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Abstract — This paper reviews new findings on ovine chlamydial abortion. Concerning chlamy-
dial taxonomy, with the recent advances due to the analysis of the ribosomal genes, nine geno-
typic groups were identified separated into two lineages. It also describes the transmission of the
disease, the site of entry of the organism and chlamydial shedding by underlying the role of
latent infections. Recent results also concern the pathogenesis, with the kinetics of placental col-
onization and placental pathology leading to abortion in ruminants. Studies using experimental
infection in a pregnant mouse model have allowed the identification of target placental cells and
have shown the differential evolution of the infection according to the stage of pregnancy. Dif-
ferent diagnosis techniques are compared (ELISA, PCR and immunofluorescence for the direct
diagnosis) but also the possibilities of distinction between antibodies against Chlamydia pecorum
and Chlamydia psittaci (for serodiagnosis). The recent advances on prophylaxis are presented, as
well as the research efforts needs for the next century. © Inra/Elsevier, Paris
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Résumé — Avancées récentes sur la chlamydiose ovine abortive. Cet article est une revue des
résultats récents sur divers aspects de la chlamydiose ovine. Concernant la taxonomie des chia-
mydia et plus spécialement les modifications apportées par I'analyse de la séquence des geénes ribo-
somaux, neuf groupes génétiques, séparés en deux lignées, ont été€ identifiés d’apres la séquence
de I’espace intergénique 16S-23S. La transmission de la maladie est ensuite décrite, de méme que
les sites de pénétration de la bactérie et I’excrétion des chlamydia, en soulignant tout particulie-
rement I'importance des infections latentes. Les nouvelles données concernent également la
pathogénie par la cinétique de la colonisation du placenta et de I’induction des lésions aboutis-
sant a I’avortement chez les ruminants. Des études menées lors d’infections expérimentales de la
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souris gestante ont permis d’identifier les cellules placentaires cibles et de suivre la progression
de cette infection suivant le stade de gestation ou elle se produit. Les avantages et les inconvénients
des techniques Elisa, PCR ou d’immunofluorescence pour la mise en évidence des chlamydia, ainsi
que les possibilités de distinction des anticorps dirigés contre Chlamydia psittaci ou Chlamydia
pecorum pour le diagnostic sérologique, sont abordés, ainsi que les méthodes actuelles de pro-
phylaxie. La revue fait également le point sur les efforts de recherche a faire dans les années & venir.

© Inra/Elsevier, Paris
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1. INTRODUCTION

Chlamydia spp. are obligatory intra-
cellular bacteria that replicate in the phago-
some. They are widely distributed in the
animal kingdom. In ruminants Chlamy-
dia is responsible for several syndromes or
infections which can be classified into
three groups:

— clinically inapparent infections such
as those of the intestine;

— local infections limited to the epithe-
lial cells of the mucous surfaces, as they
are the entry portal for chlamydiae, and
as such may cause enteritis, conjunc-

tivitis, mastitis or genital infections
such as epididymitis and orchitis;

— systemic infections spread by the blood
after the microorganism has entered the
body through infected mucous mem-
branes and leading to abortion,
pneumonitis, polyarthritis and
encephalomyelitis.

Abortion, known as ‘enzootic abortion
of ewes’ (EAE) has economic and public
health impacts. It is probably the most dra-
matic chlamydial infection of ruminants.
This disorder induces abortions during the
last weeks of pregnancy or premature
births of weak lambs of low weight.
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Losses due to this disease are difficult to
evaluate accurately, but they are probably
the most severe encountered by produc-
ers, The birth of lambs or kids is required
regardless of whether production is ori-
ented towards meat, milk, wool or replace-
ment stock. During the acute phase of the
disease 30 % of the pregnant ewes and
sometimes more than 60 % of the preg-
nant goats may abort. However, the
infected animal is then afforded a very
efficient protective immunity and after
2-3 years a prevalence of abortion of
5-10 % is usual, but 5 years later an explo-
sive outbreak affecting all the yearlings
can occur.

Several cases of human abortions fol-
lowed by severe complications have been
associated with exposure to infected pla-
centas from ewes or does that aborted due
to C. psittaci (Buxton, 1986). The preva-
lence of such infections remains unknown,
as infectious causes are not systematically
searched for in human abortions.

2. RECENT ADVANCES IN
CHLAMYDIAL TAXONOMY

The genus Chlamydia includes four
species, C. trachomatis, C. pneumoniae, C.
psittaci, C. pecorum, and more than 30
serovars.

