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I. GENERAL INTRODUCTION

In man's effort to define biological relationships he has encountered
a variety of associations between and among organisms; one of these rela-
tionships which is often obligatory for one of the partners is called para-
sitism. The dependent associate, the parasite, is arbitrarily defined as
a smaller animal that lives at the expense of a larger animal which is
called the host. Like most definitions, this one can be shown to be both
insufficiently exclusive and insufficiently comprehensive, and the main
difficulty arises in the attempt to define what is meant by expense. Sit-
uations are observed in which small organisms live within or upon larger
organisms but do not cause any obvious damage. In such cases it is dif-
ficult to say whether or not these organisms truly are living at the ex-
pense of the host. Consequently it has been necessary to invent other
terms such as mutualism, commensalism, symbiosis, and the like as descrip-
tive terms for certain associations. But as one examines the relationships
designated by each of these definable terms it becomes obvious that it is
not possible to delimit them absolutely, but only arbitrarily. With regard
to these designations Caullery (1959) stated:
Under varied aspects they are only manifestations of
the struggle for life, characterized by specialization in
the way in which it is exerted, but deprived of all finality
or pre-established harmony. Those associations survived which
balanced their accounts in a fashion compatible with the exis-
tence of perpetuation and the associates; many others must have

arisen from time to time but have not lasted through failing
to satisfy this necessity.



Where organisms pass from the normal conditions of
existence in free-living forms to those in which they are
associates, they undergo very considerable structural
changes sometimes of enormous extent, which are perhaps
the most striking illustration of the reality of their
evolution, and, above all, of the influence of the en-
vironment on the organisms; but the capricious diversity
of these transformations indicates that the evolutionary
changes are principally conditioned by the intrinsic
properties of diverse living forms.

One can but admit to the inadequacies of these definitions and justify their
usage only on the basis of convenience. A classical definition of parasit-

ism was given by Schwartz (1937):

. an ancient but not an honorable partnership between
two species of animals, one of the partners, the parasite,
getting all that he can from and contributing nothing but
grief to the other partner, the host.

Other parasitologists, however, support the point of view that parasit-
ism is neither abnormal nor unusual and that it is simply an extremely common
expression of the behavior of living organisms. As an example Elton (1927)

stated:

To imagine that parasites are unique in exploiting the
activities and food-products of their hosts is to take a very
limited view of natural history. It is common to find parasites
referred to as if they were in some way more morally oblique in
their habits than other animals, as if they were taking some un-
fair and mean advantage of their hosts. If we once start working
out such "responsibilities'" we find that the whole animal king-
dom lives on the spare energy of other species or upon plants,
while the latter depend upon the radiant energy of the sun. If
parasites are to occupy a special place in this scheme we must,
to be consistent, accuse cows of petty larceny against grass,
and the cactuses of cruelty to the sun.

A parasite's existence is usually an elaborate compromise
between extracting sufficient nourishment to maintain and prop-
agate itself, and not impairing too much the vitality, or re-
ducing the numbers of its host, which is providing it with a
home and a free ride. In consequence of this compromise, the
parasite usually destroys only small portions of its host at a
time, portions which can often be replaced fairly quickly by
regeneration of the tissues attacked. Or it may exploit the



energies of its host in more subtle ways, as when it
subsists on the food which the host has collected.

Elton's view seems more consistent with the general scheme of inter-
relationships among organisms in food chains which are basic in our concept
of life, and it will be with this guiding philosophy that parasitism is
treated in this dissertation.

With refinement in observation man has come to the realization that in
cases which are clearly definable as parasitism, the association is not al-
ways so simple as a host harboring one parasitic species. The realization
has dawned as various host-parasite relationships have been examined (usually
with a concern for the well-being of the host as the stimulus for making the
examination) that the presence of disease in an animal is usually the result
of an interaction of complicated physiological processes of competing organ-
isms, some of which may be parasitic.

Disease has been defined by Hagan and Bruner (1951) as:

...an alteration of the state of the body, or of some

of its organs, which interrupts or disturbs the proper

performance of the bodily functions. Functional dis-

turbance soon is manifested by physical signs which the

patient detects by his sensations and which usually can

be detected by others.
When the association of living agents in the animal body set up a disturbance
of function in any part, infection is said to have occurred. The word in-
fection is derived from the Latin inficere meaning '"to put into." An in-
fectious disease then is one caused by the presence in or on an animal body
of living organisms of another species which by their presence create a dis-

turbance leading to the development of symptoms.



In the case of some diseases man has passed the descriptive stage in

scientific sequence and is now in the experimental stage of the development

of knowledge relative to the host-parasite relationship. This is true of
relationships in which man or domestic animals are hosts, but not of lower
organisms except in a few cases. Unfortunately, even in conditions in-
volving man and his domestic animals, the great majority of diseases are
yet incompletely described, and their manifestations in hosts are inade-
quately understood., The efforts of a great many individuals and an
appreciable fragment of the national gross product go into the investi-
gation of these diseases, but as yet the inroads into the problems are
meager. The greatest effort naturally goes toward study of relation-
ships in which man is the host, but, in addition to studying diseases of
man, it is of course necessary to investigate those in domestic animals
for several reasons. In the case of meat animals it is a matter of con-
cern for the quality and quantity of food available to man for consump-
tion. In the case of other animals (non-food) it is sometimes a matter

of public health significance, i.e., in conditions in which organisms that
are capable of causing disease in man are harbored by such animals. In
other cases it is a matter of aesthetic values, humane considerations, or
a matter of assuming the responsibility with regard to the health of a
work or pet animal.

Modern transportation has complicated studies of infectious diseases.
Prior to the period when rapid transportation became commonplace, the
spread of diseases of both man and animals was a slow process. Today it
is not unlikely that, in spite of efforts to prevent such happenings,

organisms which were previously confined to a given geographic area may



unexpectedly appear in a host animal population in a part of the world quite
remote from where the parasite was previously isolated. As a result man must
be on the alert constantly for new and different manifestations of disease

in himself and in his domestic animals. This complication, coupled with the
embarrassing fact that diseases which may have been associated with a given
population for centuries remain to be recognized and described, makes the
problems of the health sciences and allied disciplines quite complex.

It is the purpose of this thesis to describe how such a host-parasite
relationship and the resulting disease syndrome was recognized in the United
States for the first time and differentiated from a complicating disease
entity. Procedures will be discussed which were involved in the final dis-
covery that the animals initially observed to be ill were actually suffering
from a disease syndrome caused by at least two organisms present simultane-
ously.

Babesiosis of the canine caused by Babesia canis (Piana and Galli-Valerio,

1895) has long been recognized as occurring in dog populations and was first
reported in the United States in 1934. 1In March 1962, an Oklahoma dog,
suffering from a febrile disease, was proved to be harboring B. canis. 1In

the course of subsequent experiments it was determined that in addition to
this organism, another one, apparently a rickettsia or rickettsia-like
organism, considered to belong in the genus Ehrlichia Mochkovski, 1937, was
found to be associated with B. canis and was later proved to be a complicating
factor in the production of disease in the canine host. An attempt will be
made to place these parasites and their hosts in proper perspective with

special emphasis on the biology of the parasites.



It is the object of the present paper to delineate, insofar as possible,
the manifestations of disease caused separately and in combination by these
two entities, one previously unrecognized in the United States, and to detail
what is known of the host-parasite relationships involved.

In order to understand the hierarchical position of the species involved,
it is necessary to relate the organisms to classification.

Whitlock (1960) has emphasized with regard to biological classification
that there is really no way to set one thing off from another; a classification

is simply one form of description. He stated that:

Some approximation of biological reality can be reached
if one visualizes a net or mesh which extends not only in the
three standard dimensions, but also through time. Each in-
dividual piece of net represents a species which is closely
related to adjoining species and really continuous with them.
Measurable values of each species are represented by knots
along the strands since these measurements tend to group them-
selves, The interstices of the mesh are filled by the en-
vironment of the species. If, as is often the case with para-
sitic species, the environment changes with development, the
environment can be visualized as oscillating or vibrating
along the strands. Since humans cannot visualize four dimen-
sions (most cannot visualize three) we have to get the idea
of sampling the meshwork only at our own geologic time. When
we do this we find large gaps torn in the mesh. This re-
presents a loss of enviromment which has removed unadapted
species.

Scientists are still finding strands of this mesh and
trying to relate them to the known segments. They indicate
the uniqueness of their find by designating the species and
the relationships of it to the known mesh by classifying the
find in genus, family, order, class and phylum. Sometimes
the gaps in the mesh are so great that the uniqueness of the
find is clear. More often the find is so closely related to
known forms that distinctions become arbitrary and trivial.
This often calls for a redescription of the characteristics
of the group and of the mesh. Inasmuch as the ultimate
reality is the individual and the individual has only a
transitory existence in time, the opportunities for taxonomic
splitting are almost endless because the family, the genus,
and the species have no more reality than our network; they
are merely conventions which serve to express human ideas.



II. SOME GENERAL CHARACTERISTICS OF THE BABESIA CANIS

LIFE CYCLE IN THE VERTEBRATE HOST

The class Piroplasmasida to which the genus Babesia Starcovici, 1893,
belongs is generally defined as including small pyriform, round, ameboid,
or rod shaped parasites of vertebrate erythrocytes, sometimes also of
leukocytes or histiocytes. The organisms are all parasitic and they are
all heteroxenous. Vectors insofar as they are known, are ixodid or argasid
ticks. Pigment (hematin) is not formed from the host cell hemoglobin, the
organisms possess no spore stages, and the nucleus is vesiculate. These
parasites do not possess special locomotor organs, and movement is accom-
plished by body flexion or by gliding. Reproduction is asexual by binary
fission or by schizogony; sexual reproduction is dubious. They are further
classified in the order Piroplasmorida, and the family Babesiidae Poche,
1913, the latter including organisms that are relatively large, pyriform,
round or oval and occurring in the erythrocytes of vertebrates. Asexual
reproduction in the erythrocytes is said to be either by binary fission or
by schizogony. The definition at the generic level isolates those in which
trophozoites multiply either by binary fission forming pairs or by schizogony
forming tetrads in the erythrocytes.

There are opposing views of speciation in the genus, and Levine (1961)
has discussed these. Advocates of one view consider breaking it up into
several genera or sub-genera, each with a number of species, while exponents

of the other view prefer a single genus with a relatively small number of



species each of which may include several strains. The second system seems
preferable. The taxonomy of the Piroplasmasida has been discussed by a
number of authors and will not be pursued here. It should be indicated,
however, that the commonly used generic name Piroplasma Patton, 1895, is
not used here because Babesia clearly has priority. The argument that Babesia
is a preoccupied name was rejected by the Editorial Board (1953) and the
Judicial Commission (1954) of the International Commission of Bacteriological
Nomenclature. Hornby (1934) and Dinulescu and Babes (1960) have listed the
reasons for rejecting Piroplasma in favor of Babesia. The opinion of a con-
temporary, Sergent, et al., (1954) that Piroplasma should be used is not
accepted herein because no valid reason for rejecting the name Babesia Star-
covici, 1893, was presented by these authors.

Neitz (1956) and Levine (1961) listed three Babesia species which occur

in the dog: Babesia canis (Piana and Galli-Valerio, 1895), Babesia vogeli

Reichenow, 1937, Babesia gibsoni (Patton, 1910). B. canis is said to be

pyriform and 4 to 5, long or ameboid and 2 to 4, in diameter. B. vogeli

is said to be somewhat larger than B. canis, and B. gibsoni is said to be
smaller and not possessing the characteristic paired pyriform trophozoites.
B. vogeli is considered restricted to Asia and Africa, but Enigk (1944) and
Poisson (1953) suggested that this means very little since the species was
separated from B. canis on the basis of arthropod host specificity and be-
cause dogs that recovered from babesiosis could be infected with this or-
ganism. This separation is considered to be inadequate for species recogni-
tion. The trophozoites of B. gibsoni are supposedly annular or oval and

not more than 1/8 of the diameter of the host erythrocyte. Reported data
show, however, that occasionally either large ovoid forms, half the diameter
of the host cell, or thin elongate forms reaching almost across the cell

may be found.



The life cycle of Babesia canis as described in the dog is essentially

the same for all species of the genus parasitizing this host. The troph~
ozoites occur in the erythrocytes in which they multiply either by binary
fission or by schizogony. According to Levine (1961), in some species two
trophozoites are formed which break out of the erythrocyte and enter new
red cells while in others the situation is the same except that four troph-
ozoites are formed. Some authors place the latter in a separate genus
Nuttalia, and Ray and Idnani (1943) even proposed a new genus, Pattonella,

apparently to accommodate aberrant forms of Babesia gibsoni, but neither

of these has been accepted. The formation of more than four trophozoites
by schizogony has been described as occurring in erythrocytes, but some
workers consider that schizogony is simulated because repeated binary

fission or multiple invasion.of the host cell may occur.

Method of Reproduction of Babesia canis in Erythrocytes

From the foregoing introduction it is evident that a controversy exists
concerning the method of reproduction of B. canis and relatéd species within
the erythrocytes of the vertebrate host. This section of this report is
concerned with presenting data showing rather conclusively that the method

of reproduction of B. canis in the erythrocytes is binary fission.
Materials and Methods

A total of twenty-three dogs was used in this experiment. All except
two of them were infected with a strain of B. canis isolated from a dog
which was born and raised in the Veterinary Clinic at Oklahoma State Uni-

versity, Stillwater, Oklahoma. The strain was isolated March, 1961, and
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the subsequent passages were made until August 1963. The other two dogs
were infected with a strain of B. canis acquired from Doctor Ned Rokey,
Mesa, Arizona. In all cases the infections in these dogs, which were
either intact or splenectomized, were produced by the intravenous trans-
fusion of infectious blood from reservoir animals.

