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Detection of chlamydiae from the upper respiratory tract of healthy and diseased
draught equines
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ABSTRACT

The present investigation was conducted to study the prevalence and molecular characterization of chlamydiae
associated with the respiratory infections of equines in the Sub-Himalayan region of India. Equine nasal swab
samples (119) from 20 diseased and 99 apparently healthy equines were collected and tested by family Chlamydiaceae
specific nested PCR based on ompA gene, besides 89 serum samples for AGPT. The molecular characterization of
chlamydial species/strains was done by analyzing variation in VD Il region of ompA gene. The chlamydia infections
were detected in 48.74% of the nasal swabs (55% in diseased and 47.47% in apparently healthy animals) by nested
PCR. Prevalence of two genetically variant strains of Chlamydia abortus and a single strain of Chlamydia psittaci
was detected. AGPT showed 4.49% seropositive equines. High prevalence of chlamydiae was found among equines
in the Sub-Himalayan region of India in Himachal Pradesh in both healthy and diseased equines.
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Equines particularly horses, ponies, mules and donkeys
are mainly engaged for transportation of materials in
difficult hilly terrains and for joyrides at various hill station
tourist places in Sub-Himalayan region of India. Respiratory
distress syndrome (RDS) characterized by polypnea,
inappetence, pyrexia and lower work tolerance is a
persistent problem among draught equines in Himachal
Pradesh (Chahota et al. 2001, Prasad er al. 1992).
Chlamydial species are being suspected as important
aetiologies in the respiratory infections of equines from long
time (Moorthy and Spradbrow 1978, McChesney et al.
1982). Chlamydiae are obligate intracellular bacterial
pathogens belonging to Chlamydiaceae family and were
grouped earlier into two genera, viz. Chlamydia and
Chlamydophila, containing nine species (Everett et al.
1999). A single genus based classification (Chlamydia) with
11 species has been adopted by International Committee
on Systematics of Prokaryotes (Greub 2010) and is currently
being followed (Kuo and Stephens 2011). Amongst equines,
different chlamydial species/genotypes have been reported
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including Chlamydia pneumoniae (Storey et al. 1993),
Chlamydia psittaci (Mair and Wills 1992), Chlamydia
abortus (Theegarten et al. 2008) and Chlamydia caviae
(Fretz et al. 1979). Some chlamydial species like C. abortus
and C. psittaci are also potential agents of direct
anthropozoonosis (animals to humans) without the
involvement of any intermediate host (Longbottom and
Coulter 2003, Rodolakis and Mohamad 2010). Recurrent
airway obstruction (RAO) in horses is a naturally occurring
dust-induced disease mainly characterized by bronchiolitis,
which shows histological and pathophysiological
similarities to human chronic obstructive pulmonary disease
(COPD).

The investigated clinical condition of equines locally
called ‘Dhaunkni’ meaning laboured breathing and
coughing, was having similar clinical pictures as RAO and
chlamydial involvement was detected earlier from few
animals (Chahota et al. 2001). Keeping in view the potential
zoonotic nature of the Chlamydia, this study was undertaken
to study the role of chlamydiae in respiratory infections in
equine species in the Sub-Himalayan state (Himachal
Pradesh) of India and identifying the involved strains by
isolation and PCR.

MATERIALS AND METHODS

Sample collection: Equine samples (119) were collected
from various locations in 3 districts of Himachal Pradesh
(Table 1). The nasal swabs were collected from 59 horses
and 60 mules, exhibiting respiratory disease manifestations
(Nabeya et al. 1996) as well as apparently healthy animals
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(99). All the samples were collected in sterile vials in
duplicate, i.e. in sucrose phosphate glutamate (SPG)
containing antibiotics (10 g/l streptomycin, 100 mg/l
vancomycin, 50 mg/l nystatin, 50 mg/l gentamicin and 500
mg/l kanamycin) for the isolation of chlamydiae and in
phosphate buffered saline (PBS) (pH 7.2) for the PCR based
detection of chlamydiae. Serum samples (89) were also
collected from 44 horses and 45 mules for conducting
seroprevalence studies.

