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ABSTRACT

Objective This study was aimed at investigating the frequency of infection by Cp. 
psittaci and determining its genotype in individuals at potential risk of exposure to 
the bacteria. 
Methodology The study involved 170 individuals: a risk group (n= 96) and a low-
risk control group (n=74). Cp. psittaci was detected and genotyped by single-tube 
nested PCR and ompA gene sequencing. 
Results Eight (8.3 %) positive cases were detected in the risk group and 1 (1.4 
%) in the control group (p<0.04). Cp. psittaci was found in 16.7 % of pigeons’ fecal 
samples. Cp. psittaci infection with was more frequent in symptomatic (17.7 %) 
than asymptomatic (6.3 %) individuals in the risk group. Analysing the genomes 
isolated from human and bird specimens revealed the presence of genotype B. 
Conclusion The presence of Cp. psittaci genotype B in the population being 
evaluated could have been attributed to zoonotic transmission from pigeons to 
humans, an underestimated potential public health problem in Venezuela requiring 
the health authorities’ involvement.

Key Words: Chlamydophila psittaci, Columba livia, ompA, zoonotic transmission, 
nested PCR (source: MeSH, NLM).
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RESUMEN

Objetivo El objetivo de este estudio fue investigar la frecuencia de infecciones 
por Cp. psittaci y determinar su genotipo en individuos con potencial riesgo de 
exposición a la bacteria. 
Metodología Se incluyeron 170 individuos, un grupo de riesgo (n=96) y un grupo 
control (n=74). La detección y genotipificación de Cp. psittaci se llevó a cabo por 
PCR anidada y secuenciación del gen ompA. 
Resultados Se detectaron ocho (8,3 %) casos positivos en el grupo de riesgo 
y 1 (1,35 %) en el grupo control (p<0,04). Cp. psittaci fue detectada en 16,7 % 
muestras fecales de palomas. En el grupo de riesgo, la frecuencia de infección 
por Cp. psittaci fue 17,7 % en individuos sintomáticos y 6,3% en asintomáticos. 
El análisis de los genomas aislados de muestras humanas y aves, revelaron la 
presencia del genotipo B. 
Conclusión La presencia de Cp. psittaci genotipo B en la población evaluada 
podría ser atribuida a transmisión zoonótica de palomas a humanos, un potencial 
problema de salud pública en nuestra región que requiere la intervención de 
autoridades sanitarias. 

Palabras Clave: Chlamydophila psittaci, Columba livia, ompA, transmisión 
zoonótica, PCR anidado (fuente: DeCS, BIREME).

The Chlamydiaceae family consists of two genera: Chlamydia 
(C) and Chlamydophila (Cp) (1); they include species causing 
infection in humans and animals (2,3). Chlamydia trachomatis 

causes urogenital tract infections and is the causal agent of trachoma (3). 
Chlamydophila pneumoniae causes respiratory infection and seems to be 
involved in cardiovascular disease, atherosclerosis and neurodegenerative 
syndromes (4,5).

Chlamydophila psittaci is considered primarily to be a pathogen of 
veterinary interest; however, several countries are actively investigating 
this organism’s zoonotic transmission which is responsible for outbreaks 
of infections (psittacosis) (3,5-8). At least 9 Cp. psittaci genotypes are 
currently known, based on sequence difference in variable domains of 
an ompA gene conserved region and it is known that some genotypes are 
associated with specific bird groups (9).

Human infection can occur by inhaling dried bird faeces or direct contact 
with infected birds and can display a wide spectrum of clinical manifestations 
ranging from pneumonia, systemic disease (9,10) to mild or asymptomatic 
symptoms almost indistinguishable from the common cold (10-14).
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Cp. psittaci infection diagnosis has been limited because of a lack 
of sensitive and specific methods. Culturing Chlamydia is difficult and 
time-consuming because this group of eubacteria is characterized by an 
intracellular, biphasic developmental cycle; they are thus reserved for 
specialized laboratories. Serological tests do not differentiate between 
Chlamydia species, meaning that techniques involving nucleic acid 
amplification by polymerase chain reaction (PCR) represent a valuable 
tool for a definitive diagnosis of psittacosis (3,10,15-17).