2.1. Chlamydia pecorum

C. pecorum strains exhibit 20 % or less
DNA homology with strains of the three
other species (Fukushi and Hirai, 1992).
Ruminant and porcine strains which were
previously classified as the serotypes 2,
3,4, 6 and 9 of C. psittaci by microim-
munofluorescence (MIF) test were
included in the C. pecorum species on the
basis of Omp 1 [gene coding for the major
outer membrane protein (MOMP)}
sequence and restriction fragment length

polymorphism pattern (RFLP) analysis
(Storz et al., 1994). The C. pecorum strains
constitute a heterogeneous group with dif-
ferent Alu 1 restriction patterns of the Omp
1 gene. However, all the patterns shared a
180-bp fragment or a corresponding
restricted fragment of 110 and 70 bp
(Denamur et al, 1991). They also present
numerous antigenic variations (Salinas et
al., 1995) but share at least two different
epitopes recognized by species specific
monoclonal antibodies (Mab) (Salinas et
al., 1996). Most of these strains present a
low degree of virulence and are consid-
ered to have placentopathogenic potential
but not the inherent ability to cross-breach
the intestinal barrier required for hemato-
logic dissemination and placental local-
ization. They mostly induce clinically
inapparent intestinal infections or local
infections limited to the epithelial cells of
the mucous surface. The inability of C.
pecorum isolates to invade deeper tissues
was confirmed by inoculating the foot-
pads of mice and examining the animals
for splenic infection (Rodolakis et al.,
1989a). In comparison, chlamydiae iso-
lated from cases of EAE were invasive
and were detected in the spleens of mice
following footpad inoculation.

2.2. Identification of two lineages
in the Chlamydiaceae family

The need to distinguish several sepa-
rate species from C. psittaci was under-
lined during the 7th International Sympo-
sium on Human Chlamydial Infection at
Harrison Hot Springs in 1990 (Storz et al.,
1994). Indeed the C. psittaci species is a
very heterogeneous taxon which contained
almost all the animal strains before the
reclassification of C. pecorum strains. The
analysis of the ribosomal intergenic spacer
domain 1 of the 23S rRNA gene, after
PCR amplification provides a rapid and
reproducible method for identifying and
classifying chlamydial strains (Everett and
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Andersern, 1997), easier and more pre-
cise than the current methods used to clas-
sify chlamydial strains (DNA-DNA
hybridization, RFLP of Omp 1 gene, sero-
logical or biological properties). This tech-
nique, which is in agreement with those
used previously, has allowed the identifi-
cation of two lineages: C. trachomatis and
non-C. trachomatis. Three genotypic
groups constitute the C. trachomatis lin-
eage (human, swine and mouse-hamster)
while the non-C. trachomatis lineage
regroups six distinct genotypic groups (C.
pecorum, C. pneumoniae and C. psittaci
avian, abortion, feline and guinea pig).

The C. psittaci abortion group corre-
sponds to the serotype | of C. psittaci
which is invasive in the mouse model. The
homogeneity of this group at the genomic
level was demonstrated by RFLP analy-
sis of total DNA (Rodolakis and Souriau,
1992) or of the Omp | gene (Denamur et
al., 1991). Mab raised against invasive-
serotype | strain AB7 underlined its anti-
genic homogeneity (Salinas et al., 1995).
Strains of the C. psittaci abortion group
were characterized at the genomic level
by RAPD-PCR (Sidi Boumedine et al.,
1996) and amplified length polymorphism
(AFLP), in order to obtain genetic markers
essential for epidemiological investiga-
tions. These two techniques allow the
identification of specific fragments that
can be used to construct PCR primers for
detection and rapid identification of
chlamydial strains from clinical samples.
In particular a fragment specific for French
strains was identified by AFLP and may
indicate a similar origin for all French
ruminant isolates.

