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INTRODUCTIOH

A disease entity characterized by generalized icterus and

acute anemia has been recognized for a number of years in svine

in the midwestern states. This sporadic condition was first

reported by Kinsley (1932), and later that year by Doyle (1932).

Since the initial description of the disease articles have been

written by Kinsley and Ray (1934), Dicke (1934), Quln (1938),

Spencer (1940), Robb (1943), and Campbell (1945). These Inves-

tigators have been in complete agreement in regard to symptoms,

gross pathology, clinical history, and various other aspects con-

cerning the disease. It has appeared that this is a distinct

disease entity of swine, and because of the similarity to bovine

anaplasmosis it has been called "anaplasmosis-like disease" or

"ictero-anemia". The etiology of the disease remained unknown.

The investigations which are reported in this thesis were

begun following the observation by the author of an unreported

blood parasite in swine. The organism was found associated with

field cases of "ictero-anemia" or "anaplasmosis-like disease".

These studies were begun with the primary purpose of establishing

whether or not this parasite is in any way responsible for the

disease with which it was found associated.

Clinical and laboratory data were gathered from a number of

field outbreaks of the "anaplasmosis-like" disease. The disease

was reproduced in experimental swine, and the resulting symptoms,

disease process, and pathology were compared to those of field

cases in order to establish proof of the etiology of the disease.



Studies were undertaken to differentiate the organism from

Eperythrozoon species of other animals, and from another Eperyth-

rozoon found in these investigations in swine. Experimental

studies of the chemotherapy of the disease were also conducted.

Dr. David Weinman of the Tale University school of Medicine; Dr.

Rue Jensen, Colorado A. and M. College; and Dr. '»;'• 0. Neitz,

Onderstepoort Laboratory, Union of south Africa have concurred

in the identity of the two species observed as members of the

genus Eperythrozoon . The parasite which was observed in field

cases of "ictero-anemia" was given the name Eperythrozoon suls ,

and Eperythrozoon parvum is the name given to the organism found

during these experimental studies. At the time of this writing,

E. suls has been found associated with a total of eight herd out-

breaks of "ictero-anemia". six of these occurred in Iowa and two

in Kansas.

Various investigators in the past have reported the presence

of what appeared to be hemotroplc micro-organisms associated with

the "anaplasmosis-like" disease of swine. Kinsley (1932) observed

a spherical body in the erythrocytes that resembled Anaplasma .

Doyle (1932) described the structure he observed as follows:

Blood smears stained with Oiemsa stain showed the pres-
ence of bodies, evidently organismal in nature, within the
red cells. These bodies showed considerable variation in
morphology. Some were coccoid, some bacilliform, while still
others were ring formed. The ring formed bodies often show-
ed small chromatin knots or masses at certain points on their
circumference. Some of the erythrocytes were almost filled
with these bodies, and many of the bodies were free from the
red cells.

Dicke (1934) gives a similar account of an organism he observed

in cases of "ictero-anemia". The descriptions given by the two



latter men are similar to the description of E. suis, with cer-

tain variations which will be noted later,

fiobb (1945) observed similar structures associated with

"ictero-anemia" and also in normal swine. He concluded that the

structures were actually artifacts having no connection with this

disease. Doyle (1945) stated that the red cell inclusions in

typical "ictero-anemia" are more suggestive of Bartonella than

they are of Anaplasma . Quin (1938) believed the disease to be

transmitted by vectors, and the causal agent to be a Piroplasma

or Anaplasma. Kinsley and Ray (1934), Robb (1943), and Dykstra

and co-workers (1948) reported failure in attempts to transmit

the disease to normal swine. In a recent survey Harshfleld (1949)

reported occurrences of this disease in ten states, four of which

observed it in 1948. Breed (1950) describes an ictero-anemic con-

dition in young pigs which he has attributed to improper nutri-

tion. He states that the blood cells contain many bodies which

may be mistaken for blood parasites.

Blood parasites of the genus Hperythrozoon (E. coccoides )

were first observed by Schilling (1928) in aplenectomized mice.

Bruynoghe and Vassilaidis (1929) described E. dlspar of the vole.

Adler and Ellenbogen (1934) reported the presence of an Eperythro-

zoon in cattle in Palestine. They found the organism associated

with Thelleria annulata and Anaplasma . Neitx, Alexander, and Du

Toit (1934) reported a new species, E. ovis, in African sheep.

In classifying the genus, Eperythrozoon , these workers were of

the opinion that the organism is closely related to Bartonella ,

Grahamella, and Anaplasma . Their selection of this classification



was based not only on morphology, but also on symptoms and course

of the disease process. A common symptom resulting from these

organisms is an anemia characterized by degenerative and regen-

erative changes in the blood. These changes occur sometime after

the appearance of the parasite, in a manner similar to that ob-

served in infections with Anaplasma . Eliot (1936) succeeded in

transmitting E. coccoldes with the louse, Polyplax serrata .

Neitz (1937) described an acute, febrile anemia of sheep result-

ing from experimental infection with E. ovis . He found the post

mortem lesions to be identical with those of acute anaplasmosis.

Neltz (1940) reported observations on eperythrozoonosis of African

cattle. The parasite appeared to be Identical to E. wenyonl of

Palestine cattle.

Lotze and Tiengst (1941) first reported the presence of E.

wenyonl in cattle in the United States, and found it to be asso-

ciated with bovine anaplasmosis. Jensen (1943) found the same

organism in mixed Infections with anaplasmosis, and in calves

unassociated with anaplasmosis in Louisiana. Jensen (1943) also

found E. ovls to be an apparently common blood parasite of na-

tive Louisiana sheep. His work corroborated that of Neitz (1937)

in demonstrating that the parasite is capable of producing an

acute, febrile anemia and icterus in susceptible, unoperated

sheep. Dykstra et al. (1948) reported the presence of E. wenyonl

asaociated with bovine anaplasmosis in Kansas.

