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INTRODUCTION

Avian chlamydiosis is a highly infectious, systemic, fetal 
and zoonotic disease of psittacine, wild and domestic 

birds (Andersen, 1997).Itis a reportable disease in many 
countries due to human affection and public health signif-
icance (Naveed et al., 2018; Hogerwerf et al., 2020).

Chlamydiosis in psittacine birds and in human was initial-
ly termed as psittacosis or parrot-fever, but a new term “or-
nithosis” has been introduced to describe the disease in do-
mestic and wild birds (Meyer, 1941). Both terms have been 
considered as the same and the name “avian chlamydiosis” 

is more common (Andersen et al., 1997). The main cause 
of avian chlamydiosis is Chlamydia psittaci (C. psittaci), in 
addition, C. gallinacean, C. avium, C. ibidis and C. buteonis-
are new avian chlamydial species (Sachse et al., 2014, 2015; 
Cheong et al., 2019, Laroucau et al., 2019; Li et al., 2020). 
C. avium has been found mainly in pigeons and psittacines, 
while C. gallinacean has been reported in asymptomatic 
poultry flocks and linked to chlamydiosis in workers. It is 
interestingly to found these species not only in the same 
flock, but also in the same bird. 

Chlamydophila is a relatively new genus name that divid-
ed Chlamydiaceae family to Chlamydia and Chlamydophila 
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genera (Everett et al., 1999). Both genera contain 9 spe-
cies like C. psittaci, C. pecorum, C. felis, C. caviae, C. abortus, 
C. pneumoniae, C. suis, C. trachomatis and C. muridarum 
(Laroucau et al., 2009a).

Considerable economic losses have been noted in outbreaks 
of chlamydiosis in ornamental and some domestic birds 
(Kaleta and Taday, 2003; Siraj et al., 2018). In addition, the 
disease is regarded as a potential zoonosis to human (Evans 
et al., 2011; Pal, 2017). Chlamydiosis in pet and domestic 
poultry is a systemic disease and represented in acute, sub-
cute, chronic or subclinical forms (Taylor-Brown et al., 
2015). Psittacosis in human causing atypical pneumonia, 
but the disease may be fetal if not treated (Bommana and 
Polkinghorne, 2019). Awareness among bird owners about 
the disease risk is very important (Overmars-Marx, 2019).
Treatment of Chlamydia infection in birds is the most im-
portant means of disease control (Rodolakis and Laroucau, 
2015).There is no commercial vaccine for chalmydiosis till 
now. Quarantine and testing of imported birds are very 
critical to prevent introduction of the disease (Matsui et 
al., 2008). 

Chlamydial infection is not only demonstrated in psittac-
ines, but also in domesticated birds. So, great effort should 
be directed toward this important infection. Chlamydiosis 
is often accompanied with concurrent infections as well as 
several outbreaks. In addition, Human in contact with all 
types of living birds and with dead or slaughter carcass-
es are also susceptible and exposed to infection hazard. In 
Egypt, despite the rapid growth of psittacine bird’s popula-
tions, there are few available information about chalmydial 
infection in birds or human.

So, this review article gains more insight to avian 
chlamydiosis considering the incidence especially in Egypt 
and some Middle East countries, the causative agent, sus-
ceptibility, infection and transmission, the clinical picture 
in birds and human, diagnosis as well as prevention and 
control.  

ThE hisTory and incidEncE of avian 
chlamydiosis
Avian chlamydiosis is a widely distributed disease all over 
the world. The disease has been recorded in several coun-
tries. The incidence of C. psittaci infection in different avi-
an species and human either in Egypt or different Middle 
East countries (Saudi Arabia, Iran, Israel and Turkey) is 
present in Table 1. In these countries, the reported studies 
about avian chlamydiosis are few, so comprehensive studies 
about such infection are urgently required. 

ThE causaTivE aGEnT
The cause of avian chlamydiosis is C. psittaci which is a 

Gram-negative obligatory intracellular coccoid bacterium. 
The organism is belonging to family Chlamydiacaeca, order 
Chlamydiales and genus Chalmydia. The phylogenic anal-
ysis of the 16S and 23S rRNA genes showed that order 
Chlamydiae contained two distinguished groups’ genera 
at the family level; Chlamydia and Chlamydophila (Ever-
ett et al., 1999; Geens et al., 2005). About 7 genotypes 
of C. psittaci was isolated from avian origin (A to F, E/B) 
and 2 mammalian (M56 and WC) that can be transmit-
ted to human (Andersen and Vanrompay, 2003; Lent et 
al., 2012). These genotypes are host or species specific as 
genotypes A and F for pisttacine birds, B for pigeons and 
doves, C for ducks and geese, D for turkeys and E for pi-
geons, turkeys, ducks, ratites and sometimes human (An-
dersen, 1997; Andersen and Vanrompay, 2000; Meijer and 
Ossewaarde, 2002; Zhang et al., 2015; Wang et al., 2018). 
Genotype E/B was isolated from ducks (Pannekoek et al., 
2010). Other genotypes (I, J, 1V, 6N, MatI16, R54, YP84 
and CPX0308) are also demonstrated in birds. Genotypes 
WC and M56 are infecting their specific hosts (Piasecki 
et al., 2012).

