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ORIGINAL ARTICLE

Genetic diversity of Chlamydia among captive birds from
central Argentina

María C. Frutos1*, Marina S. Monetti1, Lucia Gallo Vaulet2, María E. Cadario3,
Marcelo Rodríguez Fermepin2, Viviana E. Ré1, and Cecilia G. Cuffini1

1Instituto de Virología “Dr. J. M. Vanella”, Facultad de Ciencias Médicas, Universidad Nacional de Córdoba, Córdoba,
Argentina, 2Inmunología Clínica, Departamento de Bioquímica Clínica, Facultad de Farmacia y Bioquímica, Universidad de
Buenos Aires, Buenos Aires, Argentina, and 3Instituto Nacional de Enfermedades Infecciosas, ANLIS, Carlos G. Malbrán,
Córdoba, Argentina

To study the occurrence of Chlamydia spp. and their genetic diversity, we analysed 793 cloacal swabs from 12
avian orders, including 76 genera, obtained from 80 species of asymptomatic wild and captive birds that were
examined with conventional nested polymerase chain reaction and quantitative polymerase chain reaction.
Chlamydia spp. were not detected in wild birds; however, four species (Chlamydia psittaci, Chlamydia pecorum,
Chlamydia pneumoniae and Chlamydia gallinacea) were identified among captive birds (Passeriformes, n = 20;
Psittaciformes, n = 15; Rheiformes, n = 8; Falconiformes n = 2; Piciformes n = 2; Anseriformes n = 1; Galliformes n =
1; Strigiformes n = 1). Two pathogens (C. pneumoniae and C. pecorum) were identified simultaneously in samples
obtained from captive birds. Based on nucleotide-sequence variations of the ompA gene, three C. psittaci-positive
samples detected were grouped into a cluster with the genotypeWC derived frommammalian hosts. A single positive
sample was phylogenetically related to a new strain of C. gallinacea. This report contributes to our increasing
understanding of the abundance of Chlamydia in the animal kingdom.

Introduction

Chlamydiae are obligate intracellular bacteria responsible
for important clinical and epidemiological implications
worldwide, both in human and veterinary medicine (Kuo &
Stephens, 2011).

Psittacosis is a well-known human disease caused by
Chlamydia psittaci (Rodolakis & Yousef Mohamad, 2010),
which is acquired from poultry and wild birds. Additionally,
pet birds (primarily parrots) are still considered the primary
transmitters (Andersen & Franson, 2007; Laroucau et al.,
2009). In wild birds, isolates of C. psittaci have been
reported from more than 460 avian species, as well as from
mammals such as hares and muskrats (Andersen & Varom-
pay, 2003; Smith et al., 2005). C. psittaci may produce
clinical and/or subclinical infections in birds. Some infected
birds may appear healthy and shed the organism intermit-
tently. Shedding can be exacerbated by internal factors such
as immune status, in addition to external factors like stress,
reproductive activities, rearing of young pigeons, relocation,
shipping, crowding and chilling (Smith et al., 2005). The
clinical signs vary greatly in severity and depend on the
species and age of the birds, as well as the specific causative
strains involved (Andersen & Varompay, 2000; Andersen &
Franson, 2007; OIE, 2013). C. psittaci is excreted in the
faeces and nasal discharge of infected birds. Typical human
transmission pathways involve inhalation of infectious
aerosols while handling infected animals, carcasses or tissues

(Beeckman & Vanrompay, 2009). C. psittaci is classified into
nine genotypes: A to F, E/B, M56 and WC. Sequence
analysis of the outer membrane protein A (ompA) gene is one
way to identify all of the already known genotypes and
eventually new genotypes (Geens et al., 2005). However,
Sachse et al. (2008) have suggested adjustments and
extensions to the current scheme, which include the intro-
duction of subgroups to the more heterogeneous genotypes
A, E/B and D, as well as six provisional genotypes
representing so far untypable strains.

Chlamydial infections in birds count among the longest
documented zoonotic infections, but recently several
authors have suggested that the spectrum of diseases caused
by such chlamydial infections may be much wider than
realized (Zhang et al., 1993; Berger et al., 1999; Soldati
et al., 2004; Mitchell et al., 2010; Sachse et al., 2012).

Chlamydia pneumoniae has an extremely diverse host
range; it has been reported in humans, horses, reptiles,
amphibians and several Australian marsupials, including
koalas and bandicoots, but has rarely been found in birds
(Berger et al., 1999; Hotzel et al., 2001; Bodetti et al.,
2002; Jacobson et al., 2004; Cochrane et al., 2005; Mitchell
et al., 2010). Chlamydia pecorum is a pathogen found in
ruminants, swine and koalas of several countries (Zhang
et al., 1993; Jackson et al., 1999; Longbottom & Coulter,
2003). This species has also been detected previously in
captive birds from Japan and in the central area of
Argentina (Tanaka et al., 2005; Frutos et al., 2012a).
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Recently, Sachse et al. (2012) have found C. pecorum in
urban pigeons for the first time in Germany.
While the recognized hosts are widely acknowledged as

transmitters of chlamydial infections, the established know-
ledge of host restriction of certain chlamydial species is
constantly modified by newer studies that report the
detection of chlamydial species in animals that are not or
rarely identified as host species. Therefore, this study
intends to contribute to improving our understanding of
the occurrence and genetic diversity of Chlamydia in
captive and feral birds from Córdoba Argentina.

