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A B S T R A C T   

Chlamydia psittaci is a highly zoonotic bacteria distributed worldwide; it is responsible for psittacosis, one of the 
most important infectious diseases affecting the Psittacidae, mostly parrots. This work was aimed at determining 
C. psittaci prevalence and genotype in 177 parrots confiscated in Colombia; cloacal swab (166) and faecal (177) 
samples were analysed from birds confiscated and housed in a Temporary Wildlife Reception Centre (Centro de 
Reception de Fauna Temporal). Conventional PCR was run on the samples for amplifying the MOMP gene and 
then the ompA gene. The C. psittaci genotype A was found in 81.3 % (144/177) of the birds analysed. Cloacal 
swabs accounted for 129/166 (77.7 %) positive samples and faecal matter for 53/177 (29.9 %), 38 birds proving 
positive for both types of sample; there was an 8.15 times greater probability of detection for cloacal swabs 
compared to faecal swabs (p < 0.05). Clinical examination findings were correlated with the animals’ positivity 
for cloacal swabs, faecal matter or both, finding a statistically significant relationship with low respiratory rate (p 
< 0.05) and broken plumage for cloacal swab sample results (p < 0.1). Even though 85 % seroprevalence has 
previously been reported in Colombia using indirect ELISA, this study reports for the first time C. psittaci ge-
notype A endemicity in psittacines in captivity in Colombia using molecular techniques, considering the zoonotic 
risk involved in having these birds as pets.   

1. Introduction 

Chlamydia psittaci is an obligate intracellular bacteria belonging to 
the Chlamydiaceae family (Balsamo et al., 2017). It is distributed 
worldwide and is the causal agent of avian chlamydiosis and psittacosis 
in humans; it is also known as ornithosis (Gedye et al., 2018). Eight 
serovars and 9 genotypes (A–F, E/B, M56 and WC) have been described 
to date (Beeckman and Vanrompay, 2009; Heddema et al., 2015); ge-
notype A has been frequently associated with domestic and wild Psit-
tacidae and can be transmitted to humans, causing severe disease and 
even death (Beeckman and Vanrompay, 2009; Heddema et al., 2015). 

The airway is the commonest transmission route. Birds usually become 
infected by inhaling or ingesting contaminated material (Andersen and 
Vanrompay, 2000) and the disease can become manifest as acute or 
persistent; bacteria is periodically eliminated via their faeces and se-
cretions in persistent infection (Andersen and Vanrompay, 2000). 

The following signs may be present: conjunctivitis, anorexia, weight 
loss, diarrhoea, yellowish stools, sinusitis, urinary biliverdin, rhinor-
rhoea, sneezing, lachrymation and respiratory difficulty; however, this 
depends on a bird’s species, age and the strain’s virulence (World 
Organisation for Animal Health - Organización Mundial de Sanidad 
Animal - OIE, 2012). Humans, considered opportunist hosts for 
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C. psittaci, may suffer fever, headache, malaise, chills, myalgia, 
non-productive cough and dyspnoea; these symptoms can become 
complicated, producing pneumonia, pericarditis, endocarditis, 
myocarditis, hepatitis, arthritis, keratoconjunctivitis, encephalitis and 
splenomegaly (Johnston et al., 2000; Knittler and Sachse, 2015). People 
at the greatest risk are those who come into direct contact with birds, 
whether due to recreational and/or occupational causes (Balsamo et al., 
2017), who can become infected when manipulating or sacrificing birds 
(World Organisation for Animal Health - Organización Mundial de 
Sanidad Animal - OIE, 2012). Many birds, especially the Psittacidae (i.e. 
parrots), usually become infected but do not develop the disease unless 
submitted to conditions of stress, thereby being a potential source of 
contamination for other animals, including humans (Morais et al., 
2013). 

Molecular studies of C. psittaci in Psittacidae from zoos, veterinary 
clinics and illegal traffic in Latin-American (more precisely Argentina, 
Brazil, Costa Rica and Venezuela) carried out during the last decade 
have found disease prevalence ranging from 3.4%–72% (Origlia et al., 
2019; Rodríguez-Leo et al., 2017; Santos et al., 2014; Sheleby-Elías 
et al., 2013; Vasconcelos et al., 2016; Vilela et al., 2019). Only one study 
has been published in Colombia which was based on determining 
seroprevalence in Psittacidae from the genus Amazona spp. from zoos 
and Wildlife Care and Assessment Centres; 85 % (118/138) of the serum 
samples analysed were positive (Monsalve et al., 2011). 

Trafficking wildlife continues being a largescale problem in 
Colombia, in spite of existing legislation and attempts at control by the 
pertinent environmental authorities; however, its real scope, impact on 
animal populations and public health-related zoonotic considerations 
arising from this situation due to its illegal nature remain unknown 
(Cruz-Antía and Gómez, 2010; Monsalve et al., 2011). Considering the 
important role played by the psittacines in C. psittaci transmission, 
especially in captivity-related conditions and the little information 
available in Colombia concerning the presence of this microorganism, 
this work has been aimed at determining C. psittaci prevalence and ge-
notype in confiscated parrots. 

2. Materials and methods 

2.1. Study population and sample taking 

This study included 353 samples from 177 confiscated psittacine 
birds and residents of the Temporary Wildlife Reception Centre (Centro 
de Reception de Fauna Temporal) located in Bogotá, Colombia, in line 
with Association Agreement N◦131 between IDPYBA (District’s Institute 
for Animal Protection and Welfare) and U.D.C.A. The samples were 
taken from 11 Psittacidae species (Table 1). The amount of birds con-
sisted of the total population weighing more than 200 g being kept in the 
Temporary Wildlife Reception Centre at the time of sampling. 

