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COCCIDIOSIS IN CATTLE AND CARABAOS * 

C. H. SCHULTZf 

In 1912 and 1913, during observations of numerous cases of experi- 
mental rinderpest, the great number of "irregular cases" attracted my 
attention; these had been noted by many observers and invariably 
classed and accepted as "atypical cases" of rinderpest. Rinderpest 
had been produced experimentally by the subcutaneous injection of 
virulent blood into non-immunes. 

In August, 1913, I was sent to look after the large number of work animals 
of the Calamba Sugar Estate at Canlubang, Laguna, where losses from obscure 
causes among cattle had been severe for some months past. 

It is difficult to study a disease or its etiologic factor, if one is unable to 
recognize it and distinguish it from other afflictions which may, and often do, 
co-exist. As far as I could remember, no method had been advanced of differ- 
entiating rinderpest beyond all question of doubt from other diseases. 

Most of the horses and ponies on this estate had perished from surra, but 
the microscope failed to show the well-known trypanosomes in cattle or cara- 
baos, altho several hundred animals were subjected to the usual blood exami- 
nations. Many of the work-oxen were dying and a great number were in such a 
weak physical condition that they were unable to work. A reasonably careful 
survey of the situation showed at once that the deaths and condition of the 
animals were due to different factors. Many of the weak animals, however, 
suffered from irregular evacuations of the bowels; some had diarrhea, more 
or less severe, and others had what appeared to be "tropical dysentery." The 
latter were greatly emaciated and cachectic, but would eat as long as they could. 
Their temperatures were invariably a degree or two above normal. Others, in 
somewhat better condition, showed as a common symptom an irregular, per- 
sistent diarrhea, with only occasional distinctly dysenteric evacuations. Of 
about fifty animals that were kept together, some were always neat and trim, 
fat, and able to do good work, and never sick. Those that had been on the 
place several years appeared to do best. No particular type appeared to be 
immune, but the young animals were attacked in greater number than the old. 
Thirty work-oxen had died during the month of August. In previous months 
the losses had been, I was told, greater; various causes were ascribed, among 
others, poisoned weeds and gastritis due to excess of alkali in plants or water. 

As soon as possible the sick animals were segregated and divided into dif- 
ferent groups so as to facilitate the study, and, if possible, permit an identifica- 
tion of the unknown disease. On August 30, the presence of rinderpest as one 
of the diseases was established. Clinical history, symptoms, and postmortem 
findings all sustained the diagnosis. 

* Received for publication April 26, 1915. 
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Simultaneous inoculations were begun on a lot of thirty-five animals on 
September 4. These animals were injected with 2 c.c. of virulent blood brought 
from Alabang, receiving at the same time 100 c.c. of anti-rinderpest serum. 
Eight of the oxen showed temperatures of 39-40 C. when they were inocu- 
lated and one, Ox 303, registered 41.5 C. The animals had been worked hard 
until the evening before the injections; thus, no opportunity had been given 
to examine them clinically, except to take one evening and one morning tem- 
perature. 

The results of these hasty simultaneous inoculations were remarkable. 
Several of the weak, feverish animals died in a few days ; several of the others, 
after four days, began to have a severe diarrhea, becoming dysenteric. Feces, 
at first dry, hard, and coated, soon showed large flakes of mucus, tinged with 
blood. This dysentery was of the same type as that observed in cases of experi- 
mental rinderpest during my stay at Alabang, where it was considered pathog- 
nomonic. As a result of the rinderpest-blood and anti-rinderpest serum injec- 
tions, some of the animals were depressed and suffered as if they had ingested 
corrosive poisons in dilute state. Others rallied after the first few days, but 
lost strength and drifted into a cachectic condition lasting weeks. 

A few days before, while examining blood slides from carabaos for surra, 
slides of mucus from diarrheal feces were examined microscopically with the 
result that numerous round or oval, more or less granular, transparent cysts, 
with a neat double contour were noted, which were at first accepted as ova 
from intestinal parasites. In the dysenteric feces very few of these could be 
found, but upon the diaphragm's being closed to the proper point, thousands of 
elliptic or irregularly oval, granular, transparent bodies, with vague outlines 
but a well-defined nucleus, were at once observed. These were the same as 
those observed on slides from the intestines of Bullock 235, which died Aug- 
ust 25. On August 26, similar bodies and rounded cysts were found in the 
feces of Ox 92, an old animal that was greatly emaciated, and afflicted with 
chronic diarrhea, and occasional dysenteric attacks. The same organisms were 
found in a middle-aged animal, Ox 74, which died August 27 after a long attack 
of diarrhea. These oblong, more or less granular bodies were scarce; but other 
forms, irregularly club-shaped, of indefinite outline, often presenting a well- 
defined nucleus, were present in great numbers. 

Since these organisms were constantly found in immense numbers, 
and always associated with and usually in the mucous flakes, their 
relation to the dysenteric feces could not be denied. 