Materials and Methods

Samples. This study was conducted as a part of the surveillance programme
for Chlamydia and Arbovirus approved and promoted by the Ministry of
Environment of Córdoba province.
Cloacal swabs from 505 feral birds were collected during the period 2009

to 2012 from three different places—the Mar Chiquita bird sanctuary,
Province of Cordoba (30°50′ S; 62°54′ W) (n = 254); Dean Funes city (35°
25′S; 64° 21′W) (n = 169); and rural areas of Vicuña Mackenna (33°56′S;
64°22′W) (n = 82)—and from 288 captive birds (76 samples from zoo
parks and 212 households pets) from Córdoba city (31°;26′S; 64° 09′W),
central region of Argentina (Supplementary data 1). These samples were
stored at 4°C and transferred to the Institute of Virology, School of
Medicine, National University of Córdoba, Argentina. In total, 12 avian
orders including 76 genera and 80 species of feral and captive birds were
studied. The captive birds had no clinical signs compatible with chlamydial
infection.
The species and source of the samples are shown in Supplementary

data 2.

DNA extraction. The cotton swabs were placed in 1 ml sucrose–
phosphate–glutamate (Warford et al., 1984) and 200 µl of this solution
were subjected to DNA extraction using the Accuprep Genomic DNA
Extraction Kit (BIONEER, Alameda, CA, USA) according to the manu-
facturer’s instructions. DNA extracted from the L2/434Bu strain of
Chlamydia trachomatis was used as a positive control. The extracted
DNA was stored at 4°C.

Generic polymerase chain reaction for Chlamydia spp. DNA extract
(5 µl) was used to amplify a fragment of 576 base pairs (bp) of the variable
domains III and IV of the ompA gene of Chlamydia spp., using primers
191CHOMP (GCI YTI TGG GAR TGY GGI TGY GCI AC) and CHOMP
371 (TTA GAA ICK GAA TTG IGC RTT IAY GTG IGC IGC), as
described by Sachse & Hotzel (2003).

Nested polymerase chain reaction for C. psittaci and C. pecorum. Two
microlitres of templated DNA of generic polymerase chain reaction (PCR)
were used for specific nested PCR for amplified C. psittaci and C. pecorum
using primers 218PSITT (GTA ATT TCI AGC CCA GCA CAATTY GTG)
and CHOMP 336 (CCR CAA GMT TTT CTR GAY TTC AWY TTG TTR
AT) for C. psittaci (404 bp) and primers 204 PECOR (CCA ATA YGC
ACA ATC KAA ACC TCG C) and CHOMP 336 for C. pecorum (441 bp)
(Sachse & Hotzel, 2003).
C. psittaci genotype identification was confirmed by sequence analysis

using the ompA gene.

Hemi-nested PCR for C. pneumoniae. Based on the positive results of the
generic PCR, we decided to investigate the presence of C. pneumoniae.
Primers described by Campbell et al. (1998) and Mass et al. (1998) were
used to amplify a fragment of the rpoB gene of C. pneumoniae: primers
HL1 (GTT GTT CAT GAA GGC CTA CT) and HR1 (TGC ATA ACC
TAC GGT GTG TT), and primers N1 (AGT TGA GCA TAT TCG TGA
GG) and N2 (TTT ATT TCC GTG TCG TCC AG).
We modified the protocol and optimized a hemi-nested PCR by

combining the primers HL1/N2 and N1/HR1 to amplify two fragments:
273 bp and 249 bp, respectively. These fragments overlapped one another
and allowed us to obtain a 441 bp sequence of the rpoB gene of
C. pneumoniae.

Real-time PCR targeting the 23S rRNA gene. In this study, a Chlamy-
diaceae-specific real-time PCR targeting the 23S rRNA gene was used only
in positive nested PCR samples with the purpose of quantification (Everett
et al., 1999b). The quantitative PCR was carried out in a final volume of
25 µl containing 5 µl extracted DNA using an ABI Prism7000 thermocycler
(Applied Biosystems, Buenos Aires, Argentina). The cycle threshold value
(Ct) was calculated automatically. Each sample was examined in duplicate.
The TaqMan test was able to detect as few as 1 inclusion-forming unit or
elementary body, or seven targets (Everett et al., 1999b).

Sequencing. After the second step, products of the nested PCR were
purified by gel electrophoresis using the QIAquick Gel Extraction Kit
(Qiagen, Valencia, CA, USA) and subjected to a direct nucleotide
sequencing reaction in both directions using the internal (second-round)
PCR primers by Macrogen, Inc. (Seoul, Korea).

