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Polymerase Chain Reaction for Detection of Chlamydia abortus in Samples
from Aborted Ruminants using Primers for Chlamydia psittaci
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Abstract

In this study, the CPsittF(R) and Orl1(2) primers, targeting the ompA gene of Chlamydia psittaci,
were used for PCR detection of Chlamydia abortus DNA in clinical samples from aborted animals. The
sensitivity and specificity of the reaction were compared with those achieved by C. abortus-specific primers
CpsiA(B). The comparative analysis of the results showed that all samples that were positive for C. abor-
tus in PCR, performed with primers CpsiA(B) also gave a positive result in the PCR using the CPsittF(R)
primers, generating a 1041 bp specific amplification product. PCR amplification using the Or1(2) primers
was uncertain and produced an amplification product of 212 bp, which was different from the expected
length of 245 bp. In an attempt to improve these primers, their sequence was modified at the 11" and the 21%
nucleotide. Although the sensitivity of the reaction performed with the modified primers was improved, it
was still lower compared to that achieved with the original C. abortus-specific primers CpsiA(B) and prim-
ers CPsittF(R). The results show that the primer pair CPsittF(R), developed for the detection of C. psittaci
could be successfully used in the diagnosis of abortions, induced by C. abortus, while the primer set Orl(2)
is less effective.
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Pesrome

[paiimepu CPsittF(R) u Orl(2), Hacouenn kbM ompA rena Ha Chlamydia psittaci 65xa U3MUTaHU B
PCR 3a nokazsane Hasmuunero Ha JJHK na Chlamydia abortus B kimuHUYHE TPOOH OT a0OPTHUPAIH YKUBOTHH.
UyBCTBUTEIHOCTTA U CIIELIU(PUUHOCTTA Ha peakiusaTa 6s1xa cpaBHeHH B PCR, npoBenieHa cbe cneruduunuTte
3a C. abortus npaiimepu CpsiA(B). CpaBHUTENHHS aHAJIA3 TIOKa3a, 4¢ BCHUYKU H3CIEABAHH TPOOH C
nosiokuTtenieH pesyatar 3a C. abortus or PCR, npoBeaena ¢ npaiimepu CpsiA(B), pearupaT mojaoXuTeTHO
u B PCR, nposenena ¢ npaiimepu CPsittF(R), npu koeto ce renepupa cnenuduyuer aMin@uKkauoHeH
nponykr ¢ ronemuna 1041bp. Peaknusita, mpoBenena ¢ npaitmepu Orl(2) mokasza HEMMOCTOSIHHU Pe3yJITaTH,
KaTo MpH TOBA IOJIEMUHATa Ha MOJy4YeHHs NPOoAyKT (212bp) He choTBETCTBAIlIE HA OYaKBaHATa roJeMHUHA
oT 245bp. Te3u npaiimepu Osixa MoguduuMpany upe3 3aMeHH B 11-ta u 21-Ta 6a3a B HyKJICOTHAHATA UM
MIOCJIEI0BATETHOCT. Bblpeky, ue ToBa MOBUILM YyBCTBUTEIHOCTTA HA PEAKLUATA, TS OCTAHA MO-HHUCKA B
cpaBuenue ¢ PCR, npoBenena ¢ npaiimepu CpsiA(B) u CPsittF(R). Pesynratute mokassar, ue npaimMepu
CPsittF(R), pazpabotenu 3a nerexuus Ha C. psittaci MOTat yCIemHo 1a Ob1aT U3M0A3BaHH B TUArHOCTUKATA
Ha aboptute, mopoaeHu ot C. abortus, nokaro npaiimepnara asoiika Orl(2) e mo-manko epexTuBHA.

Introduction

Chlamydia abortus is the main etiological ~ Europe (Longbottom et al., 2013). Similar pathol-
agent of abortions and stillbirths in ruminants in ogy, although with a lower incidence, it also caus-
es in other animals (pigs, horses) (Bocklisch et al.,
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1991; Schautteet et al., 2011). This infectious agent
has also proved to have a zoonotic potential, as it
can cause abortions in risk-group pregnant women
being in contact with infected animals, or flu-like
conditions, characterized by fever, headache and
muscle ache (Rodolakis and Mohamad, 2010).