On August 28, a group of twelve animals was confined in the Canlubang 
corral; in the feces of seven of these, the same organisms could be found in 
great numbers. On September 1, Bullock 37, which had a temperature of 
40.4 C. (one degree less than its temperature of two days before), and was. 
very weak and emaciated, was selected as a clinical case of rinderpest and 
destroyed for postmortem examination. The lesions corresponded to those 
found in acute rinderpest, except that no ulcers were found in the buccal cavity. 
Blood taken from the cadaver and injected into a non-immune experimental 
animal at the Research Laboratory at Alabang failed to reproduce the disease. 

It was not until September 20, after making careful observations 
in the field and in the immunization corrals, and after due considera- 
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tion of the notes taken at numerous postmortem examinations, that I 
was able to establish the final diagnosis of acute or chronic coccidian 

gastro-enteritis. 

Once the cause was known, field observations became simplified. During 
August and September all work-animals suffering from diarrhea or dysentery, 
as well as those that were cachectic, were sent to the Canlubang corral. Water- 
ing troughs for the work-cattle were put up in suitable places and kept filled 
with artesian water. The corrals were supplied with pumps and troughs, so 
that even the weak animals could have free access to clean drinking water. 
This, together with the dividing of the large herds into small units and the 
feeding of a good allowance of cut forage, decreased the death rate and lessened 
the number of weak animals. 

Forty-four cattle (thirty-four of which were afflicted with the disease in 
question) which were kept in the Canlubang corral, looked after with reason- 
able care, fed regularly and supplied with clean creek water in a watering 
trough, made slow but steady recoveries. Feces from several of these animals, 
as well as from all those that died, were examined, with invariably the same 
results. Blood smears were always negative. On October 4, this herd was 
turned out to graze on a nearby pasture. After they had been driven to grass 
for two weeks, many began to loose weight, looked depressed, and were languid; 
several became afflicted with excessive watery diarrhea, but not dysentery. 
After losing flesh and strength, about one-third of these became anemic, cachectic, 
and greatly emaciated, and died from coccidian enteritis. Some of them rallied 
and made a good recovery, but many remained chronic invalids. 

It is typical of protozoan diseases that the contagion exists outside 
the body?in insects (as in malaria or Texas fever) or in water pools 
or on swampy ground (as in coccidiosis)?and since the virulence of 

subsequent attacks depends upon the amount of virulent material 

ingested, these cases were not relapses, but were due to re-infection. 
This conclusion enabled me to lay the blame on infected swampy 
pastures or waterholes. 

During the time that I was making observations on this herd in Canlubang 
corral, three different lots of cattle were subjected to simultaneous inoculation 
against rinderpest. The first lot, containing, as stated, thirty-five animals, was 
inoculated on September 4; the second lot of thirty was inoculated on September 
18; and the third lot of thirty on September 30. The usual method of injecting 
5 c.c. of virulent blood from an animal in the early febrile stage of rinderpest, 
simultaneously with about 300 c.c. of anti-rinderpest serum, was adopted. All 
the animals that showed, as a result of these subcutaneous injections, fever, and 
sooner or later diarrhea or dysentery, had in their evacuations blood-tinged 
mucous flakes, characteristic of coccidian dysentery; clinically they presented 
symptoms no different from those of the acute type of the field cases studied 
at the beginning of the outbreak and accepted as acute coccidian enteritis. 

Observations were made on more than 120 field cases and 95 animals that 
were subjected to simultaneous inoculations. Of these, 35 animals were checked 
up in a systematic manner. Postmortem examinations were made and notes 
were taken in 32 cases of coccidian enteritis. 
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Many of the animals that were subjected to simultaneous inoculations made 
slow and unsatisfactory recoveries; they became anemic, cachectic, and suffered 
from chronic diarrhea, that would at times assume a more or less dysenteric 
type; several died and many remained so weak that they were useless as work 
animals. 

The observations on all these inoculation cases of rinderpest, corre- 
sponded in every particular with those on the acute or chronic type of 
the field cases, where the diagnosis of coccidian gastro-enteritis was 
arrived at after careful consideration of history, symptoms, postmor- 
tem reports, microscopic examination, and due consideration of avail- 
able literature. 

The next opportunity that permitted study and verification of the 
observations taken in the field, came in February, 1914, when I made 

experiments in the cultivation of rinderpest virus in vitro. Part of 
the immunization sheds at the Pandacan Quarantine Station were 
reserved to accommodate the animals, while the cultures were kept in 
incubators and the laboratory work was done in the laboratories of 
the Biologic Division of the Bureau of Science in Manila. 

All of the inoculations and cultures were begun with virulent 
blood obtained from cases of experimental rinderpest as they had 
been studied and as they had occurred at the Veterinary Research 
Laboratory at Alabang, Rizal, P. I. 

Two types of animals were used in these experiments: a larger, 
coarse breed from Dalupiri, all males; and smaller, neater, nervous 
animals, all females, from the Island of Fuga. From observations 
made at Alabang, it was known that the Dalupiri animals were more 
susceptible to one type of disease, and the smaller Fuga cattle to 
another. This phase of the experiments, if definite observations could 
be made, would divide the sick animals into two classes. 

