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The role of zoonotic chlamydial agents in ruminants abortion
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ABSTRACT

Background and Objectives: Enzootic abortion of ewes (EAE) is caused by infection of sheep and goats by Chlamyd-
ia abortus bacterium. Chlamydial abortion in bovine could occur by Chlamydia abortus, Chlamydia psittaci and Chla-
mydia pecorum. C. psittaci is the causative agent of psittacosis or ornithosis disease in humans and birds. It also causes
acute pneumonia in cattle and sheep. The present study aimed at surveying the role of chlamydial agents in ruminants
abortion.

Materials and Methods: A total of 117 aborted material samples (Cotyledon, liver, spleen, and abomasal contents of fetus)
from 9 cattle and 100 sheep in Shahr-e-Kord and 8 sheep from Bagh-e-Malek were collected from different herds with abor-
tion history during the lambing periods from 2014 to 2016. After DNA extraction, the samples were tested by species-specific
PCR to detect C. abortus, C. pecorum and C. psittaci.

Results: Out of 117 clinical sample (108 sheep and 9 cattle), chlamydial infection was detected in 66 (56.41%) samples by
Chlamydiales order-specific primers. A total of 24 (36.36%) and 24 (36.36%) samples indicated positive forms of C. abortus
and C. psittasi infections, respectively. Only 1 (1.5%) C. pecorum was identified from cattle using nested PCR during this
study. Among 66 Chlamydiales- positive samples, 20 (30.30%) samples with coinfection of C. abortus and C. psittaci were
detected, however, infection of 3 species was not detected in the samples.

Conclusion: Because of the high percentage of chlamydial infection in these regions and probability of coinfection, conduct-

ing epidemiological studies on the role of different animals is highly recommended.
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The family Chlamydiaceae contains obligate intra-
cellular Gram-negative bacteria, with 11 confirmed
species (C. trachomatis, C. suis, C. psittaci, C. pneu-
moniae, C. pecorum, C. muridarum, C. gallinacea,
C. felis, C. caviae, C. avium and C. abortus) and can-
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didate species (C. ibidis) relating to single genus of
Chlamydia (1-4).

C. abortus is associated with enzootic abortion in
ewes (EAE) (5). This is the most common infectious
reason for abortion and the birth of weak lambs in
many sheep-rearing countries of the world. Abortion
usually occurs in the last 2 to 3 weeks of pregnancy.
Animals that have been infected before pregnancy
show no clinical signs of infection, with the organ-
ism arriving into a dormant phase. No clinical signs
could be observed in the animals until abortion or
delivery of very weak lambs. It was found that the
abortion percentage in affected flocks is low in the
first year and then reaches 30% and 10% in the sec-
ond and third years, respectively (5). Hidden infec-
tions continuing longer than 3 years have also been
described (6). Development of Chlamydiae is highly
dependent on nutrient supply and the metabolic sta-
tus of the host cell (7). Although C. pecorum is fre-
quently isolated from the digestive tract of ruminants
with no clinical symptoms, it is a causative agent of
fertility disorder, conjunctivitis, arthritis, mastitis,
and pulmonary inflammation in sheep, goats and
cattle (8). While C. psittaci can cause severe flu-like
infections in humans, birds develop largely non-spe-
cific, and sometimes, fatal intestinal and respiratory
symptoms (9). Moreover, the disease affects goats,
and to a lesser degree, cattle, horses, pigs and deer,
while little is known about the rate of these infec-
tions because of lack of epidemiological evidences
(10). Although C. pecorum association in small ru-
minants abortion incidents was formerly described
nearly 20 years ago in south of France (11), its role as
an etiological agent of abortion is not well-known in
humans. C. psittaci comprises a range of Chlamyd-
ia with diverse genetic, serological, and host-tropic
properties. By DNA-DNA hybridization examina-
tion, 14% to 95% homology was reported among
C. psittaci strains (11) and less than 70% among
mammalian strains, and avian strains of C. psittaci.
Moreover, C. abortus strains are widespread among
ruminants and have been related to abortion in hors-
es, rabbits, guinea pigs, mice, pigs and humans (12).

