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The first part of the present review gives an overview on the history of infectious agents of the order Chlamydiales and the general infection biology of Chlamydophila (C.) psittaci, the causative agent of psittacosis. In the second part, the classification of C. psittaci strains, as well as issues of epidemiology of avian chlamydiosis., disease transmission routes, clinical disease, public health significance, present legislation and recommendations for prevention and control are reviewed.

A c c e p t e d M a n u s c r i p t

History

In 1879, psittacosis or parrot fever was documented for the first time when Ritter (1880) described an epidemic of unusual pneumonia associated with exposure to tropical pet birds in seven individuals in Switzerland. The term "psittacosis", however, dates back to 1893, when transmission from parrots to humans of an infectious agent causing flu-like symptoms was observed [START_REF] Morange | De la psittacose, ou infection speciale determinée par des perruches[END_REF].

In 1907, Halberstaedter and von Prowazek were the first to make drawings of chlamydia-infected conjunctival cells of trachoma (Chlamydia trachomatis) patients. They took the observed vacuoles for "mantled" protozoa and consequntly designated them Chlamydozoa after the Greek word "chlamys" for mantle [START_REF] Halberstaedter | Zur Aetiologie des Trachoma[END_REF]. In the following years, similar infective agents causing inclusion conjunctivitis of the newborn or infection of the adult genital tract were described. The inability to grow these germs, in fact Chlamydia. trachomatis organisms, on artificial media made scientists assume that they were viruses. The relatedness to the agent of psittacosis as discovered by [START_REF] Ritter | Beitrag zur Frage des Pneumotyphus [Eine Hausepidemie in Uster (Schweiz) betreffendd[END_REF] had not yet been realised.

During the winter of 1929-1930, a pandemic of human psittacosis occurred in the United States and Europe. The disease was attributed to the importation of Green Amazon parrots from Argentina. Shortly afterwards, 174 cases of human psittacosis were reported from the Faroe Islands in the period from 1930 to 1938. The human death rate was 20% and was especially high (80%) in pregnant women (Rasmussen-Ejde, 1938). Humans contracted the infection while capturing juvenile fulmars (Fulmarus glacialis) and preparing them for cooking. Herrmann et al., (2006), presented phylogenetic data on the outer membrane protein A (ompA) gene supporting the speculation that fulmars on the Faroes acquired psittacosis from infected and dead parrots thrown overboard during shipment from Argentina to Europe in 1930.

A c c e p t e d M a n u s c r i p t 4 The agent of psittacosis was finally identified in humans by [START_REF] Bedson | Observatios on the aethiology of psittacosis[END_REF] and was classified as a virus of the psittacosis-LGV group, alongside the simultaneously identified causative agent of lymphogranuloma venereum (LGV). [START_REF] Bedson | Observatios on the aethiology of psittacosis[END_REF] defined the unique biphasic developmental cycle of these "viruses", and the organisms were referred to as Bedsoniae in the following years. Hereafter, Thygeson noted the resemblance between the developmental cycles of the agents of trachoma and psittacosis. He suggested that lymphogranuloma venereum (LGV) strains and the mouse pneumonitis strain also belonged to the same unique group of viruses [START_REF] Thygeson | Epidemiologic observations on trachoma in the United States[END_REF]. In the next years, the "viruses" were propagated in chorio-allantoic chick embryo membranes, monkey brains and mice. In 1965, with the development of electron microscopy, scientists could actually see that the chlamydial agent was not a virus, but a bacterium. [START_REF] Page | Revision of the family Chlamydiaceae Rake (Rickettsiales) : unification of the psittacosis-lymphogranuloma venereum-trachoma group of organisms in the genus Chlamydia, Jones, Rake and Stearns[END_REF] proposed to combine all organisms of the psittacosis-LGV-trachoma group in the single genus Chlamydia.

Nevertheless, chlamydiae were considered to belong to Rickettsiae for some time, but later on were found to be different because of the absence of an electron transport system, lack of cytochromes and the apparent inability to synthesise ATP and GTP in the same way as Rickettsiae. Finally, chlamydiae were classified as Gram-negative intracellular bacteria because they were found to divide by binary fission, to have cell walls comparable in structure to those of Gram-negative bacteria, to possess DNA containing nucleoids without membranes between the nucleoid and the cytoplasm, and to possess ribosomes with antibiotic susceptibilities characteristic for prokaryotic ribosomes. Shortly afterwards, the genus Chlamydia was placed in the family Chlamydiaceae of the order Chlamydiales. In the late 1960s, two species were distinguished within the genus Chlamydia: Chlamydia trachomatis [START_REF] Capponi | The causal agent of trachoma (Chlamydia trachomatis) in the PLT group: simple methods of identification[END_REF] and Chlamydia psittaci (Tamura et al., 1971), to which the species Chlamydia pneumoniae [START_REF] Grayston | Current knowledge on Chlamydia pneumoniae, strain TWAR, an important cause of pneumonia and other acute respiratory diseases[END_REF] and Chlamydia pecorum [START_REF] Fukushi | Proposal of Chlamydia pecorum sp. nov. for Chlamydia strains derived from ruminants[END_REF] were added in the 1990s.