Since a number of other viruses and bacteria
also have an abortogenic potential, it is important to
identify C. abortus etiology in view to develop an
adequate strategy for treatment and prevention of
such infections, respectively, abortions. In addition
to conventional diagnostic assays, such as antigen
detection by immunohistochemistry, microscopic
observation of intracellular inclusions in stained
impression smears and serological detection of
antibodies by complement fixation test (CFT) and
ELISA, the molecular methods, based on nucleic
acid amplification are increasingly being used for
detection of C. abortus and other Chlamydiales.
Due to the close genetic relationship between the
members of Chlamydiaceae family, they are com-
monly detected using conventional and real-time
PCR as an initial screening step and, if necessary,
differentiation at the species level is then done by
sequencing (Kaltenboeck et al., 1993; Sheehy et
al., 1996; Hartley et al., 2001) or restriction frag-
ment length polymorphism (RFLP) analisys of the
PCR products (Everettt and Andersen, 1999; Sait et
al.,2011).

In the PCR-based diagnostics of C. abortus
infections, there is a wide range of primers target-
ing different regions of the chlamydial genome, e.g.
the intergenic spacer region between the 16S and
23S ribosomal RNA (rRNA) genes (Madico et al.,
2000), the conserved regions of the gene encoding
the outer membrane protein (omp2) (Hartley et
al., 2001), the helicase gene (Creelan et al., 2000),
as well as the genes involved in the synthesis of
the polymorphic outer membrane proteins (pmp)
(Laurucao et al., 2001). However, the sensitivity of
the reactions may vary depending on the primer set
(Creelan et al., 2000; Greco et al., 2005; Soomro et
al., 2012). Therefore, searching for new combina-
tions of primers in order to optimize this molecular
assay and expand the range of C. abortus strains
which can be detected is needed.

Although both C. abortus and C. psittaci
could infect ruminants (Cox et al., 1998; Lenzko
et al.,2011), from practical point of view their spe-
cies differentiation is not necessary since the ther-
apeutic approaches in case of infection are one and
the same. Presuming that, as well as the close ge-
netic relationships between these two members of
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Chlamydiaceae family, we performed this study to
examine whether C. abortus could be successfully
detected by PCR in clinical samples from placentae
and internal organs of aborted fetuses using prim-
ers, originally constructed for the diagnosis of C.
psittaci.

Materials and methods.
Clinical samples

Between December of 2013 and February of
2015, fetuses and placentae from 21 sheep and 7
goats, originating from 23 flocks with a high per-
centage of abortion were delivered in the laboratory
for diagnostic investigation for C. abortus and Cox-
iella burnetii. Samples were investigated by light
microscope observation on impression smears from
cotyledons, stained by Giemsa method for the pres-
ence of intracellular elementary bodies and PCR.
The samples were tested in other laboratories both
bacteriologicaly and virologicaly for the presence
of other abortogenic agents. Where available, epi-
zootiological data were collected for the period of
the pregnancies to exclude any concomitant factors
able to cause abortions (mycotoxicoses, feeding
with frost-damaged feed and other technological
errors).
DNA extraction

DNA was extracted from placental cotyledons
or tissues (abomazum and lung) from aborted fetus-
es using Animal and Fungi DNA Preparation Kit
(Jena Bioscience) or Tissue & Cell Genomic DNA
Mini Kit (Guangzhou Geneshun Biotech., Ltd.) fol-
lowing manufacturer’s instructions. Extraction effi-
ciency was assessed by agarose gel electrophoresis
and extracted DNA was stored at -20°C until use.
PCR

DNA was amplified by conventional PCR
using the CpsiA and CpsiB primers, which were
designed from the 4 available C. abortus pmp gene
sequences (Larocaou et al., 2001). An automatic
FluoroCycler 12, HAIN, LKB, was used. The re-
action mixtures were 25 pL and consisted of 12.5
uL of 2x PCR Taq Mix (Guangzhou Geneshun
Biotech., Ltd), 2 uL of each primer at a concen-
tration of 10pmol pL-1, 2 uL of target DNA and
6.5 pL ddH,O. The amplification program was set
as follows: initial denaturation at 94 °C for 5 min,
followed by 30 cycles of denaturation at 94 °C for
30 s, annealing at 50 °C for 1 min and elongation at
72 °C for 2 min; and a final elongation step at 72 °C
for 10 min. As a control, which was run in parallel,
we used DNA, extracted from the placenta of an
aborted goat, identified as C. abortus positive by



Table 1. Target genes and primer sequences used in the study:

Gene Primer Sequence Amplicon Reference
size (bp)

pmp CpsiA 5’-ATG AAA CAT CCA GTC TAC TGG-3’ 300 Larocaou et al.,
C. abortus | CpsiB 5’-TTG TGT AGT AAT ATT ATC AAA-3’ 2001
ompA CPsittF 5’-GCT ACG GGT TCC GCT CT-3’ 1041 Heddema et al.,
C. psittaci | CPsittR | 5°-TTT GTT GAT YTG AAT CGA AGC -3’ 2006
ompA Orl 5’-TTT CGATCG TGT ATT AAAAGT T-3’ 245 Olsen et al., 1998
C. psittaci | Or2 5’-AGA AAA TGT CGA AGC GAT CCA-3’
ompA Orlm 5’-TTT CGATCG TGT ATT AAAAGT T-3’ 212 This study
C. psittaci | Or2m 5’-AGA AAATGT CRA AGC GAT CCG-3’
superoxide | C.B.-1 5’-ACT CAA CGT ACT GGA ACC GC-3’ 257 Stein and Raoult,
dismutase | C.B.-2 5’-TAG CTG AAG CCAATT CGC C-3° 1992
*Coxiella
burnetii

*C. burnetii amplification was performed as described by Stein and Raoult, 1992 with modifications.

1 234567

1000 bp

~ 500 bp
——

Fig.1. Results of PCR analysis of C. abortus DNA
and Coxiella burnetii DNA, using C. abortus- and
C. psittaci-specific, and Coxiella burnetii-specific
primers, respectively. Lane 1, primers CpsittF(R),
1041bp; lane 2, primers Orl(2), 212bp; lane 3,
primers CpsiA(B), 300 bp; lane 4, DNA molecular
size marker 100bp; lane 5, negative control (DNA,
tested negative with CpsiA(B) and re-tested with
Cpsitt(F)R; lane 6, PCR product of placenta form
goat, tested with C.B.-1(2) primers (Coxiella
burnetii), 257bp; lane 7, ddH,0 and C.B.-1(2)
primers (Coxiella burnetii)-negative control.
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microscopy of stained impression smears, PCR and
serology (ELISA).

To check for a possibility to detect C. abortus
using C. psittaci-specific primers, three CpsiA(B)
PCR positive and three negative samples were test-
ed twofold by PCR using the CPsittF(R) and Or1(2)
primers. The same amplification program as for
CpsiA(B) PCR was used. The target genes, prim-
er sequences, amplification product lengths and the
corresponding references are given in Table 1.

All amplified fragments were analyzed us-
ing 2% agarose gel electrophoresis and GeneRuler
100bp Plus DNA Ladder.

Software

Comparison and modification of primers was
done using the Basic Local Alignment Search Tool
(BLAST) (National Center for Biotechnology In-
formation-NCBI, http://www.ncbi.nlm.nih.gov/),
software MEGA 6.06 (Tamura et al., 2013) and its
integrated alignment tool (Edgar, 2004).

Results

In the CpsiA(B) PCR 5 of 21 sheep and one
of seven goat resulted positive. One goat was posi-
tive for Coxiella burnetii infection (Q fever), how-
ever coinfection with C. abortus was not detected.
BLAST analysis of the CpsiA(B) primers showed
that they are targeted to more than one region of the
C. abortus genome as the forward primer (A) dis-
plays complementarities to other 3 regions and the
reverse primer (B) to another 2 regions of the se-



quenced C. abortus genome (GenBank, accession
number (LN554882.1, CR848038.1). In addition,
difference was found in the sequence complemen-
tary to CpsiA in position 10, where C—T.

In the comparative study with different prim-
ers in all three samples PCR, performed with CPsit-
tF(R) generated products with the expected size of
1041bp. (Fig.1). In contrast, on the first run of the
reaction carried out with Or1(2) one of the samples
resulted negative but, after being repeated, all sam-
ples gave positive results. Nevertheless, at electro-
phoresis the generated amplicons were with a size
of about 200bp, which differed significantly from
the theoretically expected size of 245bp, indicated
in the original report (Olsen et al., 1998). In addi-
tion, visualized bands showed low intensity stain-
ing. In an attempt to find a possible explanation for
the unsatisfactory results, the homology of the re-
ported Or1(2) primer pair with their nucleic acid se-
quences was analyzed by comparison to GenBank
(NCBI) data, using MEGA 6.06 and an alignment
tool (Edgar, 2004). The alignment revealed the
presence of two discrepancies as follow: G—A(R)
in position 11 (in two sequences, KM609418.1 and
KM609419.1) and A—G in position 21 (in all se-
quences). Moreover, BLAST analysis revealed a
difference of 34 bases in the size of the fragments
encompassed by Orl(2) primers as compared to
that, reported by Olsen ef al. (1998).