As part of a strategy for developing large-scale epidemiological 
studies in urban areas of Zulia state, this study was aimed at using PCR 
to investigate Cp. psittaci infection frequency and determine the genotype 
in individuals having a high risk of exposure to the bacteria due to the 
massive proliferation of pigeons (Columba livia) in residential buildings’ 
windows and air conditioner installations. 

MATERIALS AND METHODS

Population and samples 
A cross-sectional study was conducted in north-east Maracaibo, Zulia state, 
where a massive proliferation of pigeons had been observed in the windows 
of buildings in residential areas; 105 buildings were selected and residents 
were invited to participate in the study and provide information through a 
questionnaire, after signing an informed consent form. The research protocol 
followed international ethical guidelines and was approved by the University 
of Zulia’s Council for Scientific and Humanistic Development; the Declaration 
of Helsinki’s guidelines were followed (revised in October 2008). The 
questionnaire was designed to collect information related to pet ownership, 
pet types, occupation, smoking, clinical signs (particularly respiratory ones), 
medication use, allergies, the presence of birds (pigeons in the windows and 
air conditioners and the reproductive activity of the pigeons at such sites). 

Ninety-six people (56 men and 40 women aged 17-58 years) from 
families who reported permanent pigeon presence and activity in their 
homes’ windows and air conditioners agreed to participate in the study. 
The control group included a sample of 74 individuals (43 men and 31 
women aged 19-54 years) whose homes had not been colonized by pigeons. 
Participants (risk group) were invited to collect stool samples from the 
niches occupied by pigeons; however, only 78 agreed to collect samples.
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The sample consisted of a throat swab taken from fasting participants; the 
swabs were kept in transport medium (0.2M sucrose, 0.015M Na2HPO4, 
0.01M NaH2PO4) and taken to a molecular biology laboratory. Participants 
were provided with plastic containers for collecting pigeons’ stools. 

DNA extraction
A previously-described procedure for C. trachomatis research was 
used for DNA extraction (18); 5 μl of the DNA sample was used for 
amplification assays.

The lysis procedure described above was followed for extracting 
DNA from faecal samples (0.5 to 0.7 g) after debris had been removed 
by 3 washes with 1.5 ml phosphate buffer saline (0.1M Na2HPO4, 0.1M 
NaH2PO4, pH 7.5); 10 μ L of sample was used for amplification assays.

Chlamydophila psittaci detection by PCR 
A previously-described single-tube nested PCR technique was used, with 
some modifications (16). The mix included two pairs of oligonucleotides, 
a set of family-specific primers targeting Chlamydiaceae family members’ 
(Cp pneumoniae, Cp. psittaci and C. trachomatis) conserved 16S RNA 
ribosomal gene (16S rDNA) sequences (436 bp) and a second set of primers 
targeting Cp. psittaci species-specific variable regions (126 bp) binding 
to the family-specific PCR product’s internal sequences. All assays were 
carried out simultaneously with the corresponding positive and negative 
controls, using the same reagent mixture.

