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ABSTRACT

Anaplasma marginale-Infectivity in Splenectomized
and Radiated Rabbits

(January 1968)

Luigi Brutus Belli

D. V.M. , University of Bologna
D. V. P. H. , University of Bologna

Directed by: Dr. L. C. Grumbles and Dr. T. E. Franklin

The purpose of this study was to determine if an A. marginale

infection was possible in rabbits and if any changes in the etiologic

agent could be detected. To alter their receptivity intact and splenec¬

tomized rabbits were subjected to different amounts of Co^ gamma

radiation. The inoculum consisted of anaplasma infected bovine whole

blood, freshly drawn, containing intact erythrocytes.

There was no A. marginale development detectable by laboratory

means neither in intact radiated rabbits, nor in splenectomized, nor

in splenectomized and radiated rabbits. A single intravenous injec¬

tion of virulent A. marginale in these rabbits did not elicit a detectable

CF antibody response. These results excluded that an antigenic re¬

sponse had taken place even as a result of an inapparent A. marginale

multiplication in the rabbits.

There was no A. marginale infectivity, biologically demonstrable,

in the blood of splenectomized and radiated rabbits neither after 10,



20, 40 nor 60 days. When this rabbit blood was injected into splenec-

tomized susceptible calves it did not reproduce the disease. None of

the calves inoculated with rabbit blood showed a detectable CF anti¬

bodies response. When these calves were challenged with anaplasma

carrier blood all died of acute anaplasmosis. This excluded the

hypothesis that rabbits were "asymptomatic carriers". This also

proved that the blood of anaplasma injected rabbits was neither patho¬

genic, antigenic nor had any premunizing properties for susceptible

calves within the 60 days period tested. If there were an A. marginale

infection taking place in the rabbits, after a period of adaptation and

multiplication of the etiologic agent, the incubation period should have

been beyond the 60 days tested.

The survival of A. marginale injected into rabbits was biologically

detected by time lapse sub-inoculations into splenectomized calves.

The calves sub-inoculated within 24 hours had a shorter incubation

period than those sub-inoculated at 48 hours. This was probably due

to a numerical progressive reduction of the etiologic agent. All calves

inoculated within 48 hours had an acute lethal anaplasmosis. These

results led to the conclusion that within this period A. marginale did

not undergo any detectable change in virulence while exposed in vivo

to the rabbit tissue enzymes. However calves sub-inoculated at 120,

240 and 480 hours remained negative and when challenged proved to be

fully susceptible.



It was concluded that rabbits neither allowed a detectable multipli¬

cation of the A. marginale organism in their blood nor underwent a

"negative phase" nor that they were "asymptomatic carriers" of the

disease.

A. marginale survived in rabbits without a detectable change in

virulence for more than 48 hours and less than 120 hours.
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CHAPTER I

INTRODUCTION

Anaplasmosis is an arthropod transmitted, non contagious disease

of ruminants, characterized by depression, inappetence, constipation,

anemia, fever, and sometimes icterus. It is caused by the micro¬

organism Anaplasma marginale, which invades the red blood cells

and produces an acute hemolytic anemia (2, 8, 14, 36, 45, 50, 68,

80). A closely related, sometimes clinically indistinguishable disease

of cattle is produced by Anaplasma centrale. This organism is con¬

sidered a sub-species or variant of A. marginale and usually produces

a milder clinical course in cattle (11, 13, 18, 22, 35, 39, 40, 47, 69,

70).

At one time it was thought that anaplasmosis was confined to

tropical or subtropical areas, but now it is recognized in most parts

of the world where cattle are raised and vectors are present (38, 66).

The economic importance of anaplasmosis is due to the high

mortality rate and to the fact that the affected animals which survived

an attack were unfavorably influenced by long periods of indisposition

and unthriftiness. Those animals that recovered and showed no

microscopic or clinical evidence of the disease remained carriers of

the infection, as proved by the infectivity of their blood on direct

inoculation into susceptible animals (37). Anaplasmosis is also
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economically important because of the ease of its mechanical trans¬

mission and because certain arthropoda engorged on carrier animals

can transmit the disease to susceptible cattle.
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CHAPTER II

REVIEW OF THE LITERATURE

Nature of Anaplasma marginale

Classification of the anaplasma organism is uncertain. It has

been characterized as a protozoan (26, 35, 44, 80, 84), a rickettsia

(1, 6, 67), and it has been suggested that it may be a virus (31, 56).

The importance of knowing the nature of anaplasma rests on the need

for a rational approach to the problems of treatment, prevention and

determination of the natural means of dissemination.

Early observations of Theiler (81, 82), and DuToit (26), demon¬

strated that filtered, hemolyzed blood from infected cattle was not

infectious for susceptible cattle, whereas, the unfiltered, hemolyzed

blood of infected cattle reproduced the disease. They concluded that

anaplasmosis was not a virus.

Foote (30), and later Ristic (56), after using mechanical force

and a lytic system to disintegrate infected erythrocytes, succeeded

in passing anaplasma through a 650 millimicron "Millipore filter"

into the freshly collected whole blood from an animal free of ana¬

plasmosis. This blood filtrate was shown to be infective for calves.

Electron microscopic examination of the blood revealed initial

anaplasma bodies attached to the erythrocytic membranes (62).

Ristic et al. (61), reported also that bovine blood platelets may
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harbor the anaplasma agent. While the platelets could conceivably

serve as a ’’transporting vehicle" for the organism, they advanced

the hypothesis supported by their electron microscopic studies that

"the cycle of development of anaplasma provides mature erythrocytes

as the sole site for the growth and reproduction of the agent" (57, 58,

59).

In their classical publication on Babesia bigemina, Smith and

Kilborne (72, 73), described a small, deep staining, coccus-like body

found on the margin of erythrocytes in the peripheral blood of the

affected animals. They considered this parasite as a phase in the life

cycle of B. bigemina, and also suggested that it might possibly be a

separate parasite.

Theiler (80, 81), in 1910, recognized these "marginal points" as

the causative agent of an entirely separate disease entity, which he

entitled "anaplasmosis", or, as it was referred to in South Africa,

"Gall Sickness. " He (82), explained his findings as follows: "from

the fact that its biology and some of its staining properties consider¬

ably resemble that of a protozoon, I concluded that it belonged to this

group of parasites (Piroplasma) being a protozoon consisting in the

main of a nucleus and devoid of protoplasm. Hence the name 'ana¬

plasma1 which should indicate this condition. " Theiler, in his original

description, gave what remains even today a thorough and valid re¬

port of the clinical manifestations, the carrier state following
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recovery, and a common means of transmission of this condition.

He classed the organism Anaplasma marginale as a protozoan para¬

site on the basis of its morphology, staining characteristics, and his

inability to pass the causative agent through bacterial filters. Theiler

quite accurately recognized ticks as one of the principal vectors of this

infectious but non-contagious disease of cattle. Seiber (71), in 1911,

published his description of blood changes produced by A. marginale

along with drawings of the parasite.

It required a number of years for veterinarians and research

workers to accept the idea that the marginal bodies described by

Theiler were in reality the causal agent of a specific disease and not

a piroplasm associated with piroplasmosis (Texas or tick fever), or

merely an artifact or atypical Howell-Jolly bodies (25). The matter

was not fully cleared up until the late 1920's and early 1930's, when

DuToit (26), Stiles (76, 77), Boynton (4), and Dikmans (23, 24), re¬

ported their work which confirmed Theiler's earlier experiments

asserting that the marginal points he saw were specific pathogen.

Penha (51), in 1930, reported that Howell-Jolly bodies would

stain with Feulgens reagent whereas anaplasma remained unstained.

The chief argument against the identification of these bodies of

anaplasma with Howell-Jolly bodies was that anaplasmata appeared in

the circulation long before any morphological changes were noticeable

in the blood. Anaplasmata also appeared in far greater number than
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the Howell-Jolly bodies. Another question, that of whether anaplasma

was the result of a reaction to the action of a virus, was proved false

by the work of DeKoch and Quinlan (21). They found that all susceptible

animals injected with defibrinated blood, serum, washed corpuscles,

and hemolyzed washed corpuscles, reacted and showed the presence

of anaplasma in the blood; whereas, animals injected with the fil¬

trates from the Berkefeld-and-membrane filtration failed to react.

On the basis of these results, they came to the conclusion that ana-

plasma is not of the nature of "reaction products" set up by ultra-

visible filtrable virus. Dikmans (23), in a second filtration experi¬

ment, in which one animal was injected with hemolyzed erythrocytes

and another one with the filtrate of hemolyzed red blood cells passed

through a Mandler filter, found that neither animal reacted, although

both were susceptible as shown by subsequent inoculation. He stated

that no conclusions could be drawn from this experiment in filtration.

Probably, the A. marginale organism was killed during the treatment

of lysis and filtration. A check for infectivity of the unfiltered

material following coarse filtration was not made. The Dikmans*

filtration experiments perhaps suggested to Ristic et al. (62), "the

possibility that osmotic lysis of erythrocytes does not damage them

sufficiently to permit escape of anaplasma. "

More recently, Albritton et al. (1), in 1962, succeeded in passing

"the infective agent 'liberated* by sonic oscillation from defibrinated
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blood containing A. marginale through even smaller filters. They

demonstrated that the ’infective agent' of bovine anaplasmosis was

small enough to pass through filters having average pore diameters of

300 millimicrons but large enough to be retained by filters with aver¬

age pore diameters of 220 millimicrons."