Tyzzer and Weinman (1939) found E. dispar to be a common

parasite of the vole, Microtus pennsylvanlcus , in the eastern

United States. Tyzzer (1942) reported a new species, E. varlans,



in the field mouse, Peromyacus maniculatua . Clark (1942) ob-

served an Eperythrozoon in a cat in South Africa. The organism

was found associated with an acute and fatal anemia. No exper-

imental work with this parasite was undertaken.

In the therapy of Kperythrozoon and Bartonella infections,

investigators found various arsenicala and arsenic-antimony com-

pounds to exert a parasiticidal action. Mayer, Borchard t, and

Kikuth (1927) found the organic arsenicala neosalvarsan, atoxyl,

and tryparsamide to have high therapeutic value against Bartonella

muris. Amako (1950) reported that neosalvarsan and atoxyl have

a distinct prophylactic and therapeutic effect on B. muris .

Kikuth (1932) reported a new antimony-arsenic compound, std. 386B,

to have a therapeutic index of 1:3,500 against B. muris . Kayer

and Malamos (1936) noted drug-fastness in B. muris from repeated

injections of Increasing doses of neosalvarsan and std. 386B.

Bruynoghe and Vassiliadls (1929) were prompted by the close re-

lationship of Eperythrozoon and Bartonella to investigate therapy

of the former disease with neosalvarsan. This compound was found

to exert a specific action on E. coccoides. Sulfarsenal and try-

parsamide were also found to be effective. Tyzzer (1941) found

sulfarsphenamine to be effective against E. coccoides . Neitz

(1937) obtained specific therapy of acute eperythrozoonosis of

sheep with neosalvarsan and std. 386B. Neosalvarsan was admin-

istered intravenously, and specific parasiticidal action was ob-

tained in single doses varying from 10 to 45 mg/kg. The larger

doses completely eliminated heavy blood infections within 15 min-

utes. Doses less than 10 mg/kg were ineffective.



MATERIAL AND METHODS

In the studies made on field outbreaks of "ictero-anemia"

in swine in Iowa, the author received assistance from Dr. R. L.

Williamson, lissex, Iowa. Clinical data and blood films from an-

imals in the Iowa outbreaks wero assembled by Dr. Williamson, and

forwarded to the Veterinary Research Laboratory at Manhattan,

Kansas. Pigs showing clinical symptoms and those normal animals

in the herds that were re-examined were ear-tagged to provide

proper means of identification. No attempts were made to conduct

blood counts on the Iowa pigs other than one which was shipped to

the laboratory; however Tallquist readings of the hemoglobin were

made on animals showing clinical symptoms.

In the herds under investigation near Manhattan, Kansas,

(herds C and D) blood films were obtained from all of the animals

in both groups. Daily blood examinations were made on the animals

showing clinical symptoms. In herd C hematological studies were

made on alternate days on three pigs in order to study the blood

changes in subclinical cases. Two of these pigs suffered a rel-

atively heavy parasitic infection, and the third a very mild de-

gree of infection. Blood examination of these three pigs was

continued over a period of 12 days.

All blood films obtained in these studies were prepared for

microscopic examination by staining with Gieoisa stain. The blood

picture as observed in stained smears from field cases was taken

as a rough measurement of the animals response to erythrocytic

destruction. Although polychromatophillic and varying numbers of



Howell-Jolly bodies are normally present in swine of the age

groups studied, the abnormal increase in numbers of these imma-

ture cells can be observed rather easily in clinical and sub-

clinical cases of the "anaplasraosis-like disease"

•

Blood samples for laboratory examination were obtained from

the anterior vena cava. Blood smears were prepared immediately

upon drawing the blood. Erythrocyte and leukocyte counts, hemo-

globin determinations, and packed erythrocyte volumes were deter-

mined dally. The icteric index also was determined when icteric

serum was evident*

In acutely affected animals pipettes for erythrocytic counts

were prepared at the time of obtaining blood, to insure greater

accuracy of results. In these animals a marked agglutination of

erythrocytes occurred in citrated or oxalated blood, and prevent-

ed accurate enumeration in samples so treated. Erythrocyte and

leukocyte counts were made using the improved Neubauer hemocyt-

ometer. hemoglobin values were determined with a Klett-summerson

photoelectric colorimeter. Packed erythrocyte volume and blood

sedimentation were determined by the use of V/introbe hematocrit

tubes. The icteric index was determined by visual comparison

with known standards.

Intravenous injections were made into the anterior vena cava.

Considerable care was taken, particularly with neoarsphenamine,

to deposit all of the substance within the vein. No untoward

effects were observed from repeated daily punctures of the vein

or from injections made at this site. Those cases that came to

post-mortem revealed only a slight amount of hemorrhagic Infil-
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tration into the tissues surrounding the vein. Individual ster-

ile needles were used in obtaining blood samples to prevent acci-

dental transmission or Eporythrozoon parasites. The neoarsphen-

amine and sodium cacodylate used In these studies -were purchased

at a local veterinary supply house.

Splenectomy operations were performed under intravenous

anesthesia with sodium pentobarbital. The operations were con-

ducted with ease, and no unusual surgical techniques were requir-

ed.

All susceptible swine, the calf, sheep, and mice were held

under conditions as nearly fly-free as possible to prevent acci-

dental transmission of Kperythrozoon from known infected animals.

Susceptible pigs were held in screened, fly-proof stalls at a

distance of about 50 yards from infected pigs.

An arbitrary means of indicating the degree of parasitic in-

fection was used in these studies, and is designated as follows:

Rare • one Kperythrozoon structure in five to ten or more micro-

scopic fields; Scarce - one structure In one to five microscopic

fields; Occasional - approximately 10 to 20 per cent of the

erythrocytes containing at least one or more eperythrozoa; Fre-

quent - approximately 50 per cent of the erythrocytes contain-

ing one or more eperythrozoa; umerous - approximately 80 to 90

per cent of erythrocytes containing one or more eperythrozoa;

Very numerous - all erythrocytes infected and some completely

covered with parasites; Extremely numerous - all erythrocytes

infected and many completely covered with parasites.
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OBSERVATIONS ON FIELD CASKS OP "ICTJ^O-ANEMIA"

Herd A

This herd, located near Shenandoah, Iowa, consisted of 77

pigs, a number of sows, and a boar. On May 9, 1949, the pigs

were vaccinated with hog cholera serum and virus. Approximately

four weeks later two sows and two pigs sickened and died. Post-

mortem examination of the dead pigs revealed a generalized icter-

us; thin, watery blood; a greatly enlarged, friable spleen; and

an orange-yellow discoloration of the gastro-intestlnal contents.

