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Abstract –Chlamydiosis is one of themajor diseases that can lead to abortion in ewes. Since 1997, in
5 regions of Tunisia, Chlamydia-related abortions have been reported in 15 sheep and goat flocks.
One hundred and sixty-six sera and 50 vaginal swab samples were collected from adult ewes.
Chlamydial antigens were detected in 29 (58%) of the vaginal swabs using Enzyme Linked
Immunsorbent Assay (ELISA) while 9 (18%) were positive by cell culture. Five strains were recov-
ered from 4 different sheep flocks. Monoclonal antibody profiles and restriction fragment length
polymorphism (RFLP) analysis of the 16S-23S rRNA spacer region showed that these isolates were
C. abortus. Using amplified fragment length polymorphism (AFLP), these Tunisian strains were
shown to exhibit the same pattern as strains isolated in France.
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Résumé – Isolement et typage de souches locales deChlamydophila abortus (Chlamydia psittaci
sérotype 1). La chlamydiose est une des principales cause d’avortements infectieux en Tunisie. Lors
de la période d’agnelage de 1997, 166 prises de sang et 50 écouvillons vaginaux ont été prélevés dans
15 troupeaux répartis sur 5 gouvernorats et ayant eu des problèmes d’avortements.Des chlamydia ont
étémises en évidence dans 29 (58 %) écouvillons vaginaux appartenant à 13 troupeaux différents par
ELISA directement sur l’écouvillon vaginal et 9 (18 %) après multiplication sur cellules. Cinq sou-
ches tunisiennes appartenant à 4 troupeaux différents ont ainsi pu être isolées. Leur caractérisation
par une panoplie d’anticorps monoclonaux et par étude du profil de restriction de l’espace intergé-
nique 16S-23S a démontré qu’elles appartenaient toutes à l’espèce Chlamydophila abortus. Par
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amplification sélective de fragment de restriction les souches tunisiennes présentaient le profil
caractéristique des souches françaises.
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1. INTRODUCTION

The Chlamydiaceae are ubiquitous
throughout the world and infect both hu-
mans and animals. These obligate intra-
cellular bacteria exhibit a unique life cycle
with two morphologically different infec-
tious and reproductive forms: the elemen-
tary body (EB) and reticular body (RB)
forms [12, 14]. Recently, phylogenetic
analysis based on 16S-23S ribosomal RNA
sequences has led to the classification of the
Chlamydiaceae family into two genera:
Chlamydia andChlamydophila [8].Chlamy-
dophila abortus corresponds to the strains
that previously belonged to serotype 1 of
Chlamydia psittaci, the causative agent of
enzootic abortion of ewes (EAE). Clinically,
EAE is characterized by abortion in the last
5 weeks of pregnancy or the production of
weak and generally premature lambs.
Abortions due to chlamydial infection have
major economic implications in ruminant
breeding. In flocks encountering EAE for
the first time, abortion may occur in up to
30% of pregnant sheep, and 70% of preg-
nant goats [18]. In flocks in which EAE is
endemic however, abortion rates are lower
with annual losses of 5–10%. Fertility rates
are also decreased by infection with
Chlamydophila abortus [18]. Other mani-
festations of infection include pneumonitis,
arthritis, pericarditis, enteritis, and con-
junctivitis [15].

In northern and central Tunisia, small
ruminant farming is an essential resource
for rural populations. Serological surveys
conducted on the sheep flocks in these areas
have revealed that of the main investigated
causes of abortion (Chlamydiosis, Q-Fever,

Brucellosis, Salmonellosis, and Border
disease) chlamydial infection was de-
tected in 60% [6]. However no data related
to attempts to isolate and characterise
C. abortus have been published yet in Tuni-
sia. Therefore, the aim of this work was to
isolate and characterise local strains of
Chlamydophila in order to compare with
strains of different geographical origin.