Sachse et al. (2014) isolated C. avium strains from cloacal 
swabs and organs of pigeons and pisttacine birds suffered 
from respiratory signs and/or diarrhae. C. avium appears 
to be common among pigeons and psittacines in Europe 
(Sachse et al., 2015). A German study found C. aviumin 
15% of breeder flocks of domesticated pigeons, and a 
French study detected it in 8% of urban pigeons. A little 
data is available bout this type of chalmydial infection in 
birds and human.

The first detection of C. gallinacea was in France where the 
organism has been isolated from poultry slaughterhouse 
workers with atypical pneumonia (Laroucau et al., 2009a). 
C. gallinacea can be regarded as a bacterium with the po-
tential to infect humans and animals. From different Eu-
ropean countries, China and Argentina, C. gallinacea has 
been isolated from chickens, turkeys and ducks (Frutos 
et al., 2015; Hulin et al., 2015; Guo et al., 2016). Exper-
imental infection of chickens with C. gallinacea was done 
by Guo et al. (2016) and the results revealed only weight 
loss of the infected birds without obvious signs. Moreo-
ver, C. gallinacea has been found in asymptomatic chickens, 
guinea fowl, turkeys and ducks. The sequence analysis of 
C. gallinacea plasmid has been carried out with detection 
of specific virulent factor (Ho¨lzer et al., 2016). From wild 
birds in Korea, genetic variant strains of C. gallinacea have 
been detected that was differ from those of European and 
Chinese origin ( Jeong et al., 2017). In China, mixed infec-
tions with C. gallinacea, C. psittaci and C. pneumoniae have 
been detected in apparently healthy dairy and beef cattle 
that was in close contact with poultry (Li et al., 2016).
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Table 1: The incidence of avian chlamydiosis in Egypt and in some Middle East countries
Country Findings Reference

Egypt

Early in 1984, the incidence and public health importance of ornithosis and psittacosis in the 
imported and exported lovebirds had been demonstrated.

Mousa (1984)

A case report study was demonstrated in Egypt, where confirmed case of woman psittacosis 
had been confirmed. The history of exposure to diseased psittacine bird, clinical presentation 
and laboratory tests supported the diagnosis of such infection. 

Kay (1997)

It has been detected that C. psittaci antibodies were found in 20 out of 68 (29.91%) chicken’s 
serum samples using complement fixation test. Ten blood samples of the serologically positive 
cases were subjected The PCR results were positive for C. psittaci at 119 base pair. 

Osman et al. 
(2007)

In a local commercial market in Egypt, 466 cloacal, 311 ocular and 205 nasal swabs were 
collected from diseased and apparently healthy turkeys, pigeons, ducks and chickens. Isolation 
of C. psittaci in embryonated chickens eggs revealed presence of the organism at incidences 
74.5%, 79.2%, 5.6% and 17.5% in turkeys, pigeons, ducks and chickens; respectively.

El-Jakee et al. 
(2014)

Specimens including liver, lung, heart and spleen were taken from suspected C. psittaci 
infected chickens, ducks, turkeys and pigeons. The results of specimen’s inoculation in eggs 
and staining showed presence of C. psittaci in chickens (92%), ducks (88%), turkeys (76%) 
and pigeons (72%). The organism was identified in chickens and turkeys (91.6%) by PCR 
and (83.3%) using immunofluorescence, while in ducks and pigeons this percentage was 
75%. Complement fixation test revealed C. psittaci in chickens, pigeons, ducks and turkeys in 
percentages 91.6%, 83.3%, 75% and 66.6%; respectively.

Hegazy et al. 
(2014)

The ompA gene PCR of C. psittaci has been demonstrated in 27 (52.94%) out of 51 faecal 
swabs and in 13 (54.17%) out of 24 conjunctival swabs in lovebirds. Egg inoculation and 
staining of negative PCR samples showed positive inclusions in 10 and 11 feacal and con-
junctival swabs samples; respectively. Collectively, out of 51 and 37 feacal and conjunctival 
swabs, the incidence of positive C. psittaci samples were 72.55% and 79.17%; respectively.

Mostafa et al. 
(2015)

One hundred and sixty asymptomatic Cattle Egret (n = 89) and Hoopoe (n = 71) were 
examined for chlamydiosis. The results showed that 96.4%, 81.8%, 89.1%, 80.0% and 58.2% 
of samples were positive for chlamydiosis using PCR, staining, florescence and complement 
fixation test; respectively among Hoopoe. The percentages were 90.6%, 77.4%, 83.0%, 75.5% 
and 66.0% respectively for the previous tests among Cattle Egret. 