A c c e p t e d M a n u s c r i p t 5

Infection biology

Morphology

Morphologically distinct forms of Chlamydophila are termed elementary body (EB), reticulate body (RB), and intermediate body (IB). The EB is a small, electron dense, spherical body, of about 0.2-0.3 mm in diameter [START_REF] Costerton | Ultrastructural studies of the nucleoids of the pleomorphic forms of Chlamydia psittaci 6BC: a comparison with bacteria[END_REF][START_REF] Carter | Nucleotide sequence and taxonomic value of the major outer membrane protein gene of Chlamydia pneumoniae IOL-207[END_REF][START_REF] Miyashita | The morphology of Chlamydia pneumoniae[END_REF]. The EB is the infectious form of the organism, which attaches to the target cell and finally enters it. The EBs are characterized by a highly electron-dense nucleoid, located at the periphery and clearly separated from an electron-dense cytoplasm. The chromatin is maintained condensed by the histon H1-like protein, Hc1. Following entry into the host cell, the EB expands in size to form the RB, which is the intracellular metabolically active form.

Differentiation of EBs into RBs is accompanied by chromatin dispersal as chlamydiae become transcriptionally active. The RB is larger, measuring approximately 0.5-2.0 mm in diameter. The inner and outer bacterial membranes of RBs are relatively closely apposed.

The RB divides by binary fission and thereafter matures into new EBs. During this maturation, morphologically intermediate forms (IB) measuring about 0.3-1.0 mm in diameter can be observed inside the host cell. The IB has a central electron-dense core with radially arranged individual nucleoid fibers surrounding the core. Cytoplasmic granules are tightly packed at the periphery of the IB and are separated from the core by a translucent zone. At the end of the replication cycle, less and highly condensed EBs can be observed [START_REF] Litwin | A comparative study of the growth cycles of different members of the psittacosis group in different host cells[END_REF]Eb et al., 1976;[START_REF] Costerton | Ultrastructural studies of the nucleoids of the pleomorphic forms of Chlamydia psittaci 6BC: a comparison with bacteria[END_REF][START_REF] Louis | Modifications of the envelope of Chlamydia psittaci during its developmental cycle: freeze-fracture study of complementary replicas[END_REF]Soloff et al., 1982;Matsumoto 1982a;[START_REF] Matsumoto | Structural characteristics of chlamydial bodies[END_REF][START_REF] Vanrompay | Ultrastructural changes in avian Chlamydia psittaci serovar A-, B-, and D-infected Buffalo Green Monkey cells[END_REF][START_REF] Rockey | The chlamydial developmental cycle[END_REF]. Immature, less condensed EBs have few fibrous elements transmigrating the granular cytoplasm towards the condensed electron-dense nucleoid. The latter lies adjacent to the inner bacterial membrane. Mature, more condensed EBs possess a homogeneous ovoid, [START_REF] Matsumoto | Observations of the surface projections of infectious small cell of Chlamydia psittaci in thin sections[END_REF]Matsumoto 1982b). These projections extend from the chlamydial surface into the inclusion membrane. Matsumoto also observed images of arrayed-rosettes in negatively stained EB preparations. It is tempting to speculate that these dome-like and needle-like surface projections correspond to Type III Secretion pores used to deliver virulence proteins into the host cell [START_REF] Bavoil | Type III secretion in Chlamydia: a case of deja vu?[END_REF].

Developmental cycle

C. psittaci is an obligate intracellular bacterium replicating within a non-acidified vacuole, termed an inclusion. Within the inclusion, C. psittaci undergoes a unique biphasic developmental cycle alternating between the EB, which guarantees extracellular survival and infection of host cells and RB, which is responsible for intracellular replication and generation of infectious progenitor bacteria.

Infection is initiated by attachment and subsequent parasite-mediated endocytosis of the infectious EB. The EBs are sometimes seen in association with clathrin-coated pits. In vitro, EBs rely on the actin cytoskeleton to facilitate their entry into host cells. Once internalized, EBs are redistributed from the periphery of the cell and aggregate at the Golgi region of the cell that corresponds to the Microtubule Organizing Centre (MTOC). While internalized EBs occupy small vesicles or inclusions they avoid fusion with lysosomes and other endocytic organelles. Thus, the nascent inclusion is derived from host plasma membrane proteins and lipids. Within the first few hours after internalisation, EBs begin to differentiate into RBs, which is characterised by a loss in infectivity, nucleoid decondensation [START_REF] Vanrompay | Ultrastructural changes in avian Chlamydia psittaci serovar A-, B-, and D-infected Buffalo Green Monkey cells[END_REF]. Host kinesin possibly plays a role in mitochondrial recruitment to the inclusion. C. psittaci may not be as capable of generating its own ATP as other chlamydial species, and, therefore, a close association of the inclusion with mitochondria might provide an alternative mechanism to obtain ATP from the host.

