




IV. Aetiopathogenetic features Suppl. p. 113

fluid and plaques of fibrin. The tendon sheaths were
distended and contained turbid synovial fluid.
Surrounding muscles were hyperaemic and
oedematous with petechiae on the associated fascial
planes.
The reactive histological changes in synovial

membranes, joint capsules, tendon sheaths, tendons,
ligaments, periarticular connective tissue, and
muscles were inflammatory and proliferative
(Figs 1-6). Synovial lining cells became swollen and
hyperplastic, and their size varied. As the infection
progressed, the synovial lining cells assumed a
pseudostratified appearance. Infiltration with
leucocytes and lymphocytes occurred at this stage.
The synovial connective tissue became hyperaemic
and oedematous, and foci of mononuclear cells
accumulated. In advanced stages the joint capsules
and tendon sheaths thickened fibrotically. This was
associated with an extensive inflammatory response
that consisted primarily of infiltration by monocytes,
lymphocytes, macrophages, and plasma cells.
Electron microscopic investigations on infected
synovial tissues were reported, but the stages of
chlamydial development were not related sufficiently
to the cellular changes in the synovial tissues.
In cultured cells maturation of chlamydial

inclusions caused activation of the lysosomes.314
Subsequent lysis of the host cell released lysosomal
enzymes and cell debris. These released enzymes
could contribute to the inflammatory reaction and
damage to synovial tissue in the course of the
infection.

Fig. 2 Synovial membrane with severe inflammatory
reaction in a polyarthritic lamb with chlamydial
infection. (Haematoxylin and eosin.)

Fig. 3 Inflammatory reaction in skeletal muscle from
a polyarthritic lamb. Note inflammatory cells and
oedema between muscle fibres. (Haematoxylin and eosin.)

Fig. 1 Villi ofsynovial membrane of lamb with
naturally occurring chlamydial polyarthritis. Note
pseudostratified synovial cells, hyperaemia, and
infiltration of lymphoblastoid cells. (Haematoxylin
and eosin).

Fig. 4 Affected tendon with accumulation of
inflammatory cells and oedema. (Haematoxylin and eosin).
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Fig. 5 Granulomatous infiltrations ofpars synovialis
with various types ofinflammatory cells 21 days
after intramuscular inoculation of lamb with type 2
chlamydial strain. (Haematoxylin and eosin.)

Fig. 6 Tendovaginitis andperitendinitis 21 days
after inoculation oflamb with type 2 chlamydial
strain. (Haematoxylin and eosin.)

Conjunctival and genital lesions

Chlamydiae of serotype 2 were isolated from lambs
with keratoconjunctivitis who did not have joint
involvement. However, virtually all lambs with
polyarthritis also had conjunctivitis. Chlamydial
cytoplasmic inclusions were detected in conjunctival
cells of these lambs.297 300

Sexually mature rams that were inoculated
parenterally developed chlamydaemia and poly-
arthritis. About five to seven days after inoculation,
when chlamydaemia ceased, they excreted
chlamydiae in semen and continued to do so for
extended periods. The semen quality deteriorated
and became purulent.301 chlamydiae were isolated

from testicles, epididymis, and from the accessory
sex glands.
Some of the calves developed serositis ofperitoneal

and pleural cavity surfaces after oral or parenteral
inoculation. The visceral organs were then covered
with a thin layer of fibrinous frosting.

Discussion and conclusions

Chlamydial agents of serotype 2 were isolated from
lambs and calves affected with polyarthritis, con-
junctivitis, and intestinal infections. Disease identical
to the naturally occurring one was induced by
subcutaneous, intramuscular, intravenous, intra-
articular, or oral exposure. These investigations
identified chlamydiae of serotype 2 as a unique and
important pathogen that has specific arthro-
pathogenic properties which were not detected in
chlamydiae associated with other disease conditions
of cattle and sheep. This agent also induced poly-
arthritis in dogs, but it has not been tested in other
animal species. Chlamydiae isolated from joints of
arthritic swine have not been sufficiently
characterised, and comparative investigations are
needed.187 The chlamydial infections described
present unique models to study the pathogenesis of
infections leading to polyarthritis.

