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ABSTRACT

Studies of the pathogenicity for laboratory animals of organisms of the
genus Chlamydia (psittacosis-LGV-trachoma group) recovered from di
birds and mammals were extended to include three strains isolated from cows
which had a history of encephalomyelitis or abortion. Each of the strains
was titrated or passaged in chicken embryos, mice, guinea pigs, pigeons, turkeys,
sparrows, parakeets and sheep. In terms of pathogenicity for these ani , one
of the bovine abortion strains was identical to a previously studied pigeon strain
in that it produced severe systemic disease indistinguishable from psittacosis in
mice, pigeons, sparrows, parakeets and turkeys, while not affecting sheep or guinea
pigs. The second abortion strain produced lesions in mice and chicken embryos
only. The encephalomyelitis strain caused death and severe lesions in guinea pigs
and dwarfing of chicken embryos but otherwise failed to affect the other test
species. The “pathotype” determination may reveal significant epizootiologic
relationships and may be useful in identifying the source of chlamydiae to do-
mestic animals or in recognizing mutants with new pathogenic capabilities.

INTRODUCTION

The app-oach to this work was to
compare strain of Chlamydia® origi-
nally isolated from diseased wild and
domestic animals for their pathogenicity
for selected laboratory animals in the
hope that the resultant pathogenicity
patterns might reveal which “pathotypes”
(=defined pathogenicity ~spectrum)
were potential disease agents for domes-
tic animals. Also, comparisons of patho-
types might illumine relationships be-

tween strains which previously were
thought to cause only one disease syn-
drome in certain animal species. Knowl-
edge of these relationships would assist
in the identification of reservoir hosts
which might serve as sources of chlamy-
dial agents to domestic animals.

Little evidence, if any, has been re-
ported to ascertain the original source
or reservoir of the chlamydial agents to
affected animals in past epizootics of
encephalomyelitis, abortion, arthritis, or

@ Oral presentation at the 67th Annual Meeting of the American Society for Microbiology,

New York, N.Y., May 1, 1967.

The taxonomy Subcommittee on the Chlamydiaceae of the American Society for Mi
biology has approved a proposal™ to include all organisms of the psittacocis-L%V?:ud)loc;:

group in the genus Chlamydia.
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pneumonia in domestic cattle and sheep
in the United States after the causative
chlamydiae were isolated and identified.
This is not true in the case of man, for
one of the major reservoirs of chlamydiae
for humans since the 1890’s has been
infected psittacine birds. Other wi'd and
domestic bizds have also been p-oven
to be sources of the disease agent for
man. In chlamydial epornitics in do-
mestic turkeys, investigations have re-
vealed that pigeons,! sparrows® or
nest mites® in the immediate vicinity of
the diseased turkeys were also infected.
Ticks and other arachnids have been
implicated as mechanical carriers of
chlamydiae in areas where epizootic bo-
vine abortion occurs.” In no epizootics
in domestic animals, however, has the
natural reservoir been identified. This
aspect of chlamydial epizootiology de-
serves further investigation.

The pathogenicity spectra of chlamy-
dial strains from a variety of human and
animal sources have been charted for
diagnostic purposes p-eviously by Meyer
and Eddie®. The spectra developed
through their investigations were based
on observations of laboratory animals
inoculated by several routes with large
numbers of organisms. Their informa-
tion was useful for selecting the appro-
priate animal species and route for iso-
lating and propagating various chlamy-
dial strains. The work reported here
was concerned with chlamydial strains
that presumably have an opportunity to
infect wild reservoir hosts and domestic
animals, all of which intermingle in the
same farm environment. Thus, our test
animals included wild and domestic birds
and a domestic mammal, as well as the
usual laboratory animals.

The immediate objectives were (1)
to determine the pathogenicity patterns
of three chlamydial strains recovered
from cattle which had signs of encephal-
omyelitis or had aborted, and (2) to
compare the results of these tests with
the patterns previously established!? for

four chlamydial strains recovered from
a diseased turkey, a pigeon, an aborted
ovine fetus and a lamb with infectious
polyarthritis.

MATERIALS AND METHODS

Except for variances noted below, the tech-
nical details connecied with the procurement,
preliminary testing, management, infection,
and clinical, pathologic and serolozic observa-
tions on the test animals are found in a previ-
ous report’>. However, a brief recounting of
essential facts and me:hods is desirable.