Cloacal swab (n: 176) and faeces samples (n:177) were taken from 
the birds. No cloacal swab sample was taken from one bird due to its 
size. The samples were conserved in lysis buffer, transported to the 

laboratory and stored at -20 ◦C until processing. 

2.2. DNA extraction 

A DNeasy Blood and Tissue Kit (Qiagen) was used for DNA extrac-
tion, following the manufacturer’s instructions. Extracted DNA was 
stored at -20 ◦C. 

2.3. Determining genus and species 

All DNA samples were analysed by conventional PCR for determining 
the presence or absence of a specific species; a 264-base pair (bp) 
fragment spanning part of the 5′ non-translated upstream region and 
part of the coding region of the ompA gene encoding the major outer 
membrane protein (MOMP) were amplified using CPF: 5′-GCAAGA-
CACTCCTCAAAGCC-3′ and CPR: 5′− CCTTCCCACATAGTGCCATC-3′

primers described by Hewinson et al. (1997). Each reaction contained 
1X Phusion Hot Start II High-Fidelity PCR Master Mix (Thermo Fisher 
Scientific), 0.5 μM of each primer, 3 μL ultrapure water (UPW) and 1 μL 
genomic DNA (gDNA) for a 10 μL final volume. AmpliRun DNA 
(C. psittaci 6BCE) amplification control was used as positive control and 
a sample confirmed by PCR for Chlamydia trachomatis DNA as negative 
control; Supplementary material 1 describes the amplification protocol. 
A Labnet MultiGene Optimax thermocycler (Fox Laboratories) was used 
for amplification. PCR products were visualised by 1.5 % agarose gel 
electrophoresis with 1X TAE buffer, stained with SYBR Safe DNA Gel 
Stain (1X) (Thermo Fisher Scientific) and a GeneRuler 100 bp Plus DNA 
Ladder (Thermo Fisher Scientific) was used as bp marker for the sam-
ples, a ~264 bp amplicon being considered positive. 10 μL independent 
PCR were run for positive samples until obtaining the concentration 
required for sequencing. 

As the C. psittaci and C. abortus genomes have 99 %–100 % identity in 
the ompA’s 5′ UTR sequence, the positive samples were submitted to 
another conventional PCR amplifying a different fragment of the ompA 
gene (93 % identity) (Fig. 1). Specific primers were designed for each 
species, taking the C. psittaci 6BCE and C. abortus GN6 strains as refer-
ence; the sequences were obtained from the NCBI GenBank database 
(blast.ncbi.nlm.nih.gov) (Supplementary material 2). 

Each reaction contained 1X Phusion Hot Start II High-Fidelity PCR 
Master Mix (Thermo Fisher Scientific), 0.5 μM of each primer, 10 μg/mL 
bovine serum albumin (BSA), 3.4 μL UPW and 0.5 μL gDNA for a 10 μL 
final volume. AmpliRun DNA Amplification Control was used as positive 
control. Supplementary material 3 describes the amplification protocol; 
a Labnet Multigene Optimax Thermal Cycler (Fox Laboratories) was 
used for amplification. The PCR products were visualised by 1.5 % 
agarose gel electrophoresis with 1X TAE buffer, stained with 1X SYBR 
Safe DNA Gel Stain (Thermo Fisher Scientific) and GeneRuler 50 bp 
ready-to-use DNA Ladder (Thermo Fisher Scientific) was used as bp 
marker. Samples having a ~325 bp amplicon were considered positive 
for C. psittaci or C. abortus, depending on the reverse primer being used. 
The samples were sent to be sequenced for ascertaining the species. 

Table 1 
The species and ages of the birds sampled in this study.  

Species Common name Neonates Juveniles Adults Total 

Amazona ochrocephala Yellow crowned amazon parrot 0 2 96 98 
Amazona amazonica Orange winged amazon parrot 0 4 34 38 
Pionus menstruus Blue headed parrot 0 0 8 8 
Amazona autumnalis Red-lored amazon parrot 0 0 4 4 
Amazona farinosa Southern mealy amazon or royal parrot 0 0 1 1 
Ara ararauna Blue and yellow macaw 4 2 7 13 
Ara macao Scarlet macaw 0 0 4 4 
Ara militaris Military macaw 0 0 1 1 
Ara severus Chestnut-fronted macaw 0 0 8 8 
Pionites melanocephalus Black-headed parrot 0 0 1 1 
Pionus chalcopterus Bronze-winged parrot 0 0 1 1 
Total  4 6 167 177  

A. Ruiz-Laiton et al.                                                                                                                                                                                                                            



Preventive Veterinary Medicine 200 (2022) 105591

3

The GAPDH constitutive gene was amplified using the primers re-
ported by Shipham et al. (2015) for determining the presence of in-
hibitors. The forward primer was slightly modified (Forward: 
5′-ACCTTTSATGCGGGTGCTGGYATTGC-3′, Reverse: 5′-CATCAAGTCC 
ACAACACGGTTGCTGTA-3′) based on GenBank sequences No. 
LMAW01002686.1 and No. AY661264.1. The PCRs were run on cloaca 
and stool samples that had been negative in the PCR for determining the 
genus and species. All faecal and cloacal samples were diluted 1/5, using 
a 63.3 ◦C annealing temperature and 45 cycles. Samples were consid-
ered positive when a band having the expected size was observed at 
~301 bp. 