El-Jakee et al. 
(2017)

The results of yolk sac inoculation, stained impression smears and PCR of specimens collect-
ed from four species of wild birds (50 native and 40 migratory quails, 30 doves and 25 tree 
sparrows) and four species of pet birds, (20 Budgerigars,10 cockatiels, 3 finches, 5 love birds) 
showed existence of C. psittaci in 80-100%, 85-100% and 80-100% in pet birds followed by 
wild birds 64-85%, 76- 95% and 80-90%; respectively. The pathogenicity test in 15 days old 
chickens and quails demonstrated that the most pathogenic strain was the pet bird’s one. The 
partial ompA gene sequence of C. psittaci strain was represented in a genotype A which had 
the highest identity (91.9-94%) with the previous similar strains of genotype A. 

Hegazy et al. 
(2017)

In this study, sputum specimens collected from 70 Egyptians that were in contact with psitta-
cine birds were screened for the presence of C. psittaci using chicken embryo and mice inocu-
lation tests and a PCR assay. The evaluation of these tests revealed that PCR assay overtakes 
the inoculation tests and so holds better promise for routine surveillance psittacosis programs. 

Mahmmod et al. 
(2018)

This experiment concluded that aqueous leaves neem extract (Azadirachta indica) especially in 
concertation of 8% induced an excellent as an anti-C. psittaci water medicament without side 
effects and it could be recommended for controlling chlamydiosis in broiler chickens.

Hegazy et al. 
(2018)

Saudi 
Arabia

It is the first report of chlamydiosis outbreak in captive breeding group of birds belonging to 
family Otididae. Birds showed peracute deaths, severe and variable signs, pathological and 
histological typical lesions. Stained impression smears of spleen showed typical inclusions 
with prevalence rate (80%) of anti- Chlamydia antibodies using a competitive enzyme immu-
noassay test. 

Greth et al. (1993)
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Iran

Different species of exotic birds were subjected for C. psittaci examination. Conjunctiva, 
choana, and cloaca and/or droppings were inoculated in tissue culture for isolation followed 
microscopical examination of the organism. Typical chlamydial inclusion bodies detected in 
from a ring necked parakeet, an Alexandrine parakeet, an African grey parrot and a Timneh 
grey parrot.  

Madani et al. 
(2011)

The average infection rate of C. psittaci was %52 (46 samples from 88 pigeon’s samples) after 
using of nested PCR. 

Mahzonieh et al. 
(2013)

Out of 253 clinical samples collected from 27 avian species with 7 orders, 22 (12.6%) were 
positive for C. psittaci ompA by a nested PCR. Twelve nested PCR-positive specimens were 
identified as genotype A from an African grey parrot and a lorikeet, genotype B from a rock 
dove and a canary, a third new restriction pattern from African grey parrots, and a fourth new 
restriction pattern from a ring-necked parakeet and an Alexandrine parakeet. The 3rd and 4th 
restriction patterns are suggested to be provisional genotypes I and J, respectively. The two 
new genotypes have the closest identity with C. psittaci genotype F and C. abortus, respective-
ly. 

Madani and Pei-
ghambari (2013)

Out of 270 blood, liver and muscle tissue from pigeons, C. psittaci was demonstrated in 16 
(17.78%) blood, 14 (15.56%) liver and 5 (5.56%) muscles. 

Khodadadi et al. 
(2015)

Nasal and cloacal swabs that collected from 11 species of Psittaciformes and 1 species 
of Columbiformes showed detection of C. psittaci in 37 (18.5%) out of 200 birds (18/37 
symptomatic and 19/37 asymptomatic birds) by nested PCR. From 10 C. psittaci genotype 
A samples of cockatiels, ring-necked parakeet and African gray parrot, 6 samples were from 
asymptomatic and 4 from symptomatic birds. Genotype B was observed in 3 samples from 
symptomatic birds and pigeon, and provisional genotype I was found in one symptomatic 
cockatiel.

Mina et al. (2019)

Israel

About 62% of 37 examined people showed specific symptoms of C. psittaci, while 67% of 
diseased birds died. Acute C. psittaci infection was detected in 81% of patients (30/37). Di-
agnosis was confirmed in 22 patients by C. psittaci isolation and in 8 patients by positive IgM 
serology. All examined birds had microbiological evidence of C psittaci infection with typical 
post-mortem lesions.

Huminer et al. 
(1988)

Turkey

Fecal samples of pet birds were collected from shops and homes for detection of C. psittaci by 
isolation methods, staining, fluorescein-conjugated monoclonal antibody staining and PCR. 
In 96 fecal specimens, 33 (34.4%) were positive with PCR, 21 (21.9%) were positive by stain-
ing, and 29 (30.2%) were positive with fluorescein technique. As well, from 33 positive PCR, 
28 samples were positive with fluorescein, and 20 specimens were positive with staining.