Unlike bacteria that replicate in the host cell cytosol and have free access to cytosolic nutrients, C. psittaci must import host nutrients across the inclusion membrane. Chlamydial organisms indeed require amino acids and nucleotides from host pools, but the mechanisms that facilitate delivery of these molecules into the inclusion have not been clearly defined.

Because the inclusion is disconnected from the endosomal/lysosomal pathway, delivery of nutrients by fusion of endocytic vesicles is unlikely. Furthermore, although exocytic vesicles containing sphingomyelin are known to fuse with the inclusion, and may be a source of nutrients and lipids, the luminal contents of these vesicles have not been identified. Recent data demonstrate that the inclusion membrane is freely permeable to small molecules with a molecular weight of 100-520 Da [START_REF] Hackstadt | Cell Biology. In Chlamydia: Intracellular Biology, pathogenesis and Immunity[END_REF][START_REF] Grieshaber | Determination of the physical environment within the Chlamydia trachomatis inclusion using ion-selective ratiometric probes[END_REF]. After delivery into the lumen by passive diffusion, specific membrane transporters located in the bacterial membrane would facilitate uptake into the organisms themselves. In addition, specific membrane transporters would still be needed to transport molecules larger than 520 Da across the inclusion membrane. However, no such membrane transporters have been found to be localised to the inclusion membrane yet.

As the developmental cycle progresses, the inclusion enlarges to accommodate the increasing numbers of bacteria. The growing inclusion intercepts biosynthetic membrane trafficking pathways and acquires the ability to fuse with a subset of Golgi-derived vesicles, thereby increasing its membrane surface [START_REF] Hackstadt | Cell Biology. In Chlamydia: Intracellular Biology, pathogenesis and Immunity[END_REF]. When more and more RBs are In some cases, the developmental cycle can be altered in favour of persistence.

Persistent chlamydiae fail to complete their development from RBs into infectious EBs, but retain metabolic activity. Persistent RBs appear morphologically aberrant from oval shaped to strongly enlarged and form small inclusions. While they accumulate chromosomes because of continuing DNA replication, they do not divide. Persistent growth forms have been associated with chronic infections. These cryptic persistent forms can rapidly retransform into normal RBs and infectious EBs. How chlamydiae modulate between normal and persistent growth is not yet understood [START_REF] Belland | Transcriptome analysis of chlamydial growth during IFN-gammamediated persistence and reactivation[END_REF][START_REF] Hogan | Chlamydial persistence: beyond the biphasic paradigm[END_REF][START_REF] Gieffers | First-choice antibiotics at subinhibitory concentrations induce persistence of Chlamydia pneumoniae[END_REF].

Avian chlamydiosis

Classification and typing of strains

The family Chlamydiaceae was recently reclassified into two genera and nine species [START_REF] Everett | Emended description of the order Chlamydiales, proposal of Parachlamydiaceae fam. nov. and Simkaniaceae fam. nov., each containing one monotypic genus, revised taxonomy of the family Chlamydiaceae, including a new genus and five new species, and standards for the identification of organisms[END_REF] 1993;[START_REF] Vanrompay | Characterization of avian Chlamydia psittaci strains using omp1 restriction mapping and serovar-specific monoclonal antibodies[END_REF]. The isolates WC and M56 originated from epizootics in cattle and muskrats, respectively. The avian serovars are relatively host-specific. Serovars A and B are usually associated with psittacine birds and pigeons, respectively. The natural hosts of the other serovars are more uncertain. Serovar C has primarily been isolated from ducks and geese, and serovar D mainly from turkeys. Serovar F was isolated from a psittacine bird and from turkeys. The host range of serovar E is the most diverse among these types, as it was isolated from about 20% of pigeons, from many cases of fatal chlamydiosis in ratites, from outbreaks in ducks and turkeys, and occasionally from humans. All serovars should be considered to be readily transmissible to humans.

Genetic diversity based on 16S rRNA gene sequences is less than 0.8 % among C. psittaci strains. Several strains were found to have an extrachromosomal plasmid, and many strains are susceptible to bacteriophage Chp1 (Storey et al., 1989a;1989b). At present, analysis of the gene encoding outer membrane protein A (ompA) is often used to classify avian C. psittaci strains into genotypes A to F and E/B [START_REF] Geens | Development of a Chlamydophila psittaci species-specific and genotype-specific real-time PCR[END_REF]. So far, genotype E/B has been isolated mainly from ducks.

Epidemiology

The psittacosis outbreaks of 1929-1930 and 1930-1938 were attributed to psittacine birds. However, in the following years it became clear that C. psittaci infections were not limited to psittacine birds, but could also affect other avian species. In 1939, the agent was isolated from two South African racing pigeons, and soon additional pigeon isolates were obtained, this time from Californian racing pigeons. At that time, cases of psittacosis in two New York citizens could be attributed to contact with infected feral pigeons. In 1942, serological evidence showed ducks and turkeys to be frequently infected, and, within the next 3 years, A c c e p t e d M a n u s c r i p t 10 human infections due to contact with infected ducks were reported in California and New York. In the early 1950s, C. psittaci could be isolated from turkeys and humans in contact with infected turkeys during severe respiratory outbreaks in the US turkey industry [START_REF] Meyer | The host spectrum of psittacosis-lymphogranuloma venereum (PL) agents[END_REF]. The incidence of severe C. psittaci epidemics in US poultry declined during the 1960s.