The first two animals were inoculated on February 9 with 5 c.c. and 2 c.c. 
of citrated rinderpest blood obtained from Alabang. Both animals, Fuga 
Female 3717, and the Dalupiri Male, 3696, died on the tenth and twelfth days, 
respectively, after the inoculation; the diagnosis was confirmed by lesions found 
at autopsy. 

Blood from these two animals was obtained on February 17, when the dis- 
ease was clinically identified as rinderpest, and mixed, and Fuga Female 3705 
and Dalupiri Male 3690 were injected with 10 c.c. of citrated virulent blood 
each. The Fuga cow succumbed to a clinically not well-marked attack of rinder- 
pest with only moderate temperature. In postmortem examination, however, 
marked lesions of rinderpest were found. 

In Dalupiri Male 3690, a strong, vigorous animal, the disease developed into 
a well-marked, typical case of acute rinderpest: The highest temperature 
(41 C.) was observed on the fifth day; the period of high temperature was 
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from the fourth to the seventh day; on the eighth day the evacuations became 
offensive, a great deal of mucus being passed. This severe diarrhea, often 
dysenteric, persisted more or less for twenty days, when the feces began to 
assume normal form and the animal began to show rapid improvement. On 
the fifteenth day a dry, scaly skin eruption, extending over neck, shoulders, and 
back, made its appearance. The type of diarrhea of this animal, and the symp- 
toms as they were produced during the course of this disease, were identical 
with those of an acute, severe attack of coccidiosis, altho it was caused by 
the injection of 10 c.c. of citrated virulent blood from clinically identified cases 
of rinderpest that had shown at subsequent autopsy well-marked typical lesions. 

The animal was turned out to pasture on March 17. Since then it has done 
well, but passes coccidia in feces. On March 28, it was re-injected with 10 c.c. 
of rinderpest blood, without a reaction; it was immune. 

With Dalupiri Male 3690, a clinically typical case of rinderpest with great 
loss of flesh, marked offensive diarrhea and dysentery, making a slow but 
steady recovery, we must compare some of the atypical cases, especially those 
that resulted in death in a few days and showed constipation instead of diarrhea. 

Animals that became afflicted in a pronounced manner, in which 
the clinical symptoms were marked and permitted readily a correct 

diagnosis, presented no difficulty. In many the reaction was unusually 
obscure. 

The postmortem notes taken during my stay at Calamba had shown 
that the cause of death, in a certain number of cases, was a septicemia 
causing hemolysis, with dark, tarry blood which was unable to carry 
oxygen. Therefore, death invariably resulted in a few days, without 

great loss of weight?an acute, even per-acute, attack. On the other 
hand, animals that lived through this first, more or less septicemic 
period, would invariably become afflicted with a more or less severe 
diarrhea or dysentery. These lived longer, became gradually weaker, 
and lost flesh; the pathognomonic symptoms were dysentery, weakness, 
and slow cachexia, but not acute toxemia as in the first type. Other 
cases were of the mixed type, the attack being less acute, the symptoms 
of the hemolytic-septicemic type increasing more slowly and changing 
gradually into the diarrheal-dysenteric type, finally terminating in 
death or recovery, as the case might be. 

The postmortem findings in the two types of disease presented 
readily distinguishable features: 

The disease of the first, or hemolytic, type produced lesions characteristic 
of a hemorrhagic septicemia. Discharges from eyes and nose were often pres- 
ent. The blood escaping from cut vessels appeared dark, tarry, did not coagu- 
late well; more or less pronounced hemolysis stained the serum. The vessels 
permitted escape of tinged serum and cellular elements into the adjacent tissues, 
thus causing the characteristic hemorrhagic extravasations found throughout the 
cadaver. In aggravated cases entire regions were found discolored in this man- 
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ner. Blood-extravasations into the subcutaneous and muscular tissues were fre- 
quently observed. The schneiderian membranes were dark red or bluish red, 
covered with hemorrhages. The mucosa of the larynx and pharynx showed 
hemorrhagic' and croupous inflammation; its epithelium was often eroded. 
Throughout the thoracic cavity, sub-pleural hemorrhagic extravasations attracted 
attention at once; often the intercostal spaces, especially on each side of the 
vertebral column, were stained dark blood color. Hemorrhage or petechial 
areas were found on the pericardiac sac, on the myocardium, and in the ventricles. 
The valves of the heart were often deeply stained. The lungs showed, through- 
out their tissue, more or less marked areas of hemorrhagic infiltration and corre- 
sponding discoloration. The lymph-glands were similarly infiltrated. In the 
abdominal cavity, the serous layers were covered with blood extravasations 
The blood vessels appeared dark, ribbon-like, because the fluid escaped through 
the permeable vessel wall. The mucosa of the fourth stomach was intensely 
congested, showed numerous hemorrhagic areas and beginning ulcerations in 
the acute stage. Throughout the intestinal tract, similar lesions were found, 
all evidently recent and acute, with extensive hemorrhagic extravasations under 
the mucosa or into the lumen of the bowel. The liver was usually engorged 
with blood, and sometimes appeared mottled, showing regions of parenchy- 
matous degeneration and biliary stasis. 