Regarding the morphology, Gomez de Faria (34), and Boynton

(4), were among the first to notice that some of the marginal bodies

found in the erythrocytes in bovine anaplasmosis appeared to have

comet-like tails and others to have a ring-form appearance. Boynton

stated that as the number of infected cells increased, the number of

marginal bodies per cell also increased, lending support to the writer's

hypothesis that multiple invasion of the same red blood cell was possi¬

ble (super-infection). Occasionally, in highly infected blood, Boynton

(4), observed small protuberances which appeared to be buds occurring

on the marginal bodies "as if fission was taking place. "

Franklin et al. (32), observed on Giemsa stained specimens, a

projection or tail as part of the anaplasma body, that extended beyond

the erythrocytic membrane.

Pilcher et al. (52), working with an Oregon strain of anaplasma,

reported to have observed with phase contrast microscopy in para¬

sitized, lysed erythrocytes, from calves in the acute stage, the

presence of intracellular structures. These forms consisted of a head,

located near the periphery of the red blood cell and measured 500 to



8

1, 500 millimicrons in diameter. Attached to the head and extending

completely across the red blood cells, there were tail-like appendages.

The length of these tails varied from 1, 300 to 1, 500 millimicrons.

Another morphological variant reported was a dumb-bell form. It

consisted of two heads connected by a thin band of material. They

stated that "in erythrocyte stroma of normal bovine blood, no struc¬

tures were seen which resembled any of those described for erythro¬

cytes from infected animals" so that artifacts due to hemolysis of

normal red blood cells could be excluded, but attempts to stain these

tailed forms in the hemolyzed erythrocytes were unsuccessful.

Ristic et al. (55, 60), using electron microscopy, have failed to

demonstrate projections or tails in association with the anaplasm.

They showed the elementary bodies described previously and called

them "initial bodies. " Ristic et al. (62), in 1963, suggested that these

"initial bodies" were the primary infective units which invaded the

erythrocytes. Once established in the red blood cell, they divided

by binary fission and formed the "mature inclusion body" visible on

light microscopy. In this work they suggested that the causative agents

of anaplasmosis were incorrectly classified as a protozoan agent.

They interpreted these "elementary bodies" as the etiologic agent

present in the blood of carrier animals.

Foote et al. (31), studied ultra-thin sections of methacrylate-

embedded erythrocytes by electron microscopy but were unable to
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show any of the organelles of a cell such as nucleus, mitochondria

or endoplasmic reticulum. Foote concluded that the etiologic agent

of anaplasmosis was a virus.

Scott (67), confirming the work of Brunner et al. (10), concluded

that "the polymorphic particles of Ristic and the particulate material

reported by Foote in the methacrylate-embedded erythrocytes were

probably artifacts produced during polymerization of the plastic, as

these particles were rarely found in Vestopal-W embedded erythro¬

cytes from the same animal. " Scott also stated that Vestopal-W

embedded erythrocytes had a limiting double membrane on the small

units of the anaplasma body enclosing a variable amount of amorphous

granular or filamentous material. Unfortunately, no serial sectional

studies were pursued by Scott.

The published photographs by Wadell (83, 84), of A. centrale

confirmed the presence of a well defined membrane, enclosing one

to eight oval smaller bodies, 300 to 400 millimicrons in diameter.

Espana and Espana (27, 28, 29), and later Gates and Ritchie (33),

using similar techniques with electron microscopy observed tails,

projections, crescents, etc. supporting the protozoal classification

of the anaplasma.

The survival and multiplication of A. marginale in artificial

cultures has been unsuccessful to date. Dikmans (23, 24), and later

Rossi and Trizon (64), reported experiments in which a multiplication
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of the anaplasma organism was thought to take place in a suspension

of bovine red blood cells to which glucose was added.

Anaplasmosis in Experimental Animals

At present anaplasma infection can be studied only in cattle. The

importance of growing A. marginale in small laboratory animals be¬

came apparent when the following advantages were considered:

a) less cost of laboratory animals

b) facility of handling smaller animals

c) cheaper housing and feeding

A better study of the life cycle, morphology and testing of chemo¬

therapeutic agents could then be made possible.

Theiler (80), in 1910, reported his inability tp infect non-bovine

animals with A. marginale. So did other researchers, Smith and

Kilborne (73), Stiles (75, 76), and Dikmans (25).

Dikmans (23), stated that anaplasmosis cannot be transmitted to

either rabbits or guinea-pigs by blood inoculation even after these

animals have been splenectomized. He reported also that, if the

blood of a bovine suffering from anaplasmosis was injected into a

sheep there was no visible effect of a developing A. marginale infec¬

tion. However, the blood withdrawn from such a sheep 30 days after

inoculation and injected into a susceptible bovine did produce ana¬

plasmosis .
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Stiles (78), confirmed this observation. He reported that goats

could also be infected but showed no clinical signs. He listed the

animals tested for susceptibility, such as cats, chickens, coyotes,

ground hogs, guinea pigs, horses, skunks and swine, all with negative

results.

Lignieres (43), concluded his experiments stating that guinea

pigs, rabbits, pigs and horses did not appear to be susceptible to A.

argentinum. Sheep and goats, on the contrary were receptive, and

the organism could live in their blood for years. Passage from sheep

to sheep or from goat to goat was possible indefinitely but these ani¬

mals never developed any symptoms or lesions of anaplasmosis.

Typical parasites were not demonstrable in their blood corpuscles.

That the parasite did exist in their blood could be proved by inoculation

into susceptible calves.

The last reported attempts to inject laboratory animals with A.

marginale was the exhaustive work of Summers et al. (79), in 1965.

They studied this problem for six years in white mice (Webster),

white rats (Wistar), white rabbits, guinea pigs, gerbils, hamsters

(Syrian) and cats. The methods used to alter the susceptibility of

experimental animals included splenectomy, adrenalectomy, the

administration of mucin, zymosan, cortisone, and bovine serum. The

induction of low blood glucose and riboflavin deficiency were also

tested in an attempt to facilitate the anaplasma infection. Summers
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obtained no microscopic evidence that would indicate any growth of

A, marginale either in the blood or in the tissues of the animals

tested. Attempts of biological detection by calf sub-inoculations

were not reported. The rabbits in Summers' experiments were all

adults, ranging from 2 to 3 kgms, in weight and none were radiated.

Growths of A. marginale and A. centrale were known to have

occurred in African antelopes. Neitz et al. (46, 47), demonstrated

a technique of recovering anaplasma in pure form from the blood of

animals who had Babesia bigemina and Theileria mutans, as well as

A. marginale. A passage made through a black wildebeeste

(Conochaetes Gnu), resulted only in the survival of A. marginale, as

determined by sub-inoculation into cattle, Boynton et al. (5),

Christensen et al. (15, 16, 17), Oseboldetal. (48, 49), and Roberts

et al. (63), recovered anaplasma organisms from American deer

(Odocoileus virginianus and Odocoileus hemionus columbianus).

Lestoquard (41), in 1931, reported a type of A. marginale peculiar

to buffaloes and transmissible to cattle. This report was confirmed

by Carpano (12), and by Brocklesby (9).

Anaplasma found in sheep was quite distinct (Anaplasma ovis)

from anaplasmosis in cattle according to Ryff (65), and Splitter et al.

(74). It has been recognized and studied for many years also by

DeKoch (19, 20), DeKoch and Quinlan (22), Rees (53, 54), and

Lestoquard et al. (42).



Brion (7), described a disease in horses associated with ana-

plasma, (Anaplasma egui), but no immunological or serological

relationships with A. marginale were established.
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CHAPTER III

MATERIALS AND METHODS

Experimental Animals

Rabbits. Young albino rabbits between one and three months of

age from different litters were used. These rabbits were randomly

divided into groups and housed in separate cages. The laboratory

temperature was maintained at a constant 72°F. Commercially pro¬

duced rabbit pellets and water were available at all times. These ani¬

mals were held under observation for six weeks prior to the experi¬

ments and for at least 18 weeks after them.

Calves. All the calves used were of Holstein-Friesian and Jersey-

mixed breed ranging in age from four to six months. They were held

under observation for at least 30 days before splenectomy and 90 days

after the inoculations.

Methods

Splenectomy. All the rabbits were splenectomized with aseptic

techniques. No antibiotics were used either before or after surgery.

The anesthetic used was a 0. 2% solution of pentobarbital sodium.

This solution was injected intravenously, slowly, to effect.

Splenectomy in the calves was performed under general anesthesia

using aseptic techniques. The anesthetic used for all calves was Equi-

thesin, (produced by Jensen-Salsbery Laboratories, Kansas City,
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Mo., U.S.A. ). It was injected slowly, intravenously, tp effect.

Radiation. The same Cobalt^ unit was used for all the experi¬

ments. The delivery dose in air was estimated at 560 rads per minute

- 6%. Each rabbit was individually radiated in the well for 48 seconds

to receive an estimated single dose total body exposure, in air, of

450 rads. Those of experiment IV were exposed one minute 25 seconds

thus receiving a single dose total body exposure, in air, of 800 rads.

The room temperature at the time of radiation was approximately 70°F.

Source of Infected Blood. The blood used for the inoculums origi¬

nated from experimentally infected, splenectomized calves. At the

time of inoculation the degree of parasitemia and the Packed Cell

Volume (PCV) values were recorded,

Sample Source. The rabbit blood samples were obtained two

times weekly by puncturing the marginal ear vein. This blood was

collected in heparinized capillary tubes. The calf blood samples were

obtained at least two times weekly by jugular venipuncture. Approxi¬

mately 5 ml of calf blood were collected in tubes containing a double-

oxalate anticoagulant mixture. Each blood sample was obtained with

a heat-sterilized, dry bleeding needle. PCV values were determined

immediately by the micro-hematocrit method. Blood smears were

done at the same time, air dried, fixed in methyl alcohol and stained

with diluted Giemsa. The complement fixation (CF) tests were con¬

ducted on serums obtained by spontaneous coagulation of blood samples
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held at room temperature. The rabbit blood samples for CF were ob¬

tained by cardiac puncture; the calf serums were obtained from blood

taken by jugular venipuncture.