The test animals and ages were: mice, 4
weeks of age; guinea pigs, 6 weeks of age;
pigeons, 6-8 weeks of age; English sparrows,
3-12 months of age; parakeets, 3-6 months of
ace; Broad Breasted Bronze turkeys, 6 weeks
of age; Dorset lambs, 2 months of ave; and
White Leghorn chicken embryos, 7 days of
incubation. All of the animals except chicken
embryos, mice and guinea pigs were housed
in plexiclas caces. Each cage had its own
separate filtered air intake and exhaust and
sewage disposal systems which prevented any
cross contamination be‘ween grouos of ani-
mals. Preliminary serologic, clinical and ne-
cropsy studies of all sroups of animals assured
procurement of healthy animals (except one
case noed in Results) which were negative
for orevious chlamydial infection. After 2 to
3 days acclimation of the animals to their
caces, they were inoculated on the same day
with the annronriate suspension of chlamy-
diae. All of the animals were inoculated by
the inrraneritoneal roure evceot piveons (in-
tracerebral rouse) and chicken embryos (yolk
sac roure). After inoculation. the animals
were obcerved several times daily for two
weeks, afrer which all survivors were bled for
seroloey (evcent mice), killed and examined.
Animals which died during the test were
promptly necropsied. Records of clinical signs
and gross lesions were made, and tissues from
renresentative groups of animals (wih and
without lesions) were saved for chlamydial
isolation attempts.

Chlamydiae were reisolated from tissues of
affected test animals either by (a) inoculat-
ing mice intraperitoneally, looking for typ-
ical chlamydial lesions at necropsy two weeks
later, and examining exudates for the presence
of Chlamydia infected monocytes (Figure 1);
or, (b) inoculating triturated tissues into
chicken embryos and looking for typical gross
lesions in the yolk sac and embryo when the
embryo died. Identification of the newly iso-
lated organisms was confirmed by prepara-
tion of an antigen from infected yolk sacs
and titrating the antigen against chlamydial
antiserum in a complement fixation test.

For purposes of inoculation, a sinzle series
of tenfold dilutions of a suspension of each
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FIGURE 1. Monocyte from the peritoneal

exudate of mouse inoculated

with Chlamydia. The cyto-
plasm of the cell is dotted with
maturing chlamydial bodies.
Phase  contrast  photomicro-
graph. 4500X.

chlamydial strain was prepared, and certain
volumes of each of selected dilutions were
inoculated into groups of each animal species.
The full series of dilutions from 107 to
10"® were inoculated into chicken embryos,
mice and guinea pigs to determine the lethal
and infective 50 percent endpoints for each
chlamydial suspension. e other test an-
imals received a single amount of the 107 di-
lution of the suspension only. The volume
of each inoculation dose is listed in Table 2.

The number of animals used per dilution
of the original suspension of organisms was
ten chicken embryos, ten mice, six guinea pigs,
six pigeons, eight sparrows, six parakeets, six
turkeys, and one lamb.

The direct complement fixation me*hod for
de-ection of chlamydial group antibodies was
used for the pre- and post-inoculation serology
of the guinea pigs, pigeons and lambs. The
indirect comolement fixation method as previ-
ously described’® was used for sera from
sparrows, parakee's and turleys. Only ani-
mals clinically and serologically negative with
respect to psittacosis were used so that the
post-inoculatinn presence of circulating chlam-
ydial an‘ibodies in animals reflected a rrecific
chlamydial antigenic stimulation. The chlam-
ydial inocula were prepared by propagating
each strain in the lungs of mice (after intra-

nasal instillation) ; thus, harvested, triturated,
Chlamydia-infected mouse lungs were

as inocula for pathogenicity tests. The pur-
pose in using mouse-propagated chlamydial
inocula instead of egg-propagated inocula was
to avoid the development of antibodies to egg
proteins in the test animals. Such antibodies
would interfere with the complement fixation
tests since the chlamydial antigen used in the
serologic tests was prepared wtih egg-propa-
gated chlamydiae.

Chlamydial Strains. The bovine abortion
strains were obtained from two sources.. The
first strain, labelled Wolfsen Cattle (WC),
was received from Dr. B. Eddie of the Uni-
versity of California’s Hooper Foundation in
San Francisco. This strain was isolated in
1963 from the intestinal tissues of a cow with
hemorrhagic enteritis. The organism was im-
plicated in an epizootic of bovine abortions in
California and also was implicated in a case
of fatal pneumonitis in the owner of the af-
fected cattle’. A 10th yolk sac passage cul-
ture of the organism was passaged in mice
for use in the present pathogenicity tests.