Table 1. Details of samples collected from different equine species

Animal Geographical location Type of sample
species District Number Nasal Serum
of location swab
Horse Chamba 3a 22 22
Kangra 10b 37 22
Sub-total 59 44
Mule Chamba 5¢ 21 21
Kangra 74 38 23
Mandi 1¢ 1 1
Sub-total 60 45
Total 119 89

aThree locations include Khajjiar, Pakkatala, Sultanpur. ®Ten
locations of District Kangra include Baijnath, Dadi, Dharamshala,
Palampur, Paprola, Paror, Saddu, Shahpur, Sungal, Utrala.
°Chamba, Mangala, Obri, Pakkatala, Sultanpur. dBaijnath,
Dharamshala, Kangra, Palampur, Paprola, Sungal, Utrala.
¢Chauntra.

DNA extraction and PCR: DNA was extracted by using
phenol-chloroform-isoamyl alcohol DNA extraction
method (Sambrook e al. 2001). The DNA pellets were
suspended in 50 ml of sterile distilled water. All the samples
(119 nasal swabs) were screened using family
Chlamydiaceae specific ompA gene based nested PCR. The
primers used for the first step were CMGPIF (5°-
CCTTGTGATCCTTGCGCTACTT-3") and CMGPIR (5°-
GTGAGCAGCTCTTTCGTTGAT-3’) while the primers
used for second amplification were CMGP2F (5°-
GCCTTAAACATCTGGGATCG-3’) and CMGP2R (5’-
CCACAACCACATTCCCATAAAG-3’) (Chahota et al.
2006).

Identification and genetic analysis: PCR positive
samples (17) were processed further for identification and
genetic characterization of chlamydial species and strains
by analyzing the nucleotide sequence of VD II region of
MOMP. The PCR products were purified by QIAquick PCR
purification kit (Qiagen). The purified PCR products were
quantified by using Gene Quant. The samples were sent
for DNA sequencing to First BASE Laboratories Sdn Bhd,
Selangor, Malaysia. The sequences were assembled and
edited using Genetix-Mac/ATSQ 4.2.3. Chlamydial species
and strains were identified by NCBI-BLAST (http://
www.ncbi.nlm.nih.gov) search of nucleotide and deduced
amino acids sequences. For phylogenetic analysis, ompA
gene sequences of C. psittaci and each representative
species of genus Chlamydia were retrieved from DNA Data
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Bank/Gene Bank. Multiple alignment of trimmed sequences
were done using Clustal X version 1.83.

Phylogenetic analysis was done using Phylogeny
Inference Package Software (PHYLIP) (Version 3.6a3;
http://www.evolution.genetics.washington. edu/phylip.
html). The distance matrix between species was computed
by DNADIST using F84 model and clustering of lineages
was done by NEIGHBOR using neighbor-joining method.
The phylogenetic tree was constructed by neighbor-joining
method. The bootstrap values were calculated to evaluate
the branching reliability of tree from a consensus tree
constructed by generating 1,000 random data sets using
SEQBOOT.

Isolation of chlamydiae: The equine nasal samples found
positive for equine chlamydiosis by PCR based screening
were processed for isolation in 6 to 8 days old embryonated
chicken eggs via the yolk sac route of inoculation.
Chlamydial isolates were confirmed by Gimenez staining
reaction (Storz 1971), mortality pattern and PCR.

Serological studies: The seroprevalence studies of equine
chlamydiosis were conducted using agar gel precipitation
test (AGPT). The test was performed as per Ouchterlony
(1958) using 1% agarose. The antigen for this test was
prepared using locally isolated equine strain.

RESULTS AND DISCUSSION

The chlamydiae have been reported from various disease
conditions of equines clinically manifested in the form of
pneumonia (Popovici and Hiastru 1968, McChesney et al.
1974), rhinitis (Moorthy and Spradbrow 1978, Wills et al.
1990), conjunctivitis (Moorthy and Spradbrow 1978),
polyarthritis (McChesney et al. 1974), hepatoencephalic
syndrome (Blanco 1968); and genital chlamydiosis in the
form of mild chronic salpingitis (Medenbach et al. 1999),
reduced reproductivity rates (Herfen er al. 1999), low
ejaculate quality (Veznik er al. 1996) and occasionally
abortion (Popovici and Hiastru 1968). Different chlamydial
species are being suspected to play important role as an
aetiological agent in the respiratory infections of equines.

PCR based detection of the family Chlamydiaceae: In
our study, 119 equine samples including 20 (10 horses and
10 mules) with respiratory disease symptoms and 99
apparently healthy were screened for chlamydiosis. The
horses and mules had to meet any of the following criteria,
either alone or in combination, to be considered as diseased:
animal exhibiting clinical manifestations such as respiratory
distress, coughing and nasal discharge, as specified by Fretz
et al. (1979). Animals including those kept for draught and
joy riding purpose were randomly sampled in our study.