2. MATERIALS AND METHODS

2.1. Samples

In 1997, sheep and goat flocks with a
demonstrated problem of abortion were se-
lected for this study. Blood and vaginal
swabswere collected from females that had
just recently aborted.A total of 166 sera and
50 vaginal swabs were obtained from
15 herds located in 5 different regions of
Tunisia (Tab. I). Flocks 13 and 14 (Tab. I)
were visited twice and three times respec-
tively after new abortion episodes. The
number of sampled animals was not related
to the size of the flock. The stage of gesta-
tion at which the sampled animals had
aborted was recorded. Vaginal swabs were
placed directly into transport medium for
chlamydiae containing Sucrose-Phosphate-
Glutamine buffer (SPG) [22]. They were
kept at 4 oC during transportation, then
stored at –70 oC until use.

2.2. Isolation of chlamydia and DNA
extraction

Bacterial isolation attempts were per-
formed using both plaque assays and blind
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passages on monolayer cell cultures [17].
Vaginal swabs were centrifuged at 4 500 g
for 15 min at 4 oC. For plaque assays, Mc-
Coy cell monolayers in P6 (Falcon, Becton
Dickinson Lab ware, Franklin lakes, USA)
were inoculated with 200 µL of the
supernatant. For blind passages, 500 µL
were added to McCoy cell monolayers in
25 cm2 flasks (Falcon, Becton Dickinson
Lab ware, Franklin lakes, USA). After in-
cubation at 37 oC for 2 h in a 5%CO2 atmo-
sphere, inocula were removed and replaced
with medium. Two blind passages were
performed for all cell cultures. Positive cul-
tures and plaque cloned chlamydiae were
grown in specific pathogen-free eggs and
harvested yolk sacs were frozen at –80 oC.
The bacteria were purified according to
Caldwell et al. [5] and stored at –20 oC.
Genomic DNA was prepared from purified

chlamydiae as described by Boumedine
and Rodolakis [3].

2.3. ELISA

Chlamydial antigens were detected in
vaginal swab samples or in cell cultures by
ELISA, using a commercial diagnostic kit
available for C. trachomatis detection
(DAKO diagnostics, IDEIATM, United
Kingdom). The IDEIAChlamydiaTestwas
used as instructed by the manufacturers.

2.4. Microimmunofluorescence (MIF)

An MIF assay was performed as de-
scribed by Salinas et al. [19] and Chlamy-
dial antigens were detected using different
monoclonal antibodies (Mab): RC6C4
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Table I. Serology and Chlamydial antigen detection in ovine and caprine flocks.

Flocks Serology (CFT)a Detection of antigen by ELISA

No. No. animals No. sera tested titers Abb Lamb VSc CCc

Ovine

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Caprine
15

54
300
150
200
178
248
305
202
351
293
250
239
250
225

14

10
2
3
1
10
10
10
10
13
5
10
12
28
32

10

(1) >1/10
(1) >1/10
(1) >1/10
(1) >1/10
(1) >1/10
(1) >1/10
1/40 (1)
1/40 (1)
1/40 (2)
1/40 (2)
1/640 (3)
1/320 (8)
1/320 (7)
1/160 (1)

1/320 (1)

1
0
0
0
0
4
1
1
6
1
2
8
5
7

4

0
2
1
1
1
0
0
0
2
0
0
0
3
0

0

1
2
1
1
1
3
0
1
3
0
2
6
4
1

3

0
1
0
1
ND
0
ND
ND
1
0
1
3
2
0

0

166 40 10 29 9

aCFT: Complement Fixation Test (only Highest titers are indicated with corresponding number of samples).
bNumber of vaginal swabs collected among aborted (Ab) or lambed (Lam) animals. cNumber of samples posi-
tive for chlamydial antigen ELISA, directly on vaginal swabs (VS) and after cell culture (CC).



(specific for Chlamydiaceae), CA5G11
(specific forC. abortus), [19] and 3DA1A7
(specific for C. pecorum) [20].