Observations and Examinations Made. Factors recorded to char¬

acterize the eventual anaplasma infection in each treated animal were:

PCV, incubation period, time required for low PCV to occur, low PCV,

degree of parasitemia and CF response.

The PCV values were determined by the micro-hematocrit method

using 1.4 by 75. 0 millimeters heparinized capillary tubes and a 3000

rpm special centrifuge.

The incubation period was measured in days from the time the

animal was injected until the occurrence of conclusive evidence of

infection, which was considered to be either a demonstrable parasi¬

temia or a positive CF reaction. The time required for low PCV to

occur was the number of days between the first evidence of infection

until the low PCV was recorded. The low PCV value of 12% was

arbitrarily chosen as evidence of extreme irreversible anemia.

The degree of parasitemia was the calculated average of infected

red blood cells present in ten randomly chosen microscopic fields of

Giemsa stained blood smears.

The CF test for anaplasmosis, standardized by the U.S. Depart¬

ment of Agriculture, was performed on rabbit as well as on calf

serums.
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Patency was considered to be reached when parasitized red blood

cells were detected in Giemsa stained blood smears.

Experiment I Fifteen intact rabbits randomly divided into three goups

of five each were used. Twenty-four afters after radiation each rabbit

of Group One received intravenously 1 ml of anaplasma infected bovine

whole blood. At the time of injection Giemsa stained blood smears

showed a 53% parasitemia and a PCV of 15%. Group Two received no

inoculation. Group Three received, intravenously, 1 ml of normal

bovine whole blood.

Experiment II Fifteen splenectomized rabbits randomly divided into

three groups of five each were used. Five weeks after splenectomy,

each rabbit of Group One was injected intravenously with 1 ml of ana-

plasma infected bovine whole blood. The blood had 53% A. marginale

parasitemia and a PCV of 15%. Group Two received no injections.

Group Three received intravenously 1 ml of normal bovine whole blood.

Experiment III Fifteen splenectomized and radiated rabbits randomly

divided into three groups were used. Twenty-four hours after radia¬

tion each rabbit of Group One received intravenously 1 ml of anaplasma

infected bovine whole blood. At the time of inoculation the parasitemia

was 18% and the PCV was 24%. Group Two received no inoculation.

Group Three was injected intravenously with 1 ml of normal bovine
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whole blood.

Experiment IV Sixteen splenectomized rabbits randomly divided into

two groups were radiated (800 rads, single dose, total body exposure

in air). Twenty-four hours after radiation each rabbit of Group One

received intravenously 1 ml of anaplasma infected bovine whole blood.

The inoculated blood had a 63% parasitemia and a PCV of 14%. At the

same time the rabbits of Group Two received intravenously 1 ml of

normal bovine whole blood.

Experiment V Six splenectomized and radiated rabbits and four splen¬

ectomized calves were used in this experiment. Twenty-four hours

after radiation all six rabbits were injected intravenously, with 1 ml

of anaplasma infected bovine whole blood. This blood showed a 73%

parasitemia and a PCV of 16%. Blood smears made daily from the

peripheral blood of each rabbit failed to show parasitized erythrocytes

of bovine origin which could have remained in circulation.

Ten days after the anaplasma injection into the rabbits, two of

these animals were randomly separated from the group and bled by

cardiac puncture. One ml of blood from each rabbit was pooled and

the resulting 2 ml were injected intravenously into a calf. This calf

was designated as Calf-10-days, The remaining blood was left to clot

and the serum was used for the CF test.

Twenty days after the anaplasma infected blood was injected into
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the rabbits, two different animals were randomly taken from the group

and bled by cardiac puncture. The pooled blood in the amount of 2 ml

was injected intravenously into a calf, designated as Calf-20-days.

Another calf was injected intravenously with 2 ml of pooled rabbit

blood from the last two rabbits forty days after they had received the

anaplasma injection. The sub-inoculated calf was designated as Calf-

40-days.

All six rabbits lived and blood smears were made at least two

times a week. The sub-inoculated calves were bled at the same time.

Sixty days after the anaplasma inoculation all these rabbits were

bled again by cardiac puncture, their blood pooled and the 6 ml so ob¬

tained were injected intravenously into another calf. This calf was

designated as Calf-60-days.

Experiment VI Twelve splenectomized rabbits and four splenectomized

calves were used. Five weeks after splenectomy all 12 rabbits were

inoculated intravenously with 1 ml each of anaplasma infected bovine

whole blood. Eighteen percent of the erythrocytes were parasitized

and the PCV was 18%. One hour post-inoculation three rabbits were

bled by cardiac puncture, and 1 ml of blood was collected from each

and pooled. A randomly chosen rabbit of this group was killed im¬

mediately and a gram of liver was suspended in 12 ml of physiological

saline. The pooled blood was added to this suspension and 10 ml
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injected intravenously and 5 ml subcutaneously into a splenectomized

calf. This calf was designated as Calf-one-hour.

One hour later three more rabbits were bled and a liver suspension

made as previously described. This suspension was then inoculated

following the same route and in the same amount into another calf.

This calf was identified as Calf-two-hours. Two hours later three

more rabbits were bled by cardiac puncture and a liver suspension

made from a randomly chosen one. This suspension was inoculated

into another calf, designated as Calf-four-hours.

The remaining three rabbits were bled by cardiac puncture 24

hours after the anaplasma injection. A liver suspension was made

from a randomly chosen one, and following the same techniques, a

fourth calf was sub-inoculated. This calf was referred to as Calf-24-

hours.

Experiment VII Twelve splenectomized rabbits and four splenec¬

tomized calves were used. All 12 rabbits, five weeks after splenec¬

tomy, were injected intravenously with 1 ml of anaplasma infected

bovine whole blood. Giemsa stained smears of the inoculum showed

a parasitemia of 57%. The PCV was 14%. The same procedure as

described in experiment VI was followed to sub-inoculate calves 48,

120, 240 and 480 hours after the rabbit inoculation.
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CHAPTER IV

RESULTS AND DISCUSSION

Effects of Radiation and A. marginale Inoculation in Intact Rabbits

The purpose of experiment I was to explore the possibility of a

detectable A. marginale infection in intact rabbits. Gamma radiation

was used in an attempt to alter their susceptibility. The mean weekly

PCV values, the slide examinations and the results of the CF tests

are summarized in Table I. The appearance of Howell-Jolly bodies

w as observed on the tenth through the 16th day post radiation. These

bodies were recorded from all three groups of radiated rabbits.

Young red blood cells (reticulocytes) were observed in all three groups

of rabbits and persisted until the end of the observation period. A

trend was noted in that the release of nucleated (immature) red blood

cells into the peripheral circulation increased as the PCV decreased.

Typical anaplasma bodies were not seen in Giemsa stained blood

smears although, at times, it was very difficult to differentiate Howell-

Jolly bodies from the expected A. marginale infection.

There were no significant differences in the hematological data for

these three groups. Among the radiated rabbits of the same group

there was a considerable variation (PCV range 42 to 35%). This per¬

haps demonstrated the normal range of biological response among

individuals following radiation. All rabbits recovered from a single
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dose of 450 rads in air, total body exposure.

This experiment was terminated 18 weeks after inoculation. At

that time PCV had returned to almost normal values. The CF tests

remained negative.

Discussion. As a consequence of radiation, a decrease in PCV

values was observed in all groups. The maximum drop of PCV and

the appearance of immature erythrocytes occurred after the third week

post-radiation.

The rabbits of Group One showed a greater number of reticulocytes

but examination of numerous blood smears made at different times

failed to reveal any signs of A. marginale infections. The CF tests

remained negative, suggesting that no antigenic stimulation had re¬

sulted after a single injection of anaplasma infected bovine whole

blood.

Effects of A. marginale Inoculation in Splenectomized Rabbits

The purpose of experiment II was to determine the effects of

splenectomy alone in otherwise normal young rabbits on their resis¬

tance to A. marginale infection. The mean weekly PCV, the slide

examinations and the results of the CF tests are summarized in Table

II. A trend was observed in the first six weeks toward a decrease in

PCV, probably due to environmental changes. There was a sharp drop

immediately following splenectomy that can be accounted for in blood
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losses during surgery. After recovery from surgery there was a

tendency in all groups for the PCV to maintain a higher value. This

persisted until the end of the observations which were terminated 13

weeks after the inoculations.

Group One which was injected intravenously with 1 ml of anaplasma

infected bovine whole blood, continued the trend twoard a higher PCV

in the following weeks. Howell-Jolly bodies and reticulocytes were

observed throughout the experiment. A. marginale bodies were not

observed in Giemsa stained smears. Repeated CF tests remained

negative.

Group Two which was the control group to determine the effects

of splenectomy alone, revealed a similar trend. The PCV values,

well above the pre-surgical level were reached in the following weeks.

The PCV persisted at higher values until the end of the observations.

Reticulocytes and anysocytosis were also observed in this group.

Group Three which received intravenously 1 ml of normal bovine

whole blood, did not show any appreciable difference in PCV values

from the two previous groups.

Discussion. The persistency toward an increase in PCV values

after the acute anaplasma whole blood injection of Group One did not

differ from the PCV values of Group Three which received normal

blood. Repeated blood smears and CF tests remained negative.