However, avian chlamydiosis remained a continuing threat to both birds and humans. In the 1980s, chlamydiosis in turkeys was again reported in the US [START_REF] Grimes | Chlamydiosis (Ornithosis)[END_REF], and in the 1990s also in Europe (Ryll et al., 1994;[START_REF] Vanrompay | Characterization of avian Chlamydia psittaci strains using omp1 restriction mapping and serovar-specific monoclonal antibodies[END_REF]Sting et al., 2006). Nowadays, C. psittaci is nearly endemic in the Belgian turkey industry [START_REF] Van Loock | Key role of Chlamydophila psittaci on Belgian turkey farms in association with other respiratory pathogens[END_REF][START_REF] Verminnen | Evaluation of a recombinant enzyme-linked immunosorbent assay for detecting Chlamydophila psittaci antibodies in turkey sera[END_REF], and there is evidence to assume that it is also endemic in other European countries [START_REF] Hafez | Uber das Vorkommen von Chlamydien-Infektionen beim Mastgeflügel[END_REF][START_REF] Van Loock | Key role of Chlamydophila psittaci on Belgian turkey farms in association with other respiratory pathogens[END_REF]. However, in contast to the devastating explosive outbreaks in the first half of the 20th century, the present outbreaks are characterised by respiratory signs and low mortality. More recently, an increase in the number of outbreaks in ducks affecting contact persons was reported (Laroucau, 2007, personal communication;[START_REF] Laroucau | Chlamydial infections in duck plants associated with human cases of psittacosis in France[END_REF][START_REF] Andersen | Avian Chlamydiosis (psittacosis, ornithosis)[END_REF]. Human infections associated with outbreaks in ducks had already been described in past two decades (Arzey and Arzey, 1990;Arzey et al., 1990;[START_REF] Martinov | Recent outbreaks of ornithosis in ducks and humans in Bulgaria[END_REF][START_REF] Newman | A prolonged outbreak of ornithosis in duck processors[END_REF][START_REF] Hinton | Chlamydiosis in workers at a duck farm and processing plant[END_REF][START_REF] Goupil | Severe pneumonia with a pneumococcal aspect during an ornithosis outbreak[END_REF][START_REF] Lederer | Ornithosis--studies in correlation with an outbreak[END_REF]Bennedsen and Filskov, 2000).

The list of avian species in which C. psittaci infections occur increased rapidly. Today, C. psittaci has been demonstrated in about 465 bird species comprising 30 different bird orders [START_REF] Kaleta | Avian host range of Chlamydophila spp. based on isolation, antigen detection and serology[END_REF]. The highest infection rates are found in psittacine birds (Psittacidae) and pigeons (Columbiformes). The prevalence in psittacine birds ranges between 16 and 81 %, and a mortality rate of 50 % or even higher is not unusual [START_REF] Raso | Evidence of Chlamydophila psittaci infection in captive Amazon parrots in Brazil[END_REF][START_REF] Dovc | Long-term study of Chlamydophilosis in Slovenia[END_REF][START_REF] Dovc | Ultrastructural study of the development of the agent of ewe's abortion[END_REF]. Psittacidae are major reservoirs of chlamydiae, especially under captive conditions, but also among those kept as pets [START_REF] Chahota | Genetic diversity and epizootiology of Chlamydophila psittaci prevalent among the captive and feral avian species based on VD2 region of ompA gene[END_REF]; Bosnia and Herzegovina, and Macedonia showed a seropositivity of 48.5%, 26.5% and 19.2%, respectively [START_REF] Ilieski | Detection of Chlamydophila psittaci in free-living birds using ELISA and immumohistochemical methods[END_REF][START_REF] Residbegovic | Detection of antibodies and isolation of Chlamydophila psittaci in free-living pigeons (Columba livia domestica)[END_REF][START_REF] Ceglie | Serological surveillance in north-eastern Italy for the presence of Chlamydophila spp from birds and molecular characterization of PCR isolates within the area of Venice[END_REF].

Birds living on sea shores and other waters, such as gees, ducks, gulls and penguins are more frequently infected than hens, pheasants and quails [START_REF] Kaleta | Avian host range of Chlamydophila spp. based on isolation, antigen detection and serology[END_REF]. Common reservoirs of C. psittaci include wild and feral birds, such as sea gulls, ducks, herons, egrets, pigeons, blackbirds, grackles, house sparrows, and killdeer, all of which freely intermingle with domestic birds. Highly virulent strains of C. psittaci can be carried and extensively excreted by sea gulls and egrets without any apparent effect on the hosts themselves.