2.5. Restriction Fragment Length
Polymorphism (RFLP)
of the 16S-23S rRNA spacer region

RFLP analysis was performed accord-
ing to Meijer et al. [13]. Briefly, amplified
DNA fragments of the intergenic spacer
16S-23S rRNA were digested using Bgl II
and Pst I. The resulting fragments were
separated by 1.5% agarose gel electropho-
resis and stained with an ethidium bromide
solution.

2.6. Amplified Fragment Length
Polymorphism (AFLP)

This technique was performed as out-
lined by Boumedine and Rodolakis [3].
Briefly, 1–2 µg of purified genomic DNA
were added to restriction endonuclease,
adapters and T4 DNA ligase (Promega cor-
poration, USA) for 3 h at 37 oC. PCR am-
plification was then performed on 20 ng of
the adapted DNA using oligonucleotides
complementary to the adapters as primers.
Primers with 3 nucleotides extending be-
yond the adapters at the 3’ end were se-
lected (P-GGT). The amplified products
were separated by standard horizontal gel
electrophoresis on a 1.5% agarose gel in
electrophoresis buffer and stained with an
ethidium bromide solution. In addition to
the 5 isolates, AB7 was used as reference
strain for C. abortus [10], as well as iB1
strain for C. pecorum [16].

2.7. Serology

Demonstration of anti-Chlamydophila
antibodies in serum samples employed the
Complement Fixation Test (CFT) which
uses an antigen (Vetoquinol-Lure-France)
that is common to all the members of the

Chlamydiacae family. Titters equal to 1/40
were considered doubtful, and those equal
or greater than 1/80 were considered posi-
tive [15].

3. RESULTS

3.1. Chlamydial antigen detection

Chlamydiae were detected by ELISA in
29/50 (58%) vaginal swabs from 13 differ-
ent flocks, 5 ofwhichwere positivewith the
CFT (Tab. I). These vaginal swabs were
collected between 0 and 15 days after abor-
tion and on the day following lambing for
6 others. Nine samples/50 from 6 different
flocks were positive after culture. Of these,
only 5 strains from 4 different ovine flocks
were isolated (Tab. II). One strain came
from an ewe that had lambed at-term viable
lambs. One of these lambs developed con-
junctivitis but the chlamydial origin of this
conjunctivitis was not investigated.

3.2. Characterization

TheMIF tests showed that all isolates re-
acted againstMabsRC6C4 andCA5G11 in
the same manner as did the reference strain
C. abortusAB7. No reaction was observed
with Mab 3DA1A7 specific to C. pecorum
(Tab. III). PCR-RFLP analysis with MspI
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Table II. Chlamydophila strains isolated in
Tunisia.

Strain Samples Location of origin

ABt 5 Abortion Enfhida 14

ABt15 Lambing Enfhida 26

ABt35 Abortion Enfhida 26

MBt34 Lambing Akkara

ABt sw Abortion Swayah



orPstI of 16S-23SRNA showed that the re-
striction profiles of all isolates were the
same as the reference strainC. abortusAB7
(Fig. 1). AFLP with the selective primer
P-GGT allowed the amplification of two
fragments (1 000 bp and 500 bp) from the
five Tunisian strains tested and the amplifi-
cation pattern was similar to the C. abortus
reference strain AB7 (Fig. 2).

4. DISCUSSION

This studywas the first attempt to isolate
and characterize chlamydial strains respon-
sible for ovine abortion in different areas in
Tunisia.

Chlamydial antigens were detected by
ELISA in 58% of the sampled vaginal
swabs. All the positive samples had been
collected between 0 and 15 days after abor-
tion or on the day following lambing.
Chlamydial shedding has been shown to
decrease rapidly and become intermittent
following abortion [21]. Therefore the vag-
inal swab results depend on the sampling
dates, and negative results might reflect a
too late sampling. However, timely collec-
tion of samples soon after abortion or lamb-
ing is difficult to perform in Tunisia,
especially since our laboratory is located
far from farmers.