The experimental dogs were housed in quarters which excluded all
other animals except arthropods as possible contaminants. Ticks were not
observed in the room or on any dog except when they were used experimentally
and confined in a certain location until removed. No other arthropods were
observed on the dogs during the period of the experiment. A few houseflies

(Musca domestica), cockroaches (Blattidae), and spider beetles (Ptinidae)

were observed in the room but not on the dogs. None of these insects has
piercing mouthparts and they are considered to have represented no threat
of contamination as far as the experimental canines were concerned.

Control dogs not exposed to infective blood were kept in cages adjacent
to the Babesia-infected dogs throughout most of the experimental period, and
the same observations were made on these dogs.

The initiation of the parasitemia and its progress were determined by
the daily examination of approximately 100,000 erythrocytes (1,000 oil
immersion fields delimited by a grid in which approximately 100 erythrocytes
were accommodated) on Romanowsky-stained (Wright's stain, buffer pH 6.8)
smears of blood. All examinations were made by the author to reduce sampling
errors. The smears were prepared by using the initial drop of blood obtained
by puncturing the capillary bed on the ventral surface of the ear.

The evidence for the conclusion that the propagative phase of the life
cycle, the erythrocytic stage at least, in the vertebrate host is repeated

binary fission is contained in the data in Figures 1-8. Only eight of the
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twenty-three dogs were selected to represent the series. 8§ix of the dogs
(E-2, E-3, E-4, E-6, E~7, and E-8) were selected on the basis that they
were littermates and represented the largest homogeneous aggregate that
could be assembled from among the twenty-three dogs. fhe other two dogs
(E-22 and E-23) were selected on the basis that they were the only omnes
infected with B. Eéﬁii in the absence of Ehrlichia, and‘it was felt that
they should be compared with the six littermate dogs in which B. canis and
Ehrlichia were concomitantly present. ﬁ

The protozoan exhibited remarkably consistent life cycle patterns in
the six littermate dogs. In general there was an immediate appearance and
a sudden.rise in numbers of trophozoites in the circulating erythrocytes
following injection of infectious blood. This reached a peék in numbers,
and then the parasites disappeared from the peripheral blood usually on
the third or fourth day after exppsure. This marked the beginning of a
period in which trophozoites could not be detected. Approximately two
weeks after exposure, and thus ten days after fhe parasites disappeared
from the peripheral blood, trophozoites reappeared in the circulating
erythrocytes. There was then a rapid increase in the numbers of parasit-
ized cells and in one case (E-8) the dog died at the time the parasites
were most numerous. In other cases the numbers declined, sometimes dis-
appearing entirely. The graphs in Figures 1-8 were discontinued at this
point because it was neither practicable nor necessary to extent them over
longer periods. Data were collected, however, until the other dogs died
(E-2, E-3, E=4, E-6, and E-7), were euthanitized (E-22), or lost their
active infections(E-23), as judged by absence of trophozoites for an ex-
tended period of time. The pattern in dogs (among the fifteen for which

graphs are not given) which were bled for long periods was essentially the
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same as that just described, i.e., periods oi the presence of numerous
parasites (marked reproductive activity) interrupted by wvariable. periods
of their absence. The length of these subsequent patent periods, which
alternated with dormant periods, was not predictable and it was not
possible to predict the intensity of the parasitemia which would develop.
It was obvious, however, that the same pattern of reproduction occurred
in the first, second, and all subsequent relapse periods. This pattern
will be discussed.

It is interesting‘to note that during relapses phagocytosis of

erythrocytes and of Babesia canis trophozoites by monocytes sometimes

occurred. (Figures 9 and 10) It is assumed that this did not affect
the life cycle significantly, but.it does indicate at least that the
body defenses were active during this time.

The initial reproductive period occurring within three or four
days after exposure toiinfectious blood was never a particularly vig-
orous one. In parasitized cells harboring more than a single organism,
presence of predominantly even numbers of trophozoites (more specifically,
exponential progressions of two) indicates that reproduction was by binary
fission and not by multiple fission or budding. The reproductive period
which occurred following the dormant stage, i.e., about two weeks post
exposure, was much more active, and parasitized cells were numerous in
the peripheral blood. The preponderance of cells which harbored multiple
trophozoites contained either two or exponential multiples of two; two,
four, eight, and sixteen parasites were the most common mumbers (Figures
11-17). 1In subsequent relapses in which large numbers of cells were

parasitized, the same features were evident.



Figure 9. Monocyte containing phagocytized erythrocyte;
increased erythrophagocytosis often occurs
with extreme parasitemia.

Figure 10. Monocyte containing fifteen phagocytized Babesia
canis trophozoites and one intracytoplasmic in-
clusion typical of those seen in dogs infected
with Ehrlichia.

15
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Figure 11. Erythrocyte containing Figure 12. Erythrocyte containing

one Babesia canis two Babesia canis
trophozoite. trophozoites.

e

Figure 13. Erythrocyte containing Figure 14. Erythrocyte containing
four Babesia canis four Babesia canis
trophozoites. trophozoites; note the

fan-like arrangement of
the parasites.
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Figure 15. Erythrocyte containing Figure 16. Erythrocyte containing

eight Babesia canis eight Babesia canis
trophozoites. trophozoites; note the

rosette arrangement of
the parasites.

Figure 17. Erythrocyte containing Figure 18. Erythrocyte containing
sixteen Babesia canis three Babesia canis

trophozoites. trophozoites.
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In instances in which numbers of trophozoites observed were not ex-
ponential multiples of two (e.g., 3, 5, 6, and 7), it was sometimes ob-
vious why the situation existed. Figure 18 depicts one example, viz.,

a case in which a cell contains three parasites rather than four, and it
is obvious on the basis of size and morphology that one parasite is on
the verge of completing binary fission. In other instances ruptured
cells were observed, and only a single trophozoite had escaped, leaving
an odd number inside the ruptured cell which still retained its basic
shape.

In comparing the parasite's behavior in the two dogs (E-22 and E-
23) which had Babesia in the absence of Ehrlichia, it is seen (Figures
7 and 8) that the same pattern developed, i.e., an initial appearance
soon after exposure, followed by a dormant stage, and finally a re-
appearance (in E-23 only, since E-22 was euthanitized). Thereafter
there was no further evidence of infection, and as shown in another
section of this dissertation, the dog recovered. The nature of re-
production of parasites within erythrocytes is thus not evident in these
two dogs since the numbers of parasitized cells never reached a very high
level.

In summary, the data from the twenty-three susceptible dogs exposed
to B. canis show that immediately following exposure to whole blood from
dogs harboring this protozoan, a transient parasitemia develops, and the
increase in numbers appears to be the result of binary fission within
erythroctyes. Some cells undoubtedly rupture and release the parasites
which then invade other erythrocytes. This lasts for only three or four
days, after which the organisms disappear from the peripheral blood,

usually for about ten days. A second parasitemia, usually more profound
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than the first, develops, beginning about two weeks after exposure, and the
pattern is repeated.

It is not possible to state what occurs during the period of absence
of parasites. The present study was designed to determine the reproductive
cycle in .the circulating erythrocytes, and no attempt was made to determine
whether an exoerythrocytic reproductive cycle occurs. It is obvious that
there is a period when the parasites are not in the peripheral blood, and
it seems likely that reproduction of some kind could occur during this
time. If such is the case, it remains to be determined where the process
occurs. Results of the present_study.seemuté-makgditﬂunmiétakablyméléarifhat
there is. an erythrocytic reproductive phase and that the process 1s binary

fission.
Persistence and Recurrence in Reservoir Animals

In the previous experiments the method used for determining the life

cycle of Babesia canis in the dog as related to erythrocytes was discussed.

The same methods were employed in this experiment and many of the animals
used were the same.

The literature is filled with suggestions, but little proof, that
babesiosis is a lifetime . infection, and Levine (1961) stated as a fact

that cattle infected with Babesia bigemina (Smith and Kilborne, 18?3) remain

carriers for life. Calzada (1929) indicated that cattle may harbor this
parasite indefinitely and remain refractory to reinvasion, i.e., remain
in a state of premunization. Stephan and Esquibel (1929) insisted that

premunition can be maintained in cattle only by injecting blood from old,
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constantly tick-infested cattle. Seifert (1962) lends support to this con-
clusion with the remark that tick control is the only certain protection
against bovine babesiosis. Miessner (1931) reported that dogs which have
been infected with B. canis relapse when splenectomized and that the resul-
ting disease is more severe as compared with the original infection and that
dogs which survive such relapses eventually become freed of the parasite.
Kikuth and Mudrow (1939) indicated that this parasitic species cannot be
demonstrated microscopically, or by subinoculation, or by splenectomy in

the case of some dogs while in other cases the blood remains contaminated
for long periods. One case is cited in which relapse occurred following
splenectomy three years after infection. Abramov (1940) gives the following
periods of survival for these species: B. bigemina 15 months; B. caballi
(Nuttall, 1910), 41 months; B. equi (Laveran, 1901) 5% years; and B.
trautmani (Knuth and du Toit, 1918), 8 months.

Shortt (1935) in considering dogs which survive an attack of Babesia
canis stated:

Those which survive the initial acute attack seem to
acquire a degree of immunity or at least tolerance and in
these a chronic infection is set up which may persist for
a very long time. The condition is more likely to be found
in adult dogs and the presumption is that they become in-
fected as puppies and have retained a low grade infection.

It is obvious that there is a lack of unanimity of opinion concerning
survival of Babesia in the dog and other mammals. The only constant features
of the papers cited is that each in its own way is deficient in the quality
and amount of data reported, and the conclusions are prgsumptuous. It

appeared that the differences of opinion which existed were due in part
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to the fact that animals from which the data were collected were not kept
under circumstances which precluded additional extraneous infection and
that they were not bled repeatedly and at short intervals so that exam-
inations could be made on a day to day basis,

In the present experiment nineteen dogs were bled every day from the
time of infection until the time of death either naturally or by euthanasia.
In the case of four additional dogs which did not expire and were not
euthanitized, one (E-0l) was bled -and the standard number of 100,000 eryth-
rocytes examined repeatedly for twenty-four months. For the first three
months post exposure, the dog was bled at frequent but irregular intervals
and was then bled every day for twelve consecutive months; this period was
followed by a second interval of nine months during which the dog was bled
frequently but not daily. Another dog (E-02) was examined similarly every
day for over thirteen months. Two additional dogs (E-09 and E-1) were
examined every day for four months and seven months respectively after being

exposed to Babesia canis. The latter two dogs both had been infected with

Ehrlichia prior to the time they were inoculated with blood from a dog

having a concomitant infection of B. canis and Ehrlichia; one of these

was extraneous (E-1) and occurred about three months prior to the infection
with Babesia. The other (E-09) was deliberate and occurred approximately
three months before infection with Babesia. (0f course daily observations
were made on these two animals for long periods before exposure to Ehrlichia
and every day from the time of exposure to Ehrlichia until exposure to

Babesia.)

From data given in Tables I-IV it can be seen that Babesia canis per-

sisted in the dog for a maximum period in excess of fourteen months. It



TABLE 1

NUMBER OF BABESIA CANIS TROPHOZOITES OBSERVED DAILY AMONG 100,000
ERYTHROCYTES FOR A PERIOD OF FIFTEEN MONTHS
(TWELVE CONSECUTIVE) IN ANIMAL
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% No sample taken
+ Trophozcites present but 100,000 erythrocytes not observed due to gquality
of smear.

22
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TABLE II

NUMBERS OF BABESIA CANIS TROPHOZOITES OBSERVED DAILY AMONG
100,000 ERYTHROCYTES FOR A PERIOD OF THIRTEEN
CONSECUTIVE MONTHS IN ANIMAL NUMBER E-02

Day Trophozoites Day Trophozoites Day Trophozoites Day Trophozoites
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8-4-62 =--- 8 9-28-62 --- 87 11-29-62--= >0

Re5-62 === 4 9-29-62 --- 34 12-17-62===~

8=6-62 === 2 9-30-62 --- 23 12-18-62--~ 7

8-7-62 --- 5 10-1-62 --- 40 12=19-62=== 4

8-8-62 --- 2 10-2-62 === 41 12-20-62--~ 48

8-9-62 --- 1 10-3~62 ==~ 61 12=21-62=== 85

8-10-62 --~ 9 10-4-62 --- 40 12-22-62--- 120

8-11-62 ~--- 7 10-5-62 --- 50 12-23=62=== 77

B8=12-62 =~~~ 2 10-6-62 --- 16 12-24-62--- 38

8-13-62 ==~ 8 10-7-62 --- 67 12=25=62=== 22

B8-14-62 --- 18 10-8-62 --- 195 12-26-62~=~ 24

8-15-62 --- 5 10-9-62 === 545 12-27-62-=- 11

8-16-62 --- 8 10-10-62--- 359 12-28-62~=~ 11

B8-17-62 --- 7 10-11~62-=~ 667 12-29-62=== 3

8-18-62 --- 0 10-12-62--- 208 12=-30«62~~~ 0

8-19-62 --- 2 10-13-62--- 11 12-31-62~== :> 0

8-20-62 --- 0 10-14-62-~~ 4 1-30=63 ===

8=21=62 === 0 10-15-62-~~ 1 1-31-63 =--- 2
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TABLE III
NUMBERS OF BABESTIA CANIS TROPHOZOITES OBSERVED DAILY AMONG