The second bovine abortion strain, labelled
“EBA” was obtained from Dr. D. G. Mec-
Kercher of the University of California, Davis.
This strain was “isolated in 1959 by Dr. J.
S-orz from tissues of an aborted bovine fetus™.
The pathogenicity of this strain for pregnant
cows, for various tissue cultures, and for
chicken embryos has been described™, but its
pathoeenicity for other animals has not been
reported. A 10th yolk sac culture propagated
in mice was used as inocula for the present
tests.

The bovine encephalomyelitis strain, la-
belled “McNutt” and “E58” was isolated in
Towa in 1940 by Dr. S. H. McNutt from the
pleural exudate of one of a group of calves
showing signs of encenhalomyelitis®. The
strain was passaged in chicken embryos and
frozen; infected yolk sacs from these em-
brvos were sent to the laboratory of Dr.
Herald Cox of Lederle Laboratoriec. Ameri-
can Cyanamid Co., Pearl River, N.Y.. from
which cultures were sent to Dr. John Enricht
of the University of California, Davis. Dr.
Enricht gave the author a 14-h egg passage
culture of the strain. A 16°h e-g passace
culture propacated in the lungs of mice was
used in the present tests.

RESULTS

Results of the inoculation of groups
of various species of animals with three
chlamydial strains isolated from diseased
cattle are listed in Tables 1 and 2, and
a schematic diagram of these results in
comparison with those previously pub-
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FIGURE 2. Schematic chart representing the
eight species of test cnimals.
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pathogenicity of wvarious chlamydial strains for

lished for four other chlamydial st-ains
is presented in Figure 2.

The “WC” bovine abo-tion strain p-o-
duced lesions typical of psittacosis in
mice, pigeons, sparrows, parakeets, and
turkeys, and no lesions in guinea pigs
and lambs. The severe lesions caused by
this strain in turkeys, for example, are
seen in Figure 3. As shown in Figure 2,
the “WC” strain had the same patho-
genicity spectrum for the test animals as
did the chlamydial strain isolated from
pigeons. In fact, the gross lesions p-o-
duced by either strain in a given test
animal were indistinguishable.

In contrast, the “EBA” strain was of

very mi'd virulence; for it produced vis-
ible lesions only in mice and in chicken
emb:ryos.

The “McNutt”  encephalomyelitis
strain caused a severe, fatal infection of
guinea pigs, paralleling that caused by
either the ovine arthritis or turkey orni-
thosis strain. The “McNutt” strain was
unique among all the strains, however,
in that it caused consistently a dwarfing
of embryos (Fig. 4) and a late embryonic
death pattern in chicken eggs inoculated
with diluted suspensions of o-ganisms.
This strain failed to p-oduce any visible
effect on any of the other test species,
except in the instance noticed below.
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TABLE 1. Results of titration of suspensions of three chlamydial strains in chicken embryos,
mice, and guinea pigs.

Number 50 Percent Endpoint Units per MID
Bovine Abortion Strains  Bovine Encephalomyelitis Strain

Host Endpoint “wWC” “EBA” “McNutt”
Ch:cken embryo Death 8,000,000 250,000 12,500
Mouse Death 630,000 0 0
Lesions 63,000,000 10,000 0
Guinea pig Death 0 0 20
Lesions 0 0 100,900

@ A single suspension of each chlamydial strain was titrated in all of the anima! species.
Le-hal and infective endpoin-s were de-ermined by the me:hod of Reed and Muench13.

TABLE 2. Gross Lesions and serology of animals inoculated with three chlamydial strains
isolated from diseased cattle.

Positive
Host S:rain - Route Dose (ml)  Gross Lesions and Signs Serology@
Chicken embryo WC YS 0.1 Severe vascular congestion, Not done.
early death.
EBA YS 0.1 Vascular congestion, late death. Not done.
McN. YS 0.1 Dwarfed embryo; vascular con- Not done.
gestion, very late death.
Mouse wC 1P 0.5 Severe f.brinous peritonitis,[ Not done.
splenomegaly, early death.
EBA IP 0.5 Splenomegaly, survival. Not done.
McN. IP 0.5 None. Not done.
Guinea pig wC 1P 0.5 None. 2of 6
EBA IP 0.5 None. 2 of 6
McN. IP 0.5 Severe fibrinous peritonitis, peri- 6 of 6
hepatitis, splenomegaly, death.
Pigeon wC IC 0.1 Splenomegaly and airsacculitis. 5 of 6
EBA IC 0.1 None. 5 of 6
McN. IC 0.1 None. 5 of 5
Sparrow wC IP 0.2 Severe peritonitis, airsacculitis, 8 of 8
splenomegaly, survival.
EBA 1P 0.2 None. 0of 8
McN. IP 0.2 None. 0 of 8
Parakeet wC 1P 0.2 Severe peritonitis, airsacculitis, 20of 5
splenomegaly, hepatomegaly, death.
EBA 1P 0.2 None. 0of 5
McN. IP 0.2 None. 0of 5
Turkey wC 1P 1.0 Severe peritonitis, airsacculitis, 4 of 4
per:hepatitis, pericarditis, survival.
EBA 1P 1.0 None. 1of 6
McN. IP 1.0 None. 20of 6
Lamb wC 1P 1.0 None. 1of 1
EBA IP 1.0 None. 1of 1
McN. IP 1.0 None. 1of 1