Sequence analysis and dendrogram constructions using the ompA gene
and the rpoB gene. The sequences obtained from regions of the ompA gene
and the rpoB gene were edited and prepared with BioEdit v 7.0.9 (Hall,
1999) and subsequently aligned with ClustalX 2.12 (Larkin et al., 2007),
along with the sequences downloaded from the GenBank. Relatedness of
newly characterized sequences was assessed by analysis with the 2.2.19
Basic Local Alignment Search Tool.

The dendrogram was constructed using the TreeExplorer module of the
MEGA program 4 (Tamura et al., 2007) with the neighbour-joining method
and the p-distance parameter. The branch support was evaluated by non-
parametric bootstrapping with 1000 pseudo-replicas.

Results

A total of 793 samples were tested for C. psittaci, C. pecorum
and C. pneumoniae using the nested PCR assay. None of the
Chlamydia species was detected in feral birds; however,
17.4% (50/288) of the samples from captive birds were
positive. Specific nested PCR confirmed the occurrence of C.
pneumoniae in 48% (n = 24), C. pecorum in 22% (n = 11)
and C. psittaci in 6% (n = 3) of the positive samples. Eleven
(22%) birds presented mixed infections of C. pneumoniae
and C. pecorum (Table 1). In our study, only one sample was
negative when tested with specific nested PCR.

By sequencing and analysis of the genetic composition of
the ompA gene and the rpoB gene, genetic diversity and
associations among the detected positive samples of Chla-
mydia spp. were determined. The sequences obtained in this
study were deposited in GenBank under the following
accession numbers: JX399852 to JX399854 for the ompA
region of the C. psittaci, JX399855 for the ompA region of
C. gallinacea, JN016880 to JN016884 for the ompA region
of C. pecorum, and JX645161 to JX645175 and JX649919
for the rpoB region of C. pneumoniae.

Genetic analysis of the ompA gene for C. psittaci revealed
that bird samples (ARG AMB 208, ARG AMB 204 and
ARG AMB 209) grouped in the genetic cluster represented
for WC strains associated with mammal hosts (Figure 1). The
Basic Local Alignment Search Tool analysis revealed that
ompA sequences of sample ARGAMB P3 exhibited a degree
of similarity close to a group of sequences of Chlamydia
gallinacea found in the French psittacosis outbreak in France
(GQ398033, GQ398036) (Sachse et al., 2014). The ompA
sequence of C. pecorum-positive samples was highly homo-
logous and shared more than 98% similarity between each
other (Figure 1). Genetic analysis of the rpoB gene for C.
pneumoniae revealed that bird samples grouped together in a
separate cluster (Figure 2).

The comparison of Ct values with quantitative PCR
demonstrated different levels of presence of Chlamydia in
the cloaca. Piranga, Paroaria and Sicalis birds (Ct: 31)
showed a higher level of occurrence than Rhea,
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Gubernatrix and Pheucticus (Ct: 38) (Ct ≤39; the r2

linearity value from the linear regression was 0.9935 and
efficiency = 10 [−1 / slope] − 1 = 99%).

Table 1 shows that Chlamydia spp. were predominantly
detected among eight Passeriformes avian species. This
included positive rates of 8.3% in the Turdidae family
(2/24), 7.7% (17/220) in the Emberizidae family and 6.7%
(1/15) in the Thraupidae family. In Psittaciformes birds, we
detected Chlamydia in 19.7% (15/76) only in the Psittacidae
family. However, in birds from the Falconidae family, we
detected Chlamydia spp. in 28.6% (2/7). We also detected
Chlamydia in 88.9% (8/9) of the birds from the Rheidae
family and 1.2% (1/81) in Galliformes birds (Phasianidae
family). In birds of the Piciformes order, Ramphastidae
family, Chlamydia was found in 22.2% (2/9) of the subjects.

The table also shows that C. pneumoniae was the main
species detected in captive birds. These bacteria were found
in Passeriformes (n = 4), Psittaciformes (n = 8), Rheiformes
(n = 5), Falconiformes (n = 2) and Piciformes birds (n = 2),
and among one specimen of Strigiformes, Anseriformes and
Galliformes birds. C. pecorum was detected in Passeri-
formes (n = 5) and Psittaciformes (n = 5), and one sample
from Rheiformes birds. C. psittaci was detected only in
three samples of Passeriformes birds. Mixed infections
among C. pneumoniae and C. pecorum were detected in
Passeriformes (n = 7), Psittaciformes (n = 2) and Rhei-
formes birds (n = 2), respectively. C. gallinacea was
detected in a Passeriformes bird (n = 1).

Among household birds, we detected C. psittaci in 12.5%
(3/24), C. pecorum in 20.8% (5/24), C. pneumoniae in 25%
(6/24) and mixed infections in 37.5% (9/24) of the
Chlamydia-positive samples. However, C. psittaci was not
found in birds of zoo parks, while C. pneumoniae was
detected in 69.2% (18/26), followed by C. pecorum in

23.1% (6/26). In addition, we detected mixed infections in
7.7% (2/26) of the samples. The new chlamydial agent C.
gallinacea was detected in 4.1% (1/24).