These observations excluded that anaplasma organisms were developing
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in the inoculated rabbits. Another observation was that all the injected

rabbits recovered. This suggested that at the dose used the normal

and anaplasma infected bovine whole blood had no toxic effect for splen-

ectomized rabbits. When the data of Group Two, which were not in¬

jected, were compared with the injected groups no significant differen¬

ces were observed. These results tended to reject the possibility that

normal bovine and anaplasma infected whole blood injections have de¬

tectable effects on the hematological values of splenectomized rabbits.

Effects of Splenectomy and Radiation Followed by A. marginale
Inoculation in Rabbits

The purpose of experiment III was to determine the effects of

splenectomy combined with radiation in an attempt to induce A.

marginale infection in rabbits. The mean weekly PCV values, micro¬

scope slide observations and CF tests are reported in Table III. The

range of normal PCV values before splenectomy was 41. 8 to 40. In

the weeks following splenectomy there was a tendency toward lower

PCV values but recovery was well underway three weeks after surgery.

The radiation given five weeks after splenectomy seemed to arrest im¬

mediately the process of erythropoiesis because a drop in PCV values

was observed in all groups in the following weeks.

The PCV values had a tendency to remain low for a longer time as

compared with those of splenectomized, non-radiated rabbits. These

values had returned to a normal range only at the end of 13 weeks after
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radiation. The more depressed erythropoiesis observed was probably

the result of splenectomy followed by radiation.

The hematological records of Group One, which were injected with

anaplasma infected blood, compared with those of Group Two which

were not injected, did not show any significant differences. In both

groups there was an increase in Howell-Jolly bodies following splen¬

ectomy and radiation.

The maximum number of nucleated erythrocytes was observed

after the second week following radiation and persisted in all groups.

Individual and daily variations were observed. These nucleated red

blood cells usually were bigger than mature erythrocytes. The nucleus

stained deep blue and was smooth in contour. A breaking up of the

chromatin in young erythrocytes was never observed. The rate of re¬

covery for these splenectomized rabbits, after radiation, was much

slower than that of the radiated intact rabbits which had received the

same dose of radiation. The mean PCV values eight weeks after radi¬

ation were 37. 5% for splenectomized and radiated rabbits as compared

to a PCV of 38. 8% for the intact and radiated group. All the splenec¬

tomized rabbits survived the effects of a 450 rads single dose gamma

radiation in air. When this experiment was terminated 13 weeks after

radiation, the PCV values had almost returned to pre-radiation levels

excluding that an hemolytic process due to A. marginale multiplication

in the inoculated rabbits, had taken place. Typical A. marginale
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bodies were not observed in the peripheral circulating blood during the 13

weeks of observation after the anaplasma infected bovine whole blood in¬

jections . The CF tests remained negative. These results lead to the con¬

clusion that no antigenic stimulation had taken place even as a result of an

inapparent A. marginale multiplication in the anaplasma inoculated rabbits .

Discussion. As a consequence of splenectomy followed by radia¬

tion, a persistent low level in PCV values was observed in all three

groups. Probably the radiation-induced biological disruptions retarded

the multiplication rate of the erythroblasts. The process of repair

and regeneration was slower in splenectomized-radiated rabbits than

in the intact-radiated ones. However, if anaplasmosis were developing

in the injected Group One, it should have shown progressively lower

PCV values than Group Two which was not injected. This was not

observed. No significant differences were observed from the data of

Group Three which received normal blood. These results excluded

an anaplasma development in splenectomized and radiated rabbits.

Effects of Splenectomy and of a Lethal Dose of Radiation
Followed by A. marginale Inoculation in Rabbits

The purpose of experiment IV was to induce a detectable develop¬

ment of anaplasmosis in splenectomized and radiated rabbits by using

a lethal dose of radiation. The mean weekly PCV values, the micro¬

scopic slide observations and CF tests are summarized in Table IV.

The blood examination of both groups showed a marked leukopenia
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in the days immediately following radiation. In both groups the

average PCV values decreased. Anomalous lymphocytes made their

appearance particularly after the second week and persisted until the

end of the experiment. These abnormal lymphocytes showed distinct,

small, oval, cytoplasmic inclusions clearly separated from the nuclear

masses. Because these cytoplasmic inclusions were observed also in

the non-infected control group, it was concluded that such anomalies

were the result of the higher dose of radiation and not a stage in the

life cycle of anaplasmosis.

Paradoxically, the higher dose of radiation used in this experiment

did depress the PCV values progressively, but not as sharply as the

PCV average values observed in experiment III where a lower radiation

dose was used. A slight attempt toward recovery was observed in

individual cases toward the fourth week; those that did not show any

recovery at this time had progressively reduced PCV readings and

died first. They did not originate from the same litter and probably

were not genetically related. During the first few days following

radiation all rabbits of both groups were visibly sick, did not eat and

drank more water than usual. Although the same technique was used

for handling and bleeding as in the previously described experiments,

it was now observed that the blood of all rabbits had a prolonged clot¬

ting time. The ears became cyanotic at minimum handling and this

cyanosis persisted for several hours. After puncturing the auricular
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veins there was excessive bleeding into the tissues, leading to forma¬

tion of hematomas of one to two centimeters in diameter. These clots

were reabsorbed very slowly which made repeated blood samplings

difficult. Progressive patchy hair losses occurred after the second

week. The few hairs that were regenerated after the sixth and seventh

week were gray, coarse and dry.

In the tenth week post-inoculation a sample of blood was taken by

cardiac puncture for the CF test. This test was negative. The two

donors died during the night so that no further samples were taken.

Although there was, on the average, an increase in the PCV values

after the seventh week, a downward trend developed two weeks later

when mortality started. Thirteen weeks after radiation all the treated

rabbits were dead.

Discussion. The dose of 800 rads used in this experiment made

the subjects unusable as experimental animals because of the diffi¬

culties encountered in taking repeated blood samples. The marked

dyscrasia of the hematopoietic system resulted in the loss of a use¬

ful parameter to detect the development of parasites in the erythro¬

cytes. The difficulty in differentiating Howell-Jolly bodies from those

of anaplasma was sometimes unsurmountable even to experienced

diagnosticians. The antibody response may have been less reliable

due to the excessive disruptions observed in normal body functions,

but the CF test performed ten weeks after the anaplasma inoculation
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was negative. It was concluded that no infection had taken place in

the splenectomized and lethally radiated rabbits.

Biological Attempts to Detect A. marginale Infection in
Splenectomized and Radiated Rabbits by Calf Sub-Inoculation

The purpose of experiment V was to determine if A. marginale

infection in rabbits could be demonstrated by rabbit blood sub-inocula¬

tions into susceptible splenectomized calves. The possibility of a

developmental cycle of anaplasmosis in the rabbit was also taken into

consideration. Following this hypothesis it was thought advisable to

sub-inoculate the calves at different times to avoid a possible "negative

phase". Another reason for the calf sub-inoculations was to determine

whether or not an inapparent anaplasma infection was possible in the

splenectomized and radiated rabbits and if such an infection could have

passed undetected by the laboratory tests so far used. In summary,

these calf sub-inoculations were to determine whether rabbits could

serve as asymptomatic carriers of anaplasmosis, and if a "negative

phase" could be demonstrated in the rabbit blood.

The observation factors of the sub-donor rabbit group are sum¬

marized in Table V. Those for the sub-inoculated calves are reported

in Table VI.

After recovery from splenectomy, the rabbit sub-donor group

showed as in the previous experiments a marked depression of eryth-

ropoiesis probably due to radiation. This depression persisted for
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about seven weeks. Although there were noticeably lower PCY values

after the anaplasma infected blood injection, typical anaplasma bodies

were not observed in the Giemsa stained blood smears. Packed Cell

Volumes returned to near normal values at the ninth week and to

average normal values the 13th week after inoculation. This trend

excluded the possibility of a typical infection causing erythrocyte

destruction and/or an unbalanced erythropoiesis. The CF tests re¬

mained negative suggesting, as in previous experiments, that no

antigenic stimulation had taken place as a consequence of an inapparent

A. marginale multiplication in these splenectomized and radiated

rabbits.

Calf-10-days sub-inoculated from rabbits did not show any ana¬

plasma bodies in the peripheral circulation at any time. The weekly

CF tests remained negative throughout the experiment. The tendency

toward a return to higher PCV values excluded the possibility that an

anaplasma infection had taken place.

Calf-20-days had a paradoxically higher PCV following splenec¬

tomy. There was no explanation. Normal PCV values returned 14

weeks after splenectomy. This rise in PCV excluded an abnormal

hemolytic destruction, therefore this observation "per se" tends to

exclude an anaplasma development. Giemsa stained blood smears

made twice a week failed to reveal parasitized erythrocytes. Weekly

CF tests remained negative excluding an inapparent A. marginale
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multiplication in this sub-inoculated calf.

Calf-40-days did not show any drop in PCV values after the rabbit

blood sub-inoculation. These values tended to remain in the 30-32

range throughout the experiment. Giemsa stained blood smears failed

to reveal signs of anaplasmosis. The CF tests remained negative

throughout the course of the experiment. Seventy days after sub¬

inoculation this calf was challenged with 5 ml of blood from a known

carrier. Twenty one days later it developed an acute A. marginale

infection and died nine days after the infection became apparent. The

CF became positive 28 days after challenge. This result proved that

Calf-40-days was fully susceptible to anaplasmosis and that the rabbit

blood injected 70 days previously had not caused any premunition.

Calf-60-days which was previously splenectomized, did not show

any significant variation in PCV values. The minimum value recorded

was 22% in one sample taken the eighth week after sub-inoculation.

Repeated blood smears failed to reveal signs of anaplasmosis. The

CF tests remained negative excluding an inapparent infection.