2.4. Determining genotypes 

Samples proving positive for C. psittaci were submitted to another 
PCR amplifying the ompA gene using the primers proposed by Mattmann 
et al. (2019). Each reaction contained 1X Phusion Hot Start II 
High-Fidelity PCR Master Mix (Thermo Fisher Scientific), 0.2 μM of each 
primer, 20 μg/mL bovine serum albumin (BSA), 3.9 μL UPW and 0.5 μL 
gDNA for a 10 μL final volume. AmpliRun DNA Control was used as 
positive control. Supplementary material 4 describes the amplification 
protocol. A Labnet Multigene Optimax Thermal Cycler (Fox Labora-
tories) was used for amplifications. The PCR products were visualised by 
1.5 % agarose gel electrophoresis with 1X TAE buffer, stained with 1X 
SYBR Safe DNA Gel Stain (Thermo Fisher Scientific) and GeneRuler 50 
bp ready-to-use DNA Ladder (Thermo Fisher Scientific) as bp marker. 
Samples were considered positive when a band having the expected 
~1200 bp size was observed; positive samples were submitted to inde-
pendent 10 μL PCR until obtaining the concentration required for 
sequencing. Each DNA sample was amplified just once to avoid errors. 
Sequencing was run in both directions. 

2.5. Sequencing 

A Wizard SV Gel and PCR Clean-Up System (Promega) was used for 

purifying the positive products so obtained (following the manufac-
turer’s instructions) for confirming the species or genotype. A MultiSkan 
GO spectrophotometer (Thermo Fisher Scientific) was used at 260 nm 
and 280 nm wavelength for determining concentration and purity. 
Positive samples were sequenced by Sanger sequencing. CLC software 
(CLC Main Workbench version 7; Qiagen, Aarhus, Denmark) was used 
for editing and aligning the sequences with the reference sequence. The 
Basic Local Alignment Search Tool (BLAST) (blast.ncbi.nlm.nih.gov) 
was used for aligning the sequences and evaluating their identity with 
other sequences. 

2.6. Clinical examination 

Each individual was submitted to a systematic clinical examination 
for identifying abnormal clinical findings; this consisted of the direct 
observation of individuals in their cages, followed by capturing them 
and making a detailed revision (cranial to caudal). The aspects consid-
ered for evaluating the birds and the parameters to be catalogued as 
normal or anormal during the clinical examination were described ac-
cording to material published by Romagnano (1999) and Harcourt--
Brown and Chitty (2005) (Supplementary material 5). The information 
obtained during the clinical examination was stored physically in a 
clinical history designed for the study as well as a digital database. 

2.7. Statistical analysis 

Statistical analysis involved using Fisher’s exact test method and 
GraphPad Prism software (version 7.00 for Windows, GraphPad Soft-
ware, La Jolla California, USA, www.graphpad.com) for determining the 
association between sample origin (cloacal swabs versus faecal matter) 
and C. psittaci DNA. 

Stata Statistical Software (Release 14, College Station, TX: StataCorp 
LP) was used for evaluating the association between the species and 
C. psittaci infection; this involved ordinal logistic regression analysis 
using a univariate model and another one adjusted for age. 

Fig. 1. Blast search results for C. psittaci 6BCE and C. abortus GN6 strains’ ompA gene family reference sequences. 
Query: C. abortus GN6 strain (GenBank No. CP021996.1 from region 1134105 to 1134680) 
Sbjct: C. psittaci 6BC strain (GenBank No. NC_017287.1 from region 1106903 to 1107478) 
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Further analysis using R Project software (R Core Team, 2020) was 
made for correlating clinical exam findings with PCR results for 
C. psittaci; three logistic regression models were used for predicting the 
probability of whether the birds had the infection. 

2.8. Ethical aspects 

This work was carried out in line with that stated in Colombian Law 
84/1989 and was approved by the Universidad de Ciencias Aplicadas y 
Ambientales (U.D.C.A) Animal Science Faculty’s Bioethics Committee. 

3. Results 

3.1. Chlamydia psittaci prevalence 

A fragment from the region encoding the ompA gene encoding the 
major outer membrane protein (MOMP) was selected. PCR was run on 
343 samples of cloacal swabs (n: 166) and faecal matter (n: 177); 10/176 
(5.7 %) samples were discarded due to the small amount of sample 
obtained by cloacal swab. It was found that 182 samples proved positive 
for Chlamydia spp., 129/166 (77.7 %) being cloacal swabs and 53/177 
(29.9 %) faecal matter swabs. 

Amplified product sequencing confirmed 100 % identity with the 
Chlamydia abortus GN6 strain (GenBank access No. CP021996.1) and the 
C. psittaci 6BCE strain (GenBank No. NC_017287.1). Some studies have 
reported that C. psittaci avian strains are closely related to the strains 
causing ovine enzootic abortion (OEA) by either restriction enzyme 
analysis (Kaltenboeck et al., 1991; Vanrompay et al., 1997) or 
sequencing 5′ and 3′ non translated regulatory regions of the MOMP 
gene (Kaltenboeck et al., 1991), ompA (Herrmann et al., 2000) and 16 
S–23 S rRNA (Bush and Everett, 2001; Van Loock et al., 2003) genes. 