Discussion

In this study, nested PCR and hemi-nested PCR were used
to detect and genetically characterize Chlamydia spp. For
the molecular detection of C. pecorum and C. psittaci, we
used partial ompA gene amplification. The choice of the
genomic region was based on the fact that it is a region
widely associated with the genetic divergence of Chlamydia
spp. (Poole & Lamont, 1992; Batteiger et al., 1996;
Longbottom & Coulter, 2003; Sachse & Hotzel, 2003;
Geens et al., 2005; Kaulfold et al., 2006; Laroucau et al.,
2009; Pantchev et al., 2009). Amplification of the rpoB
gene was used for C. pneumoniae detection, based on
recommendations of the National Center for Infectious
Disease Control (Dowell et al., 2001).

With these amplification strategies, a large panel of avian
samples was examined, revealing the presence of Chlamydia
spp. in an extended host range of captive birds (20 species of
Passeriformes and non-Passeriformes birds); however, these
bacteria were not detected in wild birds. While both wild and
captive birds suffered stress at capture time, it is possible that
the disruption of the ecological and environmental preserva-
tion in captive birds was the cause of the Chlamydia detection.

C. pneumoniae was the species most commonly detected
in captive birds, followed by C. pecorum and C. psittaci. In
addition, C. gallinacea and mixed infections of C. pneu-
moniae/C. pecorum were also found.

Among Passeriformes, mainly Paroaria, a high occurrence
of a wide diversity of Chlamydia was found, along with
higher levels of chlamydial presence. These results suggest

Table 1. Occurrence of Chlamydia in 288 captive birds (pet in households, n = 212; zoo parks, n = 76).

Classification of the avian fauna Chlamydial species (n)

Habitat Order Family Genus
C.

psittaci
C.

pneumoniae
C.

pecorum
C. pneumoniae/
C. pecorum Total

Pet in household Anseriformes Anatidae Anser – 1 – – 1
Galliformes Phasianidae Gallus – 1 – – 1
Passeriformes Emberizidae Cyanocompsa – 1 1 3 6

Gubernatrix – – 1 – 1
Diuca 1 – – – 1
Paroaria 1 1 1 3 6
Pheucticus – 1 – – 1
Sicalis – 1 1 – 2

Thraupidae Piranga – – – 1 1
Turdidae Turdus 1 – 1 – 2

Psittaciformes Psittacidae Melopsittacus – – – 2 2
Total (n, %) 3 (12.5) 6 (25) 5 (20.8) 9 (37.5) 24 (11.3)
Zoo parks Falconiformes Falconidae Falco – 1 – – 1

Polyborus – 1 – – 1
Piciformes Ramphastidae Ramphartor – 2 – – 2
Psittaciformes Psittacidae Agapornis – 6 – – 6

Cyanoliseus – 1 – – 1
Nymphicus – 1 4 – 5
Psittacula – – 1 – 1

Rheiformes Rheidae Rhea – 5 1 2 8
Strigiformes Tytonidae Tyto – 1 – – 1

Total (n, %) – 18 (69.2) 6 (23.1) 2 (7.7) 26 (34.2)
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their potential role as reservoirs of Chlamydia in our region.
However, the occurrence of Chlamydia in Passeriformes is
more surprising. Some researchers have not been able to
demonstrate the presence of Chlamydia in Passeriformes
(Prukner-Radovcic et al., 2005; Chahota et al., 2006), while
others have reported frequencies of detection ranging from
0.8 to 54% (Hirai et al., 1983; Holzinger-Umlauf et al., 1997;
Olsen et al., 1998; Kaleta & Taday, 2003; Dovc et al., 2005;
Celebi & Ak, 2006; Madani & Peighambari, 2013).
C. psittaci is the most widely studied Chlamydia species

among birds; it has been extensively reported that pigeons
are the natural reservoirs, as well as the source of human
infections (Fukushi et al., 1983; Haag-Wackernagel &
Moch, 2004; Chahota et al., 2006; Yousef Mohamad &
Rodolakis, 2010). However, samples from local pigeon
yielded negative results. C. psittaci was detected only in
Passeriformes birds (Emberizidae and Turdidae family); but
did not appear to be associated with any clinical sign of
disease in these birds. Thus, these birds could be subclinical
carriers of C. psittaci. In addition, the molecular character-
ization revealed that the positive samples amplified in this
study were closely related to the WC strain derived from
mammalian genotypes (Everett et al., 1999a). This finding
is in line with previous reports of our group (Frutos et al.,
2012b) in which this C. psittaci genotype was detected
among six of the nine human cases (Frutos et al., 2012b).

These results indicate an important circulation of mamma-
lian genotypes in Córdoba-Argentina, suggesting that
mammals may represent an underestimated source of C.
psittaci or that birds could carry strains associated with
mammals.

The finding of C. pecorum in captive birds provided
further evidence of its circulation in asymptomatic birds in
our region (Frutos et al., 2012a); however, the epidemiolo-
gical significance of C. pecorum is not clear at this stage.
Further studies are needed to estimate the zoonotic role of
this pathogen.