Discussion. The first part of this experiment reconfirmed the

splenectomy and radiation results in rabbits of experiment III. In both

experiments the depression of the rabbit erythropoietic system was

first detected between the second and fourth week after radiation.

However, the same depression was observed also in the control groups,

excluding that an hemolytic process due to A. marginale multiplication,
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had taken place in the inoculated rabbits.

The second part of this experiment verified, within the limitations

of the number of calves and of the size of the sub-inoculum used, the

hypothesis that the rabbits injected with anaplasmosis could have been

asymptomatic carriers of the infection. The paradoxical rise in PCV

values of Calf-20-days was debatable as compared to the more normal

pattern of Calf-10-days and that of Calf-40-days, but for our purpose,

it was enough to exclude the possibility that an hemolytic process had

taken place. Another observation is that the challenged calf developed

and died of acute anaplasmosis. It did show parasitemia and besides

the progressive drop in PCV, the CF titre became positive 28 days

after inoculation. None of the other calves developed detectable CF

titres even after 140 days after the sub-inoculation. The lack of

demonstrable A. marginale bodies in the circulating erythrocytes and

the lack of any detectable CF response in the sub-inoculated calves

excluded the hypothesis that splenectomized and radiated rabbits

could become asymptomatic carriers of anaplasmosis. The fact that

all the sub-inoculated calves (10-days, 20-days, 40-days and 60-days)

did not show any detectable signs of anaplasmosis and proved receptive

when challenged excluded also the hypothesis that A. marginale could

develop in the rabbits after a certain period of adaptation and multipli¬

cation. The conclusion was that if a ’’negative phase" existed in the

rabbit blood this lapse should have been longer than the 60 days period
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tested.

Survival of A. marginale in Splenectomized Rabbits

(Up to Twenty-Four Hours)

The main purpose of experiment VI was to determine the survival

time of A. marginale in the rabbit tissues as detected by time lapse

sub-inoculations into splenectomized, susceptible calves.

The observations recorded for the four splenectomized and rabbit

blood sub-inoculated calves are reported in Tables VII and VIII. All

four sub-inoculated calves became infected with acute anaplasmosis

and died. The incubation period was 19 days for all calves. The sur¬

vival time after the patent period ranged from eight days for Calf-one-

hour to 12 days for Calf-24-hours.

The average pre-infection PCV, incubation, and time required for

a low PCV to occur were not significantly different in the four calves.

The PCV of 12% was on the average reached 27. 5 days post-inoculation.

The highest degree of demonstrable parasitemia ranged from 25 to 92%.

On the average the CF test became positive 25 days after sub-inocula¬

tion, the sixth day of patency.

Discussion. All the four calves sub-inoculated with rabbit blood

and liver suspension had the same incubation period and the same lethal

infection. This proved that A. marginale injected into splenectomized

rabbits did not undergo rapid destructive changes. Another deduction
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was that the 1 ml of anaplasma infected bovine whole blood, used to

inoculate the rabbits, was an inoculum of a sufficient size. When this

inoculum was injected intravenously into the rabbits it was diluted

throughout their tissues (blood and RES). Although it was not demon¬

strable in the Giemsa stained smears of rabbit tissues, it was suffi¬

cient enough to reproduce anaplasmosis when sub-inoculated in splen-

ectomized receptive calves. It was also noted that in all calves the

anaplasma infection had an acute course. This suggested that A.

marginale had not undergone noticeable changes in virulence while

exposed to the rabbit tissues (blood, fluids, and cellular elements).

However, we had to consider that the A. marginale injected intra¬

venously into the rabbits, was within intact bovine erythrocytes. It

was possible that in 24 hours the rabbit tissue enzymes could have had

no time to destroy the anaplasma organisms which were inside the

injected bovine red blood cells as if they were protected by the eryth¬

rocytic stromata. Therefore, the limitation of this experiment was

the survival of A. marginale in splenectomized rabbits, injected with

anaplasma infected bovine whole blood containing intact erythrocytes.

It was concluded that within the limits of the number of the experi¬

mental animals and of the size of the sub-inoculum used in this ex¬

periment, the time lapses tested did not affect the pathogenicity of

A. marginale for susceptible splenectomized calves in 24 hours.
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Maximum Survival of A, marginale in Splenectomized Rabbits

The purpose of experiment VII was to determine the maximum

survival time of A. marginale in rabbits. The length of such survival

was detected by time lapse sub-inoculations into splenectomized sus¬

ceptible calves.

The parameters of observation are tabulated in Tables IX and X.

Only the sub-inoculated Calf-48-hours became infected with anaplas-

mosis. The incubation period was 21 days. The CF test became

positive 25 days after the sub-inoculation, the fifth day of patency.

The PCV values showed a progressive reduction indicating that an

unbalanced erythrocyte destruction was taking place. The low PCV of

12% was reached 25 days after the sub-inoculation. The maximum

recorded parasitemia occurred 28 days after the sub-inoculation, the

day before death.

Calf-120-hours showed a progressive rise in PCV values in the

days following sub-inoculation. This observation excluded the multi¬

plication of an agent which parasitized and destroyed the erythrocytes.

A drop in PCV values was observed around the 25th day followed by

recovery the 29th day. Repeated blood smears and CF tests remained

always negative.

Calf-240-hours maintained an average of unchanged PCV values

for the first 18 days after sub-inoculation. In the following days, how¬

ever, a slight trend was noted toward lower PCV values. Recovery



36

ensued on the 25th day. Blood smears and CF tests remained negative.

Calf-480-hours showed a continuous rise in PCV values up to the

22nd day after sub-inoculation. A slight reduction of PCV values,

around the 25th day was also observed in this calf. Blood smears and

CF tests remained negative.

Discussion. Although the number of the experimental calves used

was limited, the observed incubation period of Calf-48-hours was

longer than that of Calf-24-hours. This agreed with the reported ob¬

servations that the smaller the number of the viable anaplasma organ¬

isms in the inoculum the longer were the incubation periods, Bedell

et al. (3). This experiment showed that the longer the anaplasmata

stayed in the rabbits, the longer were the incubation periods in the

sub-inoculated calves. This result was probably the consequence of a

progressive reduction of surviving anaplasma organisms while they

were exposed to the enzymatic actions of the rabbit tissues. The

longer incubation period observed in the sub-inoculated Calf-48-hours

was probably due to a reduced number of viable organisms present in

the sub-inoculum. As a consequence (of the reduced infective units

injected) a longer time was required for production and maturation of

a sufficient number of anaplasma organisms to establish the infection.

The lower PCV of Calf-120-hours observed 25 days after the sub¬

inoculation looked rather suspicious. But a similar pattern was also

evident in the PCV values of the other calves. At present only two
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hypotheses are proposed to explain such variations. The most prob¬

able one was that factors unrelated to anaplasma development had

caused a drop in PCV, about 25 days after the sub-inoculation. It

was noted that a return to normal values took place around the 29th

day. This was not a progressive reduction of PCV as it was observed

in the other sub-inoculated calves that became infected. Probably

this reduction in PCV values of such a short duration was the result

of a biological readjustment which took place around 50 days after

splenectomy in all surviving calves. The most unlikely hypothesis

was that a moderate development of anaplefsmosis actually took place

causing a temporary reduction of circulating erythrocytes which was

detectable by the lower PCV values. Against this latter hypothesis

were the negative results of the repeated CF tests and the negative

blood smears. The anaplasma infection which developed in Calf-48-

hours, although after a longer incubation period, was nonetheless

acute and fatal. The survival time after patency did not differ from

that of the previous experiments. From these observations it was

deduced that the anaplasma organisms exposed to the rabbit tissue

enzymes were progressively reduced in number but not sufficiently

modified in their pathogenicity. The negative results obtained from

the calves sub-inoculated after the 48th hour gave further support to

the abovementioned deductions. If we exclude that an inapparent A.

marginale infection could have taken place in the splenectomized
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sub-inoculated calves, on the basis of the negative blood smears and

of the repeated negative CF tests, the most likely conclusion was that

the anaplasma organisms had not survived in the rabbit tissues in a

sufficient number to cause infection when they were injected in

splenectomized calves 120 hours later.

The calves sub-inoculated after 240 (and 480) hours also remained

negative. These results reconfirmed in part those obtained in experi¬

ment V. The deduction from these results was that A. marginale

could not adapt itself to live in the rabbit tissues. The probability of

a "negative phase" in rabbits was also excluded because no signs of

infectivity nor any antigenic response could be demonstrated in the

receptive calves sub-inoculated (neither after five, 10, 20, 40 nor 60

days). This meant that anaplasma in the rabbits neither remained

pathogenic nor became numerous enough to cause either a detectable

infection or an immunogenic response in the three splenectomized,

receptive, sub-inoculated calves. The conclusion borne by these ob¬

servations was that only a survival of A. marginale organisms was

possible in rabbits. The probable time of survival was more than 48

but less than 120 hours.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Data on the use of splenectomy combined with radiation in rabbits

as a way of increasing their susceptibility to A. marginale were not

reported in the literature. It is believed that this was the first report

in which this principle had been employed to study its effects on the

infectivity of A. marginale in rabbits. This was also believed to be

the first report in which the survival time of A. marginale infectivity

in splenectomized and radiated rabbits was demonstrated.

The effects of a single dose of 450 rads of gamma radiation in

air, total body exposure, although depressing for the hematopoietic

system of intact rabbits, was not conducive to a detectable A.

marginale development in this species. A decrease in PCV values

was observed in all groups of rabbits probably as a consequence of

radiation. The CF tests remained negative suggesting that no anti¬

genic stimulation had taken place either as a result of a single injec¬

tion of anaplasma infected bovine whole blood, or as a result of an

in apparent A. marginale development in the inoculated rabbits (experi¬

ment I).

