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Abstract
Introduction. Chlamydia psittaci is an obligate intracellular Gram-negative bacterium causing respiratory disease 
(chlamydiosis) or asymptomatic carriage in poultry. In humans, it is a zoonotic agent of ornithosis/psittacosis. Due to low 
awareness of the disease and variable clinical presentation, psittacosis is often remains unrecognised as such by general 
practitioners. Zoonotic transfer occurs through inhalation of contaminated aerosols, and originates from feathers, faecal 
material and respiratory tract exudates.�  
Objective. The aim of this study was to investigate chickens for the presence of Chlamydia sp. from pharyngeal and cloacal 
swabs and review the zoonotic risk for humans.�  
Materials and method. 138 clinically healthy chickens from farms in Slovakia were examined for the presence of Chlamydia 
sp. The age of the chickens was 6 months. Two different samples were used – pharyngeal swabs and cloacal swabs. Each 
sample was examined by the molecular PCR method, and in the case of a positive result the identity of the obtained 
sequences was examined by a BLAST search.�  
Results. Of the total number of 276 examined samples from 138 chickens, 19 (6.9%) showed positivity for C.  psittaci 
infection, 12 (8.7%) which were positive from pharyngeal swabs and 7 (5.1%) from cloacal swabs. None of the chickens 
were positive in both samples. Phylogenetic examination of the 19 isolates identified in the study, based on the 23S rRNA 
gene sequence, revealed that the isolates obtained were identical with C. psittaci, and genetically very close to genotypes 
B and genotype E.�  
Conclusion. C. psittaci infections are apparently emerging in chickens. Chicken-processing plant employees should be 
considered a risk group for human psittacosis. There is a need for higher awareness and for efficient risk assessment and 
management.
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INTRODUCTION

Microorganisms in the family Chlamydiaceae are obligate 
intracellular pathogens of both mammals and birds. The 
different species in this family infect many hosts, including 
humans, with variable tissue tropism causing a multiplicity 
of acute and chronic diseases, from sexually-transmitted 
infertility to trachoma, respiratory and cardiovascular 
diseases. According to the most recent taxonomy, the 
family Chlamydiaceae, with the single genus Chlamydia (C.), 
currently contains 12 species [1, 2]. Among them, Chlamydia 
psittaci is one of the most important zoonotic species from 
the epidemiological point of view. It is the causative agent 
of avian chlamydiosis in birds and ornithosis/psittacosis in 
humans.

C. psittaci infections have been demonstrated in at least 
460 different bird species, spanning 30 different bird orders 
[3]. The families Psittacidae (cockatoos, parrots, parakeets 
and lories) and Columbiformes (pigeons) seem to be especially 
affected. This pathogen is also prevalent in wild birds, pet 
birds and the pet bird and poultry trades, causing economic 
losses to the poultry industry [4].

Zoonotic transfer of C.  psittaci is a threat to poultry 
workers worldwide [5, 6].

Humans have been reported as facing a particular risk 
for the transmission of C. psittaci from birds, with domestic 
and companion birds considered to represent the main risk 
[7, 8, 9]. Chickens cohabit with humans in urban and rural 
areas. This represents a public health problem, because 
C.  psittaci can be transmitted through the inhalation of 
dust from the dry faeces of birds or contaminated aerosols 
created from nasal and/or eye secretions [10]. Handling the 
plumage and tissues of infected birds and, in rare cases, 
mouth-to-beak contact or biting, represent a zoonotic risk 
[11, 12].
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Although most avian chlamydial infections remain 
asymptomatic, they can lead to respiratory, enteric and 
ocular diseases [3, 13, 14]. The symptoms may vary from 
inapparent to severe, depending on the chlamydial strain, 
stress condition, age and health status of the avian host. The 
symptoms in birds include rhinitis, conjunctivitis, nasal 
discharge, dyspnoea, polyuria, diarrhoea, anorexia, dullness 
and lethargy [13]. Psittacosis in humans may vary from 
inapparent to fatal in untreated patients [15]. Symptoms may 
include high fever accompanied by a relatively low pulse, 
headache, chills, myalgia, non-productive coughing and 
difficulty in breathing. The disease is rarely fatal in properly 
treated patients.

C.  psittaci has 9 known genotypes, 7 avian (A – F, 
E/B) and 2 mammalian (M56 and WC), all of which can 
be transmitted to humans [16]. Some genotypes have the 
capability to infect more than one type of host [17]. Reports 
on C. psittaci outbreaks on chicken farms or on zoonotic 
transmissions linked to contact with C.  psittaci-infected 
chickens are extremely rare. Thus far, genotypes A, B, C, 
D, F and E/B have been found in chickens [5, 6, 18, 19, 20]. 
Perhaps chickens seldom become infected, and/or strains 
infecting chickens are less virulent, presenting a minor risk 
for humans.