C. pneumoniae was the species most frequently detected,
reflecting its endemic circulation in the local avifauna.
Furthermore, the analysis of the amplified sequences showed
a close association with the C. pneumoniae sequence
previously isolated from human samples. Although C.
pneumoniae has been described in several animal species,
its zoonotic role remains unclear (Bodetti et al., 2002; Myers
et al., 2009; Mitchell et al., 2010).

Another remarkable finding was the first detection of C.
gallinacea in our region; this new species of Chlamydia had
been previously found only in poultry (Gaede et al., 2008;
Laroucau et al., 2009; Lemus et al., 2010; Sachse et al.,
2014); however, in our study it was found in Ultramarine
Grosbeak (Passeriformes, Emberizidae). Also, it is import-
ant to note that our study provides further evidence of the

Figure 1. Neighbour-joining dendrogram based on comparison of 404 bp of the ompA gene of Chlamydia. Samples that belong to this
study have the prefix ARG AMB and GenBank accession numbers provided. Numbers above branches are bootstrap values as a percentage
of 1000 pseudo replicates and only bootstrap values >60% are shown. Chlamydia abortus C18/98 was used as an out-group. Scale bar
shows the percentage sequence diversity.
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occurrence of mixed Chlamydia species among birds. This
fact has also been reported by Tanaka et al. (2005) and
Sachse et al. (2012).

The presence of Chlamydia in captive birds could
represent a potential source of infection to caregivers,
which emphasizes the need to implement biosecurity
measures to mitigate the effects of a possible spread of
infection. Several limitations of our study need to be
considered. Isolation in cell cultures (CDC, 1998) was the
preferred technique to confirm and corroborate the results
obtained; however, this is not recommended in the case of
C. psittaci because of the biological risks. On the other
hand, it was not possible to isolate C. pecorum and C.
pneumoniae in cell cultures, perhaps due to the lack of
sterile and cooling conditions where the bird samples were
collected.

In the literature, studies of bird chlamydial infections
have usually been confined to the search for C. psittaci, so
little is known about the presence of other Chlamydia
species. The current findings confirm that our knowledge on
the variety of chlamydial bird organisms is only partial.

In this study, positive samples were found mainly in two
avian orders, namely Passeriformes and Psittaciformes;
therefore, they should be taken into account when field
studies are performed and their epidemiological importance
should be considered.

This report is the first contribution to the identification
and molecular characterization of Chlamydia spp. in captive
birds of Argentina, and it contributes to improving our
understanding on the abundance of Chlamydia in the animal
kingdom.

Funding

This study was supported in part by Mincyt-Cba [grant
numbers 1427/09, 113/2011] and PICTO-ANLIS [grant num-
ber 0180/11]. This communication has been prepared in the
context of the collaboration promoted by the Secretary of
Environment of Córdoba Province, Argentina. V. E. Ré is a
scientific member of CONICET, Argentina.

Supplemental data

Supplemental data for this article can be accessed here.

References

Andersen, A.A. & Franson, J.C. (2007). Avian chlamydiosis. In N.J.
Thomas, D.B. Hunter & C.T Atkinson (Eds.), Infectious Diseases of Wild
Birds (pp. 303–316). Oxford: Blackwell Publishing.

Andersen, A.A. & Varompay, D. (2000). Avian chlamydiosis. OIE Revue
scientifique et technique, 19, 396–404.

Andersen, A.A. & Varompay, D. (2003). Avian chlamydiosis (psittacosis,
ornithosis). In Y.M. Saif, H.J. Barnes, J.R. Glisson, A.M. Fadly,
L.R. McDougald & D.E. Swayne (Eds.), Diseases of Poultry 11th edn
(pp. 863–879). Ames: Blackwell Publishing.

Batteiger, B.E., Lin, P.M., Jones, R.B. & Van Der Pol, B.J. (1996). Species,
serogroup, and serovar-specific epitopes are juxtaposed in variable
sequence region 4 of the major outer membrane proteins of some
Chlamydia trachomatis serovars. Infection and Immunity, 64, 2839–2841.

Beeckman, D.S. & Vanrompay, D.C. (2009). Zoonotic Chlamydophila
psittaci infections from a clinical perspective. Clinical Microbiology and
Infection, 15, 11–17.

Berger, L., Volp, K., Mathews, S., Speare, R. & Timms, P. (1999). Chlamydia
pneumoniae in a free-ranging giant barred frog (Mixophyes iteratus) from
Australia. Journal of Clinical Microbiology, 37, 2378–2380.

Figure 2. Neighbour-joining dendrogram based on comparison of 441 bp of the rpoB gene of Chlamydia. Samples that belong to this study
have the prefix ARG and GenBank accession numbers provided. Numbers above branches are bootstrap values as a percentage of 1000
pseudo replicates and only bootstrap values >60% are shown. C. pecorum E58 was used as an out-group. Scale bar shows the percentage
sequence diversity.

