, who had never been abroad before, left England
in October, 1915, and went direct to the Peninsula.

He remained there till December, when

he was transferred to Mudros. In February, 1916, he eame to Egypt. Af Suez, in May, he
had his first attack of dysentery, which lasted 18 days. He was not given emetin. He was
sent to convalescent camp, where he again had dysentery and was admitted to hospital in
Alexandria on June 23, where he was found to be passing blood and mucus stools containing
free ameebe with included red blood ecorpusecles. From June 26 onwards he was given a
12-day course of emetin (one grain injection each morning and } grain in keratin-coated tabloid
by the mouth at night). There was no vomiting. The K. histolytica disappeared after the
second day of treatment but reappeared before the course was completed, when cysts of
E. histolytica were found for the first time. The infection again disappeared but recurred again

a fortnight later.

During the treatment the patient was kept in bed on milk diet. There was
no change in the temperature or pulse-rate during the emetin course.
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i Case Jacksox, H., aged 24.—Patient, who had previcusly served in India (five years) left
England in September, 1915, and went direct to the Peninsula, where he remained till he was
sent to Malla on account of dysentery, which persisted off and on till February, 1916. On
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May 2 he came to Alexandria and was admitted to hospital for dysentery on May 17. Thence
he went to convalescent home, and on July 5 was again admitted to hospital for the same
disease. He was found to he passing stools with blood and mucus eontaining numerous active
ameebe, many of which had included red blood corpusecles. There was also a large lamblia
infection. There had been no previous emetin treatment. On July 9 was commenced a
12-day course of emetin (one grain injection each morning and % grain in keratin-coated tabloid
by the mouth at night). There was vomiting only on one oceasion after the emetin. The
patient was kept in bed on milk diet. The amwba disappeared after the second day of treatment
while the lamblia infection persisted. This case was only controlled for one week after
treatment, but it is of interest as an illustration of a case in which cysts of the ammbe
were never found. There was no relapse during the one week's control. The emetin did
not affect the patient’s temperature or pulse-rate.
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Case Wirkinsox, E., aged 20.—Patient, who had not been abroad before, left England in

May, 1916, and came direct to Egypt, where he remained till September, when he returned to
England. He came back to Egypt again in January, 1916. Patient, who had never had
dysentery before, was admitted to hospital with this disease on June 17, and was found to be
passing stools containing blood and mucus and active amabza with included red blood corpuscles.
He was found to have also an F. colt infection and later a tetramitus infection. He was given
a 12-day course of emetin (one grain injection each morning and } grain in keratin-coated
tabloid by the mouth at night). There was vomiting on only one occasion as a result of the
treatment, during which patient was kept in bed on milk diet. As an E. coli infection was
present and cysts of . histolytica did not oceur, it was diflicult to judge the action of the treat-
ment on the E. histolytica infection. However, cysts of F. histolytica were found for the first
time three weeks after the course was completed. The emetin produced no alteration in the
patient’s temperature or pulse-rate. During the control of this case an interval oceurred
between the 23rd and 37th days owing to an accidental discharge from hospital,
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Secriox 1V.

Case Hinsr, aged 46.—Patient, who had previously served in India, South Africa and Egypt,
left England in November, 1914, for France, where he remained till he was transferred to the
Peninsula in August, 1915. He was there for nine weeks and was then in Mudros for two
months, after which he came to Egypt, where, on May 10, during the routine examination of
cooks in Mazarita Camp, he was found to be a carrier of E, histolytica. There was no history
of dysentery. Patient was kept under observation in hospital, and here the E. histolytica cysts,
which were of the small variety, disappeared from the stool and did not reeur during one month’s
control. During the observation, the stool being examined every day, the patient suddenly
developed an infection of Waskia infestinalis. It is curious that the only other case of infection
which has been met with was then under observation in the same ward and oceupying the bhed
next but one to this patient. It seems probable that the one case contracted the infection from
the other while in hospital. The case was eventually discharged from hospital without treatment
of the I¥. histolytica infection, which had not recurred. There were no symptoms attributable
to it or to the Waskia infection, which was still present.
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SEcTION V.

Case Giuper, H., aged 20.—Patient, who had not been abroad before, left England in
June, 1915, and spent four months at Anzac and Cape Hellas. He had diarrhecea with blood
and mucus while there. He had no emetin. He came to Egypt towards the end of 1915, and
‘during the routine examination of men in Camp A he was found to be passing a fluid stool in
which were large numbers of tetramitus with lamblia and free am@ba. The ameebe turned
‘out to be F. coli, and the three infections persisted in spite of attempts to get rid of them by
means of emetin and §-naphthol. The case is of interest in showing the irregular oceurrence
of the flagellates in the stool. The patient was given a course of emetin by the mouth
(% grain a day for 12 days), and later a course of S-naphthol 15 grains t.d.s. for 12 days.
Tbe emetin had no effect on the temperature or pulse-rate, and did not produce vomiting.
The patient was not kept in bed, and was given chicken diet.