OBJECTIVE

The aim of this study was to investigate broiler chickens in 
Slovakia for the presence of Chlamydia sp. from pharyngeal 
and cloacal swabs, and in the case of a positive result to 
identify species by the PCR method and review the zoonotic 
risk for humans.

MATERIALS AND METHOD

Samples. A total of 138 broiler chickens (Gallus gallus 
domesticus) of the ROSS 308 breed were examined for the 
presence of Chlamydia sp. The chickens were placed in the 
Clinic of Birds, Exotic and Wild Animals of UVMP in 
Košice, Slovakia. The age of the chickens was 6 weeks, and 
they were located on a deep litter, in secured and controlled 
microclimate conditions, in areas where other animals were 
present (turkeys, pheasants, laying hens, rabbit). All chickens 
were fed with the same industrially produced feed mixtures 
without the addition of antibiotics.

Cloacal and pharyngeal swabs, 2 from each chicken, 
were collected using sterile cotton swabs. After collection 
of samples, each swab was placed in a 1.5 ml sterile microtube 
filled with 0.3 ml sterile saline solution and turned several 
times; the swab was then removed from the microtube. The 
prepared samples were stored at -80 °C until processed.

Molecular and phylogeny analysis. To identify Chlamydia 
sp., genomic DNA was extracted using the DNA-sorb-
AM nucleic acid extraction kit (AmpliSens, Federal State 
Institution of Science, Moscow, Russia), according to the 
manufacturer’s instructions. Purified DNA was stored at 
−20 °C prior to being used for PCR.

The PCR method was used. PCR amplification was 
performed using the primers U23Fa (5’-GAT GCC TTG 
GCA TTG ATA GGC GAT GAA GGA-3’) and 23SIGR (5’-

TGG CTC ATC ATG CAA AAG GCA-3’). These primers 
amplified domain I of the 23S rRNA gene. This segment 
is a signature sequence for chlamydial species, genera and 
families [21]. U23Fa matches the sequence just after the start 
of the 23S rRNA gene, and 23SIGR complements the sequence 
approximately 600 bases downstream.

Reaction mixtures were prepared by mixing 4 µl of Taq 
polymerase HOT FIREPol Blend Master Mix (Solis BioDyne, 
Estonia), 6 µl of template, 0.2µl of each primer and 9.6 µl of 
purified water.

A sample in which the presence of Chlamydia psittaci DNA 
had been proven in previous examinations, confirmed by 
sequencing, was used as a positive control.

All reactions were carried out in a BIOMETRA T-Personal 
Thermocycler. Cycling conditions for PCR were 95 °C for 13 
min for one cycle, followed by 40 cycles at 95 °C for 20 sec, 
66 °C for 60 sec, and 72 °C for 60 sec, and a final extension 
step at 72 °C for 10 min for one cycle. PCR products were 
analysed by electrophoresis of 10 µl of each 20 µl reaction 
mixture on 1.5% agarose gel stained using GoldView stain 
(SBS Genetech, China), and visualized fragments were 
compared with the positive control and the 100 bp DNA 
ladder. Positive samples were sent for sequencing.

The identity of the obtained sequences was examined 
by a BLAST search [22]. DNA sequence alignments 
and phylogenetic analysis were conducted using the 
MEGA5software. Phylogenetic trees were created using 
alignments performed with the BioEditSequence Aligment 
Editor by the distance method and NJ (neighbour joining) by 
the tree-construction method. All ambiguous positions were 
removed from each sequence pair. The reliability of branches 
in the trees was assessed using bootstrap analysis with 1,000 
pseudo-replicates, with values above 70% being reported.

Analysis of sequences for constructing a phylogenetic tree 
also included 18 reference strains, the partial sequence of 
the 23S rRNA gene of different Chlamydia species from the 
Gene Bank database, C. felis FP Cello (U68458), C. felis VR 
120 (U68457), C. pneumoniae (U68424), C. suis (U68420), 
C. muridarum (U68436), C. pecorum (U68439), C. avium 
(NR_121988), C. abortus (U68444), C. caviae (NR_076195), 
Parachlamydia acanthamoebae (NR_077046), C.  psittaci 
genotype A (AF481052), C. psittaci genotype B (U68448), 
C.  psittaci genotype C (U68450), C.  psittaci genotype D 
(U68419), C.  psittaci genotype E (U68454), C.  psittaci 
genotype F (AF481049), C. psittaci genotype WC (U68456), 
C.  psittaci genotype M56 (U68452) and P.  marina (AF 
245367) was used as the outgroup.

RESULTS

From the total of 276 cloacal and pharyngeal swabs obtained 
from 138 chickens included in the study, 19 (6.9%) showed 
positivity for chlamydial infection, 12 (8.7%) of which were 
from pharyngeal swabs and 7 (5.1%) from cloacal swabs. None 
of the chickens were positive in both samples – cloacal and 
pharyngeal swabs. None of the examined chickens had any 
clinical signs of chlamydial infection.