The positive samples were submitted to another conventional PCR 
targeting the ompA gene using specific primers designed in this study for 
differentiating between the two species; this was to avoid further 
sequencing. To confirm the forgoing, 16 cloacal swab and faecal matter 
samples (from the 182 positive samples) were amplified with the 
C. psittaci-specific reverse primer and sequenced. Alignment confirmed 
100 % genetic identity with C. psittaci (GenBank No. NC_017287.1). 

This was followed by using the specific primers on the remaining 
Chlamydia spp.-positive samples, obtaining an amplicon of the expected 
size when using the C. psittaci-specific primers on 129/165 (78.1 %) 
cloacal swab samples and on 53/176 (30.1 %) faecal matter samples. 
The consolidated PCR results for both types showed that at least one of 
the two samples for 144 of the 176 birds proved positive for C. psittaci in 
the population examined (i.e. 81.8 %: 0.75–0.87 95 %CI); 21.6 % par-
rots were positive for both types of sample (38/176) (Fig. 2). Only one of 
the 11 birds lacking a cloacal swab PCR result had a positive faecal 
matter sample. One parrot was excluded from the study because the 
GAPDH gene could not be amplified. No sample was positive for 

C. abortus. 
Genotyping indicated that C. psittaci-positive birds were infected by 

genotype A, having 100 % identity with the 6BCE reference strain 
sequence (GenBank No. NC_017287.1). 

Positive birds belonged to 11 different species (Table 2); 137 were 
adult birds and 6 juveniles (A. ochrocephala (1/1), A. amazonica (4/4) 
and A. ararauna (1/1)); no neonate proved positive. 

Statistical analysis indicated a statistically significant relationship 
between C. psittaci genotype A identification and the type of sample used 
(p < 0.05), having an 8.15 times greater probability of C. psittaci geno-
type A being detected in DNA obtained from cloacal swabs versus faecal 
matter samples (OR = 8.157: 4.957–13.29 95 %CI) (Table 3). 

Disparity ratios were calculated to evaluate the relationship between 
C. psittaci genotype A infection and the species included in the study 
(Table 4); univariate analysis results showed that the Amazona ama-
zonica species had 7.08 (1.52− 32.9 95 %CI) times more association of 
having the bacterial infection compared to the Ara ararauna species. The 
same tendency was observed for Amazona ochrocephala (OR = 11.46: 
2.82–46.52 95 %CI); however, only the latter association continued 
being significant when adjusted for age (OR = 6.87: 1.49–31.5 95 %CI). 

3.2. Clinical findings 

Table 5 lists the findings related to the physiological parameters 
regarding each species, along with the number of C. psittaci genotype A- 
positive and -negative birds, the means for each constant concerning 
weight, respiratory rate, temperature and body condition. Parameters 
regarding juvenile birds and/or neonates’ weight and respiratory rate 
have been excluded from table (and birds lacking data regarding the 
parameters). Concerning juvenile birds and neonates (beginning with 
the A. amazonica species) three juvenile birds were examined which 
proved positive for C. psittaci genotype A; these birds’ mean weight was 
286 g and mean respiratory rate 29 bpm. Two birds from the 
A. ochrocephala species positive for C. psittaci genotype A were studied, 
having a 328.5 g mean weight and 18 bpm mean respiratory rate. Two 
juvenile birds were examined from the A. ararauna species; one was 
C. psittaci genotype A negative (weighing 709 g and having a 46 bpm 
respiratory rate) and the other positive (1077 g and 32 bpm), as well as 
four C. psittaci genotype A negative neonates (mean weight 369.2 g and 
36 bpm respiratory rate). The heart rate was measured; however, data 
were not considered for statistical analysis since the measure was 
difficult in most individuals due to them being handled by physical 
restriction. 

Skin and plumage examination (Table 6) revealed that 43.5 % of the 
birds sampled had worn plumage, 27.6 % broken plumage, 5% dirty 
plumage, 32.7 % trimmed plumage, 15.8 % excessive down feathers, 
18.6 % growing plumage, 19.2 % a lack of feathers, 3.4 % bleeding from 
the calamus and 2.8 % had skin lesions. These results led to determining 
that 82 % of the 145 birds having the aforementioned alterations were 
positive in PCR tests. 

Concerning mucous membrane findings, 84.7 % (150/177) of the 

Fig. 2. Positive sample distribution according to origin: n – 182.  

Table 2 
C. psittaci genotype A occurrence according to bird species.  

Species Positive/studied (%) 95%CI 

Amazona ochrocephala 87/98 (88.7) 0.81 – 0.94 
Amazona amazonica 31/38 (81.5) 0.67 – 0.91 
Pionus menstruus 5/7 (71.4) 0.29 – 0.96 
Amazona autumnalis 3/4 (75) 0.30 – 0.95 
Amazona farinosa 1/1 (100) 0.21− 1 
Ara ararauna 5/13 (384) 0.18 – 0.64 
Ara macao 3/4 (75) 0.30 – 0.95 
Ara militaris 1/1 (100) 0.21− 1 
Ara severus 6 /8 (75) 0.41 – 0.93 
Pionites melanocephalus 1/1 (100) 0.21− 1 
Pionus chalcopterus 1/1 (100) 0.21− 1 
Total 144/176 (81.8) 0.75 – 0.87  
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birds inspected had pink mucous membranes, 11.3 % (20/177) had pale 
membranes, 70 % (14/20) of them proving positive by PCR and just 4% 
had congested membranes (6 of them being positive). 