No lesions suggestive of hog cholera were observed in these pigs,

or in pigs that died later.

Between June 1 and August 1, a total of 39 pigs died with

this condition. Clinical symptoms were identical to those of

the "ictero-anemia" or "anaplasmosis-like" condition described

in the literature. A sick pig from this herd was shipped to a

diagnostic laboratory on July 13, 1949. The laboratory report

stated that lesions typical of the "anaplasmosis-llke" condition

in swine were observed. No bacterial growth was found on cultur-

ing the tissues. Microscopic examination of blood omears disclos-

ed the presence of many "anaplasmosis-like" bodies in the red

cells.

On July 23, 1949, two sick pigs weighing approximately 80

pounds each were delivered to the Kansas State College Veterinary

Research Laboratory. One pig died enroute, and a post-mortem ex-

amination revealed typical lesions of "ictero-anemia". Examin-

ation of stained blood films froai the two pigs disclosed the pres-
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ence of a micro-organism ( Kperythrozoon suis ) very similar in

appearance to Kperythrozoon wenyoni and s. ovia . Table 1 indi-

cates the degree of parasitic infection as pig 1 progressed to-

ward recovery. Blood films were obtained from four additional

pigs from this herd, two of which were visibly affected and two

apparently normal. Subclinical anemia developed in both normal

pigs, and acute, ictero-anemia was evidenced in the clinically

affected animals. Bperythr

o

?, oon parasites were observed in all

four animals. The detailed results of these blood examinations

are given in Table 2.

To determine the presence or absence of hog cholera virus,

and to attempt transmission of S. suis , four cubic centimeters of

citrated blood from pig 1 was injected intravenously into two

cholera -susceptible pigs. One pig was given 50 cc of anti-hog-

cholera serum subcutaneously. Both pigs remained normal after a

period of 45 days. Sperythrozoa appeared in both animals, the re-

sulting parasitic infection being very mild with no clinical symp-

toms evident. The s'tsceptibility of these pigs to Eperythrozoon

was not proved prior to inoculation. It is, therefore, unknown

whether the animals were in a state of premunition, or the in-

fection observed was a recrudescence of a latent infection or an

actual transmission. Blood films from both animals were negative

prior to inoculation. E. sula was present in both after twenty-

four hours. I third pig, not inoculated, Bhovtd eperythrozoa

twenty-four hours after being confined in a pen with pig 1. A

blood examination was not obtained prior to placing this animal

in contact with the sick pig. It is assumed the animal was al-
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ready harboring E. aula .

Herd B

This herd, located near Shenandoah, Iowa, consisted of 124

pigs in addition to the sows and boar. The pigs were vaccinated

for cholera by the simultaneous method on May 7, 1949. On August

19, a post-mortem examination was made on a pig that had been

sick about one week. Typical lesions of "ictero-anemia" were ob-

served. Blood films were not obtained from this animal. Smears

were, however, obtained from two additional pigs showing early

clinical symptoms, and five apparently normal pigs selected at

random. E. suis was found in two of the apparently normal pigs,

and in both animals showing clinical symptoms. As indicated in

Table 2, an increased temperature and a subclinical anemia were

present in one of the apparently normal pigs which was harboring

eperythrozoa.

Herd C

This group of swine consisted of 17 pigs weighing approx-

imately 125 pounds, and 2 brood sows. The pigs had not been im-

munized to hog cholera. Examination of a sick pig (pig 12, Tables

1 and 2) from this herd was made after the animal had been notice-

ably ill for five days. Symptoms and data obtained on blood ex-

amination were typical of the "anaplasmosis-liice disease", icteric

discoloration of the mucous membranes was not evident, however.

S. suis was observed in smears from this animal. Table 1 indicates

the progress toward recovery. A mild relapse developed in this
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pig as Indicated in the data by a recrudescence of the parasitic

infection, followed by an increased body temperature and marked

lowering of the erythrocytic count and hemoglobin values.

Examination of the remaining 16 pigs in the herd disclosed

E. suls to be present in the following degrees of infection:

three pigs were negative for parasites; in six pigs the parasites

were rare; in four the parasites were scarce; and in one pig

each the organisms were occasional, frequent, and numerous. Aa

previously stated, blood studies were made on the two latter an-

imals. A third pig, in which the parasites were scarce, was used

as a control. Data obtained from pig 10 in which the parasites

were most numerous are included in Table 1. The blood count in

this pig at 9,390,000 per cu mm dropped to 6,820,000, the hemo-

globin dropping from 15.1 to 12.2 grams per 100 cc of blood.

Blood values returned to nearly normal following the disappear-

ance of the parasite. The erythrocyte count in the second pig

at 8,410,000 per cu mm dropped to 6,130,000, the hemoglobin drop-

ping from 14.9 to 12.2 grams per 100 cc of blood. Blood counts

in the control pig at 8,490,000 dropped to a low of 8,060,000 per

cu mm; hemoglobin values at 14.8 reached a low of 14.3 grams per

100 cc of blood. Increased regenerative blood changes were evi-

dent in the two former pigs, being most marked in pig 10 which

showed the heaviest infection of eperythrozoa. The blood picture

remained unchanged in the control. Temperatures of pig 10 ranged

from an initial high of 105.0
#
P. down to 103.1° P. That of the

second pig ranged from an initial temperature of 103.8'down to

102. 6°P. Temperatures of the control pig, initially at 102.4° P.,
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varied a maximum of only 0.4 of a degree during the entire course

of examination. Temperatures of several other pigs selected each

time at random remained between 102.0'and 105. 5°F.