3. TRANSMISSION OF
CHLAMYDIAL ABORTION
AND CHLAMYDIAL SHEDDING

Investigations on transmission of C.
psittaci among sheep initially focused on

the peri-parturient period owing to the
potential for exposure to infected placen-
tas from ewes that aborted or gave birth
to weak lambs. Environmental contami-
nation as a source of infection was con-
firmed when pregnant ewes acquired C.
psittaci after being housed with ewes that
aborted (Blewett et al., 1982). Ingestion
of C. psittaci from environmental sources
may be the precursor to placental infec-
tion in pregnant ewes and/or inapparent
intestinal colonization. Experimental oral
inoculation of pregnant ewes with C.
psittaci has induced abortion which was
similar to that occurring with the natural
disease (McEwen et al., 1951a; Parker et
al., 1966; Wilsmore et al., 1984; Dawson
etal., 1986). However, the site of entry of
the organism may be anterior to the ramen
since inoculation of the tonsillar crypts
and not intraruminal inoculation induced
disease (Jones and Anderson, 1988).
Chlamydiae may gain access to the
nasopharyngeal mucosae when ewes nuz-
zle, lick or ingest infected placentas or
fetal tissues. In an attempt to mimic peri-
parturient transmission, infected placenta
was rubbed over the muzzle of ewes that
recently lambed (Wilsmore et al., 1984).
When these ewes were bred the follow-
ing year, two out of seven aborted in late
pregnancy owing to C. psittaci. Therefore,
ewes can become infected at the conclu-
sion of one pregnancy and develop clini-
cal signs of infection during the next preg-
nancy.

Isolation of chlamydiae from the feces
of healthy sheep suggested a possible
source for the continual presence of the
organism within flocks (Storz, 1964).
Pregnant ewes intramuscularly inoculated
with chlamydiae recovered from homolo-
gous or heterologous feces developed pla-
cental infection and pathology character-
istic of enzootic abortion. However, fecal
chlamydial isolates typically belong to C.
pecorum and although abortogenic when
systemically injected into pregnant ewes,
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they are not considered to be able to
invade beyond the intestinal tract
(Rodolakis and Souriau, 1989). In addi-
tion, C. pecorum strains, as soon as they
reach the placenta of pregnant mice, seem
able to cross it more easily than strains of
C. psittaci abortion group (Rodolakis et
al., 1989a).

C. psittaci, being a reproductive tract
pathogen in sheep, may persist in the
uterus and uterine tubes of ewes that abort
or give birth to weak lambs (Papp and
Shewen, 1996a). Although fertility and
fetal development were not compromised
in chronically infected ewes, the potential
for transmission to other ewes was appar-
ent during the peri-ovulatory period when
there was enhanced excretion of C. psirtaci
from the reproductive tract (Papp et al.,
1994). Suggestive of venereal transmis-
sion, a preliminary study demonstrated
that the vaginal mucosae of non-pregnant
ewes was susceptible to C. psittaci infec-
tion such that the subsequent pregnancy
resulted in the birth of weak chlamydial
infected lambs (Papp and Shewen, 1996b).
The potential for venereal transmission of
C. psittaci among sheep has been investi-
gated, without much success, by artifi-
cially inseminating ewes with contami-
nated ram semen (Wilsmore et al., 1984;
Appleyard et al., 1985). However, a more
definitive study would mimic natural
reproduction by breeding rams to chroni-
cally infected ewes and then to naive ewes.

4. CLINICAL DISEASE
AND PATHOGENESIS

4.1. In ruminants

Whatever the route of transmission of
the disease, nasopharyngeal or venereal, C.
psittaci can cause infection via epithelial
cells and macrophages (Kuo, 1988) with
hematologic or lymphatic dissemination

to different tissues, principally those of
the lung, liver and spleen. Amin and
Wilsmore (1995) detected chlamydial anti-
gen in cells from different organs from
ewes 2 d post-infection (pi.) but did not
isolate C. psittaci, which may indicate a
non-infectious form of the organism or a
low level of infection. It has been sug-
gested, on the basis of antigen and spe-
cific DNA detection, that the bacteria may
reside in lymphoid tissues which drain the
inoculation site (Huang et al., 1990; Bux-
ton et al., 1996). These authors further
suggest that C. psittaci can exist in a non-
infectious or immature state as a conse-
quence of the immune response of the
ewe. The marked expansion of the
medullar cords and of the paracortical
zone, accompanied by substantial follicu-
lar development in the local lymph node
indicates T- and B-cell stimulation as well
as local production of IFN-y, which may
act in a chlamydiostatic fashion (Graham
et al., 1995). However, the cells in which
Chlamydia may be found have yet to be
identified.