Celebi and Seyyal 
(2006)

In this case, psittacosis has been diagnosed in a mother and her son with Friedreich ataxia, 
who raised two parrots. Pneumonia, central nervous system and liver affections were also 
detected in these patients. 

Ciftci et al. (2008)

Interestingly, new species of chlamydial infection; avian 
C. abortus has been molecularly characterized in Poland 
in 2017 from wildfowl (Szyman´ska-Czerwin´ska et al., 
2017).Intermediate strain between C. psittaci and C. abor-
tus has been also detectedin red-tailed hawk ( Joseph et al., 
2015). These novel species of Chalmydia may be acquired 
from feeding of these wild predator or scavenger birds on 
infected carcasses containing different Chalmydia strains. 

The developmental cycle of Chlamydia has been described 
by Borel et al. (2018). The infectious agent of Chlamydia or-
ganisms is called LCL; Levinthal (Levinthal, 1930)-Coles 
(Coles, 1930) and Lillie (Lillie, 1930) that enter the host 
cells causing the infection (Meyer and Eddie, 1933). Once 
the infectious elementary body attaches to the cell mem-
brane of the host’s cell, it enters and differentiates into 
non-infectious reticulate body forming vacuole. The re-
ticulate body shows binary fission division and re-differ-

entiates into elementary body again. Then the elementary 
body releases and infects another host cell. Development 
of what is called aberrant body occurs under stressors in 
the persistence state. The infective body can survive in 
droppings and equipment for up to 30 days.

hosT suscEpTibiliTy
The highest incidence of chlamydial infections was record-
ed in Psittaciformes, Passeriformes, Galliformes, Columbi-
formes and Anseriformes. Avian chlamydiosis is a world-
wild disease that affects more than 465 avian species 
including companion, domestic and wild birds (Tan et al., 
1990) as well as 30 different order of birds (Kaleta and 
Taday, 2003). Pet birds, domestic poultry species (chick-
ens, turkeys, ducks and geese) and wild birds can be infect-
ed with C. psittaci (Vanrompay et al., 1995a). Psittacidae 
(parrots, parakeets, cockatoos, cockatiels, amazon parrots 
and macaws) (Mousa, 1984; Smith et al., 2011) as well as 
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Columbiformes (pigeons and doves) are particularly affected 
with chlamydiosis (Ghorbanpoor et al., 2015). Zoo, fancy 
or pet marked birds are very susceptible host to C. psittaci 
that can transmit the infection to human and other do-
mestic birds (Feng et al., 2016; Siraj et al., 2018). Pal and 
Dahiya (1985) and Sachse et al. (2015) noted that captive 
parrots are the main global reservoir of C. psittaci.Wild 
birds have been shown susceptibility to C. psittaciwith 
persistent infection for long period (Roberts and Grimes, 
1978; Brand, 1989; Holzinger-Umlauf et al., 1997; El-Ja-
kee et al., 2014).

Several reports showed natural infections with C. psittaci 
in broiler, layer and breeder chickens (Durfee et al., 1975; 
Barr et al., 1986; Malkinson et al., 1987; Arzey and Arzey, 
1990; Osman et al., 2007; Yang et al., 2007; Gaede et al., 
2008; Zhang et al., 2008; Laroucau et al., 2009a; Robert-
son et al., 2010; Zhou et al., 2010; Dickx and Vanrompay, 
2011; Zocevic et al., 2012; Yin et al., 2013; Lagae et al., 
2014; Guo et al., 2016; Čechová et al., 2018), geese (Sad-
owski and Minta, 1979), ducks (Bracewell and Bevan, 
1982; Farmer et al., 1982; Arzey et al., 1990; Newman et 
al., 1992; Hinton et al., 1993; Laroucau et al., 2009b, Lin 
et al., 2019), pigeons (Sachse et al., 2012; Zocevic et al., 
2013; Sara et al., 2018) and turkeys (Hedberg et al., 1989; 
Newmann, 1989; Vanrompay et al., 1997b; Enany et al., 
2009; Dickx and Vanrompay, 2011).

Young birds are more susceptible to infection than old-
er birds. Adult birds may have sub-clinical disease, while 
young birds have acute infection (Herrmann et al., 2006).

It has been shown that mammals could be infected with 
avian C. psittaci strains. For example, C. psittaci has been 
detected in rabbits (Ni et al., 2015), goat and sheep (Os-
man et al., 2011), cattle (Reinhold et al., 2011; Li et al., 
2016), dogs (Sprague et al., 2009), horses (Bocklisch et al., 
1991; Henning et al., 2000; Szeredi et al., 2005; Theegar-
ten et al., 2008; Gough et al., 2019) and pigs (Kauffold et 
al., 2006).

modE of infEcTion and Transmission
The dose and the virulence of the strain are critical for in-
duction of chlamydial infection. The avian respiratory and 
intestinal organs are the main targets of C. psittaci (Ro-
dolakis and Mohamad, 2010). Infection and transmission 
of C. psittaci infection in birds is illustrated in Figure 1. 