One of the nine ELISAs performed on
positive cell cultures was initially negative.

This finding of chlamydial isolation tech-
niques proving more sensitive than direct
detection by ELISA is in accordance with
those in human medicine [2]. However, of
vaginal swabs positive by ELISA, only 9
grew out chlamydiae and only 5 strains
were isolated. This could be explained
mainly by the death of the organisms during
transport to the laboratory as chlamydiae
are very fragile when extracellular [22, 23].
In addition, the sampling conditions in the
field were not optimal. In human medicine,
patient sampling collection occurs rapidly,
under ideal conditions, and in close prox-
imity to the diagnostic laboratory.C.abortus
was isolated from two ewes, which had
lambed at-term viable lambs. This empha-
sises the fact that C. abortus can induce la-
tent infections. These apparently healthy
but infected sheep may shed chlamydiae,
and are therefore a potential source of con-
tamination for other flocks and pregnant
women [4].

Only 5 of the 13 flocks from which
ELISA positive vaginal swabs were sam-
pled, were positive toCFT. This is probably
due to the time of sampling, as we have pre-
viously shown that antibodies sometimes
decreased at the time of abortion or lambing
and reached their higher level 4 to 6 weeks
latter [11]. For this purpose it is recom-
mended to performed serological diagnosis
of abortion 3 to 6 weeks after abortion and
lambing [15] as in Q fever also it is possible

Chlamydiosis in Tunisia 219

Table III. Reactivity of monoclonal antibodies (Mab) with selected reference and Tunisians strains
of C. abortus using a microimmunofluorescence test.

Reference strains Tunisian isolates

Mab AB 7 iB1 ABt 5 ABt 15 ABt35 MBt34 ABtsw

RC6C4 +++ +++ +++ +++ +++ +++ +++

CA5G11 +++ --- +++ +++ +++ +++ +++

3DA1A7 --- +++ --- --- --- --- ---

+++: Bright fluorescence observed at dilution 1:1000.
---: No visible reaction at dilution 1:1000.
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Figure 1. RFLP profiles of the 16S-23S rRNA region spacer of chlamydophila isolates after diges-
tion with Bgl II (A) and Pst I (B) and electrophoresis on 1.5%. *Reference.

Figure 2. AFLP pattern obtained with the primer P-GGT. All Tunisians strains exhibited the same
profile as the reference strain AB7.



to find serologically negative ewes shed-
ding Coxiella [1].

No discrimination between the new iso-
lates and the reference strain AB7 isolated
in France from an ovine abortion [10], was
demonstrated using either PCR-RFLP of
the 16S-23SRNA intergenic spacer orMIF.
These methods have been used to charac-
terise chlamydial strains [7, 9, 13] and to
type C. trachomatis with relative ease.
These techniques, however, were enable to
differentiate among C. abortus strains [8,
19]. For this purpose, only AFLP analysis
has been used so far [3]. AFLP analysis has
revealed that these strains were closely re-
lated toC. abortus strains isolated in France
but different from those isolated in the
United Kingdom, Greece and the USA [3].
This suggests that abortive chlamydiosis in
Tunisia shares the same ancestor as French
strains. The use of different enzyme and
primer pairs in the application of both
methods described by Boumedine and
Rodolakis [3] or by Vos et al. [24] will be
used in further study to answer the question
of a common origin between French and
Tunisian strains.

Our preliminary investigation showed
the importance ofC. abortus as the cause of
abortion in sheep flocks. This studywas the
first to isolate and perform initial charac-
terisation of the Tunisian strains of C.
abortus. Thisworkwill bemademore com-
plete by including isolations from ovine
and other species (for example. caprine),
and from flocks localized in different re-
gions of Tunisia. Molecular and compara-
tive studies between local and other strains
will be continued.
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