In the present study, we detected the association of
chlamydiae both in apparently healthy as well as diseased
animals. The screening of 119 samples of nasal swabs by
family Chlamydiaceae specific nested PCR targeting the
VD II region of ompA gene revealed 58 (48.74%) samples
positive for chlamydiae. From 20 samples of nasal swabs
from the animals showing respiratory disease
manifestations, 11 (55%) were positive for chlamydiae.
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Whereas, from the 99 nasal swabs collected from apparently
healthy animals, 47 (47.47%) were positive for chlamydial
infection. This data shows the presence of chlamydiae in
apparently healthy equines as well as animals with
respiratory manifestations. However, the prevalence was
slightly more in animals with respiratory disease symptoms
as compared to apparently healthy animals. The high
prevalence of chlamydiosis in equines as detected in our
study was in accordance with the findings of Szeredi et al.
(2005), who reported 60% PCR positive cases in horses
suffering from recurrent airway obstruction and 45% in
clinically healthy controls, based on the screening of lung
tissue samples of horses using nested PCR.

The comparative prevalence of chlamydiae in horses and
mules was studied and 25 (42.37%) horse samples were
positive for chlamydial infections out of 59 tested samples.
From the mules, out of 60 samples screened, 33 (55%) were
positive for chlamydial infections which was slightly higher
as compared to the horses. Among the apparently healthy
animals sampled for the screening, 20 out of 49 (40.8%)
samples from the horse were positive for chlamydiosis,
whereas, 27 out of 50 (54%) samples from mules were
positive for chlamydiosis. Out of the 20 samples collected
from equines exhibiting respiratory disease manifestations,
5 out of 10 (50%) samples from horses were positive for
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chlamydial infections as compared to 6 out of 10 (60%)
samples positive from mules. Thus, the prevalence of
chlamydiosis as detected by the family Chlamydiaceae
specific nested PCR was higher in mules as compared to
the horses in apparently healthy animals as well as in those
exhibiting respiratory disease manifestations.

Molecular characterization and genetic variation of
chlamydial species and strains: In the present study, out of
58 PCR positive samples including 11 from diseased
animals exhibiting respiratory manifestations and 47 from
healthy animals, 9 representative samples were selected for
the study of genetic variability among prevalent chlamydial
species/strains. The genetic analysis of VD II (variable
domain II) region of ompA genes from 9 representative
samples of nasal swabs revealed the presence of two species
belonging to the genus Chlamydia namely, Chlamydia
abortus in 6 samples and Chlamydia psittaci from 3
samples. Similar results were obtained by Theegarten et
al. (2008), who found 9 isolates of C. psittaci and 13 isolates
of Chlamydia abortus in the lung tissues of 45 horses which
included 25 horses with signs of recurrent airway
obstruction and 20 clinically healthy controls.

The nucleotide sequences derived from 9 chlamydiae
were genetically analyzed to detect variation at the strain
level. The multiple alignment of the representative detected

ERSS2.seq 1 ETTTGATATTTTCTGCACATTAGGCGCTTCTARTGGGTACT TCARARGCTAGT TCEBCGGCATTCAARCCTCGTTGGTTTGA 28
EESS8.seq s ea
ERSS8.seq sa
ERSE3.s2q 2a
C.abortus-Strain-18G4367 .seq 26
C.abortus-Strain-TEB.seq 26
C.abortus-THC+3:93.H.seq 28
C.abor tus-pm234.seq £a
ERS7.seq 2a
ERS13.seq 26
C.psittaci-MAT116.seq 28
C.psittaci-3A-CL395.seq 26
C.psittaci-88DCE60.seq 2a
ERSS52.seq 148
EESSS8.seq 148
ERSS8.s5eq 148
ERS63.seq 148
C.abortus-Strain-18G4367 .seq 148
C.abortus-Strain-TB.seq 148
C.abortus-THC+3:93.H.seq 148
C.abor tus-pm234.seq 148
ERS7.seq TTCCAACGC.Al. . « oo afl]e <Fl L[] - 168
ERS13.seq TTCCAACGC|. all|si= 168
C.psittaci-MAT116.seq TTCCAACGC|. L[ - 168
C.psittaci-3A-CL395.seq TTCCAACGC|. e[T]s « 168
C.psittaci-880CE6@.seq TTCCAACGC|. Il s 168
ERSS52.seq 197
EES88.s5eq 197
ERSS2.seq 197
ERS63.s5eq 197
C.abortus-Strain-18G4267 .seq 197
C.abortus-Strain-TEB.seq 197
C.abortus-THC+3:93.H.seq 197
C.abortus-pm234.seq 197
ERS?.seq 289
ERS13.seq 289
C.psittaci-MAT116.seq 289
C.psittaci-3A-CL395.seq 289
C.psittaci-880CE66.seq 269