The disease of the second, or diarrheal, type, on the other hand, invariably 
presented lesions typical of a severe gastro-intestinal disturbance, due to rapid, 
more or less extensive destruction of the mucosa by agamic multiplication of 
coccidia in the different parts of the intestines. If the animal had been sick 
eight days or more, the cadaver showed marked emaciation. The eyes were 
clear but sunken. The abomasum, the duodenum, cecum and rectum were 
usually severely involved, while the lesions in the jejunum, ileum, and colon 
appeared less marked. The defects of the mucosa permitted escape of blood 
through the destroyed epithelial layer. Destroyed cells, blood elements, and 
serum, mixed with intestinal secretions and ingesta, formed the thick, slimy 
layer covering the mucosa of the affected parts. The mucosa had a more or 
less offensive odor. It was moreover a favorable medium for the multiplica- 
tion of secondary (bacterial) invaders. Parts of the bowels involved in this 
manner could often be recognized as soon as the abdominal cavity was opened; 
they had a peculiar bluish gray or slaty color, and appeared very anemic. 
Pleurae, lungs, heart, diaphragm, liver, and mesenteric layers were pale, anemic, 
but bright and glistening, free from the characteristic hemorrhagic extravasa- 
tions always found in, and pathognomonic for, the hemorrhagic-septicemic type. 
The vessels did not permit the blood to escape into the surrounding tissues; 
the vessels were therefore well defined and distended on a pale, anemic back- 
ground. The blood was bright red and formed firm, buff-colored clots. 

Since to the first type were due the per-acute and acute attacks, 
and to the second type the somewhat slower acute and chronic cases, 
it is evident that the diarrheal form supercedes the septicemic-hemor- 
rhagic period. When animals died during certain stages of the pest, 
the lesions found on autopsy were of a mixed type, approaching more 
the septicemic or the diarrheal type, according to the type of disease 
which predominated at the time of death. 
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If we remember and consider the causes producing the different 
clinical symptoms and the clinical history, we shall find that in a large 
number of cases they correspond with the autopsy reports which 

permit us to recognize as the cause of death: (1) a hemolytic, or sep- 
ticemic-hemorrhagic, type; (2) a mixed type; and (3) a diarrheal type 
of disease. 

The course of the disease in all animals suffering from the diar- 
rheal type could readily be followed by noting the type of diarrhea or 

dysentery. The microscope permitted a ready identification of the type 
and approximate number of coccidia. These examinations could be 
made in a systematic manner, similar to that of the examination of 
stools from human sources for bacilli or amebae. Coccidia produced 
dangerous dysentery only during their asexual multiplication, when 

young, immature, asexual forms and merozoites were passed out in 
incredible numbers. When forms produced by sexual multiplication? 
macrogametocytes, micro-gametocytes, oocytes, or the smaller cystic 
forms?began to appear in the mucus, schizogenesis had reached its 
limit, and the host, if not too weak, would improve to a marked degree 
in two or three days, and recover. 

Such cases could be recognized, studied, diagnosed, and a reason- 
ably correct prognosis made. 

If some way could be devised to identify and to diagnose the sep- 
ticemic cases, enabling us to form a proper diagnosis early, the study 
of the disease proper could then begin. In an effort to determine what 
could be done, it appeared that some sero-diagnostic method would 
be indicated. 

Marmorek,1 in 1909, diagnosed tuberculosis in man by using rabbit and 
sheep corpuscle hemolytic-amboceptor, urine from tuberculosis patients as 
antigen, antituberculous serum as antibody, and guinea-pig serum as complement. 

This method was tried. In titrating for the complement-deviation values, 
it was at once noted that the antigen ? the urines from animals sick with this 
type of disease ? dissolved the blood corpuscles with marked rapidity, so that 
it could not be used for this purpose. Since the urine of animals suffering from 
hemolysis had this property and it was found possible to heat such urines with 
only slight dimunition thereof, the problem assumed a new and more favorable 
aspect. 

After many trials it was found that 0.5 c.c. of a 10 percent emulsion of sheep 
corpuscle in salt solution and approximately 5 c.c. of fresh but filtered urine 
gave the best results. Urines can be heated to 60-70 C. for thirty minutes and 
lose but little of this property. They will then keep for weeks, altho in my 
cases (about 250 samples) a marked dimunition of the clearness of the reac- 
tion is to be considered after twenty days. 

1. La Presse med., 1909, 17, p. 12. 
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A series of suitable test tubes was taken. Into each were placed 0.5 c.c. of 
10 percent emulsion of sheep corpuscles; 5 c.c. of the urine to be tested were 
added, and the tubes were well shaken and set away at room temperature (20 C.) 
for 24-36 hours. A tube with 0.5 c.c. corpuscle emulsion and 5 c.c. of salt 
solution was used as one check, and another tube with 0.5 c.c. corpuscle emul- 
sion and non-reacting urine was used as another. The tubes had to be kept 
in a perpendicular position. 