Placental pathology, which occurs as
a result of the massive multiplication of
chlamydia, becomes evident after 90 d of
pregnancy (Buxton et al., 1990). Towards
60 d of pregnancy, normal physiological
invasion of the caruncular stroma by chori-
onic villi coincides with haemorrhage from
maternal vessels, accompanied by the for-
mation of haematomas. These
haematomas could be the means by which
the chlamydiae pass from maternal blood
supply and come into contact with the
chorionic epithelium (Buxton et al., 1990).
However, the placenta continues to be rel-
atively resistant and no pathological
change appears until 90 d of pregnancy,
when infection can be detected by culture
(Papp et al., 1993). Different endocrine
mechanisms and/or changes related with
the immune response may play an impor-
tant part, permitting the rapid multiplica-
tion of chlamydia in the trophoblast at the
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limbus of the placentomal hilus, accom-
panied by the appearance of local necrosis
and contiguous spread of infection to
involve the cotyledonary and intercotyle-
donary placenta and apposing
endometrium (Buxton et al., 1990). At the
same time, the fetus shows focal necrosis
in the-liver and other organs, suggesting
the microorganism has cross-breached the
maternal-fetal junction (Buxton et al.,
1990).

During the final stages of pregnancy
(days 125-140) the placenta is seriously
infected by C. psittaci and alterations in
the foetoplacental binding may lead to
death and/or infection of the fetus, culmi-
nating in abortion. A lower level of infec-
tion may give rise to the premature birth of
weak lambs of low weight that frequently
die during the perinatal period. However,
ewes are rarely affected clinically and
remain fertile following abortion. In con-
trast, there is an increased frequency of
placenta retention, endometritis and
vaginitis in goats (Rodolakis et al., 1984)
and cows (Wittenbrink et al., 1993).

In the fetus, there is an early immune
response even before 90 d of pregnancy
(Buxton et al., 1990) with the stimulation
of B- and T-cells in the lymphoid tissues,
and anti-chlamydiae IgM and IgG can be
detected. This demonstrates that C. psittaci
is capable of reaching the fetus even before
the first lesions can be observed in the pla-
centa. However, the level of infection in
fetuses and the pathological changes are
always lower than in placenta (Buxton et
al., 1990).

One of the most important character-
istics of chlamydiosis is the long-term
immunity it confers to ewes, which do not
suffer any more from chlamydial abor-
tion. Such immunity may prevent future
chlamydaemias and stop placental colo-
nization even though cases have been
described of ewes carrying and excreting
the microorganism from the reproductive
tract during the periovulation period (Papp

et al., 1994). However, the following ges-
tation remains normal with no evidence
of chlamydiae in the vaginal, placental or
neonatal samples. In these ewes with
chronic infection, chlamydial antigen or
DNA can be detected in the vagina, uterus
and oviduct, with the endometrial cells in
the basal stroma being the predominant
site of infection (Papp and Shewen,
1996b). However, no sign of any pathol-
ogy related to the persistent infection is
presented except for an increase in the
number of plasma cells and intraepithe-
lial lymphocytes in the uterus. The C.
psittaci-specific IgG antibody responses
in these ewes is apparently sufficient to
eliminate chronic infection (Papp and
Shewen, 1996b).

Jones (1995) raised several unresolved
questions concerning the pathogenesis of
the disease. For example, in which tissues
and cells is C. psittaci found in a latent
state? What factor or factors inhibit its
growth? Why do C. psittaci prefer tro-
phoblastic cells in ruminant, human or
murine placenta? What are the factor(s)
responsible for C. psittaci changing from
its latent to its active state at about 90 d
of pregnancy in the ewe?

4.2. In the mouse

Some of these questions may be
addressed in a mouse model, in which
inoculation at mid-pregnancy (day 11)
with strains of C. psittaci serotype 1,
induce colonization of the placenta and
subsequent abortion (Rodolakis, 1976).
These abortions appear similar in certain
respects to those observed in cases of nat-
ural or experimentally induced abortion
in small ruminants. This model was used
to demonstrate that Lyt-2*T-cells (CD8
T-cells) played a major role in the protec-
tion (Buzoni-Gatel et al., 1992). There
was a dramatic decrease in protection fol-
lowing in vivo depletion of Lyt-2*T-cells.
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Although Lyt-2*T-cells were the main
cells responsible for immunity, the lack
of complete reduction in protection after
Lyt-2*T-cells depletion may indicate that
other cellular phenotypes were involved
in protective mechanisms.