100,000 ERYTHROCYTES FOR A PERIOD OF SEVEN
CONSECUTIVE MONTHS IN ANIMAL NUMBER E-1

Day Trophozoites Day Trophozoites Day Trophozoites Day Trophozoites

11-1-62 === § g 1963 === 0  2-1-63 === 4 3-8-63 -== 0
12-18-62--- 1-10-63 === 0 2-2-63 === 1 3-9-63 === 0
12-1962-e« 1 111463 =e= 0 223463 == &  3-10#63 === 2
12-20-62--= 96  1-12-63 === 1  2-4-63 -== 0 3-11-63 ---
18ei1eb2ecw. 724  1-13e6Fieme: 0 26Bb3 ees . O 3=30-53 s
12:2%+62-w+ A4 ' 163 v’ 0 . 256563 on= - 0 - H3Ie63 eee. 1
12423622+ 0 1-18-83 ws= 7  2+763 «se 0 4~1+63 === 31
12+264-62=== 0 1216963 sne. O = 248463 ewe 2 422063 «w= &4
12:25-62e== 1 1517963 == 3 22983 e=s 1 423463 == 38
12-26-62=== 1  1-18=63 === 0  2-10=63 === 77  4=4-63 --= 6
1242762+« 68 11963 =s= 0 221163 === 839 4563 e== 2
12-28-B2e=« 312 12063 === 0 212463 ~we 1127 _4=6-63 we= 1
12-29-62--- 272 1-21-63 === 2 213-63 === 19 47463 -== 5
12-30-62-== 4  1-22-63 -== 5  2-14-63 =x= y o  5-2-63 ---
12-31-62-== 0  1-23-63 === 6  2-27-63 === §:3-63 =en 5
101263 ose 0 124263 =e= 3 2028463 =e= 2 524463 ees 3
12263 === 0 125263 === 7  3=1-63 === 16  5-5-63 === 2
12363 wsm’ 0 162683 wes 1 35BeB3 we= O SiBeBY wem 7
14263 wom: 2 1e2TuBd sse 1 3e396F cwe 0. SuTeB3 wew 3
1-5-63 === - 0 ' 128463 «== 0 3463 === 0 3-B-63 ~-= O
106563 e=s 0  129«63 == 1 34563 =5 3 549483 == O
1763 === 1 123063 ==~ 2 346¢63 wee 2  5-10-63 ~=n 1
1+8+63 en= L 1-81563 cee 0 - 37563 eme 1 841168 -=- g

6-12-63 ---
#Euthanitized 6-12-63

TABLE IV

NUMBERS OF BABESIA CANIS TROPHOZOITES OBSERVED DAILY AMONG
100,000 ERYTHROCYTES FOR A PERIOD OF FOUR
CONSECUTIVE MONTHS IN ANIMAL NUMBER E-09

Day Trophozoites Day Trophozoites Day Trophozoites Day Trophozoites

2BaBY as RIaNGEA o= O heRBEY sen Y2 JeBRe8E wae- 0
8869 ame D B0GeET wws 8 GsQASEY wse 43 Tee8Y oss 6
80463 avs 3 9e074bF ess T&  Ge39<83 wes - 2 Jh2Y83 eeo A
B 10063 ome 86 ¢ BidMEY ve= 50  G-18463 ses L. Te24e@3 wwe . 173
Ro11468 wee 20 .. 8500uhF wes < 3 GeTIeBY emw ' 2 FedBubY evs 1§
5-12-63 === 12 5-30-63 === « o 628463 === 9  7-26-63 === 2
S 1abh ome & GrRlRES sex 6-29-63 ~-- 3 7-27-63 === |
5-14-63 === « o  6-21-63 === 5 6 30-63 et o B ek van
522463 === = 62987 win: 11 To)ehY ss= B0
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should be mentioned that the dog (E-0l1) in which the protozoan persisted

for the longest period was splenectomized prior to exposure to the parasite.
Furthermore, this was the first animal infected with the strain after its
discovery in a naturally infected dog. The dog (E-02), in which the or-
ganism persisted for seven but not for eight months, was infected with

blood taken from E-01 three months after the latter was exposed. E-02 was
splenectomized approximatef"three months after infection and had popliteal
lymph nodes removed approximately six months after infection. Approximately
five months after the last trophozoite was observed, this dog was challenged
with the strain of B. canis acquired from Dr. Ned Rokey. Infection occurred,
and trophozoites were present in the circulating erythrocytes for fourteen
days after which none was seen; daily examinations were terminated a month
after exposure, and frequent samples were examined for the mext eight months. In
dog E-1 in which the protozoan persisted for four months but not for five,
exposure was made from E-01 approximately eight and one-half months after
the latter was infected. E-1 had been extraneously infected with Ehrlichia
(details given in another section) and had been splenectomized one and one-
half months prior to exposure to Babesia. A typical attack of babesiosis
occurred, and during some of the subsequent relapses extremely large numbers
of parasites, as shown in Table III, were seen in the peripheral blood.
Daily examinations were continued for glightly longer than a month after the
last trophozoite was seen. The dog (E-09) in which the infection persisted
for only about twenty days had recovered from an experimental attack of
ehrlichiasis, and was infected from E-0l during the donor's fourteenth month

of infection or just prior to the time when the protozoan disappeared from
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it. It was suspected that the strain was losing virulence, and thus after
a week of negative examinations, E-09 was challenged with massive numbers
of trophozoites from E-0l, on one of the last days that the donor ever
had large numbers of trophozoites in his bloodstream. Nothing happened.
About two weeks later splenectomy was performed, and a parasitemia developed,
but it lasted less than two weeks. After a negative period of two weeks
the dog was challenged with the strain of Babesia acquired from Dr. Ned
Rokey (from E-02 which had a patent infectfion with the strain at that time),
but no trophozoites were seen until almost two weeks later when a transient
parasitemia developed. The parasites disappeared and were never seen again;
daily observations were discontinued a month later, but frequent examinations
were made for the next eight months, and no trophozoites were ever observed.
On the basis of these data it is clear that a newly isolated strain of
B. canis can persist in the dog for nearly fifteen months. The survival
times in these four dogs, one infected immediately with blood from a patent
field case and the others infected with blood from this experimental case
at three months, eight and one-half months, and fourteen months, suggest
that the longer the strain has been reproducing asexually in the dog, (with-
out passage through a tick) the shorter will be the period of survival in
susceptible dogs which survive infections. It is not known whether the
fact that the dogs were splenectomized (two prior to exposure and two after
infections were in progress) affected the length of persistence of the parasites.
Neither is it known whether the concomitant presence of Ehrlichia sp. in the
dogs affected longevity. In any case, it is proved that under some cir-

cumstances dogs may asymptomatically harbor Babesia for several months.
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Infections produced experimentally in other dogs, using E-01 as the donor,
often terminated fatally; as late as fourteen months after exposure, in-
fections resulting from transfusion of blood from this dog terminated in
death. It must be remembered, however, that Ehrlichia sp. was concomitantly
present in all these animals and unquestionably contributed to the detrimental
effects.

Statistical Evaluation of Methods Used to Detect
Babesia canis Infections in Dogs

Confirmatory diagnosis of babesiosis in mammals depends upon detection
of trophozoites in the peripheral blood or in bone marrow. Velu (1926)
utilized marrow smears from long bones. Girard and Flucher (1937) recommend-
ed use of bone marrow smears made from material collected by sternal puncture.
Noyan (1954) determined that smears of bone marrow were useful in chronic
infections but that blood smears were more useful in diagnosing acute cases.
It is now generally agreed that observation of stained smears of blood is
the best procedure for diagnosis and that Romanowsky stains are best suited
for staining the organisms, but others have been used. Zasukhim (1933-34)
reported that certain Piroplasma sp. (Babesia) were Feulgen-negative.
Buzanec (1944) described a technique utilizing carbol-fushsin as a stain
for the trophozoites after removal of hemoglobin from the erythrocytes by
treatment with Ruge's solution (acetic acid and formalin solution).
Zottner (1932) described a technique in which blood smears were fixed with
a methyl alcohol solution of eosin and stained with a permanganate solution.
None of these techniques has been good enough to become widely used, and

the great majority of recent workers have stained with either Wright's or
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Giemsa's, both of which are classed as Romanowsky stains. Ristic (1964)
has utilized a more specialized procedure, viz., the fluorescent-anti-
body technique, which gives good results but which could not be used under
ordinary, routine, diagnostic circumstances.

Utilization of thick blood films has been recommended by Mahoney
and Saal (1961) as a method of detecting Babesia sp. in cases in which
the organism is not abundant in the peripheral blood. Ono and Isoda
(1943) described a procedure for concentrating parasitized cells, and
Watkins (1962) recommended the use of a combination technique in which
parasites are concentrated and thick smears prepared for staining.

The question arises concerning the type of blood sample which should
be used in attempting to diagnose babesiosis. Paine (1934) stresses the
importance of using the first drop of blood from a needle prick when
making smears for diagnostic purposes. He suggested that the infected
erythrocytes are enlarged and tend to become retarded in movement by
stasis in the small blood vessels of the skin. Adams (1935) utilized
thin blood films taken from the ears of cattle in a study on incidence

and distribution of Babesia bigemina and other blood protozoans.

Often additional hematological examinations are to be made on animals
which are ill enough to be suspected of having babesiosis, and venous
blood is usually utilized for this purpose since a relatively large
volume is needed to complete the procedures. It would be useful to
know whether a portion of such a sample would be satisfactory for making
a smear for observation or whether a separate smear utilizing the first

drop of capillary blood must be used.
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In the present study experiments were designed to check the comparative

efficacy of detecting Babesia canis by (1) using stained smears of the first

drop of blood from the ear capillaries and (2) using smears of venous blood
drawn from the cephalic vein.

A total of eight dogs was used in this study. Six of the animals were
infected by blood transfusion from a reservoir animal, and two were maintained
as unexposed controls. The dogs were kept under circumstances which excluded
additional exposure to Babesia. The smears of capillary blood were made by
using the same procedure as already described. The venous blood was drawn
and put into a tube containing EDTA, an anticoagulant. This blood was used
for routine hematological studies, and a drop was taken from this quantity and
a smear made and stained in the same manner as was the capillary blo?d.

The examination of approximately 100,000 erythrocytes from capillary
blood and an equal number from venous blood per dog per day was carried out
using a magnification of 970x beginning on the third day after exposure and
continuing for either twenty-one days or until death of the dog. The blood
samples from the two sources were drawn at approximately the same time, with-
in two minutes of each other.

A summary of the numbers of Babesia canis trophozoites observed among

100,000 erythrocytes from each of the two sources on each of the twenty-one
days is shown in Table V. Only the six principals are included in the table
since both control animals had negative counts by both methods throughout
the study, and the only significance of the controls in this phase of the
study was the indication that no extraneous infections occurred among the

experimental subjects.
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In general, the data show that a transient parasitemia developed in
all the principals, lasted a short time, and was followed by a period of
apparent dormancy. Finally the trophozoites reappeared in the bloodstream,
and a much more profound parasitemia developed in all the dogs. This condition
parallels that of seventeen other dogs similarly affected.

The difference in the numbers of trophozoites observed among 100,000
erythrocytes from each of the two sources is shown in Table VI.

The number of days on which trophozoites were observed in smears made
of venous blood and in smears made of capillary blood (Not N) along with the
number of days on which no trophozoites were observed by either method (N)

is shown in Table VII.

TABLE VII

SUMMARY OF THE DAYS ON WHICH NO TROPHOZOITES WERE OBSERVED BY EITHER
METHOD (N) AND DAYS ON WHICH AT LEAST ONE TROPHOZOITE
WAS OBSERVED BY EITHER ONE METHOD OR THE OTHER (NOT N)

Dog Days N Not N
E-8 15 7 8
E-7 2l 12 9
E-6 21 7 14
E-4 21 8 13
E-3 21 7 14
E-2 21 7 14
120 48 72

There are inferences which can be made on the basis of the '""Not N"
data, and these are given in Table VIII; the numerical entry in Table VIII
is "days to dormancy', i.e., the days to the time when trophozoites were
not observed among the 100,000 erythrocytes examined. Based on data given

in Table VIII, the following information is offered:
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TABLE VI
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TABLE VIII

DAYS FROM ONSET OF INFECTION TO BEGINNING OF DORMANT PERIOD
(PERIOD WHEN TROPHOZOITES ABSENT FROM PERIPHERAL BLOOD)

Dog E-8 E-7 E-6 E-4 E-3 E-2
Vein 4 3 4 5 4 4
Method
Capillary 4 2 5 4 2 5
TABLE IX

DAYS FROM ONSET OF INFECTION TO SECOND APPEARANCE (END
OF DORMANCY) OF TROPHOZOITES

Dog - E-8 E-7 E-6 _ E-4 _E-3 _ E-2
Vein 12 14 13 14 11 14
Capillary 13 15 14 14 11 13
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ESTIMATED MEAN DAYS TO DORMANCY

Point Interval (95%)
VEIN 4.00 3.34 to 4.66
CAPILLARY 3.67 2.91 to 4.43

In Table IX, the entries are in each case the number of days which
elapsed from the time of first recovery of trophozoites until trophozoites
reappeared in the blood smears made from each of the two sources. Based

on the data given in Table IX the following information is offered:

ESTIMATED MEAN DAYS TO REAPPEARANCE

Point Interval (95%)
VEIN 13.00 11.67 to 14.34
CAPILLARY 13.33 11.89 -to 14.77

Using the information from Tables VIII and IX the length of the

dormancy period can be estimated.

ESTIMATED DORMANCY PERIOD

Point Interval (95%)
VEIN 9.33 8.07 to 10.57
CAPILLARY 9.33 V.37 tor 11549

In summary, the following information seems apparent. From data in
Table VI it may be determined that there were seventy-two instances in
which trophozoites were recovered either in venous or in capillary blood.
In examining these seventy-two cases, (designated "Not N'") there were ten
in which trophozoites were observed in one type smear but not in the other.
In these ten instances, at least one trophozoite was seen in venous blood

seven times and in capillary blood three times. This is not strong evidence
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that venous blood is more apt than capillary blood to reveal trophozoites;
nevertheless in seven out of ten cases (70.0%) trophozoites were detected
in venous blood when they were not observed in smears prepared from capillary
blood. This information coupled with the discussion which follows supports
the conjecture that this result did not arise due to chance fluctuation in
sampling.

By eliminating the ten instances just discussed from the total of the
seventy-two "Not N" cases, the sixty-one remaining can be assigned to the
categories expressed in Table X A. The entries in Table X B are numbers of

times these conditions occurred in the data.