In urine from animals that were not afflicted with the hemolytic type of 
the disease, the blood corpuscles would settle in a button on the bottom of the 
tube, similar to the checks, which did it regularly. The urine above might be 
clear, hazy, or even turbid. On the other hand, in acute cases of the hemolytic 
type, a very rapid and complete dissolution of the corpuscles took place, and 
the entire tube became bright red, and perfectly transparent. When 5 c.c. of 
urine dissolved 0.5 c.c. of 10 percent blood corpuscle emulsion, the hemolytic 
factor could be expressed as 0.5/5 equals 1/10, showing a dangerous attack. 
Urines could be titrated as to the amount of emulsion of sheep corpuscles that 
they could dissolve. A factor of 2/10, in the cases that I examined, invariably 
signified death in a few hours or the next day. Between these extremes, all 
degrees of hemolysis could be observed. The button might form and a dark 
red zone, extending one centimeter above it, would indicate a moderate, not 
dangerous, attack. On the other hand, the corpuscles might settle into an 
indistinct, dark-red, shallow area in the cupola of the tube, with a marked 
hemolytic zone coloring two-thirds of the urine red. 

The course of the disease was followed in samples of urine taken every 
day. The hemolytic periods were subject to marked variations. In arti- 
ficially produced rinderpest (blood injections), the reaction was severe on 
the fourth or fifth day, occasionally sooner, maintained itself during three to 
ten days, and became gradually less, until at last the corpuscles settled rapidly 
into a firm button whereupon the animal could be considered very resistant against 
an injection of approximately the same virulence. As long as the condition 
became worse, the hemolysis in the tube increased; when the hemolysis 
decreased and a button of definite form appeared, the animal was improving. 
The urines were gathered in wide-mouthed bottles and filtered directly into 
the tubes, which were labeled, heated to 60-70 C. for thirty minutes, cooled 
and stored away or tested as soon as desired. One tube alone would have 
proved of course whether the process in question was developing in the animal 
or not; but a series of tubes showed to a nicety the course of the disease. 

Observations on about thirty animals, in all stages of the disease, 
show that when executed carefully and cleanly this method is reliable 
and practicable. I do not claim that it is a "specific" reaction, but it 
is a diagnostic method permitting the observation of otherwise invisi- 
ble phenomena. 

The question will no doubt be asked of why rinderpest should 
be diagnosed, when this paper discusses coccidiosis. 

The two diseases are so intimately associated, are so difficult to 
differentiate clinically, that I hailed with great delight this diagnostic 
method and thought that, being able to eliminate coccidiosis with the 
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microscope, and diagnose rinderpest by urine test, I could now really 
begin the study of either disease. 

A black Dalupiri male, 3694, which had been carefully kept among the non- 
immune experimental animals, was noted as having a slight but persistent 
diarrhea beginning in an obscure manner about March 15. On April 22, the 
diarrhea persisting, the animal was isolated. The evening temperature was 
found to be 39.6 C, and remained above 39 C in the evening and above 38 C 
in the morning for weeks; a dry, scaly skin eruption on the forequarter and 
neck appeared; at times there was a slight nasal discharge, and soon after the 
diarrhea became well established, coccidia could be found in the feces. The 
animal lost a little weight, was always bright, quarrelsome, relished its rations, 
and at times ate ravenously. On April 21, coccidia in great numbers were found 
in the feces, including many young asexual, and a few cystic forms. This 
type of animal is especially susceptible to coccidian gastro-enteritis. It had 
been noted before however, when animals of this type were used for rinder- 
pest experiments at the Veterinary Research Laboratory, that they "had high 
temperatures, so that the Fuga cattle were preferred, and the Dalupiri animals 
were discarded. For this reason Dalupiri Male 3694 was a useful addition to 
the animals "under observation," permitting the study of the correlation of the 
hemolytic and the diarrheal types of the diseases. This heretofore had been 
a difficult problem. Before April 15, urine tests were negative. On April 18, 
hemolysis extended through one-fourth of the tube; on the 20th, through one-half 
of the tube; on the 24th, the 28th, and the 30th, through one-fourth of the tube. 
On May 2, the hemolysis extended through one-fourth of the tube; on the 4th, 
no hemolysis appeared, nor on the 6th; on May 8, hemolysis extended through 
one-fourth of the tube; on the 11th, through one-fourth; and on the 13th, again 
no hemolysis appeared. 

This slight but persistent reaction was coincident with the finding of coccidia 
in the feces, extending over many weeks. The animal was fed on good hay, 
which temporarily lessened the diarrhea. The high temperature, the remark- 
able appetite, the dry, slightly scaly skin eruption, the irregular, persistent 
diarrhea, the presence, every few days, of more or less mucus with the different 
forms of coccidia, the slight but recurring attacks of hemolysis as demonstrated 
in the urine, were all due to a naturally acquired coccidian infection. It was 
the first to come under our observation from the earliest stages. 