In addition to DNA-based techniques (polymerase
chain reaction and DNA microarray) and RFLP, vari-
ous diagnosis techniques, such as direct microscopic
inspection, culture in embryonated chicken eggs, or
in cell cultures, serological exams for protein detec-
tion (complement fixation test (CFT), enzyme-linked
immunosorbent assay (ELISA) and immunohisto-

http://ijm.tums.ac.ir

ZOONOTIC CHLAMYDIA & RUMINANTS ABORTION

chemistry and direct immunofluorescence) could be
utilized to recognize Chlamydia and Chlamydia in
biological samples (13). Conventional and real-time
PCR methods have been implemented using PCR,
which amplify conserved regions of the chlamydi-
al outer membrane protein genes ompA, ompl, and
omp2, the polymorphic membrane gene pmp, genes,
or the intergenic space between the 16S and 23S
rRNA genes (14, 15). Several studies on C. abortus
in sheep and goats by serology (16) and C. psittaci in
pigeons (17) by PCR have been documented in Khu-
zestan province. Considering suspected Chlamydia
abortion (last 2-3 weeks of pregnancy) in ruminants
(bovine, ovine and goat) in the 2 mentioned prov-
inces and migration of animals to and from these 2
provinces, the aim of this research was the primary
study on the presence of important Chlamydia spp.
in aborted ruminants with doubtful signs of Chla-
mydia abortion.

MATERIALS AND METHODS

Preparation of clinical samples. A total of 117
aborted fetuses were collected from different herds
located in southwest of Iran, where abortion had
been observed during the lambing periods from 2014
to 2016. A total of 9 cattle and 100 sheep from Sa-
man and Lordegan in Cheharmahal and Bakhtiari
province and 8 sheep from Bagh-e-Malek in Khu-
zestan province were selected. Sampling was target-
ed, meaning that only aborted fetuses at the last 2 to
3 weeks of gestation were selected and transferred
to the laboratory on ice. Sampling was performed in
sterile conditions from liver, spleen, and abomasal
contents of aborted fetus. Laborious methods were
performed to ensure that tissues were collected from
the same anatomical location in each animal. Strict
aseptic protocols, including the use of new sets of
tools, were used to avoid cross-contamination. The
samples were stored in sterile microtubes at -20°C till
DNA extraction.

DNA extraction. Genomic DNA was extracted
from the tissue samples using a SinaGen Kit (Sina-
Gen, Iran), according to the manufacturer’s instruc-
tions. Tissue samples were finely chopped using ster-
ile blades prior to extracting DNA. Genomic DNA
extracted from each isolate was quantified using the
Nano Drop spectrophotometer and stored in -20°C
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for the next genomic evaluation.

PCR assay. Precautions were taken to use sterile
reagents and conditions; and contamination of reac-
tions by PCR product was avoided by strict separa-
tion of working areas. The optimal PCR conditions
for C. abortus, C. psittaci and C. pecorum individual
amplification were initially determined separately
using serial dilutions of respective DNA solution.
The PCR reactions were performed in a final volume
of 25 puL containing 12.5 microliter of master mix 2x
(Ampliquen, Denmark) containing 1x PCR buffer,
200 pM of 4 deoxynucleoside triphosphate (ANTPs),
2 mM MgCl,, and 0.5 U of Tag polymerase, then, 0.5
uM of each primer set and 2 microliter of extract-
ed DNA were added to each reaction. PCR reactions
were performed in an Eppendorf thermocycler (Ep-
pendorf, Germany). Thermal conditions for ampli-
fication of Chlamydiales specific gene were initial
denaturation for 5 minutes at 95°C, 39 one- minute
cycles at 94°C, 45 seconds at an annealing tempera-
ture of 54°C, and elongation for 45 seconds at 72°C,
with a final extension step at 72°C for 5 minutes.
The PCR products were subjected to electrophoresis
for 1 hour at 70V in 1.5% safe stain containing aga-
rose gel, and the results were visualized and photo-
graphed under ultraviolet illumination. Detection of
C. pecorum infection of samples was conducted by
Nested-PCR. The name, sequence and the predicted
amplified fragment of studied genes, as well as the
annealing temperature are listed in Table 1. The stan-
dard strain DNA of C. abortus S26/3 and C. pecorum
W73, obtained from Professor Borel (University of

Zurich) as a gift, and C. psittaci 6BC, as obtained
from Professor Sarryopoglu (University of Turkey)
as gift, were used as positive controls for each round
of PCR (18-20).

RESULTS

The samples were tested by conventional PCR
to identify specific /16S ¥rRNA and pmp genes of C.
abortus and C. psittaci, respectively. As expected,
PCR amplification of DNA for C. abortus produced
222bp fragment and produced 300 bp fragments for
C. psittaci. The annealing temperature of 54°C and
48°C were used for these PCR experiments, respec-
tively (Figs. 1, 3).