TABLE X A

V-C=>0 V-C <0 V-C=0

V-C >5 D<cV-C<5 V-C < -5 -5&V-C <0 |V-C=0
TABLE X B

ANALYSIS OF "NOT N" CASES IN WHICH TROPHOZOITES
WERE DETECTED BY BOTH METHODS

Vein Capillary Ties Total
6 0 7
E-8 |5 1 0 1 0 7
5 2 0 7
E-7 |3 g g I 1 0 Vi
6 5 1 12
2 i o T A T - M 1 12
Dog 6 4 2 12
E-4 |5 1 | 4 | 0 2 12
10 3 0 13
E-3 |6 = 'k e ) 0 0 13
9 1 1 11
E-2 |6 N 1 1 11
Vein Capillary Ties Total
Combined for 42 16 4 62
all dogs 30, P A ry s Ok 8 4 62
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Several inferences can be made concerning the entries in Table X B,
These are made from cases. in which trophozoites were observed both in
venous and in capillary-blood.

Using the lower numbers in Table X B, for each dog, and letting p =
estimated probability of five or more trophozoites occurring in venous
blood than in capillary (p = V-C > 5 divided by V-C >5 plus V-C< -5),

the results are as follows:

P (100p)%

1 575 100%

2 3/4 75%

3 5/8 62.5%
Dog

A 5/9 55.5%

5 6/9 66.7%

6 6/6 1007
Total T 30/41 . 73.2%

Thus the estimated probability over all dogs in cases in which the
venous count was at least five trophozoites higher than the capillary
count is .732 or 73.2%. (This is calculated eliminating the three ties.)

If the upper numbers are used, i.e., the estimated probability that
the venous count is at least one trophozoite higher than the capillary
count, the result is 42/58, i.e., .724 or 72.4%.

Applying a statistical test of the hypothesis that there is no difference
in using wvenous and capillary blood there is evidence to support the rejeétion
.of such a hypothesis, i.e., it is very unlikely to observe the above cited

values of .724 or .732 when one is sampling from two equally good methods.
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Considering all evidence, the results are remarkably consistent. In
the ten.cases the estimated probability was .700 and in the two concluding
analyses, .724 and .732 were observed. This consistent evidence favors
the examination of venous blood rather than capillary blood. 1Indeed, it
is not as effective in a few specific cases, but on the average, about 72%
of the time, these data show that the venous blood is more apt to reveal

Babesia canis trophozoites than is capillary blood taken from the ear.

Using the size sample employed in this study (100,000 erythrocytes),
one is likely to find trophozoites if they are present. Thié is reflected
in the similarity between estimated days to dormancy (3.67 by capillary
and 4.00 by vein), and estimated dormancy period (9.33 by both methods).
If, however, one examined fewer than 100,000 erythrocytes, the probability
of observing parasitized cells in the capillary blood would be reduced as
compared with venous blood, for the analysis using a difference of five
parasitized cells (chosen arbitrarily) as a reference point shows the
venous blood to be better in approximately 727 of the cases.

In conclusion, it is obvious from these data that in the dogs used in
this study the traditional view that capillary blood should be examined
in order to detect B. Eggiﬁwiﬁ not supported. In fact the recoveries
made in the venous blood are better than those in.the capillary blood. Ex~
amination of the data from a number of different angles reveals thét the
same conclusion can be drawn each time; viz., that the venous blood smears

will reveal more Babesia canis trophozoites than the capillary blood, when

the parasites are present in the peripheral blood.



ITI. GENERAL CHARACTERISTICS OF EHRLICHIA CANIS

(DONATIEN AND LESTOQUARD, 1935)

Rickettsia canis was recovered and described by Donatien and Lestoquard

(1935) from dogs exposed to tick infestation in Algeria. These same workers
(1936) showed that these parasites were distinct and different from R. conori,
a human parasite which had been reported to infect dogs. The differentiation
was based on the fact that R. canis was found only in circulating monocytes,
and that it caused a severe febrile reaction as well as other clinical symp-
toms which frequently resulted in death of the animals. This was especially
true when concurrent infections such as babesiosis or leishmaniosis existed.

Rickettsia conori reportedly caused no visible reaction in exposed dogs.

Mochkovski (1937) erected the genus Ehrlichia to include rickettsiae

which invade monocytes and placed Rickettsia canis in the genus but changed

the name to Ehrlichia kurlovi on the grounds that so-called Kurloff bodies

were probably identical with Rickettsia canis. This specific epithet has

not been accepted, but the genus Ehrlichia has persisted. Philip (1953)
accepted the name Ehrlichia and considered E. canis the genotype species.

Rickettsia canis was reported from a dog in Southern Rhodesia by Lawr-

ence (1938), and the parasite was associated with serious disease in dogs
originally thought to be suffering from biliary fever (babesiosis). Lawrence

accepted the Donatien and Lestoquard designated name of R. canis; he either

38
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ignored or was unaware of Mochkovski's publication. Lawrence stated that the
probable explanation for R. canis not having been recorded more frequently
"... is that private practitioners rarely resort to confirmatory diagnosis
in cases of canine biliary fever and that, therefore, this disease is some-
times diagnosed in the rare cases where the cause is a rickettsia."

Neitz and Thomas (1938) reported canine rickettsiosis from the Kruger
National Park in South Africa and concluded that the causative agent was R.
canis on the basis that "... R. conori develops in the endothelial cells of
the blood vessels and the peritoneum, while R. canis parasitizes the mono-

cytes and neutrophiles." These workers stressed the difficulties attendant

with making a differential diagnosis of Rickettsia canis because dogs so

often had biliary fever (babesiosis) as a complicating disease. Still other
diseases, e.g., hepatozoonosis, trypanosomiasis, Weil's disease (spiro-
chaetosis), Stuttgart's disease, leishmaniasis, distemper, dumb form of rabies,
verminosis, and malnutrition due to mineral deficiency are listed as possible
complicating conditions in naturally occurring disease, Furthermore it was

stated that since rickettsiosis is

. practically impossible to differentiate clinically,
a definite diagnosis can only be made microscopically.
It is therefore necessary to be able to distinguish R.
canis from other blood protozoa /sic/ and structures such
as: 1. Leishmania donovani, 2. Hepatozoon canis, 3. phag-
ocytozed /sic/ P. canis, and Babesia gibsoni, 4. phagocytozed
/sic/ bacteria, 5. clusters of blood platelets, and 6. stain
deposit and artefacts superimposed on the leukocytes.

Pasquini (1939) reported five cases of canine rickettsiosis. Pigoury

and Bernard (1939) reported looking for Rickettsia canis in Beyrouth dogs in
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1937 and for a period subsequently and indicated that inclusion bodies were
found in the monocytes of the lungs in one stray dog; these bodies were
similar in morphology and staining characteristic¢s to R. canis as described
by Donatien and Lestoquard. Malbrént (1939) described a disease in dogs in
the French Congo in.which bodies resembling R. canis were demonstrated in

-the monocytes of the peripheral blood, lungs, and liver. Thus, R. canis,

later called Ehrlichia canis,‘was repérted from various parts of Africa and
the Orient within four yeaés after its discovery in Algerié.

Subsequentlf, Carmichael and Fiennes (1942) described the disease
syndrome as it appeared in Uganda and used the term canine typhus to designate

the malady. Gillain (1942) reported deaths caused by Rickettsia canis among

European. breeds of dogs in the Beigian Congo in which R. canis and Babesia

canis occurred together causing a complicated syndrome, and Mornet (1942»
reported rickettsial infection in European breeds of dogs in French West
Africa. Mudaliar (1944) appears to be the first to report R. canis from
India; the organisms were found chiefly in circulating monocytes of dogs
showing persistent fever and anemia. Malherbe (1947) reported R. canis from
the Pretoria district of Africa and pointed out that infections were often .
clinically obscured by B. canis. Girard and Rousselot (1947) mentioned
canine rickettsiosis as being a problem in the Sudah.. Malherbe (1948)
discussed R. canis on the basis of methods of diagnosis, symptoms, and therapy
and indicated that dogs in the Onderstepoort area were often affected.
Receveur and Hugaud (1949) reported a fatal case of canine rickeftsiosis in
a bitch, which confirmed the existence of R. canis in Chad.v Thus Ehrlichia
canis was reported from dogs in various regions of the 0ld World, but con-
comitant infections with B. canis often hindered accurate description of the

syndrome produced by the rickettsia. Studies of canine babesiosis were
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undoubtedly also complicated by the often unrecognized E. canis. It was
not until more than twenty years after the discovery of Ehrlichia in the
01d World, that Bool and Sutmgller (1957) recognized this rickettsia in
the New World. They published studies involvingvan agent which they
thought to be E. canis isolated from dogs in the Netherlands Antilles.

They too reported that Babesia canis was a factor complicating the study

of the rickettsiosis just as had been the case in several instances in
the 01d World. Reports by Cassard (1957) and Raghavachari and Reddy

(1958) confirmed that R. canis (E. canis) infections remain a problem in

Africa and India, respectively. The latter indicated that the Indian
and African strains of the organism were identical. McGaughey, Seneviratna

and Mahalingam (1962) reported Ehrlichia canis (R. canis) from Ceylon,

and Ewing (1964) suggested that E. canis or a similar species occurs in
the United States. In the latter case, it was shown that B. canis could
be a concurrent invader in naturally infected dogs.

Malbrant (1945), in the French Congo, isolated and described Rickettsia
donatieni from dogs exhibiting conjunctivitis. This organisﬁ was reportedly
found in epithelial cells of the conjunctiva. No further mention of this
organism has been found in the literﬁture, and Philip (in Breed, et al.,

1957), failed to mention it as a synonym for Ehrlichia canis or as a valid

species (which would undoubtedly require that it be removed from the genus

Rickettsia since this is reserved for organisms affecting man.)
Motphology and Life Cycle

Donatien and Lestoquard (1940) described the life cycle of Ehrlichia

canis (R. canis) and compared the cycle with that of R. conjunctivae which
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causes a severe conjunctivitis in sheep. These workers stated that when
the temperature rise is initiated in rickettsiosis of the dog, the first

forms of R. canis (E. canis) appear as large dark, homogeneous, circular

masses confined to the monocytes, and these were referred to as initial
bodies. (These masses are considered to be analogous to the large bodies

described for R. conjunctivae which also appear during the first hours

of rickettsial conjunctivitis in the sheep.) These initial bodies in
both cases apparently undergo fragmentation to pass through a mulberry or
morula stage which in turn breaks up to form elementary bodies; the
elementary bodies then penetrate monocytes, and each develops into a
massive initial body. Thus these workers visualized a cycle in which (1)
initial bodies develop in monocytes to become (2) mulberry bodies which
in turn dissociate to form (3) elementary bodies. In remarks concerning
the conclusion of the cycle the workers stated:

It is necessary in order to complete the cycle to note

the origin of the initial bodies. An initial body can

be engendered only by an elementary body which has pen-

etrated into the host cell of the considered rickettsia

... /monocytes in the case of E. canis/.

They admitted that the so-called initial bodies vary in size, but

this is accounted for as follows:

We can .assume that the regularly rounded initial bodies

of different sizes represent the various stages of the

increase in size of the initial body which was irregular-

ly fragmented after having reached its maximum size,
Furthermore these workers cited instances in which at autopsy initial
bodies could be found in organ smear preparations but very few mulberry-

shaped bodies, and this fact is used to justify
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... the assumption that the elementary bodies are
produced by the mulberry-shaped bodies in the deep
organs. These bodies are scattered in the meningeal
vessels. The elementary bodies liberated penetrate
the monocyte where they become massive initial bodies
more and more voluminous. The monocytes thus para-
sitized are easily observed in the peripheral blood.

In addition these workers stated that the life cycle of Ehrlichia in
splenectomy-induced relapses
... always develops according to the same cycle:
initial bodies first, mulberry-shaped bodies next.
The same thing happens in the relapse occurring
without apparent cause.
In the present study, involving twenty-one dogs which had both

Ehrlichia and Babesia canis and seventeen dogs with Ehrlichia only,

the life cycle could not be confirmed as heretofore described, either
in initial infections or by splenectomy-induced relapses or relapses
occurring without apparent cause. The photographs (Figures 19 and 20)
show very clearly the so-called mulberry-shaped bodies which Donatien
and Lestoquard and other authors described and reported as occurring in
leukocytes. Virtually all previous workers reported that these mulberry-
shaped bodies appear in monocytes almost exclusively, but it has been
determined in the present work that they are found almost exclusively in
lymphocytes, almost never in monocytes, and only rarely ag morulae-type
aggregates in neutrophils.

As far as so-called initial bodies and elementary bodies are con-
cerned, the observations made in the present study do not substantiate
the findings of Donatien and Lestoquard. Although numerous cells con-

taining cytoplasmic granules were observed, the sequential pattern that
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Figure 19, Lymphocyte containing Figure 20. Lymphocyte containing

mulberry-shaped in- mulberry-shaped in=-
clusion characteristic clusion characteristic
of Ehrlichia. of Ehrlichia; note gran-

ules making up the morula.

Figure 21. Neutrophil containing Figure 22. Monocyte containing
small slate-gray in- mulberry-shaped in-
tracytoplasmic in- clusion characteristic
clusion. of those usually seen

in lymphocytes.
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they described could not be verified. It seems that Donatien and Lestoquard
perhaps were observing rickettsial inclusions in some cases, but it is sug-
gested that they were often observing intracytoplasmic granules which occa-
sionally occur in normal leukocytes of dogs. The small, slate-gray intra-
cytoplasmic granules of neutrophils (Figure 21) observed in this study are
of unknown significance. It can be said only, that they were observed
consistently in animals in which the mulberry-shaped bodies, which are
obviously rickettsiae, were found in lymphocytes; as already indicated mul-
berry-shaped bodies were found only rarely in neutrophils. From these data
the conclusion is obvious that they are seen consistently in animals with
rickettsiosis, but there is no way to conclude whether or not they represent
rickettsial material. Neither is it possible to determine whether or not
they result from rickettsial infections, but their absence from litter-mate
control animals is strongly suggestive that they do.