Transmission between birds

Transmission of C. psittaci primarily occurs from one infected bird to another susceptible bird in close proximity. The agent is excreted in faeces and nasal discharges. Faecal shedding occurs intermittently and can be activated through stress caused by nutritional deficiencies, prolonged transport, overcrowding, chilling, breeding, egglaying, treatment or handling.

Bacterial excretion periods during natural infection can vary depending on virulence of the strain, infection dose and host immune status. However, shedding may occur for several months. Transmission of chlamydiae occurs mainly through inhalation of contaminated material and, sometimes, ingestion. Large numbers of C. psittaci cells can be found in Transmission of C. psittaci in the nest is possible. In many species, such as Columbiformes, cormorants, egrets, and herons, transmission from parent to young may occur through feeding, by regurgitation, while contamination of the nesting site with infective exudates or faeces may be important in other species, such as snow geese, gulls and shorebirds. Furthermore, C. psittaci can be transmitted from bird to bird by blood-sucking ectoparasites such as lice, mites and flies or, less commonly, through bites or wounds [START_REF] Longbottom | Animal chlamydioses and zoonotic implications[END_REF]. Transmission of C. psittaci by arthropod vectors would be facilitated in the nest environment.

Vertical transmission has been demonstrated in turkeys, chickens, ducks, parakeets, seagulls and snow geese, although the frequency appears to be fairly low [START_REF] Wittenbrink | Isolation of Chlamydia psittaci from a chicken egg: evidence of egg transmission[END_REF]. However, it could serve as a route to introduce chlamydiae into a poultry flock.

C. psittaci can be introduced into susceptible pet birds and poultry through the wild bird population. Contaminated feed or equipment can also be a source of infection, and feed should therefore be protected from wild birds. Careful cleaning of equipment is extremely 

3.4.Clinical disease

Depending on the chlamydial strain and the avian host, chlamydiae cause pericarditis, air sacculitis, pneumonia, lateral nasal adenitis, peritonitis, hepatitis, and splenitis. Generalised infections result in fever, anorexia, lethargy, diarrhoea, and occasionally shock and death.

Chlamydiosis is a very common chronic infection of psittacine birds. Infections cause conjunctivitis, enteritis, air sacculitis, pneumonitis, and hepatosplenomegaly. Droppings are often green to yellow-green. Many of the birds become chronically infected, but show no clinical signs until stressed. These birds often shed chlamydiae intermittently and serve as a source of infection of humans and other birds.

Chlamydiosis is also a common chronic infection of pigeons. Clinical signs include conjunctivitis, blepharitis, and rhinitis [START_REF] Andersen | Comparison of pharyngeal, fecal, and cloacal samples for the isolation of Chlamydia psittaci from experimentally infected cockatiels and turkeys[END_REF]. Survivors can become asymptomatic carriers.

Infected turkeys show vasculitis, pericarditis, pneumonitis, air sacculitis, and hepatosplenomegaly, and lateral nasal adenitis at necropsy. Mortality rates of 5-40 % may occur unless early antibiotic treatment is introduced (Grimes et al., 1970;[START_REF] Andersen | Comparison of pharyngeal, fecal, and cloacal samples for the isolation of Chlamydia psittaci from experimentally infected cockatiels and turkeys[END_REF].

Experimentally, virulent turkey strains cause little, if any, disease in chickens, pigeons, and sparrows; however, cockatiels and parakeets succumb rapidly to infection by these agents.

Outbreaks in turkeys with low mortality and little or no human involvement usually are caused by the "pigeon serovar". The mortality rate is usually less than 5%.

Chlamydiosis in ducks is rare in the United States [START_REF] Andersen | Comparison of pharyngeal, fecal, and cloacal samples for the isolation of Chlamydia psittaci from experimentally infected cockatiels and turkeys[END_REF], but is a serious economic and occupational health problem in Europe [START_REF] Laroucau | Chlamydial infections in duck plants associated with human cases of psittacosis in France[END_REF]. Trembling, 

Public health significance

C. psittaci can infect humans and should be handled carefully under conditions of biocontainment. Humans most often become infected by inhaling the organism when urine, respiratory secretions or dried faeces of infected birds are dispersed in the air as very fine droplets or dust particles. Other sources of exposure include mouth-to-beak contact, a bite from an infected bird or handling the plumage and tissues of infected birds. Therefore, postmortem examinations of infected birds and handling of cultures should be carried out in laminar flow hoods or with proper protective equipment. Human infection can result from transient exposures. The disease is of significance for public health because of the popularity of psittacine birds as pets and the increased placement of these birds in child care facilities and in homes for the elderly. The risk of catching psittacosis is not only associated with direct contact to birds, but is also relevant in rural environments and gardening activities, such as lawn mowing and trimming without a grass catcher, where individuals can be exposed to the infectious agent (Telfer et al., 2005;[START_REF] Fenga | Serologic investigation of the prevalence of Chlamydophila psittaci in occupationally-exposed subjects in eastern Sicily[END_REF]. Person-to-person transmission of psittacosis is possible, but is believed to be rare [START_REF] Hughes | Possible nosocomial transmission of psittacosis[END_REF][START_REF] Ito | Familial cases of psittacosis: possible person-to-person transmission[END_REF].