Infection is usually occur through inhalation or ingestion 
of contaminated material (Burkhart and Page, 1971; An-
dersen and Vanrompay, 2003). As elementary bodies do 
not survive very long outside the host, so close contact with 
infected birds is very important for induction of infection. 
Infected birds may transmit chlamydial infection for other 

avian species and humans (Harkinezhad et al., 2009). In-
sects, mites and lice may help in mechanical transmission 
of chlamydiosis (Longbottom and Coulter, 2003; Cobb, 
2011). Asymptomatic carrier birds act as a reservoirs and 
shed the pathogen for long time. Vertical transmission via 
contamination of egg shell surface has been experimen-
tally documented in chickens, ducks, parakeets, seagulls 
and snow geese (Vanrompay et al., 1995a). This type of 
transmission induced high embryonic mortalities. Moreo-
ver, vertical mean of transmission creates a problem during 
preparation of live vaccines of C. psittaci due to contami-
nation of the prepared biological vaccine product. Contact 
transmission of Chlamydia infection from infected parents 
to their offspring in the nest was reported in Columbi-
formes, cormorants, egret, herons, snow geese, gulls and 
shorebirds. This type of transmission from parent to young 
may occur via feeding, regurgitation, or contamination of 
the nest with infective exudates and droppings (Brand, 
1989; Harkinezhad et al., 2009). Wild birds are impor-
tant sources for transmission of chlamydiosis to domestic 
poultry (Andersen, 1991, 1997). Mechanical transmission 
through contaminated fomites with the bacterial elemen-
tary bodies has been recorded.

Figure 1:  Infection and transmission of C. psittaci in birds

The shedding period of Chlamydia organisms from birds 
depends mainly on the pathogen’s strain and the host 
(Harkinezhad et al., 2009).Some apparently healthy and 
sub-clinically infected birds shed Chlamydia for long time 
(Longbottom and Coulter, 2003).The shedding rate can 
be exaggerated by transportation, overcrowdings, very 
high temperature and reproductive activities (Deschuyf-
feleer et al., 2012). 

clinical siGns 
The incubation period of C psittaci in birds varies from 3 
days to many weeks (Fudge, 1997). The severity of avi-
an chlamydiosis depends mainly on species, age and im-
mune-status of the birds and the virulence of the infective 
strain (Guzman et al., 2010).
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Some avian species, especially older psittacine birds, may 
reveal sub-clinical asymptomatic chlamydial infection but 
shed the organism in the nasal secretions and feces for 
long time (Smith et al., 2005). Stressors as overcrowding, 
nutritional deficiency, transportation and temperature var-
iations may transfer sub-clinical intermittent chlamydial 
infection to acute one. 

The disease picture of chlamydiosis in psittacines has three 
forms; acute, sub-acute and chronic. Clinical signs often 
appear as fever, anorexia, greenish watery diarrhea, respira-
tory signs (sneezing, nasal and ocular discharge, sinusitis 
and dyspnea), dehydration, weight loss and lethargy (An-
dersen and Vanrompay, 2009). 

The disease in turkeys is affected by the virulence of C. 
psittaci. Serovar D induces severe respiratory distress and 
high mortalities, while low virulence serotypes prompts 
anorexia and diarrhea (Vanrompay et al., 1995b). 
It has shown that feral pigeons are carriers of C. psittaci 
as they shed the organism in the droppings, respiratory 
and conjunctival secretions without signs (Magnino et al., 
2009). Nevertheless, concurrent diseases as trichomonia-
sis, salmonellosis, paramyxovirus and herpesvirus infec-
tion can induce diarrhea and respiratory disease condition 
(Longbottom and Coulter, 2003; Andersen and Van-
rompay, 2009).

Although ducks are usually asymptomatic carriers, but 
they can transmit chlamydial infection to human and in-
duce severe pneumonia (Laroucau et al., 2009b). 

Natural infection of commercial chickens flocks with C. 
psittaci is not common, however, some experimentally in-
fected birds showed signs and mortalities. Moreover, some 
human cases of chlamydiosis have been reported as a result 
of processing of sub-clinically infected chickens.

The mortality rate of chlamydiosis depends on the species 
of the affected birds, the virulence of the invading strain 
and the presence of secondary invaders of pathogens. Mor-
talities can reach to 50% or more in psittacine birds, how-
ever, less rate was seen in pigeons and it has been usually 
caused by secondary infections.In turkeys, infected cases 
showed mortalities ranged from 5% to more than 40%. 

paTholoGy
Asymptomatically C. psittaci infected birds often have no 
post-mortem lesions.