@ The evidence for the presence of perizonitis, airsacculitis, etc. was based on phase contrast
microscopy of exudates from the peritoneal cavity, airsac membranes or organ surfaces.
These exudates invariatly con:ained large numbers of mononuclear cells which often had
intracytoplasmic chlamydiae (Fig. 1).

@ Column indicates number of serologically positive animals of total number inoculated.
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it

FIGURE 3. Diseased viscera of a turkey inoculated with the “WC” bovine abortion strain
of Chlamydia. Note fibrinous film covering liver and the thickened, exudate
covered thoracic and abdominal air sacs.
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FIGURE 4. The ebryo on the Ic[ shows dwarfing with hemorrhage and congestion o}

the yolk sac capillary beds caused by growth of the “McNutt” bovine encephalo-
myelitis strain. The infected embryo was inoculated via the yolk sac at 6 days
of incubation and died at 20 days of incubation. The normal embryo on the
right was killed at 20 days of incubation.

Although both the “EBA” and “WC”
strains were avirulent fo: healthy turkeys
(Table 2), it was fo-tuitously observed
that the same strains were su-p-isingly
virulent fo- turkeys concurrently infected
with fowl pox virus. In separate tests
not recorded in table 2, the “EBA” and
“McNutt” st-ains were inoculated into
poults which had unknowingly been vac-
cinated with a suspznsion of live fowl
pox vi-us just ptior to procurem=nt of
the birds for expzrimental pu-poses.
Other membe-s of the sou-ce flock of
turkeys from which the exp:rimental
birds were purchased had shown signs
of a natural fowl pox infection, and the
owner p-omptly vaccinated all of his
birds without mentioning the fact to p-o-
curement officers. One day p-ior to the
intraperitoneal inoculation of the tukeys
with chlamydiae, the birds showed skin
lesions typical of fowl pox around their
heads and at the site of vaccination in
the wing web. It was decided to infect
the birds with chlamydiae anyway. The
dually infected birds were held for two
weeks, killed and examined. It was im-

mediately apparent that the turkeys had
developed lesions of severe ornithosis:
thickened airsacs covered with inflam-
matory exudate, enlarged spleens, peri-
hepatitis and pericarditis (Figure 5).
Control birds which had not been in-
oculated with chlamydiae developed pox
lesions also, but had no other gross le-
sions of the airsacs, viscera and other
organs. Subsequently, the pox virus was
isolated from skin lesions of the latter
birds and was introduced in pure culture
intradermally and intraperitoneally into
normal turkeys. The virus p-oduced typ-
ical skin lesions in these birds and failed
to cause any visiblé changes in airsac
membranes. The “EBA” and “McNutt”
chlamydial strains were also inoculated
int-aperitoneally into another set of nor-
mal turkeys and both failed to produce
any sign of airsacculitis or gross lesions
similar to those caused by the “WC”
strain or other pigeon or turkey strains
of Chlamydia.

Titration of the various strains in
labo-atory animals emphasized the great-
er sensitivity of guinea pigs over chicken
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FIGURE 5. Gross lesions in young turky inoculated with MNutt ’

§ T e
bovine encephalomyelitis

strain of Chlamydia following inadvertent vaccination for fowl pox. The com-
bined infection produced severe airsacculitis and serositis in turkeys whereas fowl
pox virus alone or the “McNutt” strain alone did not produce airsacculitis in

other turkeys.