The reaction mixture (50 μl final volume) consisted of 10 μl Taq 
DNA polymerase buffer 5X (Promega), 1.5 mM MgCl2, 200 μM of each 
deoxyribonucleotide, 20 pmol of each primer, 1.25 U Taq DNA polymerase 
and 200 ng DNA. Amplification consisted of an initial denaturing at 96ºC 
for 5 min, 10 cycles of 94°C for 1 min, 50°C for 1 min and 72ºC for 1 min, 
followed by 35 cycles of 94°C for 1 min, 55°C for 1 min and 72ºC for 1 
min. The final extension step at 72°C lasted 8 minutes. PCR products were 
analysed by electrophoresis on 2.5% agarose gels, stained with ethidium 
bromide (5 μg/ml), visualised by UV lamp and photographed with UVP 
(Digi Doc, USA) photo documentation system. G210A PCR DNA ladder 
(Promega) was used as molecular weight marker.
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Genotyping Chlamydophila psittaci
Cp. psittaci was genotyped in both human and bird samples by sequencing 
ompA gene’s variable domain (VD) region using primers and the previously-
described procedure (9). PCR products (1,041 bp) were purified from the 
gel using Wizard Gel and PCR Clean-Up System (Promega), amplified 
by 25 cycles and sequenced in both directions using ABI Prism 310 
automatic DNA sequencer (PE Applied Biosystem, Foster City, CA) with 
a BigDye v3.0 kit (Applied Biosystems). The results were analyzed using 
ABI Sequence Navigator software (v.3.1) and compared by alignment with 
ompA gene sequences from the following C. psittaci genotypes available in 
GenBank: A (AY762608), B (AY762609), D (AY762610;) E (AY762611), 
F (AY762612), E/B (AY762613); the Blast algorithm was used (http://
www.ncbi.nlm.nih.gov).

Statistical analysis
The results were analyzed using SPSS software (version 12 for Windows). 
Descriptive analysis gave frequencies for each variable, along with their 
respective percentages. Possible association between variables was 
estimated by comparing observed and expected values through contingency 
tables, the Chi2 test and Pearson’s correlation; a p<0.05 was considered 
statistically significant.

RESULTS

Massive colonization by pigeons in north-east Maracaibo, Zulia state, is 
invading residential buildings. Since there is no health control strategy 
monitoring such colonization, these buildings have become contaminated 
with pigeon faeces, setting inhabitants of the urban areas involved at 
risk. This study thus detected and genotyped Cp. psittaci in both human 
respiratory samples and pigeon stools.

The single-tube nested PCR strategy used in this study led to amplifying 
a variable region within the 16S rDNA gene sequence that is specific to Cp. 
psittaci. Figure 1 gives an example of PCR amplification of 12 samples, 
revealing a 126 bp fragment in some lanes and indicating the presence of 
the Cp. psittaci genome. Eight positive cases were found in the risk group 
and 1 in the control group (Table 1), leading to estimating pathogen 8.3% 
and 1.4% prevalence, respectively (Chi2=4.063; p=0.04). 
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Only 3/8 (37.5 %) of risk group individuals for which Cp. psittaci 
infection was demonstrated had respiratory symptoms (Table 1), consisting 
of cough, pharyngitis and rhinitis during the three weeks prior to test whilst 
the other five cases (62.5 %) exhibited no symptoms at the time of this study. 
Even when Cp. psittaci infection prevalence in the symptomatic subgroup 
(17.7 %) was higher than in the asymptomatic one (6.3 %), no statistically 
significant difference was found between subgroups (Chi2=2.346; p=0.126).

Figure 1. The 126 bp fragment seen in lanes 1, 2, 4 (human respiratory samples) 
7, 8 and 9 (birds faeces samples) indicated the presence of Cp. psittaci 

M=molecular weight marker, C +=positive control, C-=negative control

Analyzing the pigeon faeces’ samples revealed the Cp. psittaci genome 
in 13 (16.7 %) out of 78 bird samples; 6 of these cases which were positive 
for Cp. psittaci were for faecal samples collected by 6 (66.7 %) of the 8 risk 
group individuals for whom the presence of Cp. psittaci was demonstrated 
in respiratory samples, including symptomatic individuals. The remaining 
two respiratory samples and four stool samples could not be genotyped due 
to ompA gene amplification failure.