54 M. C. Frutos et al.

D
ow

nl
oa

de
d 

by
 [

M
ar

ía
 C

el
ia

 F
ru

to
s]

 a
t 0

3:
34

 2
1 

Ja
nu

ar
y 

20
15

 

http://10.1080/03079457.2014.993593


Bodetti, T., Jacobson, E. & Wan, C. (2002). Molecular evidence to support
the expansion of the host range of Chlamydia pneumoniae to include
reptiles as well as humans, horses, koalas and amphibians. Systematic
and Applied Microbiology, 25, 146–152.

Campbell, L.A., Kuo, C.C. & Grayston, J.T. (1998). Chlamydia pneumo-
niae and cardiovascular disease. Emerging Infectious Diseases, 4,
571–579.

CDC (Centers for Disease Control and Prevention). (1998). Compendium of
measures to control Chlamydia psittaci infection among humans (psit-
tacosis) and pet birds (avian chlamydiosis). Morbidity and Mortality
Weekly Report, 47, 1–15.

Celebi, B.S. & Ak, S. (2006). A comparative study of detecting
Chlamydophila psittaci in pet birds using isolation in embryonated egg
and polymerase chain reaction. Avian Diseases, 50, 489–493.

Chahota, R., Ogawa, H., Mitsuhashi, Y., Ohya, K., Yamaguchi, T. &
Fukushi, H. (2006). Genetic diversity and epizootiology of Chlamydo-
phila psittaci prevalent among the captive and feral avian species based
on VD2 region of ompA gene. Microbiology and Immunology, 50,
663–678.

Cochrane, M., Walker, P., Gibbs, H. & Timms, P. (2005). Multiple
genotypes of Chlamydia pneumoniae identified in human carotid plaque.
Microbiology, 151, 2285–2290.

Dovc, A., Dovc, P., Kese, D., Vlahovic, K., Pavlak, M. & Zorman-Rojs, O.
(2005). Long-term study of chlamydophilosis in Slovenia. Veterinary
Research Communications, 29, 23–36.

Dowell, S.F., Peeling, R.W., Boman, J., Carlone, G.M., Fields, B.S.,
Guarner, J., Hammerschlag, M.R., Jackson, L.A., Kuo, C.C., Maass,
M., Messmer, T.O., Talkington, D.F., Tondella, M.L. & Zaki, S.R.
(2001). Standardizing Chlamydia pneumoniae assays: recommendations
from the Centers for Disease Control and Prevention (USA) and the
Laboratory Centre for Disease Control (Canada). Clinical Infectious
Diseases, 33, 492–503.

Everett, K.D., Busch, R.M. & Andersen, A.A. (1999a). Emended description
of the order Chlamydiales, proposal of Parachlamydiaceae fam. nov. and
Simkaniaceae fam. nov., each containing one monotypic genus, revised
taxonomy of new species and standards for the identification of organisms.
International Journal of Systematic Bacteriology, 49, 415–440.

Everett, K.D., Hornung, L.H. & Andersen, A.A. (1999b). Rapid detection
of the Chlamydiaceae and other families in the order Chlamydiales: three
PCR tests. Journal of Clinical Microbiology, 37, 575–580.

Frutos, M.C., Venezuela, F., Kiguen, X., Ré, V. & Cuffini, C. (2012a).
Detection of the ompA gene of Chlamydophila pecorum in captive birds
in Argentina. Revista Argentina de Microbiología, 44, 65–68.

Frutos, M.C., Monetti, M., Kiguen, X., Venezuela, F., Ré, V. & Cuffini, C.
(2012b). Genotyping of C. psittaci in central area of Argentina.
Diagnostic Microbiology and Infectious Disease, 74, 320–322.

Fukushi, H., Itoh, K., Ogawa, Y., Hayashi, Y., Kuzuya, M., Hirai, K. &
Shimakura, S. (1983). Isolation and serological survey of Chlamydia
psittaci in feral pigeons from Japan. Nippon Juigaku Zasshi, 45,
847–848.

Gaede, W., Reckling, K.F., Dresenkamp, B., Kenklies, S., Schubert, E.,
Noack, U., Irmscher, H.M., Ludwig, C., Hotzel, H. & Sachse, K. (2008).
Chlamydophila psittaci infections in humans during an outbreak of
psittacosis from poultry in Germany. Zoonoses and Public Health, 55,
184–188.

Geens, T., Desplanques, A., Van Loock, M., Bonner, B.M., Kaleta, E.F.,
Magnino, S., Andersen, A.A., Everett, K.D. & Vanrompay, D. (2005).
Sequencing of Chlamydia psittaci ompA gene reveals a new genotype,
E/B, and need for a rapid discriminatory genotyping method. Journal of
Clinical Microbiology, 43, 2456–2461.

Haag-Wackernagel, D. & Moch, H. (2004). Health hazards posed by feral
pigeons. Journal of Infection, 48, 307–313.

Hall, T.A. (1999). BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucleic Acids
Symposium Series, 41, 95–98.