Herd D

This group consisted of six cholera susceptible hogs locat-

ed near Riley, Kansas. Five of the animals were approximately

ten months of age. A boar of unknown age was introduced into the

herd on December 30, 1949. One of the original animals in the

group became ill on February 7, 1950, and was brought to the

Veterinary Hospital four days later. A diagnosis of acute, hemo-

lytic anemia was made. Blood films examined by the author re-

vealed the presence of E. suis . The laboratory data gathered in

this case is given in Table 1. Blood films obtained from the

five normal pigs revealed a mild parasitic infection in two. Hog

lice were numerous on all six animals.

MICROSCOPIC BLOOD EXAMINATION OF NORMAL SWINE

A study was made of the blood of apparently normal swine to

determine the number of animals that might be harboring Eperyth-

rozoon in visible numbers. Robb (1945) found ring-shaped struc-

tures both in cases of "ictero-anemia" and In normal swine. His

description of these structures suggested that he may have ob-

served Bperythrozoon . Blood films were obtained at a local live-

stock sales pavilion from 25 apparently normal swine represent-

ing six separate herds. These pigs ranged in size from 20 to 180
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Table 1. Blood values observed during clinical and subclinical
"icter o-anemia n (acute eperythrozoonosis ).

Date : Temp. :

1
R.B.C.

: 2
: Hemo- ! Degree of -

: Anemic changes
1949 : globin ! : Eperythrozoon < in

t : ! infection j : blood film

Pig 1
7-23 106.0 2,110,000 3.9 Numerous Frequent
25 103.8 3,620,000 7.2 Frequent Marked
27 103.0 6,080,000 10.1 Scarce Frequent
30 102.7 5,160,000 12.8 Scarce Normal

8- 4 102.2 7,320,000 13.5 Negative Normal

Pig 10
8- 4 105.0 9,390,000 15.1 Numerous Normal

6 103.5 9,070,000 13.8 Numerous Normal
8 103.3 7,527,000 12.2 Frequent Frequent
10 104.6 6,820,000 12.5 Scarce Numerous
12 103.4 7,390,000 13.6 Negative Numerous
15 103.1 8,980,000 14.6 Negative Nearly

normal

Pig 12
8- 2 103.1 2,220,000 2.6 Rare Numerous

3 102.5 3,120,000 4.5 Occasional Numerous
4 103.0 3,730,000 7.7 Frequent Numerous
5 105.7 2,510,000 4.7 Occasional Numerous
6 102.7 3,700,000 7.2 Rare Numerous

10 103.0 4,480,000 12.2 Negative Frequent
15 102.4 7,980,000 13.1 Negative Nearly

normal

1950

Pig 13
2-11 103.6 3,210,000 7.7 Occasional Frequent

14 102.2 2,580,000 6.9 Scarce Numerous
16 101.9 2,840,000 7.0 Rare Marked
18 101.4 4,990,000 11.4 Rare Numerous
20 101.0 4,460,000 10.4 Rare Frequent

1. Erythrocytes per cubic millimeter.
2. Expresseti in grams per 100 cc of blood.
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pounds. No Eperythrozoon parasites were observed in any of the

smears. The number of latent carriers was, of course, not de-

termined by this method.

EXPERIMENTAL STUDIES

Experimental Procedure

Field observations suggested that the possibility of pro-

ducing acute, experimental eperythrozoonosis in normal swine is

quite remote, since it was indicated that a majority of swine

may pass through mild infections with no ill effects.

It is known in connection with various blood parasitic dis-

eases, including the genus Eperythrozoon , that the removal of the

spleen increases the animal »s susceptibility to the disease.

Marmorston (1935) summarized the various diseases in which the

spleen plays an important part in the immunity. Splenectomized

swine were, therefore, used to study experimentally the effects

of severe infections of E. suls . It was found that by this meth-

od intense parasitic infections could be obtained equalling those

that previously had been observed only in field cases.

Ten pigs varying in weight from 45 to 125 pounds were used

in these experiments, pour were known to be carriers of E. suis

prior to splonectomy; one (pig 1, cholera immune) had recovered

from a natural field infection of "ictero^anemia"; two (cholera

susceptible) were injected with blood from this pig, and devel-

oped a mild Eperythrozoon infection; a third pig (cholera sus-
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eeptible) was found to bo harboring E. suia derived from an appar-

ently natural source. All four pigs developed acute eperythro-

zoonosis following splenectomy. Six additional pigs (cholera im-

mune) of unknown carrier status were splenectomized and observed

for a period of at least 30 days following the operation in order

to determine the presence or absence of latent infection. It was

demonstrated in these animals that the removal of the spleen

alone resulted in no anemia or clinical symptoms. Five of these

pigs were negative for E. suia following splenectomy, and remain-

ed normal for at least thirty days. One animal remained normal

until experimentally infected with E. suis 82 days after being

splenectomized.

Experimental transmission of Eperythrozoon was accomplished

in the susceptible pigs by intravenous injection of citrated car-

ier blood, pig 1 (the recovered field case) serving as the latent

carrier of E. suis . k standard inoculating dose of four cubic

centimeters of blood was used, stained blood film examinations

were made and temperatures taken at 48 hour intervals following

splenectomy to establish the presence or absence of latent infec-

tion. The same observations were made daily following inoculation

of susceptible pigs in order to determine more accurately the

period of incubation. Laboratory determination of blood values

was begun in each case upon the first observation of eperythrozoa,

and continued daily throughout the course of the disease.
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Differentiation of Eperythrozoon species

The presence of two separate Eperythrozoon species in swine

was indicated early in these experimental studies. Following

splenectomy, pigs of unknown carrier status relapsed with an or-

ganism differing in morphology and pathogenicity from the parasite

previously observed in field cases of "ictero-anemia 1'. Cross in-

oculation experiments further established the two organisms as

individual species.

Pour splenectoiaized pigs which had relapsed with E. pajrvum,

only, with ro ill effects were injected with blood from a known

carrier of E. suis . E. suis appeared in all four pigs after an

incubation period of from two to five days. Acute eperythrozoon-

osis was evidenced in each animal, two of which subsequently suc-

cumbed to the infection. Conversely, two pigs that had recovered

from acute, clinical infection with E. suis were infected with E.

parvum. A mild infection occurred after incubation periods of

seven and ten days. One pig known to be susceptible to both para-

sites mm infected with both upon experimental inoculation.