Alterations were detected in the clinical examination of the head and 
classified according to the anatomical location in which they were 
found. It was found that 51 birds had a beak-related alteration; only 9 of 
these proved negative. 11.86 % of them had deviated/crooked beaks, 
12.42 % overgrown beaks, 6.21 % lacerations of the beak, 0.5 % dirty 
beaks and 1.1 % lacked some portions of their beaks or had irregular 
beak growth. These results highlighted the fact that 82.4 % of the birds 
having some beak-related abnormality were positive. 

Nasal cavity evaluation revealed that 0.5 % of the birds had 

hypertrophy of the surrounding soft tissue, as well as flaking of the 
surrounding soft tissue; 10.7 % of the birds had an obstruction of at least 
one of the two nostrils. The findings indicated that 80.9 % of the 21 birds 
having nasal cavity alterations proved C. psittaci genotype A positive. 

The eye examination only revealed four (4/177) individuals having 
alterations, three of them proving positive. The alterations concerned 
corneal relief in the right eyeball (1/4), mydriasis (1/4) and congested 
conjunctiva (1/4); one bird (1/4) could not open its right eye, but 
proved negative for C. psittaci genotype A. 

Auscultation revealed anormal breathing/respiratory sounds in the 
upper airways in 1.1 % of the birds (2 birds), both proving C. psittaci 
genotype A positive, and 3.9 % (7 birds) had anormal sounds in their air 
sacs, one of them proving C. psittaci negative; 88.8 % of the nine birds 
having auscultation anomalies were C. psittaci genotype A positive. 

Body cavity clinical examination regarding cardiovascular system 
assessment found one bird having arrythmia (0.5 %) and proving posi-
tive in the PCR test for C. psittaci genotype A. None of the birds studied 
had nervous system alterations, nor of the abdominal region. 

Regarding the musculoskeletal system, the only alteration found 
concerned two birds’ (1.1 %) pectoral muscle which was flaccid. Two 

Table 3 
C. psittaci genotype A occurrence according to type of sample.  

Type of sample Positive/studied (%) 

Cloacal swabs 129/165 (78.1) 
Faecal matter 53/176 (30.1) 
Total 182/341 (53.3)  

Table 4 
Relative frequency and multivariate analysis of C. psittaci genotype A association with the species included in the study.  

Species Positive Negative Univariate model Multivariate model  

n (%) n OR 95 %CI p OR 95 %CI p 

A. ararauna 5 (38.5) 8 (61.5) Reference  Reference  
A. severus 6 (75) 2 (25) 4.8 0.56− 40.77 0.1121 2.91 0.34− 24.50 0.325 
A. macao 3 (75) 1 (25) 4.8 0.31− 74.11 0.2142 2.91 0.20− 41.82 0.431 
A. militaris 1 (100) 0 (0) ND   ND   
A. amazonica 31 (81.6) 7 (18.4) 7.08 1.52− 32.9 0.0035 3.99 0.80− 19.75 0.09 
A. ochrocephala 86 (87.8) 12 (12.2) 11.46 2.82− 46.52 0.0001 6.87 1.49− 31.50 0.013 
A. autumnalis 4 (100) 0 (0) ND   ND   
A. farinosa 1 (100) 0 (0) ND   ND   
P. menstruus 5 (71.4) 2 (28.5) 2.13 0.30− 14.96 0.4350 1.29 0.16− 10.09 0.804 
P. melanocephalus 1 (100) 0 (0) ND   ND   
P. chalcopterus 1 (100) 0 (0) ND   ND   

*Values in bold were statistically significant (p < 0.05). ND: not determined. 
OR was adjusted for age. 

Table 5 
Physiological parameter findings related to PCR results for the different bird species sampled.  

Species Parameter No. positive Mean No. negative Mean No. of birds not evaluated 

Amazona amazonica 

Weight (g) 28 377.2 7 375.2 0 
Respiratory rate (bpm) 28 28 7 53 0 
Temperature (ºC) 31 41 7 41.5 0 
Body condition 31 2.9 7 3 0 

Amazona ochrocephala 

Weight (g) 85 438.8 11 456.5 0 
Respiratory rate (bpm) 81 32 11 27 4 
Temperature (ºC) 79 41.6 11 41.7 6 
Body condition 86 3 11 2.7 1 

Amazona autumnalis 

Weight (g) 4 466.2 0 0 0 
Respiratory rate (bpm) 4 43 0 0 0 
Temperature (ºC) 4 41.9 0 0 0 
Body condition 4 3.6 0 0 0 

Amazona farinosa 

Weight (g) 1 654 0 0 0 
Respiratory rate (bpm) 1 22 0 0 0 
Temperature (ºC) 1 41.5 0 0 0 
Body condition 1 4 0 0 0 

Ara ararauna 

Weight (g) 4 1078.2 3 879.3 0 
Respiratory rate (bpm) 4 33 3 56 0 
Temperature (ºC) 5 41.3 8 40.1 0 
Body condition 5 2.5 8 2.3 0 

Ara macao 

Weight (g) 3 995.6 1 1200 0 
Respiratory rate (bpm) 3 29 1 21 0 
Temperature (ºC) 3 41.3 1 40.7 0 
Body condition 3 2.3 1 3 0 

Ara militaris 

Weight (g) 1 945 0 0 0 
Respiratory rate (bpm) 1 20 0 0 0 
Temperature (ºC) 1 40.6 0 0 0 
Body condition 1 2.5 0 0 0  
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birds had thoracic limb alterations; one of them had a fracture in both 
the radius and ulna, accompanied by osteolysis (0.5 %) and the other a 
possible luxation of the shoulder girdle (0.5 %). Hind limb examination 
revealed alterations in seven birds, five of which lacked some of their 
phalanges (2.8 %); one had oedema in the metatarsophalangeal (MTP) 
joints (0.5 %) and another an anormal position of the digits (0.5 %). It 
was found that 72.7 % of the eleven birds having some type of abnor-
mality in their musculoskeletal system were C. psittaci genotype A 
positive. 