Frsnixog
Days Treatment T o == TEs . 1 oEar Etool
Eee | Ef | e | ne ‘ Tete. | Tet

1 — 5 e = e ¥,

5 . ++ | = | ++ | = | +++ | - B.s.

3 - — '}- — — — + -'- Ll I.:a u[..
11 — i el ¥ s - B.zf,
19 = - = s Al B.IL
18 i - = — — - B.uf.
14 o - - - - | - o o} B.1,
16 i, o= = i { - e B.lL
17 S - — g | — [ we | =+ B.uf.
18 i -- — VL | P B B.uf.
19 £2 -- - ARt = - 5 1 B.uf.
a3 e — — | =, i — o B, uf.
23 . - 4 ~f -+ e s — i 2 B.L
24 ‘o — 4 M T | il B.L
EE 5w T e = = | — _— B !' ! H-.“f-
E’B‘ 1o — - e i - | - | - | w1 ma ]5‘,“':;
80 £ = = <+ ' . i = | - B.sf.
31 : = 0 SR LS R + B.s,
34 5 = 2 b | = Zob il i e B.uf,
a5 e — 4 4 1 . 4 B.uf.
a6 o e gL I i =l | = _ B.sf.
a7 i o i e i ks iy B.uf.
88 E.m.} + o} +++ | ' — -+ B.uf.
89 E.m. = — bt | = - = ek B.sf.
40 E.m. = = e it | - — — B.sf.
41 E.m.} = - - | - - - B.sf.
42 E.m.} = — = . - - — I Y.ufl.
43 F.m. = = = | =8 - - L.b.uf.
dd E‘m‘i_ el oy ' = — - L.b.uf.

V.10 min.

45 F.m.3 . e - | - = B.sf.
46 E.m.} — - - | — . E-“f-
47 E.an.d - . s S0 = -uf.
48 Em& e 1 s == L.b.ouf,
49 E.m.i e = | - - {:'ﬁ']'t
50 E.m.} - + il - = : T
61 E.am.4 — - r = - ' . L.ljl i
ﬁg g fa ‘I' I = - — k.
53 L2 e L o= o - —_ Li.b.uf.
54 s I 2 = - L.b.uf.
55 Ee: = L 1 i = L.b.l.
56 — - o = — B.uf.
57 i o e I3 = I — L.b.1,
Fite) - = o SIS e - | B.uf.
62 < - = L = - | = B.sf.




210 HUMAN INTESTINAL PROTOZOA IN THE NEAR EAST
Fixpisas
Days | Treatment = Stool
| B E.L. L.e. L.T. Tet.o. Tat.f.

T e e - aaq | - = L.b.st.
&5 | 8-n. e — + 4 - — — L.b.uf.
66 i g-m. | - - — — — L.b.uf.
i | 2-m. v -t - - — S e ke L.b.uaf,
68 | g-n. - RRES - - ERE B.uf.
63 | g-n. l - - -- - - — -
70 g-n. — — — — - — B.uf.
71 B-n. .- — =+ -~ - = L.b.uf
72 g-n. — - e - ++ o i Y.uf.
73 B-n. - -- 4 — Srp S nmr - ¥.af.
T4 g-n. — - ++ - - + -+ B.uf.
75 g-n. + = +++ - = oo B.uf.
76 - - cEeIs -+ = e b o o L.b.uf.
77 + ++ -+ - + + b B.uf.
78 + - ++ - 4 4 B.uf.
79 — £ T = = 5+ B.uf.
80 - — +4++ - — ++ B.uf.
81 - +4++ - - ++ B.uf.
82 - - ++ — - “+ B.uf,
83 + - -+ - e — B.sf.
85 C + - - - - + 4+ B.1L

88 +++ - - - +++ +++ B.1.
90 + + - — + +++ B.f.

91 A 1 + = ot +++ B.f.

Case KrrcHLErR.—Patient was admitted to hospital with diarrhcea.
infection was discovered, and treatment with bismuth salicylate, 20 grains t.d.s., was
instituted. The lamblia infeetion disappeared, but after ten days a F. hisfolytica infection
became apparent.

A large lamblia
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