Neither splenectomy alone nor splenectomy associated with gamma

radiation (in single dose of 450 and of 800 rads total body exposure in

air) allowed a detectable multiplication of A. marginale in the
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peripheral circulating erythrocytes of the inoculated rabbits. Virulent

A. marginale injected in a single dose did not induce demonstrable

CF antibodies in the rabbit. The CF tests remained negative even

after 90 days after the rabbit inoculations. These results lead to the

conclusion that no antigenic stimulation had taken place even as a re¬

sult of an inapparent A. marginale multiplication in the rabbit (experi¬

ments II, III, IV).

There was no biologically demonstrable anaplasma infectivity in

the splenectomized radiated rabbit blood after ten, 20, 40 and 60 days

post-inoculation. When this blood was injected into splenectomized

susceptible calves, it did not reproduce the disease. All these sub¬

inoculated calves did not show a detectable CF antibodies response

which excluded an inapparent infection, and, when challenged with A.

marginale carrier blood, died of acute anaplasmosis. This proved

that the splenectomized and radiated rabbits were not ’’asymptomatic

carriers" of anaplasmosis and also that the infection did not develop

in the rabbits after a period of adaptation and multiplication within the

60 days period tested. These time lapse sub-inoculations in calves

also proved that the rabbit blood in the dose used was neither patho¬

genic, antigenic nor had any premunizing properties for the susceptible

calves sub-inoculated. If there were a biologically detectable A.

marginale multiplication in the rabbit blood, the incubation period

should have been beyond the 60 days (experiment V).
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The survival of A. marginale in splenectomized rabbits, injected

intravenously with 1 ml of anaplasma infected bovine whole blood con¬

taining intact erythrocytes, was biologically detectable in the four

sub-inoculated splenectomized calves. The pathogenicity of A.

marginale, while it was exposed to the rabbit tissues, was not appre¬

ciably changed within the 24 hours period tested (experiment VI).

A. marginale survived in splenectomized rabbits without losing

pathogenicity for more than 48 hours and less than 120 hours. Calves

inoculated within 24 hours had a shorter incubation period than those

inoculated at 48 hours. This probably pointed to a numerical pro¬

gressive reduction of the infective agent. All calves inoculated within

48 hours had an acute lethal anaplasmosis. These results led to the

conclusion that within 48 hours A. marginale did not undergo any

changes in pathogenicity when exposed in vivo to the rabbit body fluids.

The possibility that anaplasmosis could develop in the rabbit after

a "negative phase", was excluded because the calves sub-inoculated

after five, 10 and 20 days remained negative and when challenged

proved to be fully susceptible (experiments VI and VII).
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EXPERIMENT I

Table I

Effects of Radiation and Anaplasma Marginale Inoculation
in Intact Rabbits

(Source of observation five each group)

Group One Group Two Group Three
Week Mean A. m. CF Mean A. m. CF Mean A. m. CF

PCV PCV PCV

-6 40 Neg. 40. 2 Neg. 40. 6 Neg.

-5 41 Neg. Neg. 40. 5 Neg. Neg. 40.5 Neg. Neg.

-4 40 Neg. 39. 5 Neg. 40 Neg.

-3 38. 5 Neg. 39. 5 Neg. 39. 5 Neg.

-2 40 Neg. 40 Neg. 40. 5 Neg.

-1 41. 5 Neg. 40. 8 Neg. 41 Neg.

0
>!«

42** Neg.
*

41. 5 Neg.
*

42** Neg.

+ 1 41 Neg. 42 Neg. 41. 5 Neg.

+2 40 Neg. 41. 5 Neg. 41 Neg.

+3 39. 1 Neg. 42 Neg. 41 Neg.

+4 38. 3 Neg. Neg. 41.5 Neg. Neg. 40. 5 Neg. Neg.

+5 38. 5 Neg. Neg. 41 Neg. Neg. 40 Neg. Neg.

+6 39 Neg. 40. 8 Neg. 40.5 Neg.

+7 39. 2 Neg. 40. 5 Neg. 40 Neg.

+8 38 Neg. Neg. 39. 1 Neg. Neg. 39. 5 Neg. Neg.

+ 9 37. 1 Neg. 38. 5 Neg. 39 Neg.
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Table X continued.

Group One Group Two Group Three
Week Mean A. m.

PCV
CF Mean A. m.

PCV
CF Mean A. m.

PCV

CF

+ 10 36. 5 Neg. 38 Neg. 38 Neg.

+ 11 37. 3 Neg. 37. 2 Neg. 37. 5 Neg.

+ 12 38 Neg. 37 Neg. 37. 2 Neg.

+ 13 39. 2 Neg. Neg. 37. 5 Neg. Neg. 38 Neg. Neg.

+ 14 40 Neg. 37.8 Neg. 38. 2 Neg.

+ 15 41. 3 Neg. 38 Neg. 39 Neg.

+16 41. 5 Neg. 38. 5 Neg. 39. 4 Neg.

+ 17 41.8 Neg. 39 Neg. 40 Neg.

+ 18 42 Neg. Neg. 39. 8 Neg. Neg. 41 Neg. Neg.

OBSERVATION DISCONTINUED

^Radiation Cobalt 60 single dose 450 rads in air.

^❖Inoculations 24 hours after radiation.

Group One: 1 ml bovine whole blood, parasitemia 53%; PCV 15%
intravenously.

Group Two: No inoculation.

Group Three; 1 ml bovine whole blood normal intravenously

A. m. - Giemsa stained blood smear, microscopic observations,
for A. marginale.

CF: Complement fixation test.

PCV: Packed cell volume.
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EXPERIMENT II

Table II

Effects of Anaplasma Marginale Inoculation
in Splenectomized Rabbits

(Source of observation five each group)

Group One Group Two Group Three
Mean

PCV

A. m. CF Mean

PCV

41 Neg. 40. 5

41. 5 Neg. 40.8

40.8 Neg. 40. 2

39.8 Neg. 40

39. 5 Neg. Neg. 39.2

40. 2* Neg. 40. 2*

38 Neg. 37.4

38. 5 Neg. 38

39 Neg. 38. 5

41 Neg. 40

41. 8** Neg. 41.0**

42. 2 Neg. 42. 5

43 Neg. 42. 1

43. 5 Neg. 43

44 Neg. Neg. 43. 5

46 Neg. 45. 2

A. m. CF Mean A. m. CF
PCV

Neg. 40. 8 Neg.

Neg. 40. 5 Neg.

Neg. 40. 8 Neg.

Neg. . 39.6 Neg.

Neg. Neg. 39 Neg. Neg.

Neg. 40* Neg,

Neg. 36.8 Neg.

Neg. 38. 2 Neg.

Neg. 39 Neg.

Neg. 40. 5 Neg.

Neg. 41. 2** Neg.

Neg. 42.6 Neg.

Neg. 43 Neg.

Neg. 43. 2 Neg.

Neg. Neg. 44 Neg. Neg.

Neg. 48 Neg.
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Table II continued.

Week
Group One Group Two Group Thre e

Mean

PCV
A. m. CF Mean

PCV
A. m. CF Mean

PCV

A. m. CF

+ 6 46. 5 Neg. 46 Neg. 48,2 Neg.

+ 7 47 Neg. 46.8 Neg. 47. 2 Neg.

+ 8 47 Neg. Neg. 46.4 Neg. Neg. 46 Neg. Neg.

+ 9 46.4 Neg. 46 Neg. 45. 6 Neg.

+ 10 45.4 Neg. 45. 2 Neg. 45 Neg.

+11 44. 8 Neg. 44. 6 Neg. 44. 5 Neg.

+ 12 43.4 Neg. Neg, 44 Neg. Neg. 44.2 Neg. Neg.

+ 13 44 Neg. Neg. 44 Neg, Neg. 44.4 Neg. Neg.

OBSERVATION DISCONTINUED---

^Splenectomy

** Inocula tions

Group One: 1 ml bovine whole blood, parasitemia 53%; PCV 15%
intravenously.

Group Two: No inoculation.

Group Three: 1 ml normal bovine whole blood,intravenously.

A. m. — Giemsa stained blood smear, microscopic observations,
for A. marginale.

CF: Complement fixation test.

PCV: Packed cell volume.
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EXPERIMENT III

Table III

Effects of Splenectomy and Radiation Followed by
Anaplasma Marginale Inoculation in Rabbits

(Source of observation five each group)

Group One Group Two Group Three
Week Mean A. m. CF Mean A. m. CF Mean A. m. CF

PGV PCV PCV

-10 41. 5 Neg. 41. 2 Neg. 41.8 Neg.

- 9 41 Neg. 41 Neg. 41. 5 Neg.

- 8 40. 8 Neg. 40. 2 Neg. 40. 8 Neg.

- 7 41 Neg. 40 Neg. 40. 2 Neg.

- 6 40 Neg. Neg. 40. 2 Neg. Neg. 40 Neg. Neg.

- 5 39. 6* Neg. 40* Neg. 40. 4* Neg.

- 4 38 Neg. 37 Neg. 38 Neg.

- 3 37. 6 Neg. 37.2 Neg. 38. 2 Neg.

- 2 37. 2 Neg. 38 Neg. 38 Neg.

- 1 38 Neg, 38. 4 Neg. 38. 7 Neg,

0
**

38.8*** Neg. 3 Neg.
**

39*** Neg.

+ 1 38 Neg. 38.2 Neg. 38 Neg.

+ 2 35 Neg. 36 Neg. 36. 2 Neg.

+ 3 35. 2 Neg. 35 Neg. 35 Neg.