Out of 117 doubtful chlamydial clinical samples
taken from the infected animals (108 sheep and 9
cow), 66 (56.41 %) samples were detected by either
one of the 3 pathogens. A total of 24 (36.36%) and 24
(36.36%) sheep samples were positive for C. abortus
and C. psittasi,respectively. Inthis study, only 1 (1.5%)
C. pecorum was identified from cattle by producing a
576-597 and 426-441 bp fragment using Nested-PCR.
Annealing temperatures used in the first and second
stages were 52°C and 50°C, respectively (Fig. 2).

The specificity of the PCR experiments using these
primers were checked on genomic DNA samples
from unrelated bacteria. None of the DNA samples
from non-chlamydial bacteria created a measurable
PCR bands in these experiments. No PCR product
was produced using water instead of target DNA.
The results are demonstrated in Table 2.

Table 1. Primers Used to Detect Chlamydia Bacterium in Aborted Fetus

Gene Sequences Segment (bp) Ref.
Chlamydiales F: 5-CAAGGTGAGGCTGATGAC-3 352 (18)
(16s-23s spacer region) R: 5-TCGCCTKTCAATGCCAAG-3
C. abortus F:5'- TGG TAT TCTTGC CGA TGA C-3' 479 19)
(16srRNA ) R: 5'- GAT CGT AAC TGC TTA ATA AAC CG-3'
C. psittaci ATG AAA CAT CCA GTC TAC TGG-3'-'F: 5 300 13)
(pmp gene) R: 5'- TTG TGT AGT AAT ATT ATC AAA- 3'
F: 5-GCICTITGGGAATGCGGITGCGCIAC-3 576-597 (20)
C. pecorum R: 5-TTAGAAICGGAATTGIGCATTIACGTGIGCICG-3
(momp)
F: 5-CCAATACGCACAATCGAAACCTCGC-3 426-441

R:5-CCACAAAATTTTCTAGACTTCAACTTGTTAAT-3
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Table 2. Results of Chlamydial Infection of the Studied Samples
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Total Positive number  Cp. Cp. Cp. Coinfection Coinfection
of of Chlamydiales abortus psittasi pecorum (Cl. abortus+Cl. psittasi) (Cl. abortus+CI. psittasi
samples order + Cl. pecorum)
117 66 24 24 1 20 0
(9 cattle +108 sheep) (56.41%) (36.36%) (36.36%) (1.5%) (30.30%) (0%)

Fig 1. Result of PCR using C. psittaci specific primers: right
to left: 100 bp DNA ladder; negative control; positive con-
trol (300 bp); 4 samples

Fig. 2. Agarose gel electrophoresis of C. pecorum species-
specific Nested-PCR: left to right: 100 bp DNA ladder; sev-

en negative samples; positive control (426-441 bp); negative

control (distilled water).

DISCUSSION

Chlamydiaceae family is considered as one of the
main bacterium related to abortion in ruminants, such
as sheep, goats, and cattle (21). Abortion is econom-
ically important in many herds of sheep and goats in
Europe, North America, Africa, and Iran. The bacte-
ria causes premature birth, reproductive disorders in
ruminants, inflammation of the epididymis, pneu-
monia, arthritis, and conjunctivitis in the feces of
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Fig. 3. Agarose gel electrophoresis of C. abortus S26/3 spe-
cies- specific conventional PCR: left to right: 100 bp DNA
ladder; 3 positive samples; 1 negative sample; negative con-
trol; positive control (222bp).