The incubation period is usually 5-14 days, but longer incubation periods are known.

Human infections vary from inapparent to severe systemic disease with interstitial pneumonia and occasionally encephalitis. The disease is rarely fatal in properly treated patients; therefore, awareness of the danger and early diagnosis are important. Infected humans typically develop headache, chills, malaise and myalgia, with or without signs of respiratory involvement. While pulmonary involvement is common, auscultatory findings may appear to be normal. A number of severe cases of human psittacosis, i.e. atypical pneumonia, were A c c e p t e d M a n u s c r i p t 15 reported recently [START_REF] Chorazy | The case of a 57-year-old patient with ornithosis[END_REF][START_REF] Haas | Severe pneumonia from psittacosis in a bird-keeper[END_REF][START_REF] Pandeli | A case of fulminant psittacosis[END_REF]Strambu et al., 2006). Besides, C. psittaci has been associated with ocular lymphoma, although this still is a matter of debate as conflicting results have been found (Ferreri et al., 2004;Chanudet et al., 2006;[START_REF] Rosado | Ocular adnexal lymphoma: a clinicopathologic study of a large cohort of patients with no evidence for an association with Chlamydia psittaci[END_REF][START_REF] Zhang | Lack of association between Chlamydia psittaci and ocular adnexal lymphoma[END_REF]. However, severe cases of psittacosis are probably only the tip of the iceberg. Apart from these, there seems to be a larger number of less severe, clinically unnoticed infections, which are misdiagnosed due to symptoms suggesting involvement of other respiratory pathogens, as well as asymptomatic infections [START_REF] Harkinezhad | Chlamydophila psittaci genotype E/B transmission from African grey parrots to humans[END_REF][START_REF] Vanrompay | Chlamydohpila psittaci Transmission from Pet Birds to Humans[END_REF]. The impact of these types of C. psittaci infections on human health is difficult to determine. One can try to extrapolate present knowledge on avian infections to human psittacosis. As in birds, the carrier status might be common, as well as pathogenic synergies with other respiratory pathogens [START_REF] Van Loock | Exacerbation of Chlamydophila psittaci pathogenicity in turkeys superinfected by Escherichia coli[END_REF].

Diagnosis of C. psittaci infection can indeed be difficult and is usually accomplished through testing paired sera, or only one serum sample, using the micro-immunofluorescence (MIF) test, which is more sensitive and specific than the complement fixation test, which was frequently used in the past. However, the MIF test shows cross-reactivity with other chlamydial species. Highly sensitive nucleic acid amplification assays can be used to specifically detect C. psittaci. Culture is also possible, but technically rather difficult for requiring biosafety level 3 laboratories. Like in birds, tetracyclines are the drugs of choice for treating human psittacosis. Doxycycline or tetracycline is usually administered, unless contraindicated, like in the case of pregnant women and children under 9 years, where erythromycin can be used. The length of treatment will vary with the drug, but should be continued for at least 14 days for tetracycline.

A c c e p t e d M a n u s c r i p t 16 Psittacosis is a notifiable disease in Australia, the US and most European countries, e.g. Belgium, France, Germany, Italy, and Switzerland. An overview of reported psittacosis cases in several countries is presented in Table 1.

Legislation and recommendations for prevention and control

Although research on MOMP-based DNA vaccination in SPF turkeys was very promising (Vanrompay et al., 1999a;Vanrompay et al., 1999b), there are no vaccines currently available. DNA vaccination significantly diminished clinical signs, lesions and excretion of chlamydiae, but did not provide complete protection. However, the latter is perhaps impossible. In this situation, we have to rely on risk reduction strategies and available treatment. In a worldwide context, recommendations for prevention and control of psittacosis, as well as legislation are focusing on a reduction of human morbidity.

Until recently, EU legislation for the importation of birds other than poultry from third countries was encompassed in Decisions 2000/666/EC (CEC, 2000) and 2005/760/EG of the European Commission, which were primarily concerned with restricting the introduction of Newcastle disease or avian influenza. Essentially, these decisions stipulate that 1) the birds must come from a flock in the country of origin where they were kept for at least 21 days prior to export, 2) the birds are transported in cages or crates that contain only one species of bird or one species per compartment, if compartmentalised and, 3) the birds are moved to designated licensed quarantine premises, where they are held for 30 days and subjected to at least two veterinary inspections, usually beginning and end, before release.

There was only a single mention of the agent C. psittaci, i.e. "if during quarantine it is suspected or confirmed that Psittaciformes are infected with C. psittaci, all birds of the consignment must be treated by a method approved by the competent authority and the quarantine must be prolonged for at least two months following the last recorded case". Thus, Note that the cytoplasm of EBs (c) has a granular appearance due to the presence of 70S ribosomes. Surrounding the cytoplasm is a lipid cytoplasmic membrane and a rigid outer envelope (both ~8 nm) containing a regularly packed hexagonal structure of 16.7 nm. This structure, together with extensive -S-S-bridging of the sulphur amino-acid rich outer envelope proteins, probably accounts for much of the outer envelope's rigidity (bar 0.15 µm).