Alterations were found in the pelvic limbs affecting the skin and 
integument; these consisted of flaking of the claws (2.2 %), erythema of 
the feet (1.6 %), overgrown claws (16.3 %), flaking feet (6.21 %) and a 
lack of claws (5%). Regarding the 53 birds having these anomalies, 88.6 
% proved positive. 

Changes were found in the cloaca and the excretions regarding the 
aspects evaluated here. It was found that 0.5 % (1/177) of the birds had 
reddish pinpoint lesions and congestion of the cloacal mucosa and 1.1 % 
(2/177) of the birds had urates attached to the peri-cloacal region. 
Concerning faeces, 3.3 % (6/177) of the birds had liquid faeces and an 
increase in the amount of them; 1.7 % (3/177) had intense red faecal 
matter compatible with haematochezia and 0.5 % (1/177) had blackish 
brown tarry faeces compatible with melena. These results highlighted 
the fact that 83.3 % (12) of the birds having alterations proved positive. 

Statistical analysis of cloacal swab PCR results using the predictor 
variables showed that three of the variables were significant, two of 
them statistically significant (p < 0.05), including normal heart rate, low 
respiratory rate (Table 7). 

Concerning respiratory rate, birds having a low rate had a 7.3-fold 
greater probability of being C. psittaci genotype A positive in PCR tests 
than birds having a high respiratory rate. Low respiratory rate was not 
significant (p > 0.05) for PCR results regarding faecal matter 

Analysis of consolidated PCR results (i.e. those proving positive for 
some of the samples or cloacal swab and faeces samples) showed that 
respiratory rate was statistically significant (p < 0.05) (Table 8). It can 
also be said that birds having a low respiratory rate had a 17.14-fold 
greater probability of having the infection compared to those having a 
high respiratory rate. 

4. Discussion 

This study showed that 81.3 % (144/177) of the Psittacidae analysed 
were C. psittaci genotype A positive by PCR. The prevalence observed in 
this study was close to that reported in South America by other authors 

using a molecular approach, i.e. Vilela et al. (2019) who established 72 
% prevalence (152/212) in Amazonian parrots kept at a wildlife reha-
bilitation centre in Brazil, Origlia et al. (2019) who found 70.3 % 
prevalence (19/27) in birds kept as pets in Argentina, Rodriguez-Leo 
et al., (2017) who found 62 % prevalence (32/50) in Psittacidae sam-
ples from two zoos in Venezuela and Vasconcelos et al. (2016) who 
found 50 % prevalence (23/46) in blue and yellow macaws in a wildlife 
triage centre in Brazil. 

C. psittaci prevalence reported for Psittacidae in others studies 
involving molecular methods was very variable, ranging from 3.4 % in 
Costa Rica (Sheleby-Elias et al., 2013) to 86.7 % in Japan (Chahota et al., 
2006). The prevalence observed in this study was much higher than that 
reported from Costa Rica (3.4 %: 4/117) (Sheleby-Elias et al., 2013), 
Poland (10.3 %: 16/156) (Piasecki et al., 2012), Brazil (6.3 %: 35.5 %) 
(de Freitas Raso et al., 2006), (10.6 %: 33/311) (Santos et al., 2014) and 
(31.84 %: 64/201) (Araujo et al., 2019), Iran (18.5 %: 37/200) (Mina 
et al., 2019) and (14.3 %; 16/168) (Madani and Peighambari, 2013), 
Argentina (19.7 %; 15/76) (Frutos et al., 2015), China (19.9 %; 27/136) 
(Feng et al., 2016) and Turkey (34.4 %; 33/96) (Çelebi and Ak, 2006). 
However, it was lower than that found in Japan (86.7 %; 59/68) 
(Chahota et al., 2006). Taken as a whole, it was difficult to compare the 
different studies since the high variability regarding infection rates 
could have been due to the types of sample used and the way the samples 
were taken, the number of animals sampled and the amount of samples 
per animal, DNA extraction method and the amplification technique and 
protocol used. 

The high percentage positivity observed (81.8 %) using PCR-based 
detection was expected, bearing in mind the 85 % (118/138) seropre-
valence reported by Monsalve et al. (2011) in Psittacidae from the genus 
Amazona spp., from Colombian zoos and wildlife evaluation and atten-
tion/care centres. Such study involved using a non-commercial indirect 
ELISA as diagnostic technique, targeting a C. psittaci MOMP recombinant 
antigen. The authors discarded crossed reactivity with C. trachomatis 
and C. pneumoniae MOMP epitopes as the birds were not infected by 
human Chlamydia species (Monsalve et al., 2011). Nevertheless, Sachse 
et al. (2012) detected C. trachomatis in urban pigeons in the city of Moers 
in Germany (Krawiec et al., 2015), C. trachomatis in 3 Eurasian coots 
(Fulica atra) (free-living birds from the order Gruiformes) in Poland and 
C. pneumoniae in 24 captive birds in Argentina, belonging to 8 orders, of 
which, 8 specimens belonged to the order Psittaciformes (Frutos et al., 
2015). 