The two swine species were differentiated from E. wenyonl

and E. ovis by inoculation of heavily infected blood into a sus-

ceptible calf and lamb. Both animals remained negative for 30

days. The susceptibility of each to its individual Eperythrozoon

species then was proved by injection of known carrier blood.

Conversely, an Eperythrozoon susceptible pig was injected intra-

venously with four cubic centimeters of heavily infected cattle

and sheep blood which had been pooled in equal amounts. The pig
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remained free of parasites until experimentally infected with

both E. aula and K. parvum 58 days later.

Differentiation of the swine species from E. coccoldes and

E. varlans was accomplished by intraperitoneal injection into

mice with blood heavily infected with the swine parasites. One

Swiss white mouse and two local white-footed deer mice of the

species Peromyscus maniculatus were used, the animals having

been proved susceptible following splenectomy. All three re-

mained negative for 30 days. Differentiation from E. dispar of

the vole was not undertaken. The failure to infect closely re-

lated rodents would suggest that the Eperythrozoon species of

swine are not closely related to E. dispar .

Morphology

Eperythrozoon suis . As previously stated this parasite is

similar in appearance to other species of Eperythrozoon . The

principal structure of this extracellular parasite is a delicate

ring averaging from 0.5 to 0.8 microns in diameter, and is sit-

uated upon the erythrocyte or free in the plasma. Coccus, rod,

and budding forms are also observed. At the height of the para-

sitic attack there are present in gre^t numbers large ring and

discoid forms varying in size from one to two and one-half mi-

crons. Many of the large ring forms are of distorted shapes, and

1. Identification by Dr. H. T. Gier, Department of zool-
ogy, Kansas State College.
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exhibit an irregular distribution of the chromatin at various

points on the ring. The discoid forms are seen as flat, solid,

chromatin masses. Some erythrocytes are given a vacuole-like

appearanco from ring forms in which the central clear area of

the structure appears to extend completely through the red cell.

The parasites may be so numerous as to cover the erythrocytes

completely.

Harked morphological changes occurred consistently in cit-

rated or oxalated blood. These changes took place within one min-

ute after mixing with the anti-coagulant, and increased somewhat

after further tine. While ring forms are the predominating struc-

ture in immediate smears, coccus and rod forms predominated in

cltrated or oxalated samples. The stained organism from samples

so treated assumed an appearance similar to Bartonella .

Sperythrozoon parvum . This extra-cellular parasite is ob-

served primarily as small coccus forms and occasional ring struc-

tures. The rings average about 0.5 microns in diameter while the

coccus forms are somewhat smaller. Accurate measurements of the

cocci have not been made. This parasite exhibits a tendency to

accumulate in large numbers upon individual erythrocytes, even

when very rare in the blood smear.

Pathogenesis and Symptoms

Splenectomized pigs heavily infected with E. parvum evidenc-

ed no temperature rise or other visible symptoms. A mild reduc-



23

tion in blood count (about two million cells per cu ran) with

regenerative blood changes was observed in two pigs, while the

blood values remained unchanged in three others. One unoperated

pig exhibited a mild parasitic infection following inoculation.

It appears that this organism is relatively non-pathogenic.

A serious or fatal ictero-anemia resulted in all exper-

imental pigs in which initial parasitic attacks of E. suis were

allowed to proceed vlthout treatment. Parasites could be dem-

onstrated in blood smears from two to five days following the in-

oculation of susceptible animals or splenectomy of known carriers.

.'n extremely rapid rate of multiplication was observed in most

cases.

The time from experimental inoculation or relapse from splen-

ectomy to the first appearance of clinical symptoms varied from

six to ten days. Increased temperatures to 104.0* F. or 107.
e
F.

were observed when the parasites became numerous, and continued

until spontaneous reduction of the parasites ensued or death oc-

curred. Clinical symptoms became evident on the second or third

day in which the parasites had been very numerous. Fever, de-

pression, and inappatence were the early symptoms associated with

Intense parasitic infections.

Blood values began to fall at this point, and normoblasts

appeared in stained smears. Red cell counts dropped one or two

million cells per cu mm per day. A spontaneous reduction in the

number of parasites usually occurred during the development of

acute anemia, and a corresponding decline in temperature to

normal or subnormal occurred. The animals were weak and gaunt,
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and exhibited symptoms of dyspnea on forced exercise, constipa-

tion with bile stained feces, and anemic, icteric mucous mem-

branes.

lirythrocyte counts reached a low of from one to two million

cells per cu mm, A low count of 685,000 was observed in one

animal immediately prior to death. Hemoglobin values reduced

to a minimum of two to four gr.^ms per 100 cc of blood, and pack-

ed erythrocyte volumes fell to four or seven per cent. An ic-

teric index of from 18 to 25 was observed during acute blood

destruction. "White cell counts usually remained unchanged, how-

ever a marked leukocytosis was observed in several cases. Im-

mature erythrocytes appeared in increasing numbers as the a nemia

developed, and were mo3t numerous during the period of convales-

cence.

Spontaneous agglutination of the erythrocytes (observed by

Doyle, 1932 and Robb, 1945 in "ictero-anemia" ) was noted in all

experimental cases, and was usually associated with the period of

acute anemia. At this time blood sedimentation rates were ex-

tremely rapid. Sedimentation of 75 mm in one minute complete to

85 mm in five minutes was observed.