This case of coccidiosis showed all the symptoms, in mild form, 
that a pronounced case of rinderpest presented; nothing was wanting, 
the animal having shown in the beginning a slight nasal discharge and 
a slight discharge from the eyes. 

Again, on April 18, a medium-sized carabao, brought in from the country, 
came under observation. It appeared perfectly normal; the temperature was 
not markedly increased, but the feces were irregular, at times soft, at times 
coated with mucus; occasionally appreciable masses (not flakes) of mucus were 
expelled, and these showed schizogenous forms of coccidia in enormous num- 
bers in every microscopic field. In the thin flakes of mucus, the sexual, cystic 
forms were numerous. The urine showed no hemolysis on May 18 or May 20; 
slight hemolysis on the 22d; and hemolysis extending through one-fourth of 
the tube on the 25th. The animal was then taken away and could not be 
observed further. 
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It was decided to subject Dalupiri Male 3694 to a test inoculation of rinder- 
pest blood, because it appeared that, if the diseases were identical, immunity 
would certainly have been produced between April 22, the date of isolation, 
and June 11, the date of injection of 5 c.c. of virulent blood. The high virulency 
of this amount was demonstrated by the severe attack experienced by other 
animals in the same series. 

The temperature of the animal at the time of the injection was 39.4 C. in 
the evening and 38.3 C. in the morning, indicating a chronic, more or less 
serious disturbance. On the fourth day after the injection of virulent blood, 
the temperature rose to 39.5 C. and 40.6 C, and on the fifth day to 40 C. and 
40.5 C. Diarrhea became aggravated; dysentery began on the ninth day and 
rapidly increased in severity; still Dalupiri Male 3694 showed a remarkable 
resistance and was eating a little grass one day before it died?emaciated to 
a skeleton. 

Postmortem lesions were absolutely identical with those of rinderpest. 
Scrapings from the ulcerated abomasum, the duodenum, the cecum, the colon, 
and rectum, however, showed young forms of the schizogenous type of coccidia 
in countless numbers. 

To diagnose rinderpest correctly, and to differentiate it from 
coccidiosis will require further study and evidently a series of 
most carefully executed experiments and observations. In the attempts 
to solve this important problem, another dangerous and serious disease, 
the ravages of which have caused enormous losses in Africa, was 
uncovered and identified and the means brought out to establish a 
correct and positive diagnosis, so that a careful study of coccidian 
gastro-enteritis, as found in these Islands, can now begin. 

Coccidiosis, or, to be more definite, coccidian gastro-enteritis, was observed 
as early as 1882 on high pastures in some parts of Switzerland. In 1892 
Zschokke2 and Hess,3 and in 1893 Guillebeau,4 published comprehensive articles 
on the "red dysentery of cattle" caused by the schyzogenous multiplication of 
coccidia in the epithelial cells of the intestinal canal. All the text-books on 
veterinary medicine and therapeutics, as well as on protozoan parasitology, refer 
to these articles. Hess states that, during the year 1900, 200 cases occurred in 
the district of Saanen, of which sixteen died; that during the year 1891, 180 cases 
were noted, with a loss of twenty. Most of the cattle made good recoveries 
in eight days, some in two to three weeks, while other cases lasted two to three 
months. The animals became greatly emaciated and cachectic. Coccidia could 
readily be demonstrated in enormous numbers, especially in the abomasum, the 
cecum, colon, and rectum. Infected drinking water from swampy pastures was 
established as the cause. Hess quotes four instances in which the infection 
was traced to hay, the cattle having been kept in stables on dry rations. 
Ziiblein's5 observations supplement those of earlier writers and he arrives at the 
same conclusions as to cause and mode of infection. Since then Law,6 Degoix,7 

2. Schweizer Arch. f. Tierheilkunde, 1892. 
3. Ibid. 
4. Ibid., 1893. 
5. Ibid., 1908, 49, p. 123. i Mdii 
6. Veterinary Medicine, 1905, 2 p. 263. 
7. Rev. gen. de med. vet, 1904, 3, p. 177. 
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Kitt,8 Eustace Montgomery,11 A. Balfour,12 and others have investigated and 
published articles on this subject. 

The organism causing the disease under discussion belongs to the phylum 
Protozoa, subphylum Plasmodroma, class of Sporozoa (Leukart), subclass 
Telosporidia (Schaudinn). F. Doeflein13 places them as first order Coccidia- 
morpha (Doeflein), suborder Coccida (Leukart). They are related therefore 
in some of their characteristics to the Hemosporidia and Gregarina. Their 
complex life cycle is well described and illustrated, by Doeflein, but the nomen- 
clatures of different authors, as usual, do not agree. It would appear that the 
coccidia which were observed are not identical with Coccidium oviforme 
(Stiedia eimeria). On three different occasions, oocytes with eight free, cir- 
cumposed, round spores were observed. Whether this will be found to be con- 
stant, or whether it was an artefact, only a careful observation will demon- 
strate. Since coccidia are classified by the number of sporozoites formed and 
their methods of division, this point must be considered as very important in 
a final classification of these organisms. 