Adapted from [START_REF] Matsumoto | Structural characteristics of chlamydial bodies[END_REF]. b) Rotational symmetry of EBs from C. psittaci strain Cal 10. A rosette comprising 9 subunits is presented (bar 30 nm). Adapted from Matsumoto (1979). c) Negatively stained envelope fragment of EBs from C. psittaci strain Cal 10. Note the dark centred rosettes (arrows; bar 0.1 µm). Adapted from Matsumoto (1979) 

  electron-dense nucleoid separated from cytoplasmic elements by a very distinct electron-transparent space. Electron microscopy and freeze-fracture structures clearly indicate the existence of curious surface projections on both EBs (Fig 1) and RBs (Fig 2)

  the organism. By 8 hours post infection, RBs start to replicate by binary fission and remain in close association with the inclusion membrane. Numerous mitochondria surround the inclusion

  following 20 hours (each RB can be responsible of a progeny of up to 1000 new RBs), the inner side of the inclusion membrane becomes overcrowded, leading to RB detachment from the inclusion membrane. This could be the signal for RBs to convert into intermediate bodies and new infectious EBs. At the end of the cycle, approximately 50 hours post infection, the host cell and its inclusion(s) either lyse or the EBs and some nondifferentiated RBs are released via reverse endocytosis.

  . The new genera Chlamydia and Chlamydophila correlate with the former species Chlamydia trachomatis and Chlamydia psittaci. The genus Chlamydia now includes the species of Chlamydia trachomatis (main host: humans), Chlamydia suis (swine), and Chlamydia muridarum (mouse, hamster). The genus Chlamydophila includes C. psittaci (birds), C. felis (cat), C. abortus (sheep, goat, cattle), C. caviae (guinea pig), and the previously defined species of C. pneumoniae (human) and C. pecorum (ruminants). All known avian strains belong to the species C. psittaci, which comprises six avian serovars, i.e.

  seropositivity of racing pigeons range from 35.9 to 60 %. Free-living pigeons are present in urban and rural areas all over the world and get in close contact with people in public places. Thirty-eight studies on the seroprevalence of C. psittaci in feral pigeons conducted from 1966 to 2005 revealed a seropositivity rate ranging from 12.5 to 95.6 %(Tanaka et al., 2005;[START_REF] Haag-Wackernagel | Feral pigeons (Columba livia) as potential source for human ornithosis[END_REF][START_REF] Laroucau | Health status of free-living pigeons in Paris[END_REF][START_REF] Mitevski | Survellaince for the presence of Chlamydophila psittaci in pigeons and doves from several towns in Macedonia[END_REF][START_REF] Prukner-Radovcic | Chlamydophila psittaci in turkey in Croatia[END_REF]. More recent studies performed in feral pigeons in Italy,

  and faecal material of infected birds. The importance of the respiratory exudate has become more apparent. In turkeys, the lateral nasal glands become infected early and remain infected for more than 60 days. Choanal/oropharyngeal swabs are more consistent for isolation of the agent than faecal swabs, especially during early stages of infection. Direct aerosol transmission through aerosolisation of respiratory exudate must be considered as the primary method of transmission.Avian species, including domestic poultry sharing aquatic or moist soil habitats with wild infected aquatic birds may become infected via contaminated water. Granivorous birds like pigeons, doves, pheasants and house sparrows may become infected by dust inhalation in faeces contaminated barnyards and grain storage sites. The consumption of infected carcasses may transmit C. psittaci to host species that are predators or scavengers of other birds.

  C. psittaci can survive in faeces and bedding for up to thirty days. Cleaning and disinfection with most detergents and disinfectants will inactivate C. psittaci, as this Gramnegative bacterium has a high lipid content.

  , and diarrhea are observed in infected ducks. Mortality ranges to up to 30 %.

  not apply to any other bird species, nor were there any rules that applied to the management of psittacosis within the EU. Therefore, decisions 2000/666/EC and 2005/760/EC were repealed and a new regulation, i.e. EC no. 318/2007, came into force on July 1 in 2007, after being published in the Official Journal of the EU. This regulation lays down the animal health conditions for imports of certain birds from third countries and parts thereof into the EU. Thus it is not applicable to: a) poultry, b) racing pigeons, c) birds imported from Andorra, Liechtenstein, Monaco, Norway, San Marino, Switzerland and the Vatican City, and not to, d) third countries which can use an animal health certificate referred to in Annex I of the regulation. The regulation also lays down the quarantine conditions. For instance: 1) approved quarantine facilities and centres, 2) direct transport of birds to quarantine stations, 3) attestation by the importers or their agents, 4) quarantine for at least 30 days, 5) examination, sampling and testing to be carried out by an official veterinarian, 6) actions in case of disease suspicion, which are in case of chlamydiosis: treatment of all birds and prolonged quarantine for at least two months following the date of the last recorded case.Importantly, the regulation only allows imports of birds from approved breeding establishments, thus for birds other than poultry, only birds bred in captivity carrying an individual identification number and accompanied by an animal health certificate are allowed.In the US, State regulatory agencies may impose quarantine on intrastate movement of diseased poultry flocks and may require antibiotic treatment of the flock prior to slaughter.Since regulations may vary from state to state, the appropriate public health and/or animal health agencies should be consulted as necessary. According to USDA regulations, movement of poultry, carcasses, or offal from any premise is prohibited where the existence of chlamydiosis has been proved by isolation of a chlamydial agent. The Animal and Plant Health Inspection Service of the USDA and the US Department of Health and Human