Repeated parasitic attacks occurred in splenectomized pigs,

with each attack repeating the course of the disease as described

above. After the second or third attack the parasitic invasions

were usually of shorter duration and of less intensity. The cor-

responding symptoms and blood damage also decreased. In these

experiments four animals died of acute eperythrozoonosis. Death

occurred in from one to five days following the appearance of
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clinical syaptoiis. Two animals, died in initial, untreated para-

sitic attacks; one animal died in the second attack, the first

being successfully treated; and one died in the fourth parasitic

recrudeaence, the three previous attacks being controlled by

treatment, A total of 35 experimental, parasitic attacks of E.

suis have been studied,
in ii i '

Recovered animals probably remain permanent carriers. Pig

1, vrtiieh had recovered from a natural field Infection, was proved

by 3ubinoculations and finally by splenectomy to have retained

i . suis a period of thrse months. Blood examinations made during

the two-month period prior to splenectomy rere negative.

Morbid Anatomy

The lesions observed in all four experimental cases that

died of acute ept rythrozoono3i2 were identical with those describ-

ed in field cases of "ictcro -anemia". Generalized icterus was

present throughout the body fat and tissues. The blood appeared

thin and watery. The liver exhibited a yellowish-brown color,

and the gall bladder contained a thick, gelatinous bile. The

heart and kidneys were pale and flabby, A few petechia were usu-

ally present on the mucosal surface of the bladder. The gastro-

intestinal contents were deeply stained throughout with a yellow-

orange bile. Hydro-pericardium and ascites were observed in two

pigs, the fluid being a clear, yellow color. Splenic lesions

were, of course, not observed in these studies. Bacterial exam-

inations of tissue were negative.
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Microscopically the principal changes were observed in the

liver. The severity of the lesions varied from mildly retrogres-

sive changes to a marked atrophy and necrosis of the central

hepatic cells. Varying amounts of hemosiderin and some lympho-

cytic infiltration were present in all. Parenchymatous and fatty

degenerative changes of the hepatic cells were present in all.

One field case examined also showed a severe central necrosis.

Spencer (1940) described similar microscopic lesions in field

cases of "ictero-anemia". The kidneys showed relatively little

change other than parenchymatous degeneration. No significant

microscopic lesions were observed in any of the other tissues

examined. Eperythrogoon parasites could not be distinguished in

tissue sections prepared with either hematoxylin-eosin or Oiemaa

stains.

Prevalence, Transmission, and Relation to Hog Cholera

Field observations suggested that Kperythrozoon infection

in swine is probably quite common. Additional opportunities

were afforded in these experimental studies to determine the

prevalence of E. suis and E. parvum in this locality.

Six of the experimental pigs obtained fiom a single herd

had been exposed to sows and older pigs in the herd for a period

of from June to August. As shown by splenectomy four were car-

riers of E. parvum , one a carrier of both E. parvum and E. suis ,

and one pig was negative. The known susceptible pig was infected

with both species following inoculation of pooled blood obtained
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from five pigs selected at random at a local livestock sales

pavilion. These five pigs represented five separate herds. The

animals varied from 40 to 200 pounds in weight.

Relatively little information is available as to the exact

modes of transmission of Eperythrozoon species. Sliot (1936)

succeeded in transmitting I. coccoldes with the louse, Folyplax

a errata . Jensen (1943) observed rapid transmission of E. wenyonl

when susceptible calves were exposed to carriers in the presence

of large numbers of biting flies. Eperythrozoon transmission in

swine is, in all probability, effected by biting arthropods.

This is indicated also by the seasonal occurrence of the major-

ity of cases of "ictero-anemla" in swine.

Quin (1958) and spencer (1940) noted that a rather signif-

icant number of cases of "ictero-anemia" follow in two to six

weeks after herd serum and virus vaccination for hog cholera.

An experiment was conducted to determine the possible transmis-

sion of E. 8uls in hog cholera virus. Blood heavily infected

with eperythrozoa was defibrinated, and phenolised to contain

0.5 per cent phenol. A phenol solution standardized by the Bu-

reau of Animal Industry to a content of 5 per cent was used in

securing the proper dilution. The treated blood was held at a

temperature of 37°P. for 15 days. Pour cubic centimeters was

then injected intravenously into a susceptible, splenectomized

pig. The pig remained negative for 30 days, and then was in-

fected with virulent carrier blood.

Prom this experiment it appears unlikely that Eperythrozoon

transmission occurs through the use of phenolized virus blood*
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Mechanical transmission from carrier to susceptible pigs may,

presumably, occur by means of vaccination needles used in serum

and virus injections. It would appear, however, that most cases

of post-vaccinal "ictero-anemia" are the result of natural in-

fection occurring coincidentally to the vaccination, rather than

from mechanical infection at the time of immunization. This is

indicated primarily by the occurrence of such cases only during

seasons in which relatively rapid transmission is to be expected

from insect vectors. The disease has not been reported follow-

ing vaccination or other surgical procedures during the winter

months. Lowered resistance of the animal during the hog cholera

virus reaction, described by McBryde (1942), possibly may allow

the parasite to increase to pathogenic numbers in a larger number

of pigs naturally infected during this period.

The effects of hog cholera virus reaction coincident to the

fever and anemia of subclinical eperythrozoonosis are unknown.

If "breaks" can occur under such conditions, in all probability,

they are confined in most cases to a relatively few animals in

the herd. Campbell (1945) found that "ictero-anemia" may incur

heavy losses when complicating swine erysipelas or hog cholera.

Chemotherapy

The specific action of arsenical compounds in Eperythrozoon

infections, as demonstrated by Neitz (1937) and others, prompted

investigations of specific therapy against B. suls . The exper-

imental chemotherapy of acute eperythrozoonosis of swine was con-
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ducted with neoarsphenamine because of the availability of this

drug. The detailed effects of various intravenous dosages upon

heavy infections of E. aula are shown in Table 4. Specific

action was obtained in single intravenous injection s at a dosage

varying from 15 mg/kg to 45 mg/kg, quicker action being obtained

with the larger doses. Parasites were removed completely from

the blood or reduced to non-pathogenic numbers in from 2 to 24

hours following initial therapeutic doses.

Most parasitic attacks were treated within 24 to 72 hours

after the animal had exhibited clinical symptoms. Two were treat-

ed prior to clinical symptoms, and did not develop visible evi-

dence of the disease. The clinical condition and body tempera-

tures returned to normal within 24 hours following effective

therapeutic doses. Some weakness remained in those individuals

in which blood values were considerably lowered by delayed treat-

ment. Blood destruction was halted almost immediately in most

cases by the removal of K. suis .