healthy sheep and goats (22); also, it is a zoonotic
risk for numerous pregnant women. It is reported that
C. abortus can be spread in human placenta (9). This
bacterial family is remarkably important. Thus, many
studies have been conducted to identify and recognize
these bacteria. For example, the prevalence of infec-
tion with this bacterium was reported to be 8.9% in a
serological study by ELISA in sheep of Ahvaz, Iran
(16). In house ELISA kit, based on rPOMP-90-3, 4
and 3+4 antigens were designed by Bakhtiari et al. to
prevent available cross- reaction between C. abortus
and C. pecorum in commercial kits (23). Moreover, in
Mahzouniyeh et al. research (2014), C. abortus con-
tamination in Shahr-e-Kord was reported to be 52%
using Nested-PCR (24). In 2009, Pantchev et al. de-
tected C. psittaci and C. abortus based on ompA gene
from tissue samples using real-time PCR (25). Regu-
lar methods, such as bacterial culturing and staining,
are slightly more sensitive in detecting Chlamydia
bacterium in field samples. However, these methods
are uncertain in most situations and are more diffi-
cult. The new development of different PCR assays
has been described to detect Chlamydia bacterium
in samples from the aborted fetuses (26). PCR pro-
vides a rapid diagnosis without the need for a culture
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or identifying species and strains with more similari-
ty. Also, PCR detection is not affected by the lack of
viability of the microorganism and is more sensitive
than culture in detecting nonfeasible organisms and
cellular DNA. Previous results have revealed that the
PCR amplification of /6S rRNA genes is a good target
for identifying Chlamydia spp. (15). Although there
are different sets of primers that allow the identifica-
tion of all species of the Chlamydiaceae family, PCR
assays that amplify segments of the /6S rRNA genes
present high sensitivity and specificity (27). Based on
present results, C. abortus, C. psittaci and C. peco-
rum can be differentiated by PCR products obtained
with species-specific primers to /6S rRNA, pmp and
momp gene. The specificity of those primers allows
the differentiation of C. abortus and C. pecorum using
a conventional PCR. The fact that a considerable pro-
portion of sheep samples (20 of 57 positive samples)
were contaminated with 2 chlamydial agents is in line
with previous study. The clinical features of abortion
caused by C. abortus and C. psittaci are highly simi-
lar and such mixed infections have been proposed to
be a common incidence in sheep and goat herds (28).
Investigation of a large panel of diagnostic samples
revealed an interesting epidemiological aspect, which
was the occurrence of 2 chlamydial species in 1 sam-
ple. This was in agreement with previous findings (29)
that reported the same species in pigs suffering from
respiratory symptoms or fertility problems. Moreover,
infections caused by C. suis, C. abortus, C. pecorum
and C. psittaci were reported (30, 31). The existing
data suggest that the sheep seem to be a host main-
ly susceptible to co-infections. In the present study,
combinations of C. abortus and C. psittasi (35.08%)
were regularly identified in sheep samples. A certain
preference of C. abortus and C. psittasi to perform
in concert with another chlamydial agent has already
been reported (32). How does a bacterium that caus-
es systemic disease in birds transform into an organ-
ism of mammalian abortion? The response will offer
important visions into the mechanisms of chlamydial
virulence and can finally be answered by genome se-
quence comparison. Until then, our capability to dif-
ferentiate C. psittaci and C. abortus will remain to rely
on ecological alterations, mAbs, and genetic data (16S
or 23S rRNA signature sequences), and ompA, cyste-
ine-rich proteins (27, 33, 34). In this study, PCR-am-
plification of momp gene, using specie-specific prim-
ers by nested-PCR, identified C. pecorum strain in
cattle. Another study revealed that C. pecorum was
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more widespread in cattle than C. abortus and that
the bacteria were frequently detected in vaginal swabs
and fecal samples (35). Earlier data on C. pecorum
involvement in abortion in Tunisia and Morocco in-
dicated that C. pecorum may cause abortion in small
ruminants in North African countries. Several studies
have indicated that C. pecorum can also be a possible
reason of abortion in ewes and goats (36). Clinically
unclear intestinal infections produced by C. pecorum
have already been reported in both abortion-affected
and unaffected ruminant flocks (37). Also, the mixed
infection of C. pecorum with C. abortus related to
abortion in water buffalo in south of Italy (38) sug-
gests that C. pecorum could also be associated with
abortion in large ruminants. Consequently, differ-
entiating the 2 species in abortion material is highly
necessary. Nevertheless, it is still unknown whether
C. pecorum-related abortion is a consequence of C.
pecorum alone or is due to a development of its patho-
genesis mediated by the coinfection with C. abortus;
its pathogenicity may be related to a lack of nutrients
or parasitic invasions, which frequently occur in these
countries. It could also be considered that no patho-
genic C. pecorum strains might be spread from the
intestine through the blood circulation and reach the
placenta, where they cause abortion due to some un-
identified physiopathologic situations. The presence
of 1 C. pecorum among 66 samples included in our
study suggests that abortion by C. pecorum is rare in
the region. Also, migration of the flocks toward Bagh-
e-Malek and Shahr-e-Kord during winter and summer
can cause co-contamination and simultaneous infec-
tion in these areas. Thus, as co-infections are not rare
events, the combination of various specific diagnostic
tests is crucial for epidemiological studies.
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