Recent studies (Buendia et al., 1998)
have shown that abortion in this animal
model occurred in the final stages of preg-
nancy (about day 20) whether inoculation
with C. psittaci is carried out near the early
pregnancy (day 7) or mid-pregnancy (day
11). In both cases the primary target
organs of colonization were the liver and
spleen after intraperitoneal inoculation
with the serotype 1 of C. psittaci, and
chlamydial antigen could be detected 2 d
pi. inside macrophages and neutrophils
(unpublished data).

Regardless of the time of infection,
chlamydial antigens are not detected in
the placenta before day 5 pi. In mice inoc-
ulated at mid-pregnancy, immunoreaction
is detected in the metrial gland and decidua
basalis mainly in trophoblastic cells, neu-
trophils, and granulate metrial gland
(GMQG) cells (Sdnchez et al., 1996). GMG
cells are the most numerous lymphoid
cells in the utero-placental unit in rodent
pregnancy, being morphologically, anti-
genically and functionally related to NK
cells (Croy, 1994). The metrial gland
becomes infected by chlamydiae from day
6—7 pi. (day 17-18 of pregnancy), reach-
ing the maximum level at day 9 pi., just
before abortion.

In mice inoculated during early preg-
nancy, chlamydial antigens are also
detected from day 5 pi. in trophoblastic
cells and neutrophils in the decidua basalis
albeit in small amounts (Buendia et al.,
1998), but the GMG cells are not affected
until day 16 of pregnancy (day 9 pi.). At
days 10-11 pi. (days 17-18 of pregnancy)
the metrial gland begins to be invaded,
with a maximum degree of infection
occurring at about day 13 pi. (day 20 of
pregnancy), resulting in abortion.

The pattern of placental colonization
is similar in both cases, early and mid-
pregnancy inoculations, although it occurs
a few days later if inoculation is carried
out at the beginning of pregnancy.
Chlamydial antigen can be detected 5 d
pi. although massive colonization of the
placenta does not occur until day 17-18
of pregnancy. The factor(s) which prevent
the massive multiplication of chlamydiae
and the ensuing grave pathological
changes until this time has passed, are still
unknown.

GMG cells begin to lose their func-
tional character in natural conditions from
the 16th day of pregnancy (Delgado et al.,
1996) which may allow them to become
susceptible to pathogenic microorganism
attack. However, only their susceptibility
to infection by C. psittaci has been
described (Sdnchez et al., 1996). One of
the functions of GMG cells is, probably, to
protect the placenta against such infec-
tious agents (Croy, 1994). The infection
of these cells by C. psittaci at about day 16
of pregnancy would speed up the process
of natural degencration. The consequent
liberation of cytotoxic proteins which, in
normal physiological conditions play a
part in facilitating natural birth (Croy,
1994), together with the important infil-
tration of neutrophils and direct damage
by C. psittaci might be sufficient to initi-
ate abortion in the final stages of preg-
nancy.

Despite the similarities, we can not
extrapolate the results of the mouse model
directly to sheep, since there are substan-
tial differences in the type of placenta and
local immune response. However, it is
well known that cells exist in endometrial
tissues which are morphologically and
functionally analogous to the GMG cells
of pregnant mouse uterus although they
are y&6 TCR* CD8" (Hansen and Liu,
1996), but it is not known whether these
cells develop NK activity in sheep. During

" pregnancy, these lymphoid cells secrete
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inhibiting cytokines such as transforming
growth factor-f3 and others which stimulate
placental growth and the secretion of hor-
mones, such as prostaglandin (PG) E,.
Furthermore, trophoblastic cells produce
interferon-tau (IFN-1) which inhibits lym-
phocyte proliferation and increases the
killing activity of NK cells (Hansen and
Liu, 1996). These cytokines, together with
hormones such as progesterone, progres-
sively reduce the number and activity of
the endometrium lymphocytes, except the
vd TCR* CD8* large granulated lympho-
cyte subpopulation, which increases in the
luminal epitelium in the interplacentomal
endometrium. At the end of pregnancy,
these cells may represent up to 10 % of
the cells of this epithelium (Lee et al.,
1992). It would be very interesting to study
the role of these lymphoid cells in the
ovine chlamydial abortion.

Graham et al. (1995) showed that ovine
IFN-v has a strong chlamydiostatic effect,
blocking the use of the L-tryptophan by
chlamydiae. However, no study has
demonstrated the presence of IFN-vy in
ovine placenta during any stage of preg-
nancy. Furthermore, the equilibrium
between the local production of IFN-y in
any organ and the concentration of tryp-
tophan in plasma might be a mechanism
by which infections remain latent in any
sheep organ.