+ 4 35.8 Neg. 35. 2 Neg. 35. 2 Neg.

+ 5 36. 2 Neg. Neg. 36 Neg. Neg. 35. 8 Neg. Neg.
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Table III continued.

Group One Group Two Group Three
Week Mean

PCV
A. m. CF Mean

PCV
A.m. CF Mean

PCV
A. m. CF

+ 6 37 Neg. 36.8 Neg. 36 Neg.

+ 7 37.4 Neg. 37 Neg. 36.4 Neg.

+ 8 38 Neg. Neg. 37. 5 Neg. Neg. 37. 2 Neg. Neg.

+ 9 37.6 Neg. 38 Neg, 37.4 Neg,

+ 10 38 Neg. 38. 2 Neg. 38 Neg.

+ 11 38. 2 Neg. 39 Neg. 38. 2 Neg.

+ 12 39 Neg. Neg. 39. 5 Neg. Neg. 39 Neg. Neg.

+ 13 39. 5 Neg. Neg. 40 Neg. Neg. 39. 9 Neg. Neg.

OBSERVATION DISCONTINUED

^Splenectomy

**Radiation Cobalt 60 single dose 450 rads in air.

^"^Inoculations 24 hours after radiation:

Group One: 1 ml bovine whole blood, parasitemia 18%; PCV 24%
intravenously.

Group Two: No inoculation.

Group Three: 1 ml bovine whole blood, normal, intravenously.

A. m. - Giemsa stained blood smear, microscopic observations,
for A. marginale.

CF: Complement fixation test.

PCV: Packed cell volume.
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EXPERIMENT IV

Table IV

Effects of Splenectomy and of a Lethal Dose of Radiation
Followed by A. Marginale Inoculation in Rabbits

(Source of Observation Eight Each Group)

Group Two
Mean

PCV
A. m. CF

41 Neg.

Group One
Week Mean

PCV

A. m. CF

Neg.- 6 41 Neg.

- 5 42. 4* Neg.

- 4 40. 4 Neg.

- 3 41.4 Neg.

- 2 42. 2 Neg.

- 1 41.6 Neg.

0 41. 6***Neg.

+ 1 41 Neg.

+ 2 39.2 Neg.

+ 3 38. 5 Neg.

+ 4 38.6 Neg.

+ 5 35. 4 Neg.

+ 6 33. 5 Neg.

+ 7 30. 7 Neg.

+ 8 33. 1 Neg.

+ 9 34. 5 Neg.

Neg. 42. 1#'

40

41

41. 7

42

**
42***

41.4

39. 2

38, 5

35.4

33. 7

31. 2

31

31. 1

31. 5

Neg. Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg.

Neg. dead 1

Neg.

Neg.

Neg.

Neg.
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Table IV continued.

Group One Group Two
Week Mean

PCV

A. m. CF Mean
PCV

A. m. CF

+10 32 Neg. Neg. dead 1 30 Neg. Neg. dead 1

+11 31 Neg. dead 4 30 Neg. dead 3

+ 12 30 Neg. dead 2 30 Neg. dead 2

+ 13 dead 1 dead 1

❖Splenectomy

^❖Radiation Cobalt 60. Single dose 800 rads in air.

❖❖❖Inoculation 24 hours after radiation.

Group One: 1 ml bovine whole blood, parasitemia 63%; PCV 14%
intravenously.

Group Two: 1 ml bovine whole blood, normal, intravenously.

A. m. - Giemsa stained blood smear, microscopic observations,
for A. marginale.

CF: Complement fixation test.

PCV: Packed cell volume.
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EXPERIMENT V

Table V

Effects of Splenectomy and Radiation Followed by Anaplasma
Marginale Inoculation in the Rabbit Sub-Donor Group

(Source of observation six)

Week Mean

PCV
A. m. CF Note

- 6 40.2 Neg.

- 5 40. 4* Neg. Neg.

- 4 38. 3 Neg.

- 3 37. 5 Neg.

- 2 37.2 Neg.

- 1 37. 9 Neg.

0 38.9*** Neg.

+ 1 38. 3 Neg.

+ 2 37.2 Neg. Neg. Bled two rabbits 10 days post¬
inoculation; injected Calf 10 days

+ 3 35. 5 Neg. Neg. Bled two rabbits 20 days post¬
inoculation; injected Calf 20 days

+ 4 35.8 Neg.

+ 5 36. 3 Neg.

+ 6 37 Neg. Neg. Bled two rabbits 40 days post¬
inoculation; injected Calf 40 days

+ 7 37. 5 Neg.

+ 8 38. 6 Neg.
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Table V continued.

Week Mean
PCV

A. m. CF Note

+ 9 39 Neg. Neg. Bled all six rabbits 60 days post¬
inoculation; injected Calf 60 days

+ 10 39 Neg.

+ 11 38.4 Neg.

+ 12 39 Neg. Neg.

+ 13 40 Neg. Neg.

OBSERVATION DISCONTINUED

^Splenectomy

**Radiation Cobalt 60 single dose 450 rads in air.

***Inoculation 24 hours after radiation 1 ml bovine whole blood,
parasitemia 73%; PCV 16%, intravenously.

A. m. - Giemsa stained blood smear, microscopic observations,
for A. marginale.

CF: Complement fixation test.

PCV: Packed cell volume.



52

EXPERIMENT V

Table VI

Effects of Rabbit Blood Sub-Inoculation in Splenectomized Calves

Calf 10 day s Calf 20 day s Calf 40 days Calf 60 day s
Week Mean A. m. CF Mean A. m. CF Mean A. m. CF Mean A. m. CF

PCV PCV PCV PCV

- 4 35* Neg. Neg. 26# Neg. Neg. 33.5# Neg. Neg. 24 Neg. Neg.

- 3 35 Neg. Neg. 25 Neg. Neg. 34. 7 Neg. Neg. 29 Neg. Neg.

- 2 35 Neg. Neg. 25 Neg. Neg. 29. 5 Neg. Neg. 29. 5 Neg. Neg.

- 1 34. 5 Neg. Neg. 29 Neg. Neg. 24. 5 Neg. Neg. 29 Neg. Neg.

0 31*# Neg. Neg. 29*# Neg. Neg. 27** Neg. Neg. 30. 5** Neg. Neg.

+ 1 24 Neg. Neg. 30 Neg. Neg. 29 Neg. Neg. 29 Neg. Neg.

+ 2 23. 5 Neg. Neg. 32. 5 Neg. Neg. 31 Neg. Neg. 29. 5 Neg. Neg.

+ 3 26. 5 Neg. Neg. 32 Neg. Neg. 31 Neg. Neg. 28 Neg. Neg.

+ 4 26. 5 Neg. Neg. 31.5 Neg. Neg. 33 Neg. Neg. 27. 5 Neg. Neg.

+ 5 26. 5 Neg. Neg. 32 Neg. Neg. 32 Neg. Neg. 29. 5 Neg. Neg.

+ 6 26 Neg. Neg. 32 Neg. Neg. 31 Neg. Neg. 25. 5 Neg. Neg.

+ 7 26 Neg. Neg. 31. 5 Neg. Neg. 31 Neg. Neg. 24 Neg. Neg.

+ 8 27 Neg. Neg. 30. 5 Neg. Neg. 30 Neg. Neg. 23. 5 Neg. Neg.

+ 9 27 Neg. Neg. 28. 5 Neg. Neg. 30 Neg. Neg. 26 Neg. Neg.

+10 27.5 Neg. Neg. 27 Neg. Neg. 30#** Neg. Neg. 26 Neg. Neg.

+ 11 28 Neg. Neg. 26 Neg. Neg. 31 Neg. Neg. 26. 5 Neg. Neg.

+12 27. 5 Neg. Neg. 24. 5 Neg. Neg. 31 Neg. Neg. 27 Neg. Neg.

+ 13 27. 5 Neg. Neg. 28 Neg. Neg. 30. 5 Susp. Neg. 28 Neg. Neg.

+14 27 Neg. Neg. 27 Neg. Neg. 31.5 Pos. Pos. 28. 2 Neg. Neg.

+ 15 29. 5 Neg. Neg. 29. 5 Neg. Neg. 19 Dead of acute ana- 28 Neg. Neg.

+16 29 Neg. Neg. 28 Neg. Neg. plasmosis 30 days
after challenge

‘28.4 Neg. Neg.

+ 17 30. 5 Neg. Neg. 28 Neg. Neg. 28.6 Neg. Neg.

+ 18 31. 5 Neg. Neg. 28. 5 Neg. Neg. 29 Neg. Neg.

+19 29. 5 Neg. Neg. 30. 5 Neg. Neg. 29. 2 Neg. Neg.

+20 29. 5 Neg. Neg. 31 Neg. Neg. 29.2 Neg. Neg.

OBSERVATION DISCONTINUED -

❖Splenectomy
❖❖Sub-inoculation: 2 ml pooled whole rabbit blood intravenously. (Calf 60 days had 6 ml)

❖❖❖Challenge inoculation 5 ml carrier blood subcutaneously.
Note: Calf 60 days was previously splenectomized.
A. m. - Giemsa stained blood smear, microscopic observations, for A. marginale.
CF: Complement fixation test.
PCV: Packed cell volume.
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Table VII

Survival of Anaplasma Marginale in Splenectomized Rabbits as Detected
by Time Lapse Sub-Inoculations in Splenectomized Calves

Calf 1 Hour Calf 2 Hours Calf 4 Hours Calf 24 Hours

Days PCV A. m. CF PCV A. m. CF PCV A. m. CF PCV A. m. CF

-60 33 Neg. Neg. 35 Neg. Neg. 34 Neg. Neg. 39 Neg. Neg.