Some authors have reported the prevalence of other Chlamydia spe-
cies in birds, such as C. pecorum (Frutos et al., 2015; Sachse et al., 2012), 
C. abortus (Chahota et al., 2006; Herrmann et al., 2006; Origlia et al., 
2019; Pantchev et al., 2009; Szymańska-Czerwińska., 2017), C. avium 
(Sachse et al., 2014; Szymańska-Czerwińska et al., 2017), C. gallinacea 
(Frutos et al., 2015; Sachse et al., 2012) and C. ibidis (Vorimore et al., 
2013). C. pecorum (Frutos et al., 2015) and C. abortus (Origlia et al., 
2019) are species which have been reported in Psittacidae in Argentina. 
Thus based on such data, even though the results obtained do match, one 
must consider that there could have been C. psittaci MOMP epitopes 
crossed reactivity with other species from the genus Chlamydia, mainly 
C. abortus, in Monsalve et al.’s study (2011). This can be stated given the 
high degree of identity between both species, as well as with C. pecorum 
and C. pneumoniae, species previously reported in Psittacidae. 

The CPF/CPR primers described by Hewinson et al. (1997) were 

Table 6 
Findings regarding the skin and plumage of birds proving positive for C. psittaci.  

Findings Studied/n (%) Positive PCR (%) 

Worn plumage 77/177 (43.5 %) 60 (77.9 %) 
Broken plumage 49/177 (27.6 %) 44 (89.7 %) 
Dirty plumage 9/177 (5.08 %) 8 (88.8 %) 
Trimmed/clipped plumage 58/177 (32.7 %) 49 (84.4 %) 
Excessive down feathers 28/177 (15.8 %) 23 (82.1 %) 
Growing plumage 33/177 (18.6 %) 26 (78.7 %) 
Lack of feathers 34/177 (19.2 %) 28 (82.3 %) 
Bleeding from the calamus 6/177 (3.4 %) 6 (100 %) 
Skin lesions 5/177 (2.8 %) 4 (80 %) 

*There was more than one alteration per bird. 

Table 7 
Logistical regression analysis of the significant variables regarding cloacal swab 
samples.  

Predictor variables Odds ratios 95 %CI p 

Intercept 0.56 0.12− 2.66 0.455 
Respiratory rate (low) 7.31 1.22–50.04 0.031 
Respiratory rate (normal) 1.79 0.40–7.37 0.423 
Obs 151    

Table 8 
Table showing the logistic regression regarding significant variables for the 
samples’ consolidated PCR results.  

Predictor variables Odds ratios 95 %CI p 

Intercept 1.75 0.53–6.68 0.372 
Respiratory rate (low) 17.14 2.14–365.03 0.017 
Respiratory rate (normal) 3.09 0.74–11.46 0.097 
Obs 151    
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selected for C. psittaci detection; they target the conserved regions of all 
known C. psittaci, part of the 5′ non-translated upstream region and part 
of the encoding region of the ompA gene encoding the major outer 
membrane protein (MOMP) (Kaltenboeck et al., 1991; Pickett et al., 
1988; Zhang et al., 1989) and are different to conserved regions reported 
for C. trachomatis strains (Stephens et al., 1988), C. pneumoniae (Perez 
Melgosa et al., 1991) and C. pecorum, being in principle specific for 
C. psittaci DNA (Hewinson et al., 1997). However, based on the high 
degree of identity between C. psittaci and C. abortus (Bush and Everett, 
2001; Fukushi and Hirai, 1988; Herrmann et al., 2000; Kaltenboeck 
et al., 1991; Van Loock et al., 2003; Vanrompay et al., 1997) and the 
sequencing results, the aforementioned primers did not manage to 
differentiate between C. psittaci and C. abortus. Specific primers were 
thus designed for each species, taking the C. psittaci 6BCE and C. abortus 
GN6 strains targeting the ompA gene as reference (i.e. the sequences do 
have differences). This enabled standardising a PCR protocol for low 
cost, rapid diagnosis as no sequencing is required. 

Genotype A was the only one found in the birds being studied here, 
having 100 % identity with a reference sequence previously reported in 
GenBank. According to Vilela et al. (2019), the proximity and prolonged 
duration of the birds in a wildlife rehabilitation centre could have 
influenced the genotype’s predominance. Host genotype specificity has 
already been described, genotype A mainly being related to the Psitta-
cidae, B and E to pigeons, D and E to turkeys and C and E/B to ducks 
(Hogerwerf et al., 2020), all of them zoonotic and genotype A is 
considered the major source of infection for humans. This genotype’s 
extreme virulence in people could be related to its extreme virulence 
regarding Psittacidae, which excrete bacteria in large amounts over long 
periods of time, and Psittaciformes’ intense exposure to these genotypes 
as the main source of birds frequently kept as pets inside people’s homes 
(Mina et al., 2019). Both the aforementioned factors make genotype a 
public health problem which must be dealt with, even more so if one 
considers the illegal trafficking or possession of Psittacidae. 