Hormonal changes during pregnancy
have also been investigated and proges-
terone, oestradiol 17-B and PGE, levels
have been shown to be altered when the
placenta becomes infected by C. psittaci
(Leaver et al., 1989).

5. DIAGNOSIS

Diagnosis of the disease is usually
made by examination of fixed and stained
impressions or smears prepared from the
placenta associated with serological anal-
ysis of sera samples from about ten

aborted or lambing ewes by complement
fixation (CF) test or ELISA. These tech-
niques, which are often the only methods
available for a large number of laborato-
ries, lack sensitivity and specificity.
Indeed, chlamydiae stained by Gimenez,
Machiavello or Giemsa methods and
microscopically examined appear as small
bright coccoid structures either individu-
ally or in groups. This method of detec-
tion may be time consuming and subject to
error since Chlamydia may be confused
with Coxiella or Brucella. In all cases bac-
teriological analysis should be undertaken
together with serological analysis to avoid
interpretative errors. Isolation of chlamy-
diae in embryonated hen eggs or cell cul-
ture is not routinely performed by veteri-
nary laboratories because it is labor
intensive and prone to contamination.

5.1. New specific and sensitive
methods for direct diagnosis

New more specific and sensitive meth-
ods than bacteriological methods, depen-
dent on evidence of the presence of
chlamydial antigens, are being developed.
The presence of chlamydial antigen in
samples is detected by immunoglobulin
conjugates marked with fluorescent
labelled isothiocyanate (immunofluores-
cence) or by alkaline phosphatase
(ELISA). Diagnostic kits are available for
detection of C. trachomatis infections in
humans which can be used for detecting
the presence of chlamydiae in vaginal
swabs of aborted ewes, using antibodies
raised against specific antigens of C.
psittaci (Amin and Wilsmore, 1994;
Wilsmore and Davidson, 1991). In spite
of their cost, they can be of interest if the
laboratory is not involved in regular
chlamydial diagnosis or for confirmation
of doubtful bacteriological resuits. For
veterinary laboratories, the detection of
chlamydial antigen by immunofluores-
cence or ELISA is more sensitive than iso-
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lation, whereas in human medicine it is
the opposite (Wilsmore and Davidson,
1991; Black, 1997). This is probably due
to the fragility of the chlamydiae and dif-
ferences in the sampling conditions. In
human medicine, the patients go directly to
the laboratory for sampling or samples are
sent very quickly and under the best con-
ditions to the analytical laboratory treat-
ment which results in a good chance of
survival of chlamydiae.

However, polymerase chain reaction
(PCR) and ligase chain reaction (LCR) are
considered to be the best diagnostic meth-
ods in human medicine, as they allow the
detection of the greatest number of infected
individuals. Many PCR primers which
allow chlamydial detection have been
described. Some of the diagnostic kits
available for human medicine can be used
in veterinary medicine, because they work
by priming the oligonucleotides of the Omp
1 gene common to all types of chlamydiae.
The species discrimination is possible after
RFLP (restriction fragments length poly-
morphism) analysis of the amplified frag-
ment (Denamur et al., 1991). Likewise,
this distinction can be performed by ampli-
fication and RFLP analysis of the 16S-23S
rRNA spacer region (Anderson et al.,
1996). Several PCR primers for veterinary
use which allow chlamydial detection and
which distinguish between chlamydial
species by the length of the Omp 1
(Kaltenboek et al., 1992) or Omp 2 (Sheehy
et al., 1996) amplified fragments have been
proposed. With the primers identified by
RAPD-PCR (random amplified polymor-
phic DNA) it is possible to perform a mul-
tiplex PCR allowing a rapid and direct
identification of C. psittaci or C. pecorum,
as well as the characterization of some par-
ticular abortion strains (Sidi Boumedine
et al., 1996).

Nevertheless these techniques require
expensive apparatus and reagents, as well
as experienced personnel working with
very strict precautions to avoid false pos-

itive results. However false negative
results due to the presence of inhibitors in
the samples are a larger problem than false
positive since they are difficult to detect.