From the data collected it has been determined that cells of the
agranulocytic series of dogs experimentally infected with Ehrlichia may
harbor intracytoplasmic inclusions of more than one kind. Those in lymph-
ocytes are more apt than those in monocytes to be of the basophilic morula
type, i.e., the type which is considered characteristic of Ehrlichia sp.
Monocytes were sometimes observed to harbor morulae (Figure 22) but not as
commonly as were lymphocytes (Figures 19 and 20), and the inclusions which
were most characteristically found in monocytes (Figure 23) were acidophilic
and not made up of an aggregate of smaller units. These latter monocytic
inclusions possibly could be comparable to the so-called initial bodies

mentioned by Donatien and Lestoquard, but there is no evidence that they
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Figure 23. Monocyte containing aci- Figure 24. Leukocyte containing

dophilic inclusion, mulberry-shaped in-
perhaps comparable to clusion which is be-
so=-called "initial ginning to dissociate,

bodies" described by
Donatien and Lesto-
quard (1940).

Figure 25. Leukocyte containing mulberry-shaped inclusion
which is beginning to dissociate; note large
size of aggregate in comparison with Figure
24,
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arise from elementary bodies which, according to these workers, are . them-
selves formed by the dissociation of morulae, There is ample evidence
that morulae do dissociate within the cytoplasm of the host cell (Figures
24 and 25), but there is no reason to support the so-called life cycle as
described by Donatien and Lestoquard. Admittedly their proposed cycle
is, in theory, an attractive arrangement, and it does account for three
different kinds of leukocytic inclusions observed in Ehrlichia-infected
dogs. Nevertheless no sequential arrangement of these inclusions with
attendant nominal designations for each seems justified. In order to
establish a life cycle for the organism it would be necessary to demon-
strate more conclusively that the various inclusions represent a suc-
cession of forms. It is not claimed that Donatien and Lestoquard are
in error in their conclusions, but it is true that their evidence is
not convincing. In fairness to these workers, it must be mentioned that
much of the life cycle as they described it was based upon observations
made on smears prepared from blood taken from vessels of the pia mater
rather than from peripheral blood as in the present study. The rather
considerable mass of observations made in the present study show that
no orderly and predictable sequential occurrence of inclusions can be
determined from peripheral blood smears. Interestingly enough they
stated at the conclusion of remarks on the cycle in one dog:

All the examinations mentioned above were made on

smears of peripheral blood. We were able to follow
the whole evolutionary cycle of R. canis.
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In addition, the granulocytic series of leukocytes is not mentioned by
Donatien and Lestoquard as harboring inclusions. In the present study,
small slate-gray, intracytoplasmic inclusions were consistently observed
in the neutrophils of dogs infected with Ehrlichia, usually before morulae
appeared in the agranulocytic series and continuing thereafter for varying
periods up to two years. As indicated earlier, these inclusions are of
unknown significance, but it cannot be overlooked that they occurred con-
sistently in dogs with ehrlichiosis and were not seen in control dogs.
Finally, neutrophils were sometimes observed to harbor the morula-type
inclusion characteristically found in lymphocytes, but these were rarely

seen other than near the terminus of fatal infections.

Incubation Period and Persistence in the Dog

A discussion of the incubation period of Ehrlichia canis must be

based almost completely upon experimental inoculation of the dog because
work with tick-inoculated animals has been minimal. Donatien and Lestoquard
(1937) stated that the incubation period varies from six to twelve days in
natural cases and from three to fifteen days in experimental cases. These
workers (1937) however, made such confusing and inconclusive statements as:
""... these animals were running a temperature a few days after having been
exposed to infection by ticks." an "....[Ehe dqﬁ? shows after a few days
a thermic rise...!'! It is therefore difficult to determine just what the
actual range of the incubation period was.

Most of the published reports are concerned with experimental in-
oculations in which blood from a sick dog was transfused either intra-
venously or by some other route into a susceptible animal. 1In these re-

ports the incubation period seems to range from seven to twenty-one days.
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Donatien and Lestoquard (1936) indicated that R. canis (E. canis) can

persist in an animal "... long after the clinical recovery from an acute
natural or experimental attack (at least five months) ...!' Previously,
Donatien and Lestoquard (1935) claimed that "we were thus able to establish
that the virus 1?;57 persists long after recovery in the monkey and in the
dog." In the same report it was indicated that premunition occurs and
that splenectomy causes a relapse and reappearance of the organism in the
peripheral blood. Furthermore, it was stated that:

The seriousness of this disease is brought out in the

following figures: Out of 15 dogs affected by the

natural disease 14 died; and out of 6 dogs inoculated

in the laboratory 4 died. It is therefore difficult

to look for the nature of the protection conferred by

a first attack.
Finally, however, they concluded "... that an attack of first invasion and
the chronic infection following it confer to the recovered animals pre-
munition and not immunity."

In presenting the data in this study the incubation period of Ehrlichia
can be judged by the occurrence of a febrile response or by the observation
of intracytoplasmic inclusions in leukocytes. It is perhaps presumptuous
cite the neutrophilic inclusions described previously (Figure 21) as evidence
of ehrlichiosis. However, since these inclusions were consistently found in
;11 dogs and were never seen in the controls, the author feels justified in
using them as an indication of infection. This is done with full awareness
that the true nature of these inclusions is unknown. Appearance of lymphocytic
inclusions of the morula type (Figures 19, 20 and 22) will be cited as un-

equivocal evidence of infection. Sixteen dogs (E-09, E-010, E-0l11, E-9,
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E-12, E-15, E-17, E-18, E-24, E-25, E-26, E-27, E-28, E-30, E-33, and E-35)

were experimentally infected with Ehrlichia in the absence of Babesia canis

and will be discussed. An additional twenty-three dogs which had concomitant
infections of B. canis will be discussed in another section.

The pattern of the febrile response which developed in these dogs was
remarkably consistent. The day on which the body temperature reached or
exceeded 104°F. has been chosen as a.point for comparing the dogs. This does
not indicate that elevated temperatures below this level are considered in-
significant nor does it mean that temperaturesdid not exceed this figure.

It is chosen simply as a figure which was rather consistently reached or
exceeded at a time when the dogs were obviously ill. If twelve of the six-
teen dogs are considered (omitting E-26, E-27, E-33, and E-35), a temperature
of 104°F. or above was reached, on the average, 11.33 days after exposure,
with a range of nine (E-25) to fourteen days (E-17). It was considered best
to omit the four dogs because of various extraneous complications. E=26

is omitted because it had distemper at the time of exposure to Ehrlichia,

and three days post exposure the temperature reached 104°F. but then declined;
on the eleventh day the temperature rose to 105.1°F., and it is considered
likely that Ehrlichia was involved in this rise, E=27 is omitted because

it had an extremely heavy infection of Ancylostoma caninum and was anemic

when exposed to Ehrlichia; death occurred on the fifth day after exposure.
E-33 is not included because it was a suckling puppy, and daily temperatures
were not recorded, E-35 probably could be included except that the dog had

a temperature on the second day after exposure, probably due to circumstances

attendant to its inoculation, viz., the blood injected accidentally contained
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enough succinyl choline to cause respiratory arrest. The dog was revived
by applying artificial respiration. After this rise on the second day,
the temperature returned to normal, until ten days after exposure when it
rose again to 104°F.

The pattern of appearance of intracytoplasmic inclusions in neutrophils
in the twelve experimental dogs was not quite as consistent as the febrile
response. These inclusions first appeared from eight days post exposure
(E-09 and E-010) to sixteen days post exposure (E-17); the average was
12.16 days. Lymphocytes harboring morulae which were unmistakably rick-
ettsial in nature first appeared in the twelve dogs from nine days post
exposure (E-30, a young pup) to twenty-seven days post exposure (E-011);
the average was 20.08 days.

From these data it can be concluded that dogs, apparently healthy,
exposed to Ehrlichia may be expected to show a febrile response with the
temperature reaching 104°F. or above, and that on the average this will
occur in about eleven days; the range was from nine to fourteen days.
Responses in dogs which are infected with distemper and/or with Ancylostoma
caninum may deviate from this pattern. Intracytoplasmic inclusions which
are characteristically seen in leukocytes of dogs with ehrlichiosis are
not as consistent in the time of appearance, but a reasonably consistent
pattern was seen.

The sequential occurrence of events in typical, uncomplicated cases
of ehrlichiosis is worth noting. On the average, the body temperature be-
comes elevated to 104°F. or above, 11.33 days after exposure or just prior

to the appearance of neutrophilic inclusions 12.16 days post exposure.
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Approximately a week later, i.e., about twenty days after exposure, lympho-
cytic inclusions appear which are definitely identifiable as Ehrlichia.
Persistence of infection in the dog, as judged by infectivity of the
blood and by occasional presence of leukocytic inclusions was extended for
twenty-four months when B. canis was concomitantly present (for the first
several months of infection, only, after which the protozoan disappeared).
The longest period of time that a dog with a pure infection of Ehrlichia
has been observed is nine months (E-12); it died of an artifically induced

Neorickettsia helminthoeca infection. Another dog (E-010) harbored

Ehrlichia for seven months before it was euthanitized. Thus it is not
possible from these studies to conclude what the maximum period of per-
sistence of Ehrlichia is in the dog. However, it is shown that dogs which
have been infected have not become free of the parasite during the period
of observation, maximum of twenty-four months. The claim made by Donatien
and Lestoquard (1937) and Bool (1959) that premunition develops in infected
animals cannot be confirmed nor denied. Attempts were made to produce
"super infections" (e.g., E-12 was challenged with blood from E-010 a month

after initial exposure), but neither febrile nor other responses occurred.

Serology

Lawrence (1938) reported a study in which serum collected from a dog

infected with Rickettsia canis (Ehrlichia canis) was subjected to Weil-

Felix agglutination tests and the results compared with tests of serum from
four normal animals. Serum from the rickettsia case '"... gave a very strong
reaction (1l: 1,250) with Proteus OX 2 while the other sera produced agglutina-

tion only in a dilution of 1: 25 in three cases, and in 1: 50 in the fourth,
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using Proteus OX 19, OX 2 and OX K." Malbrant (1939) also reported positive
agglutination results of sera from R. canis infected dogs with a strain of

Proteus vulgaris. This is strong evidence for believing that the organism

is truly a rickettsia and shows a cross agglutination with heterologous

antigen. Bool (1959), however, did not get reactions between Proteus OX 2,

OX K, or OX 19 and serum collected from each of three dogs, in various

stages of infection, viz., three, five, and eight weeks after exposure.
Babudieri (1940) reported results of Weil-Felix tests conducted on

the sera of 119 dogs in Italy using Proteus OX 19 and Proteus XfK.l;ié?.

Results were positive in a high percentage of cases, particularly with

X K strain. Sforza (1947) found that sera from Eritrea dogs which were

parasitized by Rhipicephalus sanguineus carried typhus of man. Sforza

and Solinas (1947) found 117 dogs from Asmara that had titres of l: 40 or
over to Proteus OX 19, and 105 had titers of 1l: 40 or over with Proteus
0X 2. They concluded that the dogs were carriers of typhus.

In the present study, sera from dogs in two stages of the disease,
i.e., febrile stage and recovered or convalescent stage, were subjected
to Weil-Felix reaction and to complement fixation tests using various
rickettsial antigens. No significant titers were obtained as shown by
data in Tables XI and XII.

The serological findings presented in Table XI were unexpected in
view of the pasitive reports by Lawrence (1938) and Malbrant (1939). It
is not possible to determine of course whether the Ehrlichia sp. isolated
from Oklahoma dogs is identical with E. canis studied in the Old World.
The serological evidence would suggest that they are not identical. The

present findings are similar to those of Bool (1959) who was dealing with
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TABLE XI

WEIL-FELIX REACTION RESULTS: ANIMALS IN SUCCESSIVE
STAGES OF EHRLICHIA, BABESIA, OR
CONCOMITANT INFECTIONS

: Titer

Dog History : Antigen 4 8 16 32 64 128 256

'E-12 Exposed to Ehrlichia 60 and Proteus O0X 2 0O 00 0 0 0 O
90 days prior to date serum Proteus 0X19 0 0 0 0 0 O O
collected. '"Morulae'" ob- Proteus 0X K 0 0 0 0 0 O O
served intermittently in
peripheral blood.

E~17 Exposed to Ehrlichia 30 Proteus 0X 2 0 0 0 0 O 0 0]
days prior to date serum Proteus 0X19 0 0 0 0 0 o0 O
collected, Proteus 0X K 0 0 000 0 O

E-23 Exposed to Arizona strain Proteus 0X 2 0O 0 0 0 O 0 0
of Babesia canis 30 days Proteus 0X 19 0 0 000 0 O
prior to date serum col- Proteus OX K 0 0 000 0 O
lected.

E-01 Exposed to Ehrlichia and Proteus OX 2 0 0o 00 0 0 O
Babesia canis approximately Proteus OX 19 0 0 0 00 0 O
17 months prior to date Proteus OX K 0 0 0 OO 0 O
serum collected,

E-~16 Control animal, never ex- Proteus 0X 2 0O 0 0 00 0 O
posed to either Ehrljichia Proteus 0X 19 0 0 0 0 O 0 0
or Babesia canis. Proteus OX K 0 0 0 0 O o O

E-28 Exposed to Ehrlichia appro- Proteus O0X 2 0 0 000 0 o0
ximately 65 days prior to Proteus 0X19 0 0 0 0 0 O O
date serum collected, Proteus OX K 0-0 0 0 0 O O

E-30 Exposed to Ehrlichia 12 Proteus 0X 2 0O 0 0 0 O 0 0
days prior to date serum Proteus 0X 19 0 0 0 0 0O O O
collected. 'Morula stage". Proteus OX K 0 0 00O O 0 O

in blood stream at time
serum collected.
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TABLE XII

COMPLEMENT FIXATION TEST RESULTS: SERA OF ANIMALS
IN SUCCESSIVE STAGES OF EHRLICHIA,
BABESTA, OR CONCOMITANT

INFECTIONS
Titer

Dog History ' Antigen 4 8 16 32 64 128 256

E-28 Exposed to Ehrlichia and Rocky Mt, Spt. Fever 3 0 0 o0 o0 O
suffered typical infec~ Typhus Fever 3 0 0 o0 o0 o0
tion. Serum collected 76 Q Fever, Phase Il 4 2 0 0 0 o0
days post exposure. Shown Q Fever, Phase I ° 3 0 0 o0 o0 O
to harbor organism (by sub- Colo. Tick Fever %=1 0 0 0 0 O
inoculation) 14 days prior Psittacosis 2 o 0 o0o o o0 O
to date serum collected, Influenza, Group A o 3 0 0 0 0 0

Influenza, Group B g1 0 0 0o 0 O
RMSF, 2nd Antigen Z 0 0 0 o0 o0 o

E-~12 Exposed to Ehrlichia 60 Rocky Mt., Spt. Fever + + + + 0 0 O
days and 90 days prior to Murine Typhus 0o 0 0o O O o O
date serum collected. Q Fever o+ + + 0 0 O
"Morulae" observed inter-
mittently in peripheral
bloed.