Presuming this we modified Or1(2) primers,
in which these mismatches were corrected. The
modified primers Orl(2)m showed greater sensi-
tivity in PCR amplification (two positive from two
runs) and generated a 212 bp product, which cor-
responded well to the length of the targeted region
of the ompA gene. Nevertheless, the electropho-
retic bands in most cases showed lower intensity
as compared to those generated by CpsiA(B) and
CPsittF(R) PCR. PCR of samples that tested nega-
tive with CpsiA(B) gave the same results when per-
formed with primers CPsittF(R), Or1(2) and Or1(2)
m.

Discussion

The results obtained by PCR for diagnosis of
C. abortus (21.43% positives) confirmed the im-
portant role this agent plays as an etiological agent
of the abortions in the sheep and goats from tested
flocks. These values exceeded the percent of pos-
itive reagents detected by Giemsa-staining of im-
pression smears (unpublished data) and showed the
high diagnostic potential of PCR for diagnosis of
chlamydial infections.
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Considering the close genetic relationship
within the Chlamydiaceae, we examined the avail-
ability of primers CPsittF(R) and Or1(2), designed
for the detection of C. psittaci to diagnose C. abor-
tus in clinical samples by PCR. In this we consider
also studies demonstrating that primers targeting C.
abortus genes can be successfully used for amplifi-
cation of DNA extracted from C. psittaci (Creelan
and McCullough, 2000; Larocaou et al., 2001), C.
caviae (Larocaou et al., 2001), as well as primers
targeting sequences common for all members of
order Chlamydiales (Lienard et al., 2011). In our
study, the results from CpsiA(B)-PCR coincided
entirely with those of PCR, conducted with primers
CPsittF(R), although these primers target different
genes of the chlamydial genome, pmp and ompA,
respectively. This indicates that the two primer
pairs amplify sequences in these genes, which are
identical in both C. abortus and C. psittaci.

Some differences in terms of repeatability of
the results and the size of the amplification products
were observed when the same samples were test-
ed in PCR, using primers Or1(2). We suggest that
the mismatches we identified between the primer
sequences and their complementary regions in the
ompA gene of C. psittaci could serve as a possible
explanation, since such mismatches are known to
reduce the specificity of PCR amplification.

Although some authors report differences in
the detection rates of the PCR reactions performed
with different primers (Greco et al., 2005; Soomro
et al., 2012), in our study we did not observe such
variation in the sensitivity and all three samples
that proved positive by CpsiA(B) PCR also resulted
positive in CPsittF(R) and Or1(2) PCR. It is known
that C. abortus is characterized by low genetic het-
erogeneity (Denamur et al., 1991) and inter-strain
differences can only be detected using monoclo-
nal antibodies, sequencing or restriction fragment
length polymorphism (RFLP) analysis of the PCR
amplification products. Recent advancements in
modern techniques for analysis of tandem repeats
in DNA (multiple loci VNTR analysis (MLVA) and
multi locus sequence typing (MLST)) have even
made possible to divide C. abortus strains in differ-
ent genotypes (Laroucau et al., 2009; Pannekoek
et al., 2010; Siarkou et al., 2015), partly dependent
on the geographical origin as well (Laroucau et al.,
2009). In this study, only samples collected from
Bulgaria were analyzed and no comparative anal-
ysis with reference strains or isolates from other
countries was carried out. Moreover, only a limited
number of samples were tested. Thus, the existence



of strains within C. abortus which cannot be detect-
ed by the PCR primer pairs used for detection of C.
psittaci cannot be excluded completely.

Although different annealing temperatures
have been reported in the original papers as optimal
for the primers, compared to this study, 50°C for
CpsiA(B), 62°C for CPsittF(R) and 48°C for Or1(2),
respectively, we performed reactions following one
and the same regime of amplification at annealing
temperature of 50°C and obtained positive results
with all of the primers tested. This allows simulta-
neous amplification of different genome segments
of one and the same sample, when further sequenc-
ing or RFLP analyses are planned. In addition, the
primers used by us for detection of C. abortus also
have the advantage to generate amplicons of differ-
ent size, thus facilitating their electrophoretic dif-
ferentiation when other abortogenic agents (most
commonly Coxiella burnetii) have been examined
simultaneously in multiplex PCR.

Due to the uneven results observed with
Orl(2), we do not recommend these primers for
routine PCR diagnosis of C. abortus in small ru-
minants. In contrast, C. psittaci specific primer
pair CpsittF(R) could be efficiently used for this
purpose. However, additional techniques such as
sequencing or RELF analysis are needed to specif-
ically discriminate C. abortus from C. psittaci or
other Chlamydia that may be involved in induce-
ment of abortions.
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