The class to which the coccidia belong being known, a close scrutiny of the 
parasite can be made, because sporozoa as a class come under the same general 
biologic laws. 

They all form oocytes (sporozoites), and these are the forms that permit 
the termination of the life-cycle outside the body of the host, and, through the 
formation of spores, transmit the disease by means of water and forage. Since 
sporozoites result only from sexual division, the chronic carriers, in which 
schizogenesis is limited and therefore not dangerous to the host, are the dis- 
tributors of the forms that infect the swampy pastures and, multiplying more 
or less, subject to the stimulus of more or less favorable environment, re-infect 
new animals and destroy some sensitive new host by their often incredibly 
rapid asexual (schizogenous) division. 

F. Doflein13 makes the statement that many parasites, resembling sporozoites, 
found free in the blood stream, have been described as Drepanidia, whereas 
they probably were coccidia, in certain stages of development, circulating in 
the vascular system. 

If we take blood from an animal recovering from a severe attack of coccidian 
dysentery, we can, by careful centrifugation and laking, obtain spores in 
appreciable numbers. They can also be recovered from feces by sedimenta- 
tion methods. In urine they are found far more easily, but only the smaller 
forms, appearing as dense, small coccoid bodies under the oil-immersion, can 
be obtained. The larger forms are held back, apparently by the kidney. 

When spores are first liberated, they are quite large, about one-half the 
size of an erythrocyte. They take eosin or carbolfuchsin stain, especially when 
first subjected to a mordant of chromic acid. They lose the color readily how- 
ever, 50 percent alcohol or 2 percent sulphuric acid decolorizing all the large 
forms in a few minutes. As the spores become more developed, they show a 
denser capsule and become smaller. We must also consider that coccidia are 
readily influenced to modify their method of division; Guillebeau3 and Ziiblein5 
report that at 20-30 C. the usual division and sporulation takes place in 
Coccidium oviforme, but that at 39 C. the division into very small, spheroid 

8. Lehrbuch d. path. Mikroscopie, 1908. 
9. Tierarzliche Rundschau, 1914. 

10. Ann. rep. vet. path. Lab., Nairobie, British East Africa, 1911-12, p. 10. p 
11. Bull. Soc. path, exotique, 1910, 3, p. 293. 
12. Ibid., p. 429. 
13. Protozoen-kunde, 1911. 
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bodies is most rapid, and reaches a point where the resulting spheroidal bodies 
cannot be seen by high power. 

In regard to occurrence, Doflein13 states that coccidia are distributed over 
the entire world. In these islands they can probably be found in all animals, 
wherever mucous flakes can be detected, by a careful microscopic examination 
of the dejecta. During the last dry season, the animals on a certain tract of 
land on the Pasig River showed normal feces. About two or three weeks 
after the early heavy showers, all the immune cattle, Chinese and Indian, as 
well as sheep, goats, horses, and later, even hogs, showed marked constipation, 
the feces being passed in hard, formed masses, often 'hanging together on 
mucous strings ; in these flakes the sexual division forms of coccidia were found 
in great numbers. 

A herd of twenty-one carabaos, fine large animals, imported a few years 
ago from Pnom-Penh, apparently in the best of health, were all constipated, 
the feces appearing coated, or varnished. Examinations under the micro- 
scope always established the same diagnosis. Cattle from Mindoro were also 
markedly affected. Cattle from the Batanes Islands, especially a shipment of 
carabaos and cattle from Dalupiri, were greatly constipated, their feces 
formed into small, hard, dense pellets, covered with blood-tinged mucus, which 
could be recognized with the naked eye. One of this lot, however, an old cow, 
had a marked attack of diarrhea, during which masses of mucus with the well 
known schizogenous forms appeared. This early constipated stage is character- 
istic of coccidiosis and is superseded by the dangerous dysentery only if the 
host is susceptible and his body cells cannot inhibit the rapid and destructive 
agamic multiplication. 

A notable exception is to be recorded in chickens, which show the symp- 
toms early in the coccidian season, usually by a muco-sanguineous diarrhea 
with large intestinal mucous casts, in which the club-shaped merozoites alone 
appear, often in rosette formation, not yet separated. The birds stop laying, 
are dumpish, their combs bluish or gray; they appear as if they were going 
through a heavy molt, without losing their feathers. 