E-17 Exposed to Ehrlichia 30 Rocky Mt, Spt. Fever 00 0 O o o0 o
days prior to date serum Murine Typhus 0 0 0o O O o0 o
collected. Q Fever o+ + 0 0 0 O

E-23 Exposed to Arizona Rocky Mt. Spt. Fever 00 o O O o0 o0
strain of Babesia canis Murine Typhus o0 0 O o o0 O
30 days prior to date Q Fever + 0 0 O o0 o0 O
serum collected.

E-01 Exposed to Ehrlichia Rocky Mt. Spt. Fever + 0 0 0 O 0 O
and Babesia canis 18 Murine Typhus + 0 0 0 O 0 O
months prior to date Q Fever + 0 0 O o0 o0 O
serum collected,

E-16 Control animal, never Rocky Mt, Spt. Fever + 0 0 0O o0 0 o
exposed to either agent. Murine Typhus o 0o 0 O o0 o0 O

Q Fever + 0 0 O O o0 o0
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a New World isolate, but as he says his work was "... too limited to attach
great value to its negative result."

Data presented in Table XII show that the Ehrlichia sp. isolated here
either evokes no immune response or one not detectable by the complement
fixation test with the wide variety of antigens used. There were reactions
at low dilutions with a few antigens, but as Lackman (1964) has said, this
"... is not unusual for dog sera."

Sera were also collected and examined against antigens prepared from
the lymph nodes of dogs suffering from so-called Elokomin fluke fever, a
disease which has not been described in the literature but which is said

to occur in dogs infected with the fluke, Troglotrema salmincola, in the

Pacific Northwest. Doctor Keith Farrell of Washington State University
conducted these examinations and found no significant reactions.

It appears that currently available antigens are of no value in der
tecting infections of the organism under study; a logical approach would
be to prepare an antigen from this specific agent and determine if pre-
dictable reactions could be obtained using sera from infected animals.
Bool (1959) apparently attempted to do this for he said: "An effort to
prepare an antigen for the C.F. test, from the lung of a dog killed in
the acute stage of the disease had no satisfactory result." No details

of technique were given, and it is difficult to assess its value,



IV. MANIFESTATIONS OF BABESTIOSIS, RICKETTSIOSIS, AND COMBINED
INFECTIONS IN THE DOG, INCLUDING HEMATOLOGICAL

CRITERIA FOR DIFFERENTIATION

In order to have a realistic approach to the control of disease organisms
it is necessary to be able to recognize the manifestations of disease in the
host. One of the most baffling problems faced by a practicing veterinarian
is arriving at an accurate diagnosis of infectious disease conditions because
information which delineates them is often limited or non-existent. Treatment
and control mechanisms can not be outlined for infectious diseases without
first achieving an appreciation of the biology of the parasitic organism re-
sponsible for the detrimental effects in the host. The complications which
arise in accomplishing this are multiple, but one of the most important is
that a syndrome which is regarded as a specific infectious disease is frequent-
ly discovered to be caused by more than one etiological agent. It is neces-
sary then, that specific manifestations of disease be recognized and, insofar
as possible, differentiated and identified as to etiological agents involved
in causation.

In this dissertation it has been shown already by literature citations

that Babesia canis and Ehrlichia canis frequently occur together in the dog.

It is obvious from the literature that studies which have been conducted
previously on B. canis were frequently complicated by the presence of Ehrlichia
or Ehrlichia-like organisms. Shirlaw (1938) described a syndrome which was

unmistakably the result of a mixed infection of Babesia and Ehrlichia, and

57
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perhaps the most convincing evidence of this is that in the histopathological
description it was reported that granules were observed in well defined clus-
ters. in the cytoplasm of polyblasts and reticular cells. These clusters were
undoubtedly the so-called mulberry-shaped bodies, i.e., clusters of rick-
ettsiae,

Donatien and Lestoquard (1937), in discussing R. canis (E. canis), stated

that they

... were amazed for many years by the fact that our stat-
istics of veterinary analysis reveled to the rarity of
canine piroplasmosis, in spite of the high number of sam-
ples taken on animals suspected of having this disease.
From 1926 to 1935 we received 158 blood smears on which
Piroplasma canis was found only eighteen times.

They indicated that natural cases of pure rickettsial infections were iden-
-tified and. that "... sixty cases‘of natural disease lagre segﬁ7 in the provinces
of Alger and Constantine." 1In no case did they give details of how. they deter-.
mined when either naturally or experimentally infected dogs had uncomplicated
infections, and it is, therefore, difficult to accept all phases of their work.
They fecognized that dogs frequently had concomitant infections of Piroplasma
canis and even admitted that during experimental transmissions of rickettsiosis

i

... we happened to inoculate at the same time R. canis and
:Piroplasma canis, the donor animal. being immune against
Piroplasma canis. In this case, the piroplasmosis attack
evolves either before the rickettsiosis, or at the same
time. Even after stopping, by appropriate therapy, the
Piroplasma canis attack, the rickettsiosis always was ex-
tremely severe. Inversely, when the acute attack of rick-
ettsiosis evolves on.a dog in a state of chronic infection
by P. canis, we see, at the end of the acute attack of
rickettsiosis, the latent infection of P. canis reappear
by temporary suspension of the premunition. Then very
severe, sometimes mortal, piroplasmosis attack breaks out.




59

Obviously these workers were cognizant of complicating concomitant infectionms,
but they never stated how they determined that they actually worked with un-

L1
complicated rickettsiosis. Bool and Sutmoller (1957) discovered Ehrlichia

canis in dogs in the Netherlands Antilles and said that

... blood examination of dogs on Aruba (near Venezuela)
suffering from a serious illness accompanied by fever,
anemia, and severe emaciation ... showed that some of
these animals were infected not only with one or more
blood parasites (Babesia canis, Hepatozoon canis) but
also with the above mentioned E. canis.

Furthermore they stated that

Specimens of Rhipicephalus sanguineus taken from an
Aruban dog were used to infect a laboratory dog in
Utrecht, after which it was possible to pass the
parasite along through six other dogs.

The authors made no mention of how they were able to be certain that the
tick did not also transmit Babesia to the experimental dogs in Utrecht and
gave no indication of their controls.

It has been emphasized that the rickettsiosis which was recognized in
Oklahoma dogs was first found in association with babesiosis. Many of the
dogs used in the present study were concomitantly infected with Babesia
and the Ehrlichia-like organism before it was recognized that two distinct
entities were involved in the disease process. In order to avoid confusion,
the details of the separation of the two organisms will be given now, prior
to discussion of the respective syndromes produced by these parasites separ-
ately and in combination.

The separation was accidental, and it occurred in the following manner.
Experimentation on a litter of eight puppies was begun July 13, 1962. The
object of the study was to determine the nature of the reproductive process

of Babesia canis as reflected in the peripheral blood, and to investigate
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the hematological changes occurring in infected dogs. Some pre-eiposure
bleedings were made for an appropriate period to determine that they were
not infected, and the animals were injected with whole blood from.a dog
“known to have Babesia and which we also recognized as harboring the leuko-
cytic inclusions, the nature of which was puzzling at the time. Two of
the puppies were retained as uninfected controls.

The six principals died at various intervals and the two controls
(E-1 and E-5) were still healthy at the time all the principals had died.
One of the controls (E-5) was then infected and used for a periodicity
study; following exposure it was bled in.the morning and at night in an
attempt to determine if there was any fluctuation in the numbers of Babesia
in the peripheral blood at different times of the day. The other dog (E-1)
was continued as a control for. this periodicity study and for subsequent
other experimental wofk done with infected dogs. It was bled on a daily
schedule just as were all experimental animals, and no parasites were ever
observed until September 21, 1962, (forty-eight days after it ceased to be
a control for the original experiment) at which time leukocytic inclusion
bodies were found in the ﬁeripheral.blood. Lymphocytic, monocytic, and
neutrophilic inclusions were seen within a period of a few days. Th;s
was unexpected inasmuch as the animal had not been exposed to Babesia, and
of course at that time the theory still prevailed that the white blood cell
inclusions, the lymphocytic morulae at least, represented a schizogonous
phase in the B. canis life cycle,

The animal was continugd on a day to day bleeding schedule, and the

leukocytic inclusion bodies persisted, but no Babesia . trophpzoites were
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found. This was done until November 2,v1962, at which time it was decided
to splenectomize the animal as a method of proving the presence or absence
of Babesia. Following the splenectomy bleeding was continued, on a day to
day basis, until December 18, 1962. The leukocytic inclusions appeared
intermittently, but no Babesia trophozoites were observed. Then the dog
was challenged with Babesia with the idea that if immunity had been estab-
lished by its experience with what was thought to be the schizogonous phase
of the parasite, infection probably would not occur. On the other hand,

if the dog were totally susceptible, typical babesiosis should develop.

It was subjected to infection December 18 by the intravenous injection of
10 cc of whole blddd from the same reservoir dog which had been the donor
for the six principals in the original experiment that was begun July 13,
1962.‘ Trophozoites were present in the peripheral blood the following day;
there was-one red blood cell with one parasite among 100,000 erythrocytes
observed, the standard sample examined every day. On December 20, there
were 55 red blood cells each with one trophozoite, 18 with two tropho;oiteg
one with four trophozoites, and there was one single trophozoite free of
any cell. On December 21, there were 412 red blood cells each with one
trophozoite, 150 with two, one with four, a peculiar one with three, and
five trophozoites free of any cell. On December 22, there were 207 red
blood cells each with one parasite, 68 withvtwo, and no others except one
that was free ofrany cell. The parasites disappeared completely for twé
subsequent déys, but on December 25 there was an erythrocyte with one
trophozoite, the foilowing day there was another with one trophozoite, and
on December 27 a rise in numbers occurred and continued through December

29, 1962. The trophozoites declined, and on December 30 there was only one
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‘infected cell, which contained four trophozoites. A latent or.dormant period
persiéted until January 4, 1963, when fwo infected red blood cells were.ob-
served, each with one parasite.

Following this, there was a rather long period of intermittent appear-
ances of the parasite, 2 to 6 cells being affected on any given day. This
pattern changed February 10, when there was a sudden rise in the numbers of
affected cells. On the foilowing day there was a profound parasitemia with
245 red blood cells each confaiﬁing one parasite, 222 containing two, 34
containing four, and a few cells,containing‘some odd numbers of trophozoites,.
On February 12, an even more profound parasitemia was observed with 314
erythrocytes each containing one trophozoite, 346 containing two, 28 with
.four, and a few with odd numbers. The following day only eight or nine
Zed blood cells were affected, and on Eebruary 14 the parasités had disap-
peared completely, and no more were observed until February 28, when there
was a small number of infected cells, and this situation persisted inter-
mittently until March 10. After.ﬁaréh 10 there was another dormant period
lasfing until March 31, on which day a few parasitizea erythrocytes were
observed, and from Aprii 1l to 6-a_few,paraéites_wefé seen dailyVﬁut no
- profound parasitemias, such as the;twoisieées which have been described, were
 obéer§ed at this time. There were no[paraéitéé from April 7 to'May‘Z, but
6n May 3 a few trophozoites réappeared in the peripheral blood, a condition
whicﬁ ﬁérsimxﬂ for five‘consétutive days. Then none was féund for twa days,
but on May 10 one red blood cell with one parasite ﬁas seen, which was the
lasﬁ trophozoite ever observed in this animal. Bleeding of this dog con-
tinued, and 100,000 erythrocytes were observed as‘always on a day to day

basis, until June 12, 1963, at which time the animal was euthanitized. It
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should be stated that a few leukocytic inclusions were observed intermittent-
ly throughout the entire period of infection and were‘seen as late as June
2 and 3, 1963. |

On the basis of the details of these observations it is obvious that there
were.. certainly two disease entities;“ The iéﬁkocyﬁic inclusiong actually
constituted a spécific parasitic entity, a rickettsia, probably-Ehrlichia SP-»

and it was shown that they did not constitute a schizogonous phase of the

Babesia canis life cycle. The dog obviously had no brotectién from Babesia:
by having been host to the other parasite. It now remained‘to fiﬁd‘out
 something about this organism and its pathogenicity for other dogs which of
necessity required a strain of Ehrlichia not contaminated by B. canis.

On October 19, 1962, 10 cc of whole blood were taken from this same
dog (E-1) and'injected into a young dog, E-011. Eigven'days after exﬁosure,
some neutrophilic inclusions, which resembled those seen_inbddgs suffering
from babesiosis (in wﬁich these leukocytic inclusions consistently appeared),
were seen in the peripheral blood. These persisted but occurfed»rather‘
inte;mittently until 27 days after exposure when a perfect morula form was
observed inﬁa lymphocyte. The animal was bled on a day to day basis a&d"
the‘standard sample of 100,000 erythrocytes examined from the time of ex-
posure until it died on November 29, 1962. The typical leukocytic inﬁlusions
persisted until the time of dgath, but no trophozoites of Babesia were ever
observed. The rickettsia has been passed through dogs a number of £imes,
andvstudiésiof these pure infections afé relate& in a subséqﬁent part of this
section.