Spontaneous relapses occurred in nearly all of these splen-

ectomized animals, and were usually re-treated with neoarsphen-

amine. An increased resistance to repeated treatment was evi-

denced by E. suis in several animals. In pig 73 a marked re-

sistance was developed following an initial dose of 5 mg/kg,

which temporarily reduced the number of parasites. In two sub-

sequent attacks single therapeutic doses had no effect, and ad-

ditional injections were required to produce action.

In one case, pig 2, sodium cacodylate was injected intra-

venously at a rate of 0.3 grain per pound of body weight. The
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parasites increased rather than decreased during the following

72 hour period. The infection was controlled immediately with

neoarsphenamine.

These experiments indicate that neoarsphenamine and prob-

ably other drugs specific for Kperythrozoon should prove of value

in field cases of acute eperythrozoonosis. It is obvious that

such treatment will be of little or no value if delayed until

spontaneous reduction of the parasites and severe blood damage

have occurred. It is not expocted that severe, spontaneous at-

tacks will re-occur following specific therapy of unoperated

swine; however such determination can be made only by treatment

of field cases.

DISCUSSIOH

The observation of a blood parasite associated with the

"anaplasinosis-like disease" of swine immediately suggested that

the organism might be the etiological agent of the disease.

Kinsley (1932), Doyle (1932), Dicke (1934), and Doyle (1945) also

observed similar parasites connected with the disease, but appar-

ently made no attempts to identify the organisms observed. It

has been recognized, however, that this disease is typical of the

condition produced by blood protozoa ( Anaplasma , Piroplasma , Bart -

onella, and etc.).

"Ictero-anemia" is known to be a disease of sporadic occur-

rence. However, these studies indicated that E. suls is a common

blood parasite of swine in this region. It was evident, there-
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fore, that the observation of the parasite in affected animals

could not he considered final proof that the organism was respon-

sible for the pathological processes observed.

Data was gathered from field cases in a manner in which ob-

servations could be made on the relationship of the Eperythrozoon

infection to the course of the "anaplasmoala-like disease". The

experimental reproduction of acute eperythrozoonosia enabled a

comparison to be made of the disease process and pathology known

to be caused by E. suls with the diseaae process and pathology

of field cases thought to be due to E. suis *

In correlating the parasitic infection with the course of

the disease, the observation by Keitz and co-workera (1934) con-

cerning the course of acute eperythrozoonoais of sheep is of

particular significance. They found that the active multipli-

cation of eperythrozoa continued up to the tire when the first

aigns of anemia made their appearance in smears. Then the num-

ber suddenly decreaaed ao that when the anemia waa moat marked,

comparatively few or no organisms could be seen.

This characteristic disease course was found to be typical

of acute, experimental infections with E. sula (illustrated in

detail in Table 3). In addition increased temperatures were

found to be directly related to the degree of parasitic infec-

tion. High temperatures coincided with heavy infections, and

decreased as the parasites disappeared.

In comparing thia characteriatlc diaease course of acute,

experimental eperythrozoonoais to the data obtained in field

cases of "ictero-anemia" (Table 2), it will be noted that the
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disease processes are identical. Data obtained on pigs 1,4,6,7,

10, and 11 which apparently were observed at or near the peak of

parasitic infection, illustrate the course of acute eperythrozoon-

osis as described. Temperatures were increased early in the dis-

ease when the parasites were most numerous, and usually decreas-

ed as the parasites disappeared. .4, rapid decrease in the number

of parasites was also correlated with the development of an ane-

mic blood picture, the parasites being few or absent during mark-

ed anemic changes in the smear.

Additional evidence of etiology is indicated in the degree

of parasitic infection. Heavy perasitic attacks of E. suis in

experimental animals approximated the intensity of parasitic at-

tacks observed in field cuses of "ictero-anemia". The symptoms

and course of the disease following attacks in these two groups

of animals were identical, liild parasitic attacks were observed

in both experimental and field cases. These attacks resulted in

subclinical or no symptoms, stated in other words, the develop-

ment of a disease process in both experimental and field cases

depended directly upon the number of parasites present in the

parasitic attack.

Further indication that "ictero-anemia" is identical to

acute eperythrozoonosis is the identical pathology of each. How-

ever, it is not intended to imply that this can be considered

proof of etiology alone, since various blood parasites of animals

produce similar pathological changes.

The basis for establishing the parasite, E. suis , as the

etiological agent of "ictero-anemia" then lies in the fact that
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the disease was reproduced In experimental swine by the inocula-

tion of infectious material from field eases. The resulting

symptoms, disease course, and pathology were Identical with the

field cases.

Prom the observations made In these studies and information

available concerning other species of Eperythrozoon, a number of

puzzling aspects of the "anaplasmosis-like disease" of swine are

apparent.

Eperythrozoon suia is a common blood parasite of swine.

The majority of older animals, in all probability have been ex-

posed and infected vjhen young, and remain permanently immune,

latent carriers. Clinical cases usually are encountered, there-

fore only In young susceptible swine which are exposed to infec-

tion from carriers. A strictly seasonal occurrence is indicative

of insect transmission, as would be expected with the available

information concerning the Eperythrozoon species. The clinical

cases occur in an insignificant number of the animals actually

infected. Depending upon the intensity and duration of the para-

sitic attack, clinical, subclinical, or no symptoms may appear.

The majority of animals are capable of suppressing the multipli-

cation of the parasite, and as a result no blood damage or other

111 effects are incurred. Because of this wide variation in

severity, it would seem that the clinical condition is more com-

monly encountered than generally recognized, particularly in

cases in which blood destruction has not been excessive and prompt

recovery occurs. Experimental cases that undergo intense attacks

of short duration develop symptoms lasting only a day or two
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during this particular period. Immediate improvement ia evidenc-

ed upon the spontaneous reduction of the organisms, and the ani-

mals are eating and active during the mild anemic stage.