5.2. Improvement of serological
diagnosis

The complement fixation (CF) test is
widely used for the detection of chlamy-
dial antibodies in the blood of the animals.
It is an easy method but it is hampered by
C. pecorum that most ruminants harbor in
their intestine, as the antigen used is com-
mon to all the genus Chlamydiae. This has
resulted in standardization of the method
and fixing of a threshold value to separate
animals considered as positive. This
implies:

— CF test cannot be used for individual
diagnosis;

— it must be carried out 3—-6 weeks after
abortion or lambing;

— it does not allow the detection of the
infection in lambs or in rams.

Other techniques such as ELISA or
immunofluorescence, can be used. They
present the same drawbacks as they use
the same type of antigen but they suppress
the problem of anticomplementary sera.

Several attempts to develop more spe-
cific techniques which distinguish between
C. psittaci and C. pecorum infections were
reported:

— ELISA with soluble antigen obtained
by treatment of purified C. psittaci
strain, isolated from abortion, with
sodium deoxycholate (Sting and Hafez,
1992), or antigen preparations derived
from C. psittaci strain isolated from
abortion or C. pecorum strain, treated
by SDS (Markey et al., 1993), or with
LPS extracted from chlamydiae (Sting
and Hafez, 1992; Jones et al., 1997) or
recombinant LPS (Griftiths et al., 1996)
as antigen;
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— an indirect ELISA with a soluble anti-
gen obtained by treatment of purified
chlamydiae from C. psittaci abortion
group with sarkosyl then sodium peri-
odate to reduce the reaction due to
residual LPS (Anderson et al., 1995);

— an indirect immuno-fluorescence test
(IFAT) (Markey et al., 1993).

None of these tests, however, was suf-
ficiently sensitive and specific. Use of
more specific antigens will improve diag-
nosis of EAE. For this purpose Mab raised
against C. psittaci strain isolated from
ovine abortions was used to characterize
chlamydial antigens. A highly immuno-
genic antigen, serotype 1-specific, located
on the 80- to 90-kDa protein region of C.
psittaci was identified (Souriau et al.,
1994). The antibodies against this antigen
appear very early in the infection and as
soon as 8 d after experimental inocula-
tion. This antigen was recombinantly
expressed in E. coli (Rodolakis et al.,
1995) and partially purified. The first
results in ELISA tests have been very
promising and the validation of its use is in
progress.

6. PROPHYLAXIS OF
THE DISEASE

Contrary to C. trachomatis, which can
give rise to multiple episodes of infection
in human with an apparent lack of natural
immunity, a first exposure of ruminants
to C. psiftaci induces an immunity strong
enough to withstand later challenges
(Rodolakis and Souriau, 1980). This
implied that vaccination could control the
chlamydial abortion in goats and ewes,
and had prompted researches for com-
mercial inactivated vaccines. An adjuvant
vaccine whose value has been subject to
discussion was developed a long time ago
(McEwen et al., 1951b). Killed vaccines
could reduce the incidence of abortion but
not the shedding of chlamydiae at lambing

(Rodolakis and Souriau, 1979) leading to
endemic cycle of infection, which has seri-
ous consequences on the epidemiology of
the disease. In the UK, systematic utiliza-
tion of this type of vaccine may have
exerted a selective pressure towards higher
virulence of field strains and/or antigenic
shift from the initial type used in vaccine
production (Aitken et al., 1986).

The inactivated vaccines hitherto
employed have been developed and used
empirically without identification of the
immunoprotective antigens of C. psittaci or
assessment of the host protective mecha-
nisms. The level of complement fixing
(CF) antibodies induced in rabbits was
used to control vaccine variation but these
antibodies are not considered protective;
so variation of the efficiency of the difter-
ent batches of commercial vaccines could
be frequent through lack of an accurate
control method. This was confirmed by
the mouse model where the vaccine
potency was estimated by recording the
average number of living infant mice per
litter at birth and their survival during their
first week (Rodolakis et al., 1981). Indeed,
due to their rapid reproductive capacity,
mice could provide an excellent model to
investigate the efficiency of vaccines. This
test demonstrated the possibility of induc-
ing a good immune response with inacti-
vated vaccines but requires large amounts
of chlamydiae and thus may not be cost
effective for sheep producers. An aviru-
lent live vaccine would not require as much
chlamydiae to obtain protection and may
reproduce the immune mechanisms of the
natural disease better than a killed vaccine.