It appears therefore that coccidiosis, altho it has escaped notice so 

far, has an extensive distribution throughout the Philippine Islands. 
While carriers of chronic coccidia are not seriously affected, having 

acquired immunity themselves, they infect the feeding grounds and 

watering places of susceptible animals. More information on this 

phase of the coccidial life-cycle must be obtained. We do not know 
the exciting cause, the stimulating factor, that produces the epidemic 
outbreaks among cattle. From the numerous observations made in 
our rinderpest experiments, it would appear, in view of the peculiar 
methods by which coccidia can be divided into most minute organisms 
(Ziiblein, 1908), that one part of their life-cycle is passed in the blood 
vascular system, and that their rapid multiplication in most minute 
forms produces the hemolytic form of the disease. This is superseded, 
if the host lives, by the diarrheal form, the latter being necessary to 

14. Centralbl. f. Bacteriol. and Parasitenkunde d. Infek. Krankh., 1911, 50, p. 7. 
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re-infect other hosts and to transfer the contagion from one place to 
another. 

Guillebeau3 (1893) states that some animals succumb on the second day. 
This is impossible even if the epithelial cells are damaged by excessively rapid 
schizogenesis. The rapid multiplication in the blood stream of an organism 
which is ultra-microscopic during a part of its life-cycle, offers the best and 
most plausible explanation. Loeffler14 (1911) states that the different results 
obtained by various investigators relating to the filtrability of the virus of a 
certain disease may often be due to the fact that the virus from the same strain 
is composed of larger or smaller particles, according to the stage of develop- 
ment at which it happens to be in the material that is filtered. 

E. Montgomery,1011 in speaking of an epidemic outbreak of coccidiosis in 
East Africa, states that, clinically, coccidian gastro-enteritis cannot be differenti- 
ated from rinderpest, but that rinderpest can be transmitted by blood-inocula- 
tions, while this is not the case with coccidiosis. 

My observations show that the history, development, clinical symp- 
toms, and postmortem findings of acute coccidian gastro-enteritis and 
acute rinderpest cannot be distinguished, that they are identical, as 

Montgomery states. In one disease, however, coccidia in enormous 
numbers can always be demonstrated in intestinal scrapings and slime 
from the abomasum, duodenum, cecum, colon, or rectum, obtainable 
in large quantities on postmortem examinations. 

We cannot deny that acute coccidiosis has invariably resulted from 

rinderpest inoculations. Our last cases (3,694 and 3,714) died from 
coccidian gastro-enteritis of the most severe type after receiving a 
subcutaneous injection of 5 c.c. of rinderpest blood on June 11. Since 
we have been able to recognize coccidiosis, we have never found a 
case of rinderpest without the presence of these organisms in great 
numbers. 

Animals immune to rinderpest have, in the large majority of cases, 
been observed to be periodic carriers, or secretors, of coccidia in dif- 
ferent forms. As examples, may be cited the immunized work-oxen 

(Chinese) and the Nellore Indian cattle from the Iwahig Penal Colony, 
on the island of Palawan, used as work animals by the Bureau of Agri- 
culture. Of four guinea-pigs that were inoculated on April 21 with 
blood from spore-carrying cattle, two died about June 12 from cocci- 
dian dysentery, one died from pneumonia, and one is still alive and 

doing well. Dr. E. L. Walker's guinea-pigs, kept in the same room 
and fed in the same way, have never shown any disturbance; Dr. E. H. 

Ruediger, a careful observer, has assured me that none of his small 
animals have died from similar trouble during this period. 
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Many authorities have arrived at the conclusion also that rinder- 

pest cannot be a bacterial disease, that it belongs to the scourges due 
to protozoan invasion. Dr. Youngberg states that he has observed 
animals that had been immunized which showed more or less diarrhea. 
The peculiar behavior of animals susceptible to rinderpest indicates 
that they have only a lesser or greater resistance. The numerous 

"relapses" observed in the Calamba outbreak were nothing other than 
re-infections due to infected pastures. This does not correspond with 
bacterial immunity, but finds a ready explanation when the general 
laws underlying the acquirements of immunity, or to be exact, resis- 
tance against protozoan diseases, are considered. 

A good illustration of nature's method of producing immunity against 
protozoa is found in our southern states, where cattle, inoculated by ticks with 
piroplasmosis for generations, have acquired a very high resistance. Again, in 
the Tropics, malaria is the cause of many deaths among children,15 while it finds 
adults very resistant, altho often carriers and susceptible when injected with 
large doses of infected blood. 

Mrowka,16 who had ample opportunity to observe the East-Asiatic 

rinderpest, states: 

No doubt can exist that the virus is found in the body in latent form, 
that the cause for relapse is to be looked for in the mucosa of the abomasum, 
and that its virulency is re-established by excessive exertions or changed con- 
ditions of life which affect the immune animals unfavorably. 

This explains why animals, able to resist artificial and natural infection, and, 
therefore, apparently immune, occasionally become sick with rinderpest, so 
that the words "immune to rinderpest" really mean afflicted with rinderpest 
in latent form. 

We must distinguish virus carriers and virus secretors. All animals immune 
to rinderpest, though absolutely harmless to their surroundings, may have a 
relapse and thus become virus secretors. This peculiarity identifies rinderpest 
as one of the many protozoan diseases. 

15. Deutsch. med. Wchnschr., 1900. 
16. Ztschr. f. Infek. Krankheiten d. Haustiere 1913, 15, p. 139. 
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