  movement of birds from infected flocks, but there is no restriction on movement of eggs from such flocks.In 2006, the US National Association of State Public Health Veterinarians (NASPHV; wwwnasphv.org) published a compendium of measures to control C. psittaci infections among humans and pet birds, including prevention and control recommendations such as: 1) protect persons at risk, 2) maintain accurate records of all bird-related transactions for at least one year to aid in identifying sources of infected birds and potentially exposed persons, 3) avoid purchasing or selling birds that have signs consistent with avian chlamydiosis, 4) isolate newly acquired, ill, or exposed birds, 5) test birds before they are to be boarded or sold on consignment, 6) screen groups of birds with frequent public contact routinely for antichlamydial antibodies, 7) practice preventive husbandry, 8) control the spread of the infection and, finally, 9) use disinfection measures. Large-scale commercial import of psittacine birds ended in the US in 1993 with the implementation of the Wild Bird Conservation Act. The Veterinary Services of the Animal and Plant Health Inspection Service of the USDA regulate the legal importation of pet birds set forth in the Code of Federal Regulations, (Title 9, Chapter 1). The Department of the Interior (DOI) monitors and regulates wildlife shipments at US ports of entry and conducts investigations on smuggling and interstate trafficking of endangered and protected species including birds, which is extremely important as these birds are a potential source of new C. psittaci infections in domestic birds. Conflict of Interest Statements None of the authors (Taher Harkinezhad, Tom Geens and Daisy Vanrompay) has a financial or personal relationship with other people or organizations that could A c c e p t e d M a n u s c r i p t 19 inappropriately influence or bias the paper entitled "Chlamydophila psittaci infections in birds: a review with emphasis on zoonotic consequences". , Hinz, KH, Neumann U, Behr, KP. 1994. Pilot study of the occurrence of Chlamydia psittaci infections in commercial turkey flocks in Niedersachsen. Dtsch. Tierarztl. Wochenschr. 101, 163-5 Soloff, B. L., Rank, R. G., Barron, A. L., 1982. Ultrastructural studies of chlamydial infection in guinea-pig urogenital tract. J. Comp Pathol. 92, 547-558. Sting, R, Lerke, E, Hotzel, H, Jodas, S, Popp, C, Hafez, HM., 2006. Comparative studies on detection of Chlamydophila psittaci and Chlamydophila abortus in meat turkey flocks using cell culture, ELISA, and PCR. Dtsch. Tierarztl. Wochenschr. 113, 50-4. Storey, C. C., Lusher, M., Richmond, S. J., 1989a. Analysis of the complete nucleotide sequence of Chp1, a phage which infects avian Chlamydia psittaci. J. Gen. Virol. 70 ( Pt 12), 3381-3390. Storey, C. C., Lusher, M., Richmond, S. J., Bacon J., 1989b. Further characterization of a bacteriophage recovered from an avian strain of Chlamydia psittaci. J. Gen. Virol. 70, 1321-1327. Strambu, I., Cioloan, G., Anghel, L., Mocanu, A., Stoicescu, I.P. 2006. Bilateral lung consolidations related to accidental exposure to parrots. Pneumologia 55, 123-127.Tamura, A.,Matsumoto, A., Manire, G. P., Higashi, N., 1971. Electron microscopic observations on the structure of the envelopes of mature elementary bodies and developmental reticulate forms of Chlamydia psittaci. J.Bacteriol. 105, 355-360. Tanaka, C., Miyazawa, T., Watarai, M., Ishiguro, N., 2005. Bacteriological survey of feces from feral pigeons in Japan. J. Vet.Med. Sci. 67,[951][952][953] 

Fig. 1 .

 1 Figure captions

  d) Deep freeze-etching replica of EBs from Chlamydia trachomatis strain D-12N within a McCoy cell inclusion at 44 hours p.i. Note the projections radiating from the surface of each EB (bar 0.1 µm). Adapted from Matsumoto (http://www.chlamydiae.com/docs/biology_biol_EB.asp). e)Rosettes on the surface of EBs from Chlamydia trachomatis strain D9-3 exposed by deep freeze-etching. In contrast to C. psittaci, this rosette seems to be composed of 8 subunits (bar 0.1 µm). Adapted fromMatsumoto et al. (1999).

Fig. 2 .

 2 Fig. 2. Electron micrographs of reticulate bodies (RBs) of C. psittaci and Chlamydia
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