Phylogenetic analysis of the 23S rRNA gene to construct 
the phylogenetic tree using 18 reference strains of different 
Chlamydia species showed that all positive samples obtained 
were identical with C. psittaci, and genetically very close (92 
– 100% identity) to genotypes B (U68448) originally isolated 
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from pigeons and genotype E (U68454), originally isolated 
from humans with low genetic variability (Fig. 1).

DISCUSSION

There are 12 closely related and distinct Chlamydia species, 
and most animals are susceptible to multiple Chlamydia 
species, often resulting in asymptomatic infections with 
low bacterial burdens. C. psittaci was considered to be the 
only pathogenic chlamydial species in birds, but recent 
evidence suggested that avian chlamydiosis may also involve 
C. gallinacea, C. avium and C. abortus, as well as C. pecorum 
or C. trachomatis [23, 24, 25, 26].

C.  psittaci has also long been considered the main 
chlamydial species in poultry. In one study which examined 
chickens, pigeons, ducks and geese, C.  psittaci was the 
dominant species only in pigeons, while the chlamydial 
agent C. gallinacea was predominant in chickens. This study 
indicates that C. gallinacea is the endemic chlamydial species 
in chickens, whereas C. psittaci dominates only in pigeons. 
The positivity of Chlamydia sp. in the study is considerably 
higher than in other reports [27].

Recent surveys on the prevalence of C.  gallinacea in 
poultry flocks in 4 European countries and China revealed 
a prevalence that could even exceed that of C. psittaci, at 
least for chickens and turkeys [28]. These data were recently 
confirmed by a survey conducted on Chlamydiaceae 

Figure 1. Phylogenetic relationship of the chicken isolates of C. psittaci in Slovakia as inferred by neighbour-joining analysis, based on the nucleotide sequences of the 
23S rRNA gene. Numbers on branches are bootstrap values of 1000 replicates. Bootstrap values above 70% are shown.

322



Annals of Agricultural and Environmental Medicine 2018, Vol 25, No 2

Lenka Čechová, Monika Halánová, Ingrid Babinská, Oľga Danišová, Martin Bartkovský, Slavomír Marcinčák﻿﻿﻿ et al. Chlamydiosis in farmed chickens in Slovakia…

prevalence in slaughtered poultry birds in France, which 
revealed that C.  gallinacea was mainly encountered in 
chickens and turkeys, while C. psittaci most often detected 
in ducks [29].

In the presented study, however, C.  psittaci was the 
predominant chlamydial agent in chickens. A total of 276 
samples from 138 asymptomatic chickens as potential source 
of infection for humans were examined for the presence of 
Chlamydia sp. by the PCR method, with a 6.9% prevalence. 
Higher positivity was observed in samples from the pharynx 
compared to samples from the cloaca (8.7% vs. 5.1%).

Although C.  psittaci has long been considered the 
main chlamydial species in poultry, little is known about 
the current epidemiology and pathology of C.  psittaci in 
chickens. Limited reports from 1960 – 2000 suggest that 
chickens are less sensitive to C. psittaci infections. However, 
during the last decade, C.  psittaci has been detected and 
isolated from chickens raised in Australia, Belgium, China, 
France and Germany [5, 8, 18, 19, 30, 31, 32]. Dickx et al. 
(2010) examined Belgian broiler breeder, broiler and layer 
farms using a C. psittaci recombinant major outer-membrane 
protein (MOMP)-based antibody ELISA [33], and found 
98%, 95% and 95% seropositive layers in broilers and broiler 
breeders, respectively [6, 32].

Less is known about C.  psittaci genotypes infecting 
chickens. To-date, genotypes A, B, C, D, F and E/B have been 
found in chickens [5, 6, 18, 19, 20, 34]. Genotype A is most 
often found in Psittaciformes (cockatoos, parrots, parakeets 
and lories) and is frequently transmitted from pet birds to 
humans. Genotype A has also been isolated from turkeys and 
wild birds [33, 35, 36]. Thus, the pathogen is not restricted 
to Psittaciformes and was probably never noticed before in 
chickens. However, genotypes B and D seem to be most 
prevalent in chickens, while Genotype D is most often found 
in turkeys, but recently has been associated with zoonotic 
transfer from chickens to slaughterhouse employees [6, 21]. 
Genotype C has primarily been isolated from ducks and 
geese, but has been found once before in chickens, namely 
in China [18]. Genotype E/B, which was found several swab 
samples from chicken, was described as being associated 
mainly with ducks and pigeons, but also humans [5, 37].