Fig. 1. Comparative nucleotide sequence alignment of representative detected strains of C. psittaci and C. abortus with identical or
closely related previously detected chlamydial strains in the VD2 region and flanking constant domain region of ompA gene.

Note: The alignment was done by GENETYX-MAC Ver 13.0.6.
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strains is shown in Fig. 1. Out of 6 Chlamydia abortus
identified from nasal swabs, two genetically variant strains
were detected. These two strains were having a difference
of one amino acid substitution, whereas, no genetic variation
was detected among the detected Chlamydia psittaci strains.
The strain wise association of chlamydiae belonging to
Chlamydia abortus and Chlamydia psittaci is shown in
Table 2. Two strains of C. abortus, i.e. ERS-58 and ERS-
63 were having 100% homology to 10G4367 strains of
C. abortus detected from cloacal swab of pigeon in
Germany as well as TB strain of C. abortus detected from
sheep. The similar types of strains were also detected among
sheep and goat migratory flocks of Himachal Pradesh
responsible for severe pneumonia and abortions among the
affected flocks. Whereas, related strain of C. abortus
detected from nasal swabs (ERS-72, ERS-76, ERS-84, ERS-
52) from the equines in this study, had 99% homology with
10G4367 and TB strain of Chlamydia abortus. The strain
of Chlamydia psittaci detected from nasal swabs of equine
population had 100% homology with Mat-116 strains of C.
psittaci detected from various types of psittacine and non-
psittacine birds as well as human beings. Taking into
consideration the close genetic makeup of detected C.
psittaci and C. abortus strains from equine populations of
Himachal Pradesh vis-a-vis already known potential
zoonotic strains of these two chlamydial species signifies
the potential of zoonotic risks involved to the horse and
mule handlers as well as other people who come in contact
with them.

The phylogenetic analysis of these genetically variant
chlamydial species and strains revealed that the detected
C. psittaci species form a cluster along with other
mammalian and avian strains of C. psittaci; whereas, C.
abortus strains detected from equines formed a cluster along
with various strains of C. abortus detected from various
other mammalian species (Fig. 2).

It is also an interesting fact that from equines, multiple
species have been reported. Until the end of the 1990s, a
number of papers reported clinical cases ranging from

[Indian Journal of Animal Sciences 89 (6)

respiratory disease to conjunctivitis, polyarthritis,
encephalo-hepatitis and abortion in equines, and these cases
were ascribed to Chlamydia psittaci (old classification),
albeit diagnostic testing was often confined to serology.
An isolate from a horse with serous nasal discharge (Wills
et al. 1990) was later reclassified as Chlamydia pneumoniae
(Storey et al. 1993). Investigations of equine abortion cases
revealed involvement of Chlamydia psittaci (Szeredi et al.
2005), which had been redefined as a species in a revised
taxonomic scheme (Gaede et al. 2009). In a study on horses
with recurrent airway obstruction, Theegarten et al. (2008)
identified both Chlamydophila psittaci (old classification)
and Chlamydophila abortus (old classification) in healthy
and diseased horses. Mair and Wills (1992) isolated
Chlamydophila psittaci from horses. Gaede et al. (2009)
detected Chlamydophila caviae (old classification) in horses
with signs of rhinitis and conjunctivitis.

Seroprevalence of equine chlamydiosis: In the present
study, out of 89 samples tested by AGPT, 4 (4.49%) were
seropositive. Only 1 (12.5%) sample was positive from 8
clinically diseased animals, whereas, from the 81 serum
samples collected from apparently healthy animals, 3 (3.7%)
were positive for chlamydial antibodies. Two samples each
were found positive from 40 horses and 44 mule serum
samples.