The post-mortem lesions of the affected pet birds showed 
multifocal necrosis of liver and spleen with enlargement 
and fibrinous airsacculitis, perihepatitis, pericarditis and 
peritonitis (Mohan, 1984; Andersen, 1997).Generalized 
vascular congestion and enteritis may also observed. Chal-

lenging of broilers with C. psittaci induced septicemia, ne-
phritis and thickening of the air sac (Zhou et al., 2010; Yin 
et al., 2013).

Turkeys affected with C. psittaci serovar D showed rhinitis, 
conjunctivitis, sinusitis, tracheitis, airsacculitis, pneumonia, 
pericarditis and enteritis. 

human infEcTion
The different means of C. psittaci infection and transmis-
sion in human is represented in Figure 2. Psittacosis in 
humans contracted from turkeys and ducks is often as se-
vere as at contracted from psittacine birds. Human gain C. 
psittaci infection through direct contact and/or inhalation 
of infected droplets in the respiratory exudates, droppings 
dust or feathers of infected living birds (Rzedzicki and To-
karzewski, 2001; Andersen and Vanrompay, 2003; Beeck-
man and Vanrompay, 2009; Harkinezhad et al., 2009; 

Figure 2: The different means of C. psittaci infection and 
transmission in human

West, 2011; Knittler and Sachse, 2015; Szyman´ska-Czer-
win´ska and Niemczuk, 2016). Moreover, other potential 
zoonotic risk ofC. Psittaci may occur as a result of mouth-
beak contact, bites of infected birds and practices involving 
handling of plumage or tissues of dead birds (Williams 
et al., 1998; Telfer et al., 2005; Beeckman and Vanrompay, 
2009) as well as evisceration in slaughterhouses (Gaede et 
al., 2008; Dickx et al., 2010). The disease has been record-
ed amongst workers in poultry processing plants, Veteri-
narians and bird dealers (Trávnicek et al., 2002; Pal, 2013). 
Recently, it has been demonstrated that there is a possi-
bility of human (especially Veterinarians) infection with 
C. psittaci from the direct contact with equine’s placenta 
(Chan et al., 2017; Jelocnik et al., 2017; Polkinghorne and 
Greub, 2017).

Psittacosis is a notifiable disease. The incubation period of 
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psittacosis in human may be 1-2 weeks, with the possibil-
ity of longer incubation period. Human infected with C. 
psittaci show symptoms vary from asymptomatic infection 
to severe systemic disease with fever, headache, respiratory 
disease (sore throat, pharyngitis, cough, dyspnea and pneu-
monia), gastro-intestinal problems (abdominal pain, vom-
iting and diarrhea), hepatomegaly, splenomegaly and other 
complications like conjunctivitis, arthritis, endocarditis, 
encephalitis and fetal death (Pal, 2004; Petrovay and Balla, 
2008; Beeckman and Vanrompay, 2009; Chau et al., 2015; 
DE Boeck et al., 2016; Radomski et al., 2016).

C. gallinacea has been discovered in poultry flocks and was 
associated with workers in abattoir had atypical pneumo-
nia while C. avium has not been recorded in human.

Human-to-human transmission of psittacosis has been re-
corded (Hughes et al., 1997; Ito et al., 2002; McGuigan et 
al., 2012; Wallensten et al., 2014; Schlossberg, 2015).
diaGnosis
Diagnosis of avian chlamydiosis is based on the typical 
signs, the isolation and identification of the pathogen, the 
detection of Chlamydiae in tissues, or the demonstration of 
a four-fold increase in specific humoral antibodies (Van-
rompay et al., 1995a). The different means of isolation and 
identification of Chlamydia organism is summarized in 
Figure 3.

Figure 3: The different means of isolation and identification 
of Chlamydia organism

Isolation of Chlamydia organism has been done in eggs or 
on tissue culture (gold standard) (Madani et al., 2011; Mo-
stafa et al., 2015), although other methods are also used 
(OIE, 2000; Vanrompay, 2000). Isolation of C. psittaci is 
somewhat shows some difficulties as some affected birds 
have sub-clinical asymptomatic infection, the isolation 
techniques require specific cell cultures or specific path-

ogen free embryonated chicken eggs and the frequency of 
obtaining false-negative results is common due to inter-
mittent shedding of C. psittaci in the droppings (Fudge, 
1997; Balsamo et al., 2017). In addition, there is a risk 
health hazard to laboratory workers during isolation pro-
cess (Spoorenberg et al., 2016) as some strains of C. psittaci 
have been categorized as a biosafety level 3 organism (Or-
tega et al., 2011).