Table 1. Cp. psittaci infection frequency in the study population
a: Association between risk group and Cp. psittaci infection (p=0.04); b: Association 

between presence of symptoms and Cp. psittaci infection (p=0.126)

Item
Risk group Control group Total

N° of 
patients

Cases 
+

Prevalence
%

N° of 
patients

Cases 
+

Prevalence 
%

Cases 
+

Prevalence 
%

Symptomatic
(n=25) 17 3 17.7 b 8 0 0 3 12
Asymptomatic
(n=145) 79 5 6.3 b 66 1 1.5 6 4.1
Total
(n=170) 96 8 8.3a 74 1 1.4 a 9 5.3

a: Association between risk group and Cp. psittaci infection (p=0.04); b: Association between 
presence of symptoms and Cp. psittaci infection (p=0.126)
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The questionnaire revealed that the target population had no occupational 
risk associated with handling birds or having pet birds, but reported high 
pigeon presence and activity in buildings’ windows and air conditioning, 
particularly in respondents’ bedrooms.

Analyzing the ompA gene sequence amplified from the genomes 
isolated from human respiratory samples (7 samples: 6 risk group and 
1 control group) and 9 of the 13 stool samples from pigeons revealed 
100% identity with reference sequence genotype B (GenBank Accession 
number: AY762609).

DISCUSSION

A major risk factor which may contribute to Cp. psittaci zoonotic 
transmission concerns the fact that when pigeons increase their egg-
laying rate there is a concomitant increase in bacterial excretion during 
egg incubation and chick feeding (12,19,20). This is particularly serious 
considering that residences’ windows and air conditioning spaces, 
especially bedrooms, are used by pigeons during breeding and feeding. 

Heddema et al., 2006 (19) reported that 5 %-10 % of pigeons’ faecal 
samples in urban populations in Amsterdam were infected with Cp. psittaci, 
although this work did not show zoonotic transmission events. However, 
the bacteria was detected directly in exposed populations’ clinical samples 
and faecal samples from birds collected by participants in this study which 
could have represented direct evidence of zoonotic transmission from 
birds to humans. 

Given that conventional serological, PCR-RFLP and real-time PCR 
techniques do not allow accurate discrimination of currently-known 
genotypes (21,22), the Cp. psittaci genotype was determined in this study 
by ompA gene sequencing. The B genotype being detected in the samples 
was consistent with other studies indicating that this genotype has been 
predominantly isolated in columbiforme birds (9,23,24). The genotype 
could not be obtained in all samples due to failures in ompA gene fragment 
amplification. This may have occurred because this gene is represented by 
a single copy per genome, unlike ribosomal RNA genes.
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These results may partially explain an asymptomatic course of infection 
in some individuals, because it has been reported that Cp. psittaci genotypes 
A, D and E/B cause severe respiratory symptoms, while genotype B has 
been isolated from birds and humans showing mild clinical manifestations 
or having asymptomatic infection (9,25,26).

This does not rule out the possibility that these individuals may develop 
symptoms later on and all genotypes should be considered potentially 
pathogenic for humans (3,20). 

Another explanation is that these individuals may have developed 
protection against severe infection due to chronic exposure to the infectious 
agent, as suggested by other authors (24).

The risk population reported not having pet birds in their homes and 
had no occupational risk related to handling birds, suggesting a direct 
relationship between Cp. psittaci infection and pigeon colonisation in their 
buildings. Instead, Cp. psittaci infection was only detected in one case 
(1.4%) in the non-exposed population (control group).

The single-tube nested PCR strategy used in this study met specificity 
criteria because it could amplify a variable region within the 16S rDNA gene 
sequence specific for Cp. psittaci and there was higher sensitivity as a result 
of increased target DNA availability for amplification during the first cycles 
and species-specific product enrichment. The strategy used in this study may 
be implemented as a routine assay to help diagnosis and epidemiological 
characterisation of Cp. psittaci transmission in humans and animals.

This study, the first in our region, has made it evident that there was 
significant Cp. psittaci genotype B infection in the urban population being 
studied. This could have been attributed to zoonotic transmission from birds 
to humans, particularly pigeons, which have become important reservoirs 
of Cp. psittaci, an underestimated potential public health problem in our 
region that requires the involvement of health authorities ♣ 
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