In this study, 4.49% equines were having anti-chlamydial
antibodies by AGPT. Though in other studies, higher
seroprevalence has been recorded (Liutkeviciene et al. 2007,
Nabeya et al. 1996), which may be due to low sensitivity
of AGPT test used in our study. But these results confirm
the role of chlamydiae in precipitation of respiratory disease
condition among equines.

Isolation studies for chlamydiosis: Total 24 samples of
nasal swabs (5 from diseased and 19 random samples from
apparently healthy animals) detected positive for
chlamydiosis by family Chlamydiaceae specific nested PCR
were processed for isolation in 6-8 days old embryonated
chicken eggs. DNA was extracted from five samples,
passaged three times or more and showing high level of

Table 2. Strain wise association of the chlamydiae in 9 representative samples from different equine species and clinical conditions

Animal Type of Sample Clinical status Chlamydial species Related strains
species sample ID and strains detected
Horse Nasal swab ERS-72 Coughing Chlamydia abortus 99% homology with C. abortus
ERS-76 Nasal discharge Chlamydia abortus 10G4367 strain from pigeon and
and coughing TB strain from sheep
ERS-84 Nasal discharge Chlamydia abortus
ERS-13 Respiratory distress ~ Chlamydia psittaci 100% homology with C. psittaci
and coughing Mat-116 strain from psittacine and non-
ERS-14 Coughing Chlamydia psittaci psittacine birds and human beings
ERS-7 Apparently healthy Chlamydia psittaci
Mule Nasal swab ERS-58 Coughing Chlamydia abortus 100% homology with C. abortus
ERS-63 Coughing Chlamydia abortus 10G4367 strain from pigeon and TB
strain from sheep
ERS-52 Respiratory distress  Chlamydia abortus 99% homology with C. abortus 10G4367

strain from pigeon and TB strain from
sheep
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C. psittaci-M56
C. psittaci-CP3
C. psittaci-98AV2129
C. psittaci-WS/RT/E

0.05

C. psittaci-N352
C. psittaci-A22/M
C. psittaci-MNRh
C. psittaci-MNOS
C. psittaci-Ca110
C. psittaci-6BC
C. psittaci-90-1051
C. psittaci-GV
C. psittaci-MNZhang

ERS-7

ERS-13

ERS-14

C. psittaci-Mat116

C. abortus-EBA

— C. abortus-pm234
— ERS-52, EES-88
_|C. abortus-pm112
C. abortus-pmd623
C. abortus-BA1
—C. abortus-pmSH1
C. abortus-B577
ERS-58, ERS-63
C. abortus-TB
C. abortus-LW508
C. abortus-pm225

C. abortus-pm326
C. abortus-OCHL
C. psittaci-V225

C. psittaci-R54

C. psittaci-GD

C. psittaci-842334

|C. psittaci-TT3
IC. psittaci-NJ1

C. psittaci-WC

C. felis-Baker

C. caviae-GPIC

C. pneumoniae
C. pecorum

C. trachomatic

Fig. 2. Neighbor joining (NJ) phylogenetic tree, based on nucleotide sequences of VD2 region of ompA gene of different strains of
C. psittaci, C. abortus and other Chlamydia species. Note: The strains detected in this study are shown in bold letters and vertical lines
mark genetic clusters of C. psittaci and C. abortus. The genetic distance is indicated in 0.05 units bar. The C. trachomatis is used as

out-group.

infection (+++ or above) and screened with family
Chlamydiaceae specific nested PCR. All the five samples
were positive by family specific PCR test.

The presence of chlamydiosis in diseased as well as
apparently healthy animals as reported in the present study
indicates that chlamydiae are important bacteria, which may
be a part of the normal flora of the respiratory tract of
equines or may be causing inapparent infections, but may
play dominant role along with other microorganisms to
precipitate the respiratory diseases. Also, it is a known fact
that respiratory disease are usually of multiple or mixed

aetiologies. Normally present commensals in the respiratory
tract of equines may act as pathogens under certain adverse
conditions like environmental stress, viral infections,
parasitic infestations as well as infections by specific
bacterial pathogens. Thus, chlamydiae may be an important
bacteria in the multiple aetiology of the equine respiratory
infections.

Therefore, the diagnostic, treatment and preventive
measures which are being undertaken for the control of
respiratory disease in equines should necessarily consider
the involvement of chlamydiae so that prompt diagnosis
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and effective treatment can be given and thus the respiratory
infections can be controlled.
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