Samples for C. psittaci isolation should be taken in acute 
conditions from nasal, ocular and cloacal swabs and the 
tissues of liver, spleen, lung and heart (Andersen, 1996). 
More than one type of Chlamydiae can be detected in one 
case. It is important to not collect the sample after antibi-
otic treatment of birds to avoid false negative results.Spe-
cific pathogen-free 6-7 day-old embryonated eggs are used 
mainly for primary isolation of C. psittaci (Messmer et al., 
2000). Although inoculation of eggs is a standard method 
for detection of C. psittaci, this method requires long time 
at high temperature 39°C (Pearson et al., 1989; Bougiouk-
lis et al., 2000; Condon and Oakey, 2007). Death of the 
embryo is usually occur within 3-10 days post-inoculation 
as well asvascular congestion of the yolk sac membranes 
may be also seen. Some cases require two additional blind 
passages to induce embryonic deaths or before considering 
the sample as negative.

Yolk sac suspension could be inoculated on cell culture 
monolayers as Buffalo Green Monkey cells and HeLa, 
Vero or L-929 cells, and then examined after staining us-
ing immuno-fluorescence technique for the presence of 
inclusion bodies (Vanrompay et al., 1992; Andersen, 1998; 
Yin et al., 2013).

Microscopic examination of the yolk sac, tissue culture 
or organs impression smears after staining with modi-
fied Gimenez, Giemsa, Castaneda, Macchiavello or Zie-
hl-Neelsen revealed presence of specific inclusion bodies 
(Sachse et al., 2009). Typical intracytoplasmic inclusion 
bodies appear as small, round or hat-shaped red dots 
against a bluish green background. In some virulent strains 
of C. psittaci, the inclusions break up and disperse in the 
cytoplasm (Trevejo et al., 1999).

As mentioned before, traditional standard isolation meth-
ods of C. psittaci need long period, require good sample 
quality as well as the risk of zoonotic transmission for mi-
crobiologist (Trevejo et al., 1999). Accordingly, Polymerase 
Chain Reaction (PCR) has been developed as a rapid, safe, 
simple and sensitive method for detection of C. psittaci 
(Hewinson et al., 1991; Kaltenboeck et al., 1991; Hewin-
son et al., 1997; Moroney et al., 1998; Olsen et al., 1998; 
McElnea and Cross, 1999; Messmer et al., 2000; Sachse 
et al., 2005, 2009). Mahmmod et al. (2018) evaluated the 
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accuracy of different isolation and detection methods of C. 
psittaci and concluded that PCR assay outperforms chick-
en embryo and other inoculation tests as well as holds a 
better promise for surveillance programs for psittacosis. It 
is recommended that samples are taken on 3 consecutive 
days to detect intermittent shedding of the organism.

Furthermore, the different species of Chlamydia can be dif-
ferentiated using DNA microarray hybridization tests. Im-
muno-fluorescence, immuno-peroxidase and immuno-his-
tochemistry as immuno-staining methods have been used 
for detection of chlamydial antigens (Sachse et al., 2009). 
Monoclonal antibodies toward some chlamydial antigens 
as lipopolysaccharides or major outer membrane protein 
have been found to be more sensitive than histochemical 
methods of diagnosis (Borel et al., 2014).

Serological tests as elementary body agglutination test 
(Grimes et al., 1994) and latex agglutination (Arizmendi 
and Grimes, 1993) can be used for demonstration of anti-
bodies against Chlamydia especially immunoglobulins IgM 
in recent infection. Different types of Enzyme Linked Im-
muno-sorbent Assay (ELISA) has been developed to de-
tect C. psittaci infection (Evans et al., 1983; Ruppanner et 
al., 1984; Verminnen et al., 2006). Dickx et al. (2010) and 
Dickx and Vanrompay (2011) used C. psittaci recombinant 
major outer-membrane protein based antibody ELISA to 
examine broiler breeder, broiler and layer chicken farms in 
Belgium and demonstrated positive cases in percentages 
of 98, 95 and 95 in layers, broilers and broiler breeders, re-
spectively. Conventional type of ELISA showed non-spe-
cific reaction and cross reactivity with other Gram-neg-
ative organisms (Andersen, 1998), but blocking ELISA 
revealed higher sensitivity (Gerlach, 1999). Complement 
fixation test detected four fold rise in Chlamydia antibody 
titer in paired samples. Indirect fluorescent antibody tech-
nique (Andersen, 1991) and PCR-restriction fragment 
length polymorphism (Vanrompay et al., 1997a) have been 
used also to identify Chlamydia serovar using specific mon-
oclonal antibodies against outer membrane protein.

prEvEnTion and conTrol sTraTEGiEs
Prevention and eradication programs of avian chlamydiosis 
is difficult due to presence of large number of asymptomat-
ic carrier hosts, the intermittent shedding of the pathogen, 
the endemic nature of the bacteria and the long survival 
time in the organic matter (Vanrompay et al., 2007). 