C. psittaci genotype A was detected with greater frequency in cloacal 
swab samples (78.1 %) compared to faecal matter samples (30.1 %). The 
probability of detection was 8.15-fold greater for cloacal swab samples 
compared to faecal matter samples. This could have been due to faecal 
excretion occurring intermittently over long periods of time, especially 
when the birds are submitted to stress-related factors, thereby encour-
aging the infection’s persistence in a subclinical state (Longbottom and 
Coulter, 2003; Sareyyupoglu et al., 2007; Harkinezhad et al., 2009; 
Santos et al., 2014; Vasconcelos et al., 2016; Rodriguez-Leo et al., 2017). 
Likewise, periods of bacterial excretion during infection could vary ac-
cording to a particular strain’s virulence, the infective dose and a host’s 
immune state (Andersen, 1996; Knittler and Sachse, 2015). It is worth 
stating that a large amount of epithelial cells can be dragged through the 
cloacal mucosa via the use of a swab during DNA extraction and that 
large amounts of metabolic compounds and polysaccharides contained 
in the faecal samples could inhibit PCR assays (Okuda et al., 2011; 
Sareyyupoglu et al., 2007). Smith et al. (2011) suggested collecting 
various samples per bird on different days to increase the possibility of 
detection; based on the forgoing, if 2 or more samples had been taken on 
different days in this study, then a greater percentage of positive birds 
might have been found. 

The differences regarding sample positivity could have been due to 
the sampling site; Andersen (1996) stressed this regarding the experi-
mental infection of 133 cockatoos (Nymphicus hollandicus) sacrificed on 
different days; greater positivity was observed concerning pharyngeal 
swabs (80.4 %) (some birds proved positive for advanced infections) for 
faecal (45.1 %) and cloacal samples (35.3 %), suggesting that the 
diversification of sampling sites could have increased the possibility of 
detecting positive birds. The forgoing suggested that positive birds were 
suffering chronic infections in this study and that negative birds suffered 
early infections; one bird presented symptoms during the study after 
having been sampled and was thus sampled again as the bird could have 
been suffering an early infection when the first cloacal swab was taken. 

This emphasises the importance of collecting more than one type of 
sample per bird to improve diagnosis precision. 

C. psittaci genotype A was only detected in 15 birds’ faecal matter 
samples in this study, suggesting that the staff may not have exerted 
sufficient pressure to enable exfoliating large amounts of cells from the 
mucosa when taking cloacal swabs. Intermittent faecal excretion and 
exposure to the agent could explain why 91 birds were exclusively 
positive for cloacal swab samples and 38 birds for both routes. 

Concerning bird species, a statistically significant association was 
detected between C. psittaci with A. amazonica and A. ochrocephala but 
not for Ara ararauna; the pertinent literature does not contain reports of 
studies specifying which Psittacidae species are at the greatest risk of 
suffering the infection. 

Low respiratory rate and broken plumage were statistically signifi-
cant when analysing the correlation between clinical examination 
findings and PCR test positive and negative results. It should be noted 
that these types of variable are usually underestimated during clinical 
examination and that (according to that found in this study) they could 
be findings indicating that a bird could be a Chlamydia psittaci carrier. 

Physiological parameters usually become altered in birds suffering 
the infection and are symptomatic; anorexia and rapid weight loss are 
seen and there can be deterioration regarding body condition (Harki-
nezhad et al., 2009; Longbottom and Coulter, 2003; The Center for Food 
Security and Public Health, 2009). However, such finding was not 
characteristic in positive birds, since weight and body condition were 
very variable and there was no statistically significant relationship when 
comparing negative birds to positive ones, meaning that one could have 
been dealing with other, different pathologies. 

Respiratory rate was one of the parameters enabling a statistically 
significant association to be determined regarding the results. There was 
a greater chance of finding C. psittaci genotype A DNA in individuals 
having low respiratory rate compared to those who had a high rate. 
However, the pertinent literature does not contain reports confirming 
this. 

The period during which a bird eliminates the bacteria can vary 
depending on the C. psittaci strain and a particular host. Even though this 
pathogen is environmentally labile, it can remain infectious for more 
than one month in organic waste, i.e. garbage or faeces. It should be 
noted that some infected birds can seem to be healthy or have subtle 
clinical signs whilst eliminating the bacteria and active disease can 
appear without exposure or identifiable risk factor (Balsamo et al., 
2017). 

As a suspected case of infection by avian chlamydia is defined when 
nucleic acid from bacteria is identified by PCR-based tests on conjunc-
tival, choanal or cloacal swabs, blood or faeces, even in birds having a 
healthy appearance (Balsamo et al., 2017), then the present study’s re-
sults are a reason for concern and justify further research. 

5. Conclusions 

This study is the first report showing the presence and endemicity of 
C. psittaci genotype A in Psittacidae in Colombia. This bacteria’s circu-
lation amongst the Psittacidae population in captivity represents a 
danger for both the parrots and public health. In spite of existing 
legislation and environmental authorities’ control in Colombia, wildlife 
trafficking continues being a largescale problem. Psittacine birds 
represent the greatest percentage of wildlife being trafficked as pets in 
people’s homes. Prevention and control measures must be set up 
regarding animal welfare and to avoid psittacosis in humans, i.e. correct 
cleaning/cleanliness and disinfection (cages, waterers, feeders, in-
stallations and medical instruments), isolation, quarantine, diagnostic 
tools and treatment to avoid C. psittaci propagation amongst birds and in 
the environment. Reception, care/attention and handling protocols (i.e. 
medical, nutritional, biological and release) must be formulated as they 
could minimize stress and represent a strategy for the conservation and 
preservation of this group of birds subjected to illegal trafficking, where 
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many species are in danger of extinction and others have lost their 
ability to become reincorporated into their natural habitat. 
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