Intestinal infection was recognised as an important
initial step in the pathogenesis of chlamydial poly-
arthritis. This infection was cytocidal for a wide
range of different intestinal epithelial cells as well as
macrophages and endothelial cells. The loss of cell
functions and the accelerated cell death induced
increased cell turnover and primary diarrhoea that
was particularly severe in the young. The mechanism
of penetration of the intestinal mucosa involved
cytocidal chlamydial infection of epithelial cells,
changes in intercellular relationships, and damage to
the basal lamina. Infection of endothelial cells was a
final event in the penetration ofthe intestinal mucosa.
Release of chlamydiae from infected endothelial cells
lead to chlamydaemia, during which the synovial
target organs become infected.

Different synovial tissues and structures became
infected. The actual arthropathogenic mechanisms
have not been sufficiently explored. The host cell
range of cells in synovial tissues and chlamydial
interaction with these cells has not been explored.
Infected intestinal epithelial cells attracted poly-
morphonuclear leucocytes and lymphocytes.
Chlamydia-cell interactions in synovial tissues and
the ultimate effect of chlamydial multiplication on
these cells need to be explored.
Unique properties were detected in chlamydiae of
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serotype 2. Only strains with this antigenic make-up
were isolated from animals affected with poly-
arthritis. Furthermore, only these chlamydial strains
had arthropathogenic properties. The response of
serotype 2 strains to host cells treated with cyclohexi-
mide or DEAE-dextran further distinguish these
strains. An important implication of the cyclohexi-
mide effect is that these strains are more dependent
on cellular functions than other strains of C.
psittaci or C. trachomatis. This high degree of
dependence on eukaryotic host cell functions may
contribute to the unique pathogenic potential of the
chlamydial strains causing polyarthritis.

General discussion

PROF. A. S. RUSSELL: If you can show the organisms in
semen have you documented venereal transmission
too ?
PROF. STORZ: Initially the disease does not have to be
transmitted sexually. Once an animal is infected and
excretes chlamydia in the semen it becomes
temporarily sterile. But not so if normal semen was
contaminated in vitro and inseminated artificially.
After fertilisation from a diseased bull or ram we
could occasionally harvest embryos that had reached
the eight to sixteen cell stage, but the intrauterine
environment was probably changed and nidation or
pregnancy did not occur. Infection of the endo-
metrium has been observed but no other adverse
effects.
PROF. A. E. GOOD: Was it your opinion that diverse
disease manifestations were due to infection in the
various organs rather than to a 'reactive process'?

PROZ. sTORz: On the one hand, we traced the infection
in the joints of lambs and calves for 21 to 28 days.
On the other hand, we did electron microscope
studies with Dr. Walter Norton and found that the
'reactive process', as you call it, persisted for quite
some time beyond the infectious stage. But even in
that reactive stage we saw unusual inclusions and
were not sure whether they were chlamydial in
nature.
PROF. M. ZIFF: There were very few plasma cells in
your synovial inflammation. This looks like a
cellular rather than a humoral immune response.
PROF. STORZ: We studied the relationship of the
infectious agent with the different cells. The intestinal
tract macrophages in the young animal were readily
infected and were good substrates for chlamydial
replication. Plasma cells also were taking up the
agent but the chlamydial multiplication process was
arrested. At 56 days the joint lesions contained
plasma cells.
DR. E. ALBERT: Concerning the susceptibility to this
infection, did you have any animals that did not get
infected with a standard oral dose of chlamydia? If
so, was there a sex difference?
PROF. STORZ: We did not look at the sex difference.
We just took calves as we got them. Susceptibility
varies with age. Younger animals are much more
susceptible to oral exposure. We could infect almost
all lambs that were free of chlamydial antibodies and
induce arthritis. Sometimes the reaction was not
quite so severe. When they were left alone and fed,
so that they would not have to walk, the reaction was
less severe. Rest helps them as it does humans with
arthritis.
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