Specific antibiotics including tetracyclines, macrolides 
(erythromycin and azithromycin) and fluoroquinolones 
prove their efficacy for the treatment of chlamydial in-
fection. Tetracyclines group of medicaments is the most 
preferable group for the treatment of the affected birds 
with Chlamydia. Treatment should be maintained for long 

time, whenever, 45 days is recommended for the treatment 
of pet birds (Vanrompay et al., 1995a). Chlortetracycline 
is usually given in feed and the dose differs according to 
bird’s species and the type of feed (Gerlach, 1999). Chlo-
rtetracycline treatment has some disadvantages includ-
ing less tendency of the birds to feed on the treated feed, 
insufficient blood level of the drug as well as destruction 
of natural gut microbiota (Gerlach, 1999). Other medic-
ament like oxyteteracyline could be used intramuscularly 
especially for large size birds (Flammer et al., 1990). How-
ever, injection of muscle may induce necrosis at the inoc-
ulation site as well as prolonged withdrawal period with 
residual effect ( Jawad et al., 2014). Doxycycline may be 
used either in feed (Gerlach, 1999) or in the drinking wa-
ter (Flammer, 2000) with effective results especially after 
45 days treatment period. Although tetracyclines inhibit 
the synthesis of chlamydial ribosomal proteins, prolonged 
administration of antibiotic arises the chance of drug re-
sistance (Guzman et al., 2010; Rodolakis and Laroucau, 
2015). Pet birds could be treated in feed with enrofloxacin 
(Gerlach, 1999). Azithromycin water treatment has been 
found to be effective for Cockatiels after 21 days treatment 
period (Guzman et al., 2010).Periodical sampling of the 
treated birds after each treatment to check the relapse and 
clearance of the bacteria.

It is very important to treat concomitant bacterial patho-
gens as Streptococcus and Lactobacilli that associated with 
Chlamydia infection. It has been shown that prolonged an-
tibiotic treatment of chlamydial infection arising the prob-
lem of antibiotic resistance especially in case of preventive 
medication (Dugan et al., 2004; Di Francesco et al., 2008; 
Beeckman and Vanrompay, 2009) as well as persistence of 
the bacteria even after treatment. 

Accordingly, new substances like phytobiotics may replace 
the usage of antibiotic for the treatment of chlamydiosis 
(Vanka et al., 2001). The effect of natural herbal plants ex-
tracts like aqueous neem on C. psittaci infection of broil-
ers was studied (Hegazy et al., 2018). The results proved 
potent effect of 8% concentration of neem extract on C. 
psittaci without adverse effect on liver or kidneys tissues as 
it could be substitute oxytetracycline treatment.

There is no available commercial vaccine for prevention 
of Chlamydia infection in birds. The production of chal-
mydial vaccine depends mainly on the protective level of 
the prepared vaccine as well as the cost of production. In 
the studies of Vanrompay et al. (1999a,b) and Vanrompay 
et al. (2001), the gene encoding for the major outer mem-
brane protein of C. psittaci serovar A was used for produc-
tion of plasmid DNA vaccines in turkeys and the results 
showed promising protection. In addition, the demonstra-
tion of the outer membrane protein expression for at least 
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10 weeks past-vaccination with such vaccine was reported 
(Loots et al., 2006). 

For prevention of the disease introduction, newly intro-
duced birds or birds returned from shows or fairs should 
be quarantined for at least one month and observed for 
specific signs (Davies and Collins; 1995; De Freitas Raso 
et al., 2004; Dovcˇ et al., 2007; Matsui et al., 2008).Testing 
and isolation of birds from unknown sources before board-
ing are also important (Van Loock et al., 2005; Heddema 
et al., 2006). Mixing of birds from different sources should 
be prohibited (Sclossberg et al., 1993; Circella et al., 2011).
Thorough cleaning and disinfection using some lipid sol-
vents disinfectants like 1:1000 quaternary ammonium 
compounds, formaldehyde, chlorophenols and 70% alco-
hol ( Jencek et al., 2012). Wild birds and insects should 
be controlled. Hygienic disposal of dead birds is the must.
For Veterinarians, workers in the poultry farms and pro-
cessing plants and pet bird handlers; protective clothes, 
gloves and filter mask should be wear. Keeping ventilation 
and continuous air disinfection should be considered to 
avoid aerosol contamination and transmission of Chlamyd-
ia (Deschuyffeleer et al., 2012).

As psittacosis is a reportable disease, so local public health 
authorities must be reported within 48 hours of the dis-
ease detection (Chau et al., 2015).In addition, oral tetra-
cycline treatment of psittacosis in human (Aundria, 2011) 
can induce sub-clinical persistent disease and may provoke 
chronic infection with relapsing after the treatment course 
(Elwell et al., 2016).

CONCLUSION

From the previously mentioned information, it can be con-
cluded that avian chlamydiosis causes severe losses espe-
cially in pet birds, besides its public health significance in 
human. So, it is very important to pay attention toward this 
disease regarding the epidemiology, the methods of diag-
nosis and the strategies of prevention and control. 
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