Only two dogs, to be discussed immediately, were infected with Babesia

in the absence of Ehrlichia, and this strain-of Babesia was acquired from a
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different location than the one used in the studies involving dual infections.
The discussion of the clinical manifestations of Babesia infections, there-
fore, had to be based principally on literature, with original data from only

two experimentally infected dogs.
Babesia Infections

Two dogs (E-22 and E-23) of a litter of 10 were infected with a strain

of Babesia canis isolated in Arizona and supplied to the author by Doctor

Ned Rokey. The data in Figures 37, 42, 47, and 52 depict the hematological
changes in these dogs from a prere#posure pér?od until the animals were inf
fected and had recovered clinically.‘ Figures 26 and 27 depict the degree
of the parasitemia and body temperature flucfuations in the two dogs. One
dog was euthanitized 17 days after exposuré so that its tissues could be
compared with those of dogs infected for a similar peridd Qith Ehrlichia.:

| It is clear from the data that Babesia was not a particularly serious
parasite in these dogs. This does not imply that Babesia alone is never
capable of inciting a serious diséase, but the clinical picture in these
animals was one of a mild infection and was unlike much of what is dew
scribed in the literature cdnéerning éymptom§ of Babesia. Even though
anemia developed, the dogs recovered through active hemopoesié. The MCV
(mean corpuscular volume) and MCH (mean corpuscular hemoglobin) values
were calculated, and the results indicated that the anemia, while it per-
sisted, was of the normocytic-normochromic type. Graphs are not included
to represent these values since they would not help to clarify the pres-

entation.
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A point which must be considered in comparison of these dogs with gHthers
as to severity of infection is that this strain of Babesia had been isolated
and passed repeatedly from dog to dog without passaée through an intermediate
host. In the absence of passing through an arachnid where sexual reproduc-
tion or some other process of rejuvination presumably takes place, a strain
may become altered in virulénce. It appears either that the two animals
which were infected with Babesia alone harbored a mild strain of the organism
or that Babesia alone in some instancesisﬁmapable of causing serious disease
in dogs. It is not possible.to conclude on the basis of present:information
which, if elther, of these ig the correct explanation,‘and there is no re-

liable information ik the literature to supplement these observations.
Concurrent Babesia and Ehrlichia Infections

It has been shown previously in Africa, India and in the Netherlands
Antilles (references cited elsewhere) that Babesia and an agent similar to
_ﬁhe one which was isolated here often occur together in dogs. Originally
it was not recognized that two organisms were present in the dogs involved
in this study, and as emphasized earlier, the ofiginal aim .of the éarly
investigations. was. to de£ermiﬁe whether the inclusions observed in the
cytoplasm of leukocytes fepresented aﬁ,undescribed schizogonous phase of
the life cycle of B. canis. It is the‘purpose to describe in this section
‘the clinical picture of the disease caused by the concomitant Babesia-
Ehrlichi& infection as seen in experimentally infected dogs.

The data presented were collected during two intervals, and the ex-

perimental dogs were from two litters. Four dogs (E-16, E-19, E-20, E-21)
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were part of a 1érge litter, the other members of which were used in the
related studies discussed in the immediately preceding secfion'(Babesia
Infections) and the section immediately following (Ehrlichia Infections).
The two uninfected litter-mate controls (E-16 and E-19) to which E-20

and E-21 are compared in this.section are the same controls used for
principals in the two sections just mentioned. The experiment involving
the other litter, composed of eight dogs, was completed several months
earlier and befofe it was recognized tha£ two disease agents were involved.
The experiment included eight dogs (E-1, E-2, E-3, E-4, E-5, E-6, E-7, E-8),
two of which were uninfected controls (E-1 and E-5); the other six, as

learned later, were exposed to Babesia and Ehrlichia concomitantly.

The methods employed and the nature of the data collected in the two
experiments were almost identical, and therefore the resultsvwill be dis-
cussed as though the experiments were one. vThe only differences in . the
two experiments were as follows: (1) the hemoglobin determinations were
.méde‘by the spencer Hemoglobinometer in the earlier experiment and by
the colorimeter in the second, (2) reticulocyte counts were made only to-
ward the end of the first experiment but were madeevery day in the. second,
and (3) the dogs in the first experiment were about three weeks older at
the tiﬁe they were exposed to infectious blood than were those in the
second experiment. |

Figures 28 through 35 depict the detail of body temperature chaﬁges
and fluctuations in degree of parasitemia in these dogs, and it is clear
that a rather consistent pattern developed. From data in the figures it
is shown that a few days after exposure to infectious blood the numbers
of Babesia trophozoites rose to a peak and deciined rapidly to a point near

zero, followed by a period when there were few or no trophozoites observed
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in the peripheral blood for a period of a few days. It was not until ap-
proximately two weeks after exposure that the leukocytic inclusions, at

least some of which were typical of Ehrlichié, appeared in the peripheral
blood for the first time. This was followed by an activé reproduction on

the part of Babesia canis,and the number of trophozoites in the erythrocytes

in the peripheral blood reachgd a peak apprqximately two to two-and~one=-

half weeks post-exposure. The pattern varied by being somewhat erratic after
this, but in general, in fatal cases the numbers of Babesia trophozoites
rapidly declined and often disappeared before death, The numbers of Ehrlichia-
infected leukocytes which could be detected in the peripheral blood varied
considerably; sometimes they disappeared entirely, but in other cases appear-
ed in increasing numbers and were quite abundant at the time of death.

The hematological changes exhibited in these dogs are reésonably con~-
sistent and can be ascertained from Figureé 36, 39, 40, 41, 44, 45, 46, 49,
50, and 51.

When the principals are compared with their uninfected litter-mate
controls, the total erythrééytes as well as the hemoglobin and hematocrit
values reveal a striking‘anemia which developed soon after inoculation with
infectious blood and persisted and inqreased in intensity until death of
‘the dogs. The common indices, MCVFand MCH,.ﬁentioned earlier revealed the
anemia to be of the normocytic-nprmochromic type. The reticulocyte count
remained within normal range indicating that the hemopoietic capabilities
of the host were impaired. (In E-21 it appears thét some hemopoietic re-
sponse occurred just before death.) This contrasts sharply with thé two
litter mates infected with Babesia alone, but it resembled the response

in the Ehrlichia-infected litter mates rathet closely. As indicated
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earlier, daily reticulocyte counts were not made throughout the entire ob-
servation period on the eight dogs in the first study. Counts were made,
however, for nine consecutive days beginning fourteen days after exposure,
and these data reveal the same general picture seen in the second experiment,
viz., that of an impaired hemopoietic system. There was some evidence of
hemopoiesis just prior to death of the dogs, and this parallels the situa-
tion in E-21 mentioned above.

From the clinical standpoint there were no pathognomonic signs. 1In
fact the animals appeared, in many cases, to be suffering from a very
common disease in dogs, viz., distemper. The most consistent signs were
a bilateral, muco-purulent, ocular discharge accompanied by photophobia,
and a nasal discharge which was at first serous and later purulent. (None
of the dogs being discussed survived the infection, but some older dogs,
discussed in an earlier chapter, did survive and in these animals, ap-
parently recovered completely, the nose sometimes remained dry and crusty.
See Figure 54.) 1In a few cases (E-3, E-4, E-6, and E-20) a transient
papular dermatitis was observed on the abdomen during the early part of
the febrile period. Icterus was occasionally but not consistently ob-
served. Vomiting often followed feeding during the height of -the febrile
period.

The complete histopathological changes in these animals have not been
determined and are not included in this dissertation.

On the basis of the data presented, it is obvious that in young animals
suffering from a concomitant infection involving babesiosis and the newly

isolated rickettsial infection, a grave illness, often fatal, developed.



Figure 54.

Appearance of nose of E-0l after recovery from
infection with Babesia canis and Ehrlichia sp.
Note dry incrustation.
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Death was ekpected and occurred from nineteen to forty-five days post-e#-
posure, with the average day of déath being thirty-three and oﬁe-half days
post-exposure. Among dogs in the first experiment, the one which died in
nineteen days was the smallest of the litter. The two dogs in the second
-experiment died in fourteen and twenty-one days, respectively, which suggests
that very &oung puppies may be more susceptible than older ones. A8 re-
lated in an earlier chapter, older animals sometimes survive and become car-
riers for as long as fifteen months in the case of Babesia and for at least

two years in the case of Ehrlichia.
Ehrlichia Infections

From the foregoing‘discussioh it is obvious. that the rickettsia,.ﬁrob-
ably Ehrlichia sp., was not recognized initially during this study. Id-
deed a part of the work was completed under the misapprehension that the

organism represented an undescribed . schizogonous stage in the Babesia c#nis

life cycle. As élready indicated, once it was discovered that two agents
were involved, and the two: were separated, the rickettsia was kepg free of
Babegia by dog to dog passage using whole blood injected intravenously.
Figures 38, 43, 48, and 53 depict the anemia and other hematologicél
changes whicﬁ developéd in four animals (E-15, E-17, E-18, and E-24) suf-
fering from experimentally induced rickettsiosis, specifically ehrlichiosis.
MCV and MCH values were calgulated,vbut these data are not included; su%fice
it toisay that the anemia was of the normocytic-normochromic tfpe. It is
clear that a remarkably consistentbsyndrome developed in animals subjected

to this infective agent. The clinical picture was almost identical with

that described for the combined Babesia-Ehrlichia infections. That . ig to
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say, there was no clear differentiation between dogs suffering from the
rickettsiosis and dogs suffering from combined infections of Ehrlichia
and Babesia. In either condition, severe anemia developed, and the dogs
were apparently unable to replace functional erythrocytes rapidly enough
to keep pace with the need.

The disease produced by the agent which has been isolated from dogs
in Oklahoma is quite similar to that described by Donatien and Lestoquard
(1935) in Algeria and by Bool and Sutmoller (1957) in the Netherlands
Antilles and attributed to a rickettsial agent now known as Ehrlichia
canis. The organism under study here is morphologically quite similar to
E. canis, and Doctor W. O. Neitz (1964) and Doctor C. B. Philip (1964)
concur with the author in considering the agent as belonging to this genus.
Neitz examined photographs and stained smears and concluded that "...
1d1_7 feel that I can confirm my original suspicion that the leucocytic

inclusion bodies may be Ehrlichia canis." The findings discussed in

the section on serology indicate that the affinity of this agent for other
rickettsiae is not as close as some reports in the literature would lead one
to believe. The reported cross-agglutination of E. canis with Proteus 0X 2
was not verified in this study. This may mean that the Oklahoma isolate

is serologically but not morphologically nor clinically distinguishable
from E. canis of the 0ld World, but such a conclusion cannot be reached

on the basis of presently available data.



V. CONCLUSIONS

The résults of studies which have been completed emphasize the fact that
a constant vigilance must be kept on the health of domestic animal popula-
tions. The isolation of a rickettsial organism, probably Ehrlichia sp., from
dogs and the recognition of a distinct disease syndrome caused by it is a
potentially important contribution to canine medicine. It is not possible
to conclude whether or not the agent has been in the United States for a
long period of time or whether the isolation in Oklahoma represents finding
an agent soon after its first appearance. The literature suggests, however,
that previous American workers have dealt with the disease caused by this
organism but have diagnosed it as distemper or possibly some other non-
specific condition because it was masked by or confused with other more
common and better known disease syndromes.

The discovery emphasizes the fact that our present state of knowledge
of infectious diseases in the canine must be considered as being far from
satisfactory and complete. It shows that casual observations of ill
animals and even detailed laboratory studies may be insufficient to rec-
ognize the true nature of infectious disease problems. It was interest
in a well-recognized protozoan disease, babesiosis, which led to the dis-
covery of this possibly, previously undescribed agent since the study was

originally designed to investigate what was considered to be a phase in

the Babesia canis life cycle. The hypothesis that a schizogonous cycle
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existed in the Babesia canis life cycle was proved to be erroneous, but in

arriving at this conclusion a significant contribution was made.

Detailed studies of the parasitemia which develops in Babesia canis

infections both in the presence and in the absence of Ehrlichia were com-
pleted. The erythrocytic phase of the reproductive cycle was determined
to be binary fission and that neither schizogony nor budding is involved

as sometimes reported in the literature. Babesia canis was found to per-

sist in infected dogs for fourteen months, and Ehrlichia was found to per-
sist for at least twenty-four months in the presence of Babesia an& nine
when present alone. The period for Ehrlichia does not represent an end-
point in the potential duration of this organism. It was proved that
venous rather than capillary blood is more apt to reveal Babesia tropHo-
zoites. The hematological changes occurring in dogs affected by each of
the two agents alone and in combination were found to be similar, viz.,
a severe anemia of the normocytic-normochromic type develops, but it is
more severe in the dual infection. This appears to be due to the fact
that there are two detrimental effects involving red blood cells;
Babesia affects circulating erythrocytes while Ehrlichia impedes hemo-
poiesis.

Dogs which survive the acute single or dual infections eventually
recover and appear to be healthy; nevertheless their blood remains in-
fectious for other dogs for nearly fifteen months in the case of Babesia
and at least twenty-four months in the case of Ehrlichia. Asymptomatic
carriers of Babesia and/or Ehrlichia are shown to represent a potentially
serious problem as sources of contamination in veterinary hospitals,

either from the point of natural transmission to susceptible dogs by ticks
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or artificial transmission by blood transfusion. It was shown that Ehrlichia
can be-transmiﬁted in some other way, but the method(s) was not determined in
this study. Data given in this study detailing the fluctuations in numbers
of both the rickettsial and the protozoan parasites in the peripheral blood
point up the necessity for extensive observation of blood smears in arriving
at confirmatory diagnoses. |

The reproductive cycle of Ehrlichia canis, as described in the literature,

was not confirmed in this study since no sequential pattern was observed in
the occurrence of leukocytic inclusions which are thought to be either Ehrlichia
or Ehrlichia-engendered;

Serological findings show that existing antigens used for diagnosing
rickettsial infections are of no value in:detecting infections caused by this
Ehrlichia-like organism.