For this purposc a temperature-sensi-
tive mutant of C. psittaci AB7 designed
IB was obtained (Rodolakis, 1983) the
virulence of which was reduced for ewes,
goats and mice. When it was given to sus-
ceptible ewes (Rodolakis and Souriau,
1983) or goats (Rodolakis and Souriau,
1986) before mating it did not interfere
with their subsequent gestation, protected



Ovine chlamydial abortion 285

them against abortion and prevented
chlamydial shedding at delivery.

The stability of the strains was evalu-
ated in cell culture by serial passages at
the restrictive temperature or in persistent
infection (for 6 months), by one passage in
pregnant mice and ten passages in non-
pregnant mice, and three passages in lambs
(Rodolakis et al., 1989b). All passaged
strains obtained did not differ from the
original 1B strain in virulence tests in
mice. In addition their thermolability at
51 °C was the same as 1B strain. Even if
the virulence factors and genetic localiza-
tion of the mutation are still unknown,
strain 1B thus appears as very stable,
which is an important characteristic for a
live vaccine. The efficiency of vaccine
against challenge with four different iso-
lates from killed vaccine failures was
demonstrated (Rodolakis and Bernard,
1984; Chalmers et al., 1997). It can be
used simultaneously with live Brucella
Rev 1 vaccine, and live Salmonella Rv6
vaccine (Souriau et al., 1988). The com-
patibility of the chlamydial vaccine 1B
with live Toxoplasma vaccine is accept-
able if the vaccines are injected at differ-
ent sites (Chalmers et al., 1997). The vac-
cine 1B is now available in the UK, France
and Spain (Enzovax, Intervet, Tecvax
Chlamydia Vetoquinol). One vaccination
is sufficient to protect more than three suc-
cessive gestations. So in case of chlamy-
dial outbreak, the first year, all the flock
must be vaccinated before mating, then
the following years, only replacement ani-
mals need to be vaccinated.

7. FUTURE PROSPECTS

To control the disease, future research
on EAE would concern the following.

The improvement of diagnosis, with better
detection of chlamydiae in the samples and
a more sensitive and specific serodiagnosis.
This could be achieved by PCR or derived

techniques and the recombinant antigen
expressing the highly immunogenic diag-
nostic antigen serotype 1-specific located on
the 80- to 90-kDa protein region of C.
psittaci (Rodolakis et al., 1995).

The development of an acellular Chlamy-
dia vaccine which protects against abor-
tion and chlamydial shedding at parturi-
tion and does not hamper serodiagnosis. In
the mouse model, both cellular and
humoral immunity induced protection
(Buzoni-Gatel et al., 1987). By passive
transfer of Mab, pregnant mice can be pro-
tected against abortions and fetal and pla-
cental colonizations lowered by 5 log PFU
(Buzoni-Gatel et al., 1990). All the pro-
tective Mab obtained were serotype 1-spe-
cific and recognized heat-sensitive epi-
topes located on an oligomer of the
MOMP of C. psittaci (De Sa et al., 1995;
McCafferty et al., 1995). Mice vaccinated
with the purified MOMP oligomer alone
or in combination with cross-reactive LPS
from Salmonella minnesota Re were pro-
tected against abortion, and placental
infection was considerably reduced. Excre-
tion of chlamydiae could certainly be pre-
vented with such vaccines. However, vac-
cine trials with a subcellular outer
membrane fraction (Tan et al., 1990) or
recombinant MOMP (Herring et al., 1994)
previously performed in ewes were dis-
appointing. The presence of protective
epitopes in these vaccines was not
assessed. This underlines the importance
of having an accurate method to control
vaccines. As cell culture yields of C.
psittaci are poor, the purification of
MOMP oligomer from chlamydiae is pro-
hibitively expensive for an ovine vaccine.
However the development of an acellular
vaccine composed by a protective antigen
different from the diagnosis antigen will
allow the detection of infected animals
even in vaccinated flocks. This could be
very helpful if it is as efficient as the live
vaccine.
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Epidemiological studies needing to be per-
formed in the future include the role of
inter species contamination in EAE, and
the eventuality of reservoirs (birds, cats,
dogs or wild rodents). These studies would
become possible with a better knowledge
of chlamydial taxonomy and the identifi-
cation of strain markers by RAPD-PCR
and AFLP.

The pathogenesis of the disease. Future
research in this field should attempt to
determine the factor or factors that allow
C. psittaci to persist but also those which
determine the complete invasion of ovine
placenta during the last third of pregnancy.
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