Hirai, K., Itoh, K., Tamashita, T., Fukushi, H., Hatashi, Y., Kuzuya, M.,
Shimakura, S., Hashimoto, A. & Akiyama, A. (1983). Prevalence of
Chlamydia psittaci in pet birds maintained in public places or in close
human contact. Japanese Journal of Veterinary Science, 45, 843–845.

Holzinger-Umlauf, H.A.M., Marschang, R.E., Gravendyck, M. & Kaleta, E.F.
(1997). Investigation on the frequency of Chlamydia sp. infections in tits
(Paridae). Avian Pathology, 26, 779–789.

Hotzel, H., Grossmann, E., Mutschmann, F. & Sachse, K. (2001). Genetic
characterization of a Chlamydophila pneumoniae isolate from an African
frog and comparison to currently accepted biovars. Systematic and
Applied Microbiology, 24, 63–66.

Jackson, M., White, N., Giffard, P. & Timms, P. (1999). Epizootiology of
Chlamydia infections in two free-range koala populations. Veterinary
Microbiology, 65, 255–264.

Jacobson, E.R., Heard, D. & Andersen, A.A. (2004). Identification of
Chlamydophila pneumoniae in an emerald tree boa, Corallus caninus.
Journal of Veterinary Diagnostic Investigation, 16, 153–154.

Kaleta, E.F. & Taday, M.A. (2003). Avian host range of Chlamydophila spp.
based on isolation, antigen detection and serology. Avian Pathology, 32,
435–462.

Kaulfold, J., Melzer, F., Henning, K., Schulze, K., Leiding, C. & Sachse, K.
(2006). Prevalence of Chlamydiae in boars and semen used for artificial
insemination. Theriogenology, 65, 1750–1758.

Kuo, C. & Stephens, R. (2011). Family I. Chlamydiacaeae. In N.R. Krieg,
J.T. Staley, D.R. Brown, B.P. Hedlund, B.J. Paster, N.L. Ward, W.
Ludwig & W.B. Whitman (Eds.), Bergey’s Manual of Systematic
Bacteriology 2nd edn (pp. 46–865). Heidelberg: Springer.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., McGettigan, P.A.,
McWilliam, H., Valentin, F., Wallace, I.M., Wilm, A., Lopez, R.,
Thompson, J.D. & Gibson, T.J. (2007). Clustal W and Clustal X version
2.0. Bioinformatics, 23, 2947–2948.

Laroucau, K., Vorimore, F., Aaziz, R., Berndt, A., Schubert, E. & Sachse,
K. (2009). Isolation of a new chlamydial agent from infected domestic
poultry coincided with cases of atypical pneumonia among slaughter-
house workers in France. Infection, Genetics and Evolution, 9,
1240–1247.

Lemus, J.A., Fargallo, J.A., Vergara, P., Parejo, D. & Banda, E. (2010).
Natural cross chlamydial infection between livestock and free-living bird
species. PloS One, 5, e13512.

Longbottom, D. & Coulter, L. (2003). Animal chlamydioses and zoonotic
implications. Journal of Comparative Pathology, 128, 217–244.

Madani, S.A. & Peighambari, S.M. (2013). PCR-based diagnosis, molecular
characterization and detection of atypical strains of avian Chlamydia
psittaci in companion and wild birds. Avian Pathology, 42, 38–44.

Mass, M., Bartels, C., Engel, P.M., Mamat, U. & Sievers, H.H. (1998).
Endovascular presence of viable Chlamydia pneumoniae is a common
phenomenon in coronary artery disease. Journal of the American College
of Cardiology, 31, 827–832.

Mitchell, C., Hutton, S., Myers, G., Brunham, R. & Timms, P. (2010).
Chlamydia pneumoniae is genetically diverse in animals and appears to
have crossed the host barrier to humans on (at least) two occasions.
PLOS Pathogens, 6, e1000903.

Myers, G., Mathews, S., Eppinger, M., Mitchell, C., O’Brien, K., White, O.
R., Benahmed, F., Brunham, R.C., Read, T.D., Ravel, J., Bavoil, P.M. &
Timms, P. (2009). Evidence that human Chlamydia pneumoniae was
zoonotically acquired. Journal of Bacteriology, 191, 7225–7233.

OIE (Office International des Epizooties). (2013). Avian chlamydiosis. In
Manual of Standards for Diagnostic Test and Vaccines. Office Interna-
tional des epizooties, Paris, Retrieved from http://www.oie.int/fileadmin/
Home/esp/Health_standards/tahm/2.03.01_Clamidiosis_aviar.pdf.

Olsen, B., Persson, K. & Broholm, K.A. (1998). PCR detection of
Chlamydia psittaci in faecal samples from passerine birds in Sweden.
Epidemiology & Infection, 121, 481–483.

Pantchev, A., Sting, R., Tyczka, J., Bauerfeind, R. & Sachse, K. (2009).
New real-time PCR test for species-specific detection of Chlamydophila
psittaci and Chlamydophila abortus from tissue samples. The Veterinary
Journal, 181, 145–150.