embryos in determining the number of
infectious particles in a suspension of
certain chlamydial strains. When a sus-
pension of either the encephalomyelitis
strain or the ovine arthritis strain was
titrated simultaneously in guinea pigs
and chicken embryos and the infective
and lethal 50 percent endpoints were cal-
culated for each titration two weeks after
inoculation, the ID;0 endpoint in guinea
pigs was considerably higher than the
LDj0 endpoint in chicken embryos. As
shown in Table 1, the number of embryo

LD;0 units determined for the suspen-
sion of the “McNutt” strain was found
to be 12,500 per ml while the guinea pig
IDj50 units was 100,000 pzr ml. Similar-
ly, in a previous report!2?, the number
of embryo LDj;o units in a suspension
of ovine arthritis chlamydiae was 3,000,-
000 while the guinea pig ID;0 units for
the same suspension was 250,000,000.
This makes the guinea pig the host of
choice for isolation of chlamydiae from
encephalitic cattle or arthritic lambs.
Complement fixation tests on the ser-
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ums from the various infected animals
substantiated that chlamydial organisms
were indeed introduced into the test ani-
mals where they p-oduced an antigenic
stimulus (Table 2). The “WC” strain
stimulated an antibody response in every
species tested. The “EBA” and “Mec-
Nutt” strains caused an antigenic stim-
ulus in all species except sparrows and
parakeets.

O:ganisms of the “WC” strain were
readily reisolated in mice from tissues of
all the affected species inoculated with
this strain. The “EBA” and “McNutt”
strains were reisolated in chicken embryos
from all affected species.

DISCUSSION

In the author’s view, the observations
reported here have some bearing on the
epizootiology of chlamydiosis (this term
being used to describe disease in any
species caused by a chlemydial organ-
ism). The fact that the “WC” and
“EBA” bovine abortion strains differed
widely in their pathogenicity spectra in-
dicates (a) that no single chlamydial
strain with a given pathotype is the sole
cause of chlamydial abortion in cattle,
and (b) suggests that the two strains
originated from different chlamydial res-
ervoir hosts. This is because a chlamydial
strain, such as “EBA”, with a limited
pathogenicity range, would tend to be
restricted to a few natural hosts (includ-
ing bovines), whereas strains with a
broad pathogenicity pattern, such as
“WC”, would tend to be causing vary-
ing disease synd-omes in a variety of
natural hosts. This b-oad pattern is
characte-istic of chlamydiae isolated
from wild avian hosts. Supporting this
theo:y is the fact that the “WC” strain
was not only implicated as a cause of
bovine abortion but also as the cause of
fatal pneumonitis in the owner of the
affected cattle?.

The identity in pathogenicity spectra
shown for the “WC” and previously
studied pigeon ornithosis strain suggests

that both strains had a common reser-
voir host. Probably the host is a pigeon
species since other chlamydial isolants
from pigeons have similar pathogenicity
spectra.

There is an interesting parallel ob-
servation reported by Schachter!'*. He
isolated chlamydiae from inguinal lymph
node exudate of a man showing lesions
typical of lymphogranuloma venereum.
These organisms could not be distin-
guished by pathogenicity pattern or by
tests for glycogen p-oduction or sulfa-
diazine sensitivity from chlamydiae nor-
mally recovered from infected psittacine

birds.

Schachter’s observations and those re-
ported here point to the inadvisability of
assigning any one chlamydial pathotype
to a specific natural disease.

It should also be noted that serologic
similarity between the specific cell wall
antigens of two strains of chlamydiae
does not necessarily reflect an identity
of pathogenic capabilities for the two
strains. Fraser and Berman* have shown
that an ovine arthritis strain and the
“McNutt” encephalomyelitis strain have
cell wall antigens that specifically cross
react in complement fixation tests. Yet,
in our present tests, the two strains dif-
fered in their pathogenic effects on two
of the eight test species. The arthritis
strain invariably caused arth-itis in lambs
while the “McNutt” strain did not. The
“McNutt” strain caused dwarfing of
chicken embryos while the arthritis strain
did not.

Thus it appears that although patho-
typing or sezotyping may be useful for
epizootiologic pu-poses, those techniques
do not allow the chlamydiae to fall into
natural groups for taxonomic purposes.
In regard to this, all of the strains repre-
sented in Figure 2 weze tested for glyco-
gen p-oduction and sensitivity to sodium
sulfadiazine and found to be negative.
Therefoze all of these strains belong in
the second of Go=don and Quan’s® two
natural groups of chlamydiae.
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It seems likely that there is a large genic or serologic characteristics, that in-
reservoir of chlamydial agents, perhaps  termingle among many species of the
with common mo:phologic or chemical animal world.
characteristics® but with varying patho-
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