Obviously a great deal of work remains to be done in. clearly delineating
the symptoms which develop in animals infected with each of these two organisms
alone or in combination, and these results show that there is need for more

investigation.



LITERATURE CITED

Abramov, I. V. 1940. Duration of the infective period in piroplasmosis.
(In Russian) Sovet. Vet., 1l: 33-34.

Adams, A. R. D. 1935. Trypanosomiasis of stock in Mauritius. 2. Obser-
vations on the incidence and distribution of trypanosomiasis in cattle.
Ann. Trop. Med. and Parasitol. 29 (4): 475-481.

Babudieri, B. 1940, The Weil-Felix reaction in dogs in certain Italian
cities. (In Italian) Gen. Batteriol, Immunol. 24: 677-686.

Bool, P. H. 1959. Studies on Ehrlichia canis (syn. Rickettsia canis).
Acta Tropica 16 (2): 97-107.

. and P. Sutmoller. 1957. Ehrlichia canis infections in dogs
on Aruba (Netherlands Antilles). Jour. Amer. Vet. Med. Assoc. 130
(9): 418-420.

Breed, R. S., E. G. D. Murray and N. R, Smith. 1957. Bergey's Manual of
Determinative Bacteriology. The Williams and Wilkins Company, Baltimore,
1094 p.

Buzenac, J. 1944, Procéd€ rapide pour la recherche des piroplasmes dans le
sang des chiens suspects de piroplasmose. Bull. Soc. Pathol. Exot. 37
(5/6): 145-147.

Calzada, Varella. 1929. La immunidad contra la "Tristeza." Ann. Escuela
Vet. Uruguay 1 (7/8): 263-266.

Carmichael, J. and R. N. T. Fiennes. 1942. Rickettsia infection of dogs.
Vet. Rec. 54: 3-4,

Cassard, H. 1957. Treatment of canine rickettsia infection with aureomycin.
(In French) Rev. Elev. 10: 369-370.

Caullery, M. 1952. Parasitism and Symbiosis. Sidgwick and Jackson Limited,
London, 340 p.

Dinulescu, G. and M. Babes. 1960. On the priority of the discovery of
Babesia. (In French) Ann. Parasitol. Humaine et Comp. 35 (5/6): 747-754.

Donatien, A. and F. Lestoquard. 1935. Rickettsia isolated from dogs in
Algeria. (In French) Bull. Soc. Pathol. Exot. 28: 418-419.

86



87

Donatien, A. and F. Lestoquard. 1936. Immunity to natural and experimental
rickettsia infection of the dog. (In French) Bull. Soc. Pathol. Exot.

29: 378-383.

. and F. Lestoquard. 1936. Comparison of Rickettsia canis with
Rickettsia conori. (In French) Bull. Soc. Pathol. Exot. 29: 1052-1056.

. and F. Lestoquard. 1937. Present state of knowledge on animal
rickettsioses. (In French) Arch. Inst. Pasteur. Alger. XV (2): 142-187.

. and F. Lestoquard. 1940. The developmental cycle of some rick-
ettsiae. (In French) Arch. Inst. Pasteur Alger. 18: 203-213.

Editorial Board. 1953. Status of Babesia Trevisan 1889 as a generic name in
bacteriology. Internatl. Bull. Bacteriol. Nomen. and Taxon. 3 (2/3):
111-113.

Elton, C. 1927. Animal Ecology. The MacMillan Company, New York, 207 p.

Enigk, K. 1944. Canine piroplasmosis in German-occupied Eastern Europe. (In
(German) Dtsch. Tropenmed., Z. 48: 88-93.

Ewing, S. A. 1964. Correspondence. Jour. Amer. Vet. Med. Assoc. 144 (1): 4.

Gillain, J. 1942. Rickettsia canis infection in the Belgian Congo. Bull.
Agric. Congo Belge. 33: 106-107.

Girard, H. and R. Flucher. 1937. Diagnosis of leishmaniasis and piroplasmosis
in dogs by sternal puncture. (In French) Rev. Med, Vét., Toulouse 89:
617-640.

. and R. Rousselot. 1947. Rickettsial infections in the Sudan in
cattle, sheep and dogs. (In French) Encylopéd. Vét., Périod. 4: 403-418.

Hagan, W. A. and D. Bruner. 1951. The Infectious Diseases of Domestic Animals
Comstock Publishing Associates, Ithaca, 920 p.

Hornby, H. E. 1934. Classification of piroplasms of domestic mammals. Twelfth
Internatl. Vet. Congress, N. Y. 3: 314-325.

Judicial Commission. 1954. Conservation and rejection of names of genera of
bacteria proposed by Trevisan 1842-1890. Internatl. Bull. Bacteriol.
Nomen. and Taxon. & (3/4): 151-156.

Kikuth, W. and L. Mudrow. 1939. Chemotherapy and immunology of canine babesiasis.
(In German) Z. ImmunForsch. 96: 125-141.

Lackman, D. B. 1964. Personal Communication.

Lawrence, D. A. 1938. Rickettsiosis in a dog. Jour. S. African Vet. Med.
Assoc. 9 (4): 175-178.



88

Levine, N. D. 1961. Protozoan Parasites of Domestic Animals and of Man.
Burgess Publishing Company, Minneapolis, 412 p.

McGaughey, C. A., P. Seneviratna and S. Mahalingam. 1962. Rickettsiosis
of dogs in Ceylon. Ceylon Vet. Jour. 10 (2/3): 82-87.

Mahoney, D. F. and J. R. Saal. 1961. Bovine babesiosis: thick blood
films for the detection of parasitaemia. Aust. Vet. Jour. 37: 44-47.

Malbrant, R. 1939. Canine rickettsiasis in the French Congo. (In French)
Bull. Soc. Pathol. Exot. 32: 908-913.

. 1945. Rickettsial conjunctivitis of dogs in French Congo.
(In French) Bull. Soc. Pathol. Exot. 38: 251-252.

Malherbe, W. D. 1947. Rickettsia canis infection in dogs in the Pretoria
district. S. African Jour. Sci. 43: 271-276.

. 1948. The diagnosis and treatment of rickettsiosis in
dogs. Jour. S. African Vet. Med. Assoc. 19: 135-138.

Miessner, H. 1931. Piroplasmoses and splenectomy. (In German) Arch.
Wiss. Prakt, Tierheilk. 63: 78-90.

Mochkovski, C. K. 1937. Chronic Ehrlichia (Rickettsia) kurlovi infection
(Kurloff Bodies) of guinea pigs. (In French) C. R. Soc. Biol. Paris.
126: 379-382.

Mornet, M. P. 1942. Rickettsia canis infection in French West Africa.
(In French) Bull. Serv. Zootech. Epizoot. A. 0. F. 3: 219-220.

Mudaliar, S. V. 1944. Canine rickettsiosis in S. India. Preliminary
note. Indian Vet. Jour. 20: 163-164.

Neitz, W. 0. 1956. Classification, transmission, and biology of piroplasms
of domestic animals. In: Some protozoan diseases of man and animals:
Anaplasmosis, babesiosis, and toxoplasmosis. II. Babesiosis. Ann.
New York Acad. Sci. 64 (2): 56-111.

. 1964. Personal communication.

. and A. D. Thomas. 1938. Rickettsiosis in the dog. Jour. S.
African Vet. Med. Assoc. 9 (4): 166-174.

Noyan, A. 1954. Bone marrow biopsy in diagnosis and study of piroplasmosis,
theileriasis and anaplasmosis. Thesis, Ankara. 94 p.

Ono Y. and M. Isoda. 1943, Diagnosis of piroplasmosis in horses in respect
to concentration of the parasites. 1. The findings in artificially in-
fected horses. Japanese Jour. Vet. Sci. 5: 325-327.



89
Paine, R. 1934. An observation on the preparation of blood smears for the
diagnosis of piroplasmosis. Jour. S. African Vet. Med. Assoc. 5: 127.
Pasquini. 1939. Treatment of canine rickettsiasis by intravenous injec-
tions of formolized physiological saline. (In French) Rec. Med. Vet.
115: 216-219.

Philip, C. B. 1953. Nomenclature of the Rickettsiaceae pathogenic to
vertebrates. Ann. New York Acad. Sci. 56: 484-494,

1964 . Personal communication.

Pigoury, L. and M. Bernard. 1939. Existence of Rickettsia canis in the
Near East. (In French) Bull. Soc. Pathol. Exot. 32: 19.

Poisson, R. 1953. (In Grasse, P. 1953. Traite de zoologie, Anatomie,
systematique, biologie, Tome I. Facs. II. Protozoaires: Rhizopodes,
Actinopodes, Sporozoaires, Cnidosporidies. Masson et Cie, Paris,

1160 p.)

Raghavachari, K. and A, M. K. Reddy. 1958. Rickettsia canis in Hyderabad.
Indian Vet. Jour. 35 (2): 63-68.

Ray, H. N. and J. A. Idnani. 1943. Observations on the forms of Babesia
gibsoni (Patton) in the dog; with a note on the systematic position
of the parasite. Indian Jour. Vet. Sci. and Animal Husbandry 13 (4):
267-273.

Receveur, P. and G. Hugaud. 1949. Canine rickettsia infection in Chad.
(In French) Rev. Elev. Méd. Vét. Pays Trop. 3: 45.

Ristic, M., J. Oppermann, S. Sibinovic and T. N. Phillips. 1964. Equine
piroplasmosis-~-A mixed strain of Piroplasma caballi and Piroplasma
equi isolated in Florida and studied by the fluorescent-antibody tech-
nique. Amer. Jour. Vet. Res. 25 (104): 15-23.

Schwartz, B. 1937. Worm parasitism in domestic animals. Scientific
Monthly 44: 338-349.

Seifert, H. 1962. Observations on piroplasmosis on the coast and in the
valleys of the Cordillera of northern Peru, with special reference
to the alternating periods of drought and rain. (In German) Zentralbl.
Veterinarmed. 9 (10): 989-998.

Sergent, E., A. Donatien and L. Parrot. 1954. The genus Piroplasma l.s.
and the sub-genera Piroplasma s.s. and Babesiella. (In French) Arch.
Inst. Pasteur Alger. 32 (3): 194-197.



90

Sforza, M. 1947. Tick-borne typhus in Eritrea. (Dogs as reservoirs.)
(In Italian) Bol. Soc. Ital. Med. ig. Trop. Sez., Eritrea. 7: 430-463.

., and N. Solinas. 1947. The Weil-Felix reaction in the serum
of Eritrean dogs. (In Italian) Bol. Soc. Ital. Med. ig. Trop. Sez.,
Eritrea. 7: 475-482.

Shirlaw, J. F. 1938. On the relationship between '"Lahore canine fever"
and "tick fever'" of dogs due to P. gibsoni infection, with observa-
tions on their pathology and haemocytology. Indian Jour. Vet. Sci.
8: 293-316.

Shortt, H. E. 1936. Life-history and morphology of Babesia canis in the
dog-tick Rhipicephalus sanguineus. Indian J. Med. Res. 23: 885-920.

Stephan, 0. and A. Esquibel. 1929. Vaccination against bovine piro-
plasmosis at the Zootechnical Station, S3o Paulo. (In Portuguese)
Arch. Inst. Biol. (S. Paulo) 2: 183-208.

Velu, H. 1926. Diagnosis of piroplasmosis by microscopic examination
of bone marrow. (In French) Compt. Rend, Soc. Biol. 95 (35): 1312-
1314.

Watkins, R. G. 1962. A concentration and staining technique for diagnosing
equine piroplasmosis. Jour. Amer. Vet. Med. Assoc. 141 (11): 1330-
1332.

Whitlock, J, H. 1960. Diagnosis of Veterinary Parasitisms. Lea & Febiger,
Philadelphia, 236 p.

Zasukhin, D. N. 1933-34. Nuclear substances of protozoa and bacteria.
(In Russian) Rev. Microbiol., ﬁpidémiol. et Parasitol. 12 (4): 277-
284,

Zottner, G. 1932. Coloration du sang et des Hématozoaires par la méthode
de Stévenel modifiée. Compt. Rend. Soc. Biol. 111 (33): 423-424.



VITA
Sidney Alton Ewing
Candidate for the Degree of

Doctor of Philosophy

Thesis: RECOGNITION OF A CANINE RICKETTSIOSIS IN OKLAHOMA AND ITS
DIFFERENTIATION FROM BABESIOSIS

Major Field: Veterinary Parasitology
Biographical:

Personal Data: Born at Emory University, Georgia, December 1, 1934,
the son of Aubrey C. and Grace P. Ewing.

Education: Attended grade school in Mansfield, Georgia; graduated
from Newton County High School, Covington, Georgia in 1952;
attended Emory-at-Oxford, Oxford, Georgia from September, 1952
to June, 1953; received Doctor of Veterinary Medicine degree,
June, 1958, and Bachelor of Science in Agriculture degree, August,
1958, from the University of Georgia; Master of Science degree
from the University of Wisconsin, January, 1960; attended Univ-
ersity of Michigan Biological Station, Summer, 1961; completed
requirements for Doctor of Philosophy degree in May, 1964.

Professional Experience: Laboratory Assistant, Department of Botany,
University of Georgia, September, 1953 to June 1958; Research
Assistant, United States Forest Service, Summers 1955 and 1956;
Veterinarian Trainee, Animal Inspection and Quarantine Division,
U.S.D.A., Summer 1957; Research Assistant, Department of Vet-
erinary Science, University of Wisconsin, September, 1958 to June,
1960; Instructor, University of Wisconsin, June, 1960 to August,
1960; Instructor, Department of Veterinary Parasitology, Okla-
homa State University, September, 1960 to September, 1961; Assist-
ant Professor, September, 1961 to present.

Honorary and Professdional Societies: Phi Kappa Phi, Phi Zeta, Alpha
Psi, Phi Sigma, Sigma Xi, American Veterinary Medical Association,
Oklahoma Veterinary Medical Association, American Association of
Veterinary Parasitologists, American Society of Parasitologists,
and Conference of Research Workers in Animal Diseases.