Poole, E. & Lamont, I. (1992). Chlamydia trachomatis serovars differen-
tiation by direct sequence analysis of the variable segment 4 region of the
major outer membrane protein gene. Infection and Immunity, 60,
1089–1094.

Prukner-Radovcic, E., Hortvatek, D., Gottstein, Z., Grozdanic, I. & Mazija,
H. (2005). Epidemiological investigation of Chlamydophila psittaci in
pigeons and free-living birds in Croatia. Veterinary Research Commu-
nications, 29, 17–21.

Rodolakis, A. & Yousef Mohamad, K. (2010). Zoonotic potential of
Chlamydophila. Veterinary Microbiology, 140, 382–391.

Sachse, K. & Hotzel, H. (2003). Detection and differentiation of Chlamy-
diae by nested-PCR. Methods in Molecular Biology, 216, 123–136.

Genetic diversity of Chlamydia 55

D
ow

nl
oa

de
d 

by
 [

M
ar

ía
 C

el
ia

 F
ru

to
s]

 a
t 0

3:
34

 2
1 

Ja
nu

ar
y 

20
15

 

http://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.03.01_Clamidiosis_aviar.pdf
http://www.oie.int/fileadmin/Home/esp/Health_standards/tahm/2.03.01_Clamidiosis_aviar.pdf


Sachse, K., Kuehlewind, S., Ruettger, A., Schubert, E. & Rohde, G. (2012).
More than classical Chlamydia psittaci in urban pigeons. Veterinary
Microbiology, 157, 476–480.

Sachse, K., Laroucau, K., Hotzel, H., Schubert, E., Ehricht, R. & Slickers,
P. (2008). Genotyping of Chlamydophila psittaci using a new DNA
microarray assay based on sequence analysis of ompA genes. BMC
Microbiology, 8, 1–12.

Sachse, K., Laroucau, K., Riege, K., Wehner, S., Dilcher, M., Creasy, H.H.,
Weidmann, M., Myers, G., Vorimore, F., Vicari, N., Magnino, S.,
Liebler-Tenorio, E., Ruettger, A., Bavoil, P.M., Hufert, F.T., Rosselló-
Móra, R. & Marz, M. (2014). Evidence for the existence of two new
members of the family Chlamydiaceae and proposal of Chlamydia avium
sp. nov. and Chlamydia gallinacea sp. nov. Systematic and Applied
Microbiology, 37, 79–88.

Smith, K.A., Bradley, K.K., Stobierski, M.G. & Tengelsen, L.A. (2005).
Compendium of measures to control Chlamydophila psittaci (formely
Chlamydia psittaci) infection among humans (psittacosis) and pet birds.
Journal of the American Veterinary Medical Association, 226, 532–539.

Soldati, G., Lu, Z., Vaughan, L., Polkinghorne, A., Zimmermann, D.,
Huder, J.B. & Pospischil, A. (2004). Detection of Mycobacteria and

Chlamydiae in granulomatous inflammation of reptiles: a retrospective
study. Veterinary Pathology, 41, 388–397.

Tamura, K., Dudley, J., Nei, M. & Kumar, S. (2007). MEGA4: molecular
evolutionary genetics analysis (MEGA) software version 4.0. Molecular
Biology and Evolution, 24, 1596–1599.

Tanaka, C., Miyazawa, T., Watarai, M. & Ishiguro, N. (2005). Bacteriolo-
gical survey of feces from feral pigeons in Japan. The Journal of
Veterinary Medical Science, 67, 951–953.

Warford, A.L., Rekrut, K.A., Levy, R.A. & Drill, A.E. (1984). Sucrose
phosphate glutamate for combined transport of chlamydial and viral
specimens. American Journal of Clinical Pathology, 81, 762–764.

Yousef Mohamad, K. & Rodolakis, A. (2010). Recent advances in the
understanding of Chlamydophila pecorum infections, sixteen years after
it was named as the fourth species of the Chlamydiaceae family.
Veterinary Research, 41, 27–37.

Zhang, Y.X., Fox, J.G., Ho, Y., Zhang, L., Stills, H.F. & Smith, T.F. (1993).
Comparison of the outer-membrane protein (MOMP) gene of mouse
pneumonitis (MoPn) and hamster SFPD strains of Chlamydia trachoma-
tis with other Chlamydia strains. Molecular Biology and Evolution, 10,
1327–1342.

56 M. C. Frutos et al.

D
ow

nl
oa

de
d 

by
 [

M
ar

ía
 C

el
ia

 F
ru

to
s]

 a
t 0

3:
34

 2
1 

Ja
nu

ar
y 

20
15

 


	Abstract
	Introduction
	Materials and Methods
	Samples.
	DNA extraction.
	Generic polymerase chain reaction for Chlamydia spp.
	Nested polymerase chain reaction for C. psittaci and C. pecorum.
	Hemi-nested PCR for C. pneumoniae.
	Real-time PCR targeting the 23S rRNA gene.
	Sequencing.
	Sequence analysis and dendrogram constructions using the ompA gene and the rpoB gene.

	Results
	Discussion
	Funding
	Supplemental data
	References