Zoonotic transmission to hatchery and abattoir employees 
did occur, albeit without severe clinical consequences [6, 
32]. The prevalence of chlamydial infections in chicken 
slaughterhouse employees ranged from 6% – 93.5%, 
depending on the diagnostic method used and sample 
selection techniques applied [6, 34]. In one of these studies, 
25/29 (86.2 %) of humans, all working on C. psittaci-positive 
farms, reported yearly medical complaints potentially related 
to psittacosis. Four out of 31 farmers (12.5 %) had pneumonia 
after starting to keep chickens, which was higher than the 
yearly rate of 8 in 1,000 pneumonia cases in Belgium. Many 
C. psittaci positives were found, but only 4 of them (13.7 %) 
experienced respiratory diseases (coughing, n = 3 and/or 
rhinitis, n = 1; sinusitis, n = 1; severe bronchitis, n = 1). They 
were all infected with genotype D. However, yearly complaints 
about fever and respiratory disease were of interest. Whether 
farmers become carriers, the clinical consequences and the 
importance of co-infections with other human respiratory 
pathogens are unknown. No potential risk factor, such as 
age, gender, living in the direct environment of the farm, 
number of years employed in the sector, daily time in contact 
with chickens, pets, smoking habit or medical complaints, 

was significantly related to psittacosis [34]. However, as 
suggested by Dickx et al. (2010), poultry workers are almost 
continuously exposed to C. psittaci and therefore could have 
natural immunity against the disease.

The impact of these C. psittaci infections on human health 
is difficult to determine. In the USA, Belgium, France, the 
Netherlands, Germany, Slovakia and the UK, psittacosis is 
recognized as an occupational disease. In these countries, 
the occupational physician is obliged to report each case 
of psittacosis. In most countries, psittacosis is a notifiable 
disease and must be reported within 48 h. In Slovakia, only 
49 cases of ornithosis-psittacosis in humans have been 
officially reported during the last 15 years (2002–2016) [38]. 
However, these figures most definitely represent a gross 
underestimation of the current number of infections, as not 
all infections cause pneumonia and therefore often remain 
unnoticed. Moreover, psittacosis is difficult to diagnose in 
the wake of empirical therapy for community-acquired 
pneumonia [39, 40].

Preventing avian chlamydiosis in poultry is difficult 
because of the endemic nature of the bacteria, the long-term 
survival of the bacteria in organic material, the intermittent 
shedding and the many asymptomatic carriers [41].

CONCLUSIONS

Each employer is responsible for the health and safety 
of his employees and should focus on the prevention of 
infections. Adequate prevention starts with a risk assessment. 
The employer, assisted by the occupational physician and 
occupational hygienist, evaluates the exposure to biological 
agents, taking into account the nature (contact with people 
or animals, or the workplace itself), intensity (amount of 
infectious material handled) and duration of the worker’s 
exposure. The risk assessment must also identify workers 
and other people who may not be in the workplace all the 
time (cleaners, maintenance and repair workers, contractors, 
students on placements) and members of the public who 
might be present (visitors) [42]. Based on this information, 
adequate preventive measures can be designed. The second 
phase is the implementation of the preventive measures. At 
this stage, education and training of the employees is very 
important to ensure that the measures are well understood 
and executed.

Personal protective measures involve a good hand-hygiene 
protocol and protective clothing, including gloves and an 
full-face air-filter mask. A transition room should be available 
where protective clothing may be kept. The 2 most important 
collective protective measures are ventilation and cleaning. 
Natural or mechanical ventilation should attempt to prevent 
aerosol accumulation and cross-contamination between the 
different barns. Even continuous disinfection of the air in 
barns could be considered [43].

C. psittaci infections are apparently emerging in chickens. 
Chicken-processing plant employees should be considered a 
risk group for human psittacosis. There is a need for higher 
awareness and for efficient risk assessment and management.

Many health care providers are not familiar with 
psittacosis, especially with its occupational and zoonotic 
character. An occupational physician assigned to modern, 
vertically-integrated poultry farming, covering complete 
poultry production ranging from the feeding mill to 
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processing facilities, could conduct a campaign to raise 
general awareness and to inform poultry workers about 
collective and personal protective measures. The occupational 
physician should address local physicians with a written 
document, as this may lead to an early diagnosis and 
treatment in poultry workers [43]. Diagnostic monitoring and 
reporting of C. psittaci infections in poultry workers should 
be promoted. Criteria defining human cases of psittacosis 
should be adapted to include nucleic-acid amplification 
tests (NAATs), which are C. psittaci-specific and extremely 
sensitive. Psittacosis, whether human or avian, is currently 
manageable through administration of tetracyclines or 
macrolides. However, as the use of antibiotics is widespread 
in the poultry and pet bird industry, the possible emergence 
of antibiotic resistant zoonotic field strains should be taken 
into consideration [10]. Additionally, an efficient veterinary 
vaccine against C. psittaci transmission would be beneficial 
to public health.
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