The inability of previous investigators to establish the

etiology of this disease may be attributed to a number of rea-

sons. The failure to use splenector-ized swine in transmission

attempts undoubtedly has been the primary reason. The failure

of investigators to Identify blood parasites observed in connec-

tion with the disease has been another. The characteristic reduc-

tion and disappearance of the parasite during the development of

the acute anemic stage most certainly adds to the difficulty in

diagnosis. Needless to s?.iy, good staining technique is essential

for the observation of the parasites. Heavy infections may eas-

ily be overlooked in slides stained in slightly excessive acid or

alkaline solutions, or lightly stained with Wright* s stain.

E. suie ia apparently the first species of this genus to be

incriminated as producing a clinical disease entity in naturally

infected animals under field conditions. As previously stated,

it has been determined that the severity of the disease depends

upon the number of parasites present in the blood and the dura-

tion of their presence. However, these studies have not explain-

ed why certain individual animals or groups of animals are unable

to suppress the multiplicstion of the parasites while the major-

ity of animals successfully inhibit its growth.

In general terms the reason may be advanced that these cer-

tain individuals possess a lowered resistance to this parasite.

There has been no evidence to indicate that the quantity of or-
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ganisms introduced materially influences the severity of the

disease or that there Is a noticeable difference in the virulence

of strains of E. suis . The factors which operate to influence

this susceptibility are unknown* They may be inherent in certain

individuals or derived from external sources. Harshfield (1949)

has reported the observation that nutritional anemia in young

pigs may be followed later by Mctero-anemla". Additional inves-

tigations will be required to determine what factors are neces-

sary to predispose normal, susceptible swine to acute eperyth-

rozoonosia.

The question arises why acute eperythrozoonosis has not been

observed in field cases in cattle and sheep, since it is apparent

that these animals commonly harbor Kpcrythrosoon . Kelts (1937)

and Jensen (1943) demonstrated experimentally that K. ovis may

produce an acute, febrile anemia in unoperated sheep. Icterus

was not particularly prominent. It does not seem improbable that

acute field infections may occasionally be observed in individual

sheep and the anemia attributed to gastro-intestinal parasites,

improper nutrition, or other causes.

There is no evidence at the present to indicate that clinic-

al symptoms of acute eperythrozoonosis may be observed in normal,

susceptible cattle. Kelt* (1940) observed mild parasitic infec-

tions when susceptible, unoperated cattle were infected with E#

wenyoni . Heavy parasitic infections in splenectomized calves «ay

result in a moderate to severe anemia, according to Kelts (1940)

and Jensen (1943).

In the author's observations K. suis , in heavy infections,
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has evidenced a much greater and a more constant ability to

bring about clinical yyraptoms and severe blood damage than either

E. ovls or E. vtenyonl . In 21 acute parasitic attacks studied in

splenactomiasd cattle and four studied in unoperated sheep the

two latter species of Sperjthrozoon produced variable degrees of

aneaiia, and clinical symptoms varying from none to severe. In

the majority of cases clinical symptoms were absent, and the ane-

mia mild. On the other hand, equally intense infections of E»

suia invariably resulted in clinical symptoms and severe blood

damage in untreated swine. It is the author's opinion that acute

eperythrozoonosis is much more likely to be encountered in field

cases in swine than in either sheep or cattle, because of the

greater pathogenicity of E. suls in heavy Infections.

SUMMARY

A blood parasite of the genus Eperythrozoon was observed in

eight field outbreaks of the clinical entity of swine known as

*ictero-anenla n or "anaplasmosis-like disease". Animal inocula-

tion studies established the organism as a new species to which

the name, Eperythrozoon suis, was given. The disease was repro-

duced in susceptible, splenectomized swine by the Inoculation of

infectious blood from a field case. The resulting symptoms, dis-

ease process, and pathology were identical to field cases. E.

suis was found associated with a clinical or subclinical anemia

in a total of 21 Individual field cases.

The characteristic course of the disease was noted in both

field and experimental cases. This consisted of a severe para-
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sitic attack in which symptoms of fever, depression, and anorex-

ia were present. Severe and rapid blood destruction quickly

followed, and the parasites spontaneously became reduced in num-

bers. The animals exhibited a lowered temperature, pale and

icteric mucous membranes, marked weakness, and constipated bile-

stained feces at the onset of acute anemia. Repeated spontan-

eous relapses occurred in splenectomized swine and repeated the

course of the disease as described. A total of 35 acute attacks

of E. suis were studied in the experimental investigations.

It was found that the severity of the disease is dependent

upon the intensity and duration of the parasitic attack. The

disease could not be reproduced in unoperated swine because of

mild infections which followed experimental inoculation. Mild

parasitic infections were also observed in many of the animals

in herds undergoing acute eporythrozoonosis. Parasitic infec-

tions, which were equal in intensity to those observed in field

cases of acute eperythrozoonosis ("ictero-anemia"), were repro-

duced experimentally by the use of splenectomized swine. It

was indicated that the majority of young swine in enzootic areas

undergo infection with E. suis , and usually are unaffected by the

mild attack that results. All infected animals probably remain

permanent carriers.

The exact mode of transmission is unknown, but Is presumed

to be by insect vectors. E. suis could not be transmitted in

heavily infected blood which was subjected to the same conditions

as hog cholera virus blood.

Specific therapy against E. suis was obtained with neoars-

phenamine in single, intravenous dosages varying from 15 to
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45 mg/kg. An increased resistance to repeated treatment was

evidenced by E. suis in several cases. Sodium cacodylate was in-

effective at an intravenous dose of 0,3 grain per pound of body

weight.

An apparently non-pathogenic blood parasite, designated as

Kperythrozoon parvum was observed in the experimental studies,

E. suis and E. parvum were both found to be common parasites of

swine in this locality.

It is concluded that the disease of swine described in the

literature as "ictero-anemia" or "anaplasmosis-like disease" is

the result of acute infection with Eperythrozoon suis . Should

additional agents be found to produce similar symptoms and path-

ology, it will be necessary to differentiate these from acute

eperythrozoonosis

.
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