-58 33 Neg. 34 Neg. 33 Neg. 38 Neg.

-55 32 Neg. Neg. 36 Neg. Neg. 35 Neg. Neg. 38 Neg. Neg.
-51 30 Neg. 37 Neg. Clot Neg. 38 Neg.

-48 33 Neg. Neg. 35 Neg. Neg. 35 Neg. Neg. 33 Neg. Neg.
-44 34 Neg. 37 Neg. 36 Neg. 37 Neg.
-37 35 Neg. Neg. 27 Neg. Neg. 30 Neg. Neg. 34 Neg. Neg.
-30 , 32* Neg. 33 Neg. 34* Neg. 32 Neg.

-27 28 Neg. Neg. 30* Neg. Neg. 29 Neg, Neg. 35* Neg. Neg.
-23 27 Neg. 30 Neg. 26 Neg. 25 Neg.
-20 27 Neg. Neg. 31 Neg. Neg. 30 Neg. Neg. 29 Neg. Neg.

-16 30 Neg. 32 Neg. 29 Neg. 29 Neg.
-13 28 Neg. Neg. 31 Neg. Neg. 27 Neg. Neg. 23 Neg. Neg.
- 9 27 Neg. 31 Neg. 26 Neg. 28 Neg.
- 6 27 Neg. Neg. 30 Neg. Neg. 26 Neg. Neg. 26 Neg. Neg.
- 2 27 Neg. 30 Neg. 27 Neg. 25 Neg.

0 28** Neg. Neg. 30## Neg. Neg. 25** Neg. Neg. 24*# Neg. Neg.

+ 2 28 Neg. 29 Neg. 25 Neg. 28 Neg.
+ 5 29 Neg. Neg. 29 Neg. Neg. 24 Neg. Neg. 26 Neg. Neg.
+ 8 27 Neg. 30 Neg. 25 Neg. 24 Neg.

+12 25 Neg. Neg. 30 Neg. Neg. 25 Neg. Neg. 25 Neg. Neg.
+ 15 25 Neg. 28 Neg. 26 Neg. 25 Neg.

+19 26 Susp. Neg. 28 Susp. Neg. 27 Susp. Neg. 26 Susp. Neg.
+20 27 0. 5% Neg. 28 0. 2% Neg. 28 0. 1% Neg. 24 0.2% Neg.
+21 26 3 % Neg. 28 0. 7% Neg. 28 0. 1% Neg. 24 0. 2% Neg.

+22 20 15% Neg. 30 2% Neg. 27 1. 5% Neg. 20 1% Susp.

+23 18 25% Neg.. 28 2% Neg. 29 2. 5% Neg. 23 1. 5% Susp.

+24 14 25% Neg. 28 4% Pos, 26 5. 5% Susp. 22 1.8% Susp.
+25 12 20% Neg. 25 7% Pos. 24 21% Susp. 21 11% Pos.

+26 6 17% Pos. 23 15% Pos. 23 48% Pos. 20 20. 5% Pos.

+27 Dead*#* 22 45% Pos. 18 86% Pos. 18 42% Pos.

+28 17 55% Pos. 13 92% Pos. 14 56% Pos.

+29 12 74% Pos. Dead*** 11 70% Pos.

+30 12 54% Pos. 7 72% Pos.

+31 Dead*** Dead***

*Splenectomy.
❖❖Sub-inoculation: pooled 3 ml whole rabbit blood admixed with 1 gm liver suspension.

❖❖❖Dead of acute anaplasmosis rabbit origin.
A. m. - Giemsa stained blood smear, microscopic observations, for A. marginale.
CF: Complement fixation test.
PCV: Packed cell volume.
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Table VIII

Anaplasma Marginale. Relative Virulence of Blood from
Splenectomized Rabbits for Sub-Inoculated

Splenectomized Calves

Calf 1 Calf 2 Calf 4 Calf 24
Hour Hours Hours Hours

Number of calves
sub-inoculated 1

Deaths 1

Incubation period
(days to patency) 19

Survival after

patency (in days) 8

PCV at inoculation 28

Low PCV 12% (in days
post inoculation) 25

PCV at death 6

Highest parasitemia
observed (%) 25

Death (in days, from
sub-inoculation) 26

Positive CF (in days,
from inoculation) 26

1 1 1

1 1 1

19 19 19

12 10 12

30 25 24

29 28 28

12 13 7

74 92 72

30 28 30

24 26 25

Inoculum for each calf: pooled 3 ml whole rabbit blood admixed with
1 gm. liver suspension.
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Table IX

Maximum Survival of Anaplasma Marginale in Splenectomized Rabbits as Detected
by Time Lapse Sub-Inoculations in Splenectomized Calves

Days
Calf 48 Hours Calf 120 Hours Calf 240 Hours Calf 480 Hours

PCV A. m. CF PCV A. m. CF PCV A. m. CF PCV A. m. CF

-60 34 Neg. Neg. 33 Neg, Neg. 30 Neg. Neg. 32 Neg. Neg.

-58 35 Neg. 33 Neg. 31 Neg. 33 Neg.
-54 34 Neg. Neg. 32 Neg. Neg. 32 Neg. Neg. 32 Neg. Neg.

-51 33 Neg. 33 Neg. 31 Neg. 33 Neg.
-48 34 Neg. Neg. 34 Neg. Neg. 31 Neg. Neg. 33 Neg. Neg.

-44 34 Neg. 34 Neg. 32 Neg, 33 Neg.

-37 35 Neg. Neg. 34 Neg. Neg. 33 Neg. Neg. 33 Neg. Neg.
-30 34 Neg. 33 Neg. 32 Neg. 33 Neg.
-27 33 Neg. Neg. 33 Neg. Neg. 31 Neg. -Neg. 32 Neg. Neg.
-26 34* Neg. 33 Neg. 32* Neg. 33* Neg.

-23 29 Neg. Neg. 32* Neg. Neg. 28 Neg. Neg. 21 Neg. Neg.

-20 28 Neg. 27 Neg. 27 Neg. 20 Neg.
-16 29 Neg. Neg. 28 Neg. Neg. 27 Neg. Neg. 21 Neg. Neg.

-13 29 Neg. 27 Neg. 28 Neg. 20 Neg.
- 9 29 Neg. Neg. 28 Neg. Neg. 29 Neg. Neg. 20 Neg. Neg.
- 6 30 Neg. 29 Neg. 30 Neg. 22 Neg.
- 2 30 Neg. Neg. 28 Neg. Neg. 31 Neg. Neg. 20 Neg. Neg.

0 30** Neg. 27** Neg. 32** Neg. 20** Neg.
+ 4 30 Neg. Neg. 29 Neg. Neg. 31 Neg. Neg. 20 Neg. Neg.

+ 7 29 Neg. 30 Neg. 32 Neg. 23 Neg.
+ 11 28 Neg. Neg. 32 Neg. Neg. 32 Neg. Neg. 23 Neg. Neg.
+ 14 30 Neg. 32 Neg. 31 Neg. 26 Neg.
+ 18 23 Neg. Neg. 30 Neg. Neg. 31 Neg. Neg. 26 Neg. Neg.
+ 19 24 Neg. Neg. 29 Neg. Neg. 30 Neg. Neg. 27 Neg. Neg.

+20 20 Neg. Neg. 29 Neg. Neg. 28 Neg. Neg. 28 Neg. Neg.

+21 18 0.5% Neg. 28 Neg. Neg. 26 Neg. Neg. 28 Neg. Neg.

+22 17 0.6% Neg. 27 Neg. Neg. 25 Neg. Neg. 29 Neg. Neg.

+23 15 0.8% Susp. 27 Neg. Neg. 27 Neg. Neg. 28 Neg. Neg.

+24 13 0.8% Neg. 26 Neg. Neg. 28 Neg. Neg. 27 Neg. Neg.

+25 12 1.7% Pos. 25 Neg. Neg. 30 Neg. Neg. 25 Neg. Neg.

+26 12 4.5% Pos. 25 Neg. Neg. 29 Neg. Neg. 25 Neg. Neg.

+27 10 12% Pos. 26 Neg. Neg. 30 Neg. Neg. 26 Neg. Neg.

+28 9 25% Pos. 27 Neg. Neg. 30 Neg. Neg. 27 Neg. Neg.

+29 6 20% Pos. 28 Neg. Neg. 31 Neg. Neg. 28 Neg. Neg.
Dead***

+60 30 Neg. Neg. 32 Neg. Neg. 32 Neg. Neg.

+90 33 Neg. Neg. 31 Neg. Neg. 32 Neg. Neg.
OBSERVATION DISCONTINUED

^Splenectomy
**Sub-inoculation: whole rabbit blood and liver suspension.

*>!t*Dead of acute anaplasmosis rabbit origin.
A. m. - Giemsa stained blood smear, microscopic observations, for A. marginale.
CF: Complement fixation test.
PCV: Packed cell volume.
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EXPERIMENT VII

Table X

Relative Virulence of Blood from Splenectomized Rabbits
for Sub-Inoculated Splenectomized Calves

Calf 48 Calf 120 Calf 240 Calf 480
Hours Hours Hours Hours

Number of calves
sub-inoculated 1

Deaths 1

Incubation period
(days to patency) 21

Survival after

patency (in days) 9

PCV at inoculation 30

Low PCV 12% (in days
post inoculation) 25

PCV at death 6

Highest parasitemia
observed (%) 25

Death (in days, from
sub-inoculation) 29

Positive CF (in days,
post sub-inoculation) 25

1 1 1

0 0 0

0 0 0

27 32 20

Inoculum for each calf: pooled 3 ml whole rabbit blood admixed